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ABSTRACT

Geevor liine is situated on the northern flank of the Land's
End Granite in the St. Just mining district of West Cornwall.
Steeply-dipping, NV-SE lodes, with an average width of 2 ft., are
confined to the granite, The latter i1s overlain by metamorphosed
'killas' and a conformable 'greenstone' series which possesses an
overall North-West dip. Their previous folding controlled the
emplacement of the granite, and their structure was further distorted
during the intrusion stage. Tin, as cassiterite, with copper as a
by-product, is produced from nearly twenty lodes, many of which
have now been completely exploited.

A greater degree of fracturing, comprising primary and secon-
dary granite joints initiated by a continuance of the horizontal
maximum stress operating during intrusion, allowed the increased ver-
tical stresses associated with mineralization to be accommodated by
movement along pre-existing joints. Elsewhere in Cornwall new fissures,
now equivalent to the lodes, werc created.

Preliminary movement comprised block faulting, the limits now
being defined by 'post-mineralization' faults and fault zones, and
occasionally by a marginally-mineralized lode. Individual blocks
were eventually subjected to wedge faulting, each wedge being defined
by the lodes. The corresponding movements, both normal and reverse
faulting, may be evaluated from displacements exerted upon numerous
small dykes.

Complete lode mineralization was attained by a series of phases,
commencing with wall-rock alteration, and separated in time from late
quartz-rich phases by the cassiteritc- and sulphide-bearing associations.
The extent of distribution of each phase product was influenced by
strong structural and temperature controls, demonstrated by construc-
ting contour diagrams.

Post-mineralization movements along the earlier 1imits of block
faulting crected an additional form of 'cross-course' or 'guide',
which was infilled with quartz associations, as opposed to the other
which appears only as planes of complex movement,
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1. INTRCDUCTION

1/1. Scope of the Present Study.

Gaunt stone fingers pointin: to the sky are all that the casual

traveller in the South ~West of Hngl:

poy
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jab)

ces of what were once the never
silent winding and pumping engines of the now disused mines, Apzrt

from the endless waste tips they «

31l that remain to remind the

visitor of the existena
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© the world's greatest mining districts.
Only two onrerating mines at the © me of writing are left to carry on

the tradition of Cornish minings a tradition that has been carried
gvl

Lo

O

by the "Cousin Jacks" to ev.ry corner of the world where ore is mined.

One such mine is that operated by Geevor Tin I'ines, Lid. Six miles
lerth-West of Penzance (Lat. 50° 9', Long, 50 A1'), the prozerty lies
on the coest in the mining district oF St. Just. High steep cliffs
form the Worthern boundary tc the arca, while in other directions are
the bare wndulating hills and moorlands of the Lénd's End Grarite.

The writer first visited Geevor i'ine during 1957, but this thesis
represents the results of his work vhich commenced in July 1953 and

continued until October 1¢61. It has also been borne in mind by the

writer that cne of the »rime roasons for rosearch in the field of

Geonomic geology is te increasz the wnderstanding o

()
—+

he genesis of a

“epogit so as to be able to predict hitherto unlmowm arec

M

of
Mineralizstion for underground &,1or tion and develooment, Very
little work of a geologic2]l naturc has been carried out at Geevor line

in recent years and it is now the only remaining accessible mine in the



St. Just area. With this in mind the writer decided that in the time
available most new information would be gained by making a com:lete under—
ground examination of the workings. After ona year's work upon the
mineralization and allied subjects it became zpnarent “hat such studies
must be based upon a mors ccomplete under:stinding of the structural
history of lode formation than was at thsi time available. Thus, before
“rogressing Ifurther an attemut had to be made to establish the role
vlayed by structural influences. The initial structural studies during
the latter part of 1959 proved so rewarding that the entire emphasis of
the work was changed in July 1960 towards an investigation of the effects
of structural control uncen the degree, locrtion, end extent of the tin
ineralizotion.

Since no workings are forever accessikhle the writer hones that the
present thesis may form the basis Ffor fubure more deteiled work urpon the
mineralogy and other specific aspects of the geology of the Geevor lline.
An effort has been made tc make tic maximum possible number of underground
observations and a total of 35 vweels hos been devoted to studies under-
ground. In short, the writer considered that as a winin; geologist, a
large vroporszticn of his time could be most profitctly srent 'in the mine!.

Specimens obtained and lodged both in the Royal School of Mines and
the Geological Cffice oi Cesvor Mine are available for laboratiory research,

even though tho workings from which they were collected are no longer

accessible, It is for this re 4.2t the thesis may anrezr to be too



& study off the structursl control of minerali-

heavily biased
zation rather to a meticulous study of swecimens in the laboratory.

Feveritleless the presen’y crlk hes involved an examineticn of 650 hand

L

&

specimens, 215 thin seciions, 103 polished syec ' mens, and 83 bulk

lode szm les, with the z2im of duciphering the different successive

vhases of nincralizotiorn and detcrminring their distribution.
£

Althoush the work has contred upon CGeevor Iine it is hoped that

the lmovledge gzined thers may be usefully apolied to the whole of

“he St. Just minine district, and that it may be of some assistance
B ’ (74

to exvlor tion, deveclorment, and the day-to-dey working of the mine.

"If I am in the wrong, my
errors may set the minds
of others at work, and may
be the means of bringing
both them, «nd me, to a
knciledgs of the truth."

Thomas B. Macavlay (1836).



1/2 Layout of the Thesis

The Thesis is rresented in the form of threc volumes, the contents

of which are as follows:e

i
=
(0]

=

Volume I-: ext
Volume IT -~ Figures
Volume IIT - Fhotogravhs
All thrce contein a number of folded mars, »lans, and dicgran
The Text is ncturally divisible into two sections. One is concerncd
with the South-West of England, cspecially the Land's End Cranite, and the
other deals with the Fondeen-Botallack area and Geevor Tin HMine, The
first secticn provides a summery of the structure of the Scouth-West, a
subjcct to which new ideas are constintly being added.  Iliineralization
has been dealt with briefly since the majority of the information was
vublished by Henwood (1843), Collins, (1912), osking (1949 & 1951) and
Dines (1956). The greater prorortion of these subjects were discussed
by Yiebb (194%) in his PhD. Thesis cntitled "The Origin of the Tin Lodes
of Coxmwall", and thc present writer ackmowledges his frequent reference
to, and dependence upon, this mejor work,
Hany rcsults of this investipotion are aprlicable only to Geevor

Tin Mine. Some of the more general conclusions, however, concerning the

ectonic history and structural, temperature and petrological control of
the tin-copper mineralizetion are relevant to thc whole of the Cornish
mining district. Before comparisons could be made it was therefore

necesgary to summarize the cxisting theorics and knowledgs.



1/3 Aclmowled gements

ith the incrcasing and coc-entiel integration into industry of the
o -ocialist, the lattor is too froquently criticized for his apparent
lack of wnderstanding of the vhole 'operation' and his fzilure to viow
his ovm sphere of work in perspective, Too often it is an example of
the managoment's shori-sightedness and igmnorence of the hotential value
of a cetailed study, and the inab'lity to appreciate another avproach.
This results in a failure fully to utilize the scrviccs of the
specialist. Whon understanding anl 3clerance do cxist it is to the
mutual advantage of 211 conccrned and 3o the bencfit of the operation
as a whole,

For this reason th: writer has frund it a particular plezsure to
be able to work with Mr. D.H. Batchelor, Manageor of Geevor lline. Both
he and ¥r. G.'’. Simms, Chairman of the Board, have nrovided cvery

ment. The other members of the Board

woceible assistance and encourag
of Directors and all the mine staff have bzcn rczdy to give of their

tine. The late lir. J.H. Bennetts, i.neger, ir. A. Bonnetis, Chief

Surveyor and Mr. H., Grenfcll, Under;rcund Manager, have bicn cspecially
helpful through their kmovledge and orperience of the mine. A special
note of thanks is accorded to Mr. J., Trembath, Chief Sampler, who has
scted as a comuletely rolizble assistant and generouwsly given of his
time and cnergy throughout the course of the investigation, Assistence

has czlso been provided by Messrs. R. Cox, R. Teskis and R. Falcon-Steward.



Dr. K.F.G. Hosking of thc Camborne School of Metallifcrous Hining
has been a continual source of sncourngement, and the writer also wishes
to exrress his gratitude to many members of the staff of Imperial College:
in particular to Dr. A.T. Millmen, Iir. W, Shearman, Dr. J., Ramsay, Dr. J.
Butler, I D. Taylor-3mith, *r, J.5. Sheppard, Dr. T. Thomas, and to
Profegser D, Williams, under whosc supervision the work was conducted.,

It has been a pleasurs to be associnted dth these and many other members
of staff of the Imperiel College for the last seven years. Discussions

underground vork.

Photograrhs of hend

produced with the advice

thanks arc

S

The rcsearch was ca:x

Postgraduate Studenitship, for

thanks. Final and most

patience, and to his parents

this work

have becn very rowarding,

esnecially with Mr, K, O

Teny Re Bund end He Stockford have assisted in
specimens of typical Geevor orsc have heen

and patient assistance of Mr. J.A. Gece, to whom

gladly acknowledged.

‘ried out with the aid of a University of London

:ich the writer gratefully records his

sincere thanks are accorded to his wife for her

without whose initial sacrifices and faith

would never have been mccomnlished,



1/4 History of Geevor iiine

The commencement of the Cornish ilining industry is lost in legends,
and there are many Ffamiliar theories that the Cassiterides of Herodotus
were the rocky Cornish coastline ‘or the Scilly Isles. The olies$
relizble records show that tin mining was an organised venture in the 13th
énd 12%h Centuries, but it is most rnrobable that there was o yery ancient
comrerce in tin betweern the Mediterranesn and South-iestd England for a
long veriod. The Fhosnicians and the Romons, esnecially during the
3rd Century A.D., apvear to have conducted o considerabls trade, as
described by Grestheed (1822), Barham (1828), Whitley (1912, 1914, 191%),
Hamilton Jenkin (1948), Rowe (1953) and others.

The very first werkings for tin in the S5t. Just area were most
Probably in clluvials which were traced back to the primary deposits.

The first tin orc reputed to heve been won by the Romans by underground

mining of the lodes came from Ding Dong in the centre of the Land's End

Granite, Their attentions must have turred at a very early stage towards
the St. Just district where the lo’:g could be cohserved cutcropping on the
Gliffs, Because the average lode sitrike is normal to the coastline,

the area is one of the few sarts of Cornwrall where cliff outcrons of the
lodes are at all numerous. Adits from the high water mark could de-water
over 300 feet of ground, and thus one of the greatest ¢f their mining

problems, drainage, was overceme by natursl mecans, The history of

mining in the St. Just area, of which the main Setts are shown in Fig.(13),



has been briefly dealt with by Dines (1956) vho writes as Tollows:

"The ares is an ancient one from the mining standpoint znd many
the mines, after commencing as individual concerns, h ve heen
amalgomated into grours which, in turn, have chenged from timc to time,
80 that some of the mincs have possed-from onc croup to anothrr,

: ling to published ruLOT“7, the chief tin rroducer was the Levant
k tin, and the
second, while other

™

group with . output of over 26,000 tons of bla
Bdellka group that yielded over 15,000 tons
importent tin mines wers the Whesl Cwlos Gecvor iMine, St. Just
Amelgamated or St. Just United =and Bose .)11 Dorms Hine, The Chief
copper producers were also Lovant (over 130,000 tons of copper ore)
and Botallack (over 124,000 tons), but the only other outstanding
copnc mines seem to have been Pondeen Consols and Boscaswell Downs.
dArsenic, =lso, was raised chiefly at Levant and Botallack and a small
amount also from Vheal CQuwles znd Geavor ifine, The area scems to
have been at the peak of its ~roductivity in the latier half of the
19th ventury, Hines thoet have been active during the 20th Century
are Gecvor, Lev nt, Botallack, Hermon, Bellan, Boscaswell Downs and
Pendeen Consols 5 thc last two cue to an uvunsuccessful re—orening.
The cnly mine thlvc to-day is Gsovory in which, though the mine is
on the coast, the tin loaes, so far, have only heon oxpleited in
ImnuvcmmmVﬂ

The first rceliable record of workings in the Geevor sett is provided
by a date cut into the wall of Lovel 3 near the Carne Shaft., Fig. (16)
and Fig, (9) show the location of the Level 3 adit, extending from the

to be the first cxploratory

Carne Shaft to the coastline, which &
2dit above the »rozent Geevor Lodes, Connected to the adit were several
shafts, including Thorn's, !cxico, and Roberts Shafts, A numbcr of small
lodes werc located as shown and very selective storing was carried out
from clogely spaced levels,

The adjacent North Levant %ine, the lodes of which are shown in Fig.
(14>9 was active boefore 1510, and ¥heal Carns,; overating from the Carne
Sheft under the name of llaitland, was producing between 1836 and 1856.

Fig, (C) indicates the extent of the vroved dtodes by that time, and their



relation to the whole of the St. Just district is indicated by Fig. (E).
Access to the present lodes of Geevor ifine was Ffirst geined via the Carne
shaft to a depth below collar of 66¢ feet on the dip of the Forth Pig Lode,

Development to the North~7est nccessitated the sinking to 805 feet below

£t upon which work commenced in 1909. Geevor

ines, Limited was formed in 1211, as described by Grogory (1925),

and took over the property then being worked by North Levant cnd Geevor

cred Shoits

Limited. The lodes located between the Carne and Vet
included the North Pig, South Fig, Jumbo, Caunter, Black, Blue and Mundic
Lodes, the positions of which arc depicted in Fig. (16). These were
developed on several main and intermediatc levels, with additional
travelling ways providing access $o the surface.
In 1912 the 40 tons per day mill was replaced by a four-stamp mill

copable of treating 100 tons per day. However, dovelonment was con-

tinuing more rapidly to the North-Test and it soon bocame arparent that

his direction, Cann and

S
ot

the future development of the mine lay i

consecuently collared

Sevier (1927) describhed how the Victory Shaft
in 1920 at a point apuroximately 1660 feet to the West of the Wethered
Shaft, as shown in Fig. (B). The nlon of CGeevor and North Levant Tin
Mines, reproduced as Fig., (¥), shows the cxtent of the workings of both
the Geevor Mine and the sbandoncd Forth Levant liine in 1925, by which
time the following lodes had beoen located znd developed; South Pig,

North Pig, Wew, Worth, No.2 Branch, Mo.l Branch, North-West Branch,

Hanging-Wall Branch, and Footwall Branch.
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Its until 1944 when heoisting was discon-
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tinued ‘n the Wetnered Shaft, aad the aerial ropeway used for transporting

N
1

ore to the mill below the Viectory Shaft was closed dovm. Sevier (1945)

rorount develezment of the mine and the lodes

summarized the continued unc
ave now been worked from 1% levels on the Victery Shaf
having been sunk to she eguivalons of Level 16, The datum heights of all
the levels of Ueevor liine are siven in Table (2),
Both a practical mining definition and a goological definition of a

coter of the

tin lode embrace the structural ard mineralogicel ch
mineralization. The yractical definition, however, tzkes into account
the averwege grade of the orc and ihe extent, both laterclly and in depth,
of the eccnomic ground. The term 'Frosnect! is applied to those lodes

which comply with the geological definition but have not bsen, or do not

)

wppear likely 4o be, major producers of tin. The lodes of Geevor liine,
many of which have now beon compleiely worked out, arc shown in Fig. (30)

and are as followss—

Coronation Lode Mo.1l Lode

Tforth Lode No,2 Branch Lode
North Fig Lode Mo.3 Branch Lode
South g Lode YA' Lode

lTew Loce 'C' Lode

Vethercd Lode 'DY Lode

Borehole Lode footwall Branch Lode
Caunter Lode Northr levant Lode

r unnreductive and was employed

The Hunging-Wall Branch Lode
nainly as @ cross-cut. The No.l 2rench Lode, betwcen the lNo.2 Branch

and North Pig Lodes, has been omittod from Fig, (30) due to the comploxity

of the workings in its vicinity. Gronfell Lode has also been omitted,
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since its discovery in 10 £l vost—iated the construction of the diagram.

1

Of the several prospects vhich ococur, only t

5

ne following, being the

ant, have been illustravoeds-

Yethered No.2 Brancl. Zode Prospect Fast
North-Test Branch ILode Tresmect South

No.l

the vicinity of the Tethered Zhaft dizclosed several

small lodes in the upper levels, the positions of “hich are given in
The lodes are confined, rith the exceptions illustroted in Fig.

(27), entirely within the granitc zand follow a roushly varallel strike

v

in the NV/-SE direction. They are separated, as

in ®ig. (29), by distances of between 50 =nd 500 fect. Apart from a
small number of local vari:tione they dip to the Scuth-¥West at en
aver:ige angle of TC degrcaos, but verying hetween 55 degrees and vertical.
Some lodes, such as the Merth Tig, Borchole and Crenfell, consistently
dip to the North-East for comsiderable lengths.  Where the lodes inter—
sect, as they frequently dc, the zn;sle of intersecticn in plan is in the

order of 35 degrees, as illustratcd in the plan of the workings on

Level 12 in Mig. (31).

=3
3]
=
fol
o
22
o

© the lofes, including both the infilling and the

frequent intense wall-rock altcraticn, varies betveen 3 feet an’ one or

el

¥wo inches, with a mean value of around 18 inches.  The mean length
over which the lodes carry cconomic valucs is in the order of 1,000 feet,

with a maximum of 3,000 feet. This is in cxcess of the total vertical
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extent, as defined in the same manner, which varies betucen 300 and nearly
1,000 feet. Any lode which has not been proved to exist over more than
one or two levels is rcgarded as a prospect.

Therc is & gradual increasc in the depth of the economic minerali-
zation towards the Forth-West and the granite contact. This feature is
most clearly seen in the longitudinazl section or the Forth Tig and No,2
Bronch Ledes, provided in Fig. (23).  Dines (1956) has adopted this
cheractaristic of the Geevor lodes Ho illustrate the zoning effect upon
the mineralization of an =djacent slo-in. granite surface.  This results
in tho deepest workings on Level 15 being confined, to date, to the North-
Vest of the Victory Shaft, and, in particular, to the Coronation, No.2
BrmﬁlnMIbJ.hﬂq&

The v»resent workings of Gecvor Mine arc shovm in relation to those
of the surrounding disused mincs in Fig. (II), which also indicates all
the knorm workings in the Pendeen-Botallack area.  Transverse sections
through the arca, along the lines given in Fig. (19), are provided in
Figs, (20), (21) and (22). These firures, in common with the majority
included in the thesis, were censtructed in December 1960, and do not
show tho rcsults o recent (1961) develorment within Geevor Minc. A
more complete dceceription of the lodcs, both of their structure and

mineralization, is rrovidecd in later sections.
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PRODUCTICN RECCRD

Table (1 GEEVOR TIN IIINES, LIMITED
Tons of Tons Black Recovery
Ore Hilled Tin Produced (1bs)
From 22nd Feb. 1911 - 30th June 1912 14,455 147.5
. 1st July 1912 - 30th Sept. 1913 24,546 258.0
12 months ended 30th Sept. 1914 25,246 376
1 = . 30th Sept. 1915 25,487 353
15 months ended 31st Dec. 1916 26,683 444
L " e 31st Murch 1918 26,313 416
Year ended -  31lst llarch 1919 25,919 439
1 n - n n 1920 28 , 324 432
From 1lst Avril 1920 - 31st lar. 1922 23,508 331,302
17.661
26.103
Yeer ended - 31lst March 1923 11,957 19C. 768
1924 30,594 380.0
1925 3E,361 530.128
1926 40,706 436.8
1927 35,340 495.197
1928 46,908 609.35 (65%5n)
1629 49,920 739.638
1930 57,873 810,85 31.36
1931 25,954 376.18 32.46
1932 5,736 91.05 35.55
1933 38,785 632,61 36.5
1934 554907 T42.45 29.74
1935 61,892 783.438 28.35
1636 56,606 876.84 34.70
1937 57,912 920,66 35. €60
1938 60,850 821.10 30,22
1939 65,949 1033.5 35.10
1940 644392 851,0 29.60
1941 70,812 562.5 27.28
1942 60,351 701.5 26.03
1943 5,479 831.61 28.44
1544 65,181 681.02 23.40
1945 46,618 577.29 26,06
1946 44,943 552,608 27.54
1947 45,537 530 26.07
1948 45,839 541.6 28.84
» 1549 2,866 627.9 26.11
1950 49,634 638.6 28.82
1951 53,978 734.0 30.46
1952 55,020 T40 30.12
1953 55,027 600,29 24.43
1954 54,930 682.34 27.82
1955 54,957 634.69 25.87
1956 55,404 €52 26.36
1957 63,281 702 24,85
1958 63,829 683 23.97
1959 63,484 683 241
1960 65,662 648.48 - 22.12

2,169,455 27,967.059 28.876



Table (2

Geevor Sett, including

Boscaswell,
Calartha,
Pendeen,
Portheras,

rease,

o 1 -

Geevor Tin Ifines, Limited

acquired

acquired

Total Surface Area

Levant ground,

in 1933 eeveocns

oo 0 e 0w

" e 000600606808 G600

cs0ccooo@

in 1936 cevccossscnnassascssscee 280.135

. cseecoce
o e .o "o e
oo o e °

317.040 acres

35.195 ¢
31.773 0"
31.968
28.188

724.299 acres
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1/5 Hining liethods

With a precent average level interval of 100 feet the lodes are
developed by 6 x 7 foot drifts, employing a 32-hole burn cut on the strike
of the lode. At intervals stope raises are driven to the level. ahove
and 6 foot interdrives over the stouve width leaving & 6 foot floor pillar
connect the raises. At 20 ft. centres chute connecticns, later serving
as drawpoints, are driven from the level below to the interdrive.
Shrinkage stoping commences from the interdrive by overhand benching,
retreating from the original razise with a stope width of 40 inches., As
degcribed in 'iiine and Quarry BEngineering! (1955) the overhand storing
continues until the back has attained a —oint ap roximately midway between

en back ot least 100

the two levels and the working fices have been ta
feet on either side from the origincl stope raise position. At this
stage underhand benching starts to reitreat from the raise, the 4 foot
rillar left under the level above heing holed at 20 foot intervals.

Owing to the narrow stoping width of 40 inches the ahove stoping
metliod has been developed in order to rcduce the time the ore remains in
the stopes and thereby prevent orc consclidation. Ground support by
timber stulls is small and dilution is not a serious nroblem. The 40
inch stoping width is the minimum practical working width by which the
entire lode, which is considerahly narrower, may be extracted.

In 1954 the timber headframe and original steam hoist of the Victory
Shaft were replaced respectively by a galvanized rolled steel hesdframe

and a 450 h.p., double drum electric winder (HMine and Quarry Eng., 1955).
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Although at present hoisting from the skip loading station below Level 14,
the hoist has been designed for holsting from an ultimate shaft depth of
2,500 feet with a meximum rope speed of 25 foot per second. The shaft
dimensions are 15 fect by 6 Teet within the timbers and an outnut of

58 tons per hour will be possible from this deep horizon. Underground
transport is by trains of 1 ton side-tipping Hudson cars hauled by 1d-inch
gauge‘battery locomotives., Cre hoisting in the Victory BShaft is from

onc horizon and the broken ore is transferred through worked-out stopes

by control chutes, gates and grizzlies to a station 55 fcet below Level 14,

A1l ore hoisted in the Victory Shaft is treated in the Geevor FMill
with a flowsheet comprising crushing, grinding, washing, flotation, vanning,
tabling and so forth. Further details are rrovided by A.D. Bennetts
(1945), (and Hine and Quarry Eng., 1955) but the flowshest has since been
improved.

The mine possgesses an underground labour force varying seasonally
between 100 and 150, and working a day-shift only. With an avcrage yearly
develovment footage (including cross—cutting, rising and winzing) of
approximately &,0C0 feet, the follewing prcduction figures for the year

ended 31st lMarch, 1961 may be regarded as typical of recont years.

Tonnage hoisted through the Victory Shaft co.ceoececoccosss 68,432 tons
Ore willed after Band SOPEINE cesesssnrnerspunronssasssconmn 05,150 LORS

Tons of black +in nroduced (65%Sn.) (Ary Wte) eevecevcecsan 657 tons
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Average recovery per ton milled s.eeeeeeoossscocceaacsosocs 22.26 1bs. B.T.
(Black tin = Sn0p)

Past production details are provided in Table (3) and arc sup-lemented by

Annual Reports of Geevor Tin liines Limited, complete copies from 1911

being held at Pendeen.
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Geevor Tin liines, Limited

Levels and Datum Heigchits

Total Reduced, to
Depth Crdnan®e
Qgtum‘—
Feet Feet Fect
Wheal Carne Shaft F 549,75
From Surface to shallow Adit 174.73 174,73 +  375.02
" Shallow Adit to Dug-Out 7775 252.48 & 297,27
W Dug-Out to 2nd Level 94,76 347,24 +  202.51
" 2nd Level to 3rd Level 111,76 459,00 90.75
" 3prd Level to 4th " 70.00 520,00 +  20.75
"o gth M " Intermediate 71.09 600,09 - 50.34
" TIntermediate to 5th Level 61,50 6€1.59 ~ 111.84
" 5th Level tc Sump 7.00 668.59 - 118,84
Wethered Shaft * 424,54
From Surface to 3rd Level 350,00 350,00 + T4.54
" 3pd Level to 4th Level 64.:52 414.52 *+ 10,02
nooAth M "5t M 145.95 560.47 - 135.93
o Bth o "gth M T9.24 63%.71 - 215,17
wogth M " 7th " 154,07 753.78 ~ 369,24
voT7th " " Sump 12,00 805.78 - 381.24
Victory Shaft + 322 above
Collar to 3rd Level 260,00 260,00 * 62 "
From 3rd Level to 5th Level 150.00 410,00 - 88  below
" 5th " " Gth " 80,00 490,00 - 168 1"
L 6th u " 7th u 100.00 550,00 - 268 L
1 Tth i m 8th " 75.00 £65.00 - 243 n
" 8th M " 9th v 100.00 765.00 - 443 "
" 9th " " 10th Y 100. 00 865.00 ~ 543 "
" 10th it " 11th e 109.60 974.60 ~ £52.6 i
o 1lth M " 12th " 114.75 1089,.35 - TETL35 v
" 12th i i 13tk L 116.88 1206,23 —~ 884,23
" 13th H " 14th L 114.95 1321.18 ~ 996.18
" 14th " " 15th M 112.45 1433.63 ~ 1111.€3
L% 1 W L L -1 T 116.01 1549.64 - 1227.64

Ordnance Datum is that of Liverpool subject
to correction for that of Newlyn.



2. GEOLOGY OF SCOUTH-WEST ENGLAND

2/1 General Geology

Following upon the work of Hill (1901) on the general geological
setting of the mincralization of South-Vest England, Reid and Flett (1907)

‘ovided a firm foundaticn for further stratigraphical and petrological

L]

4

vork in the area. Their work was supplemented by that of many of their
contemporaries in the Goolo~1c&1 Survey, notably by Uszher (1014, 1913),
Reid, Barrow et al (1910, 1911, 1912), Ussher, Barrow et al (1909), Reid
and Scrivenor (1906), Hill and l:zcalister (1906) and Barrow (1906).
flendriks (1937) and Stubblefield (193%), basing their vork uron thet of
the Geological Survey, radically revised the earlier reosults. As Webh
(1947) provided a comvrehensive summary of the prevalent views held at
that time, the writer proposes to give no more than a brict précis of
the general geology of the region.

Althoush sedimentary rocks of Ordovician age were once erroneously
included in the Cornish succession it is now generally agreed that, with
the exception of the Lizard Complex, the earlicst strata ‘exposed in
Cornwall are of the Devonian age. Hendriks (1937) assigned them to
the Lower Devonian, and it was usually considered that the so-called
Mylor division is of this age. Recent work by Lacy (1960) in the
Land's End arca has shown, however, this hypothesis is open to question.
The youngest strata in the South-West of England are the Carbeniferous

Culm measures of Devon.



The sedimentary strata, lmown locally as 'killas', were deposited
near the northern perimeter of a Hercynian gzeosyncline and ars mainly
poorly fossiliferous clay-slates. They have been intruded by acid and
basic rocks, the latter occurring both as pillow lavas and as injected
sills, originally of doleritic type. Both the 'killas' and the basic
rocks, known as 'greenstones', have been influenced by the Hercyniaon
Orogeny, although to varying extents and with differing results, Some
confusion has been caused by the nomenclature given by varicus authors
to the orogenic periods affecting . . South-West England. This arises
through the terms being appliod both to time periods and to felding
with a definite trend direction, Several writers have used the terms
Hercynian, Armoricsn, and Variscen, the latter having becn further sub-
divided, The writer prefers the definition provided by Stille (1924).

The 'killas' and !'greenstonc' were folded and thrust by the
Hercyninn Orogeny, the climax of which was the intrusion of Permo-
Coarbonifercus granites. CGranite is visible as several major and minor
exposures exteniing from the Scilly Inles to Dartmoor, and is doubtless
continuous at depth, as indicated hy the ruocent work of Botvt, Day and
llasson—Smith (1958) and as sugx sted vrevicusly by Hosking (1949).

Regional metamorphism of thie area is at a maximum in the south,
towards the ieneage thrust zone, ard decreases to the north, Adjacent
to the granite contacts metamorihism of the 'killas' heas produced

hornfelses, phyllites, and slatcs, and converted the 'greenstones' into

complex hornfelses, An acid dyke stage followed the intrusion of the
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granites, Aplites, pegmatites and quartz porrhyry dykes, known locally
as 'olvans!, were intruded into botih the granite crusts and the country

rocks I'racturing of the rocks and movement along previously developed

Uhhide

fracture plancs providaed chennel-ways for fluids which effected

meumatolytic alteration of the wall-rocks and finally for the passage

of ore fluids, This phase culminated in low temperature modifications,
and the whole episode resulted in tho develcpment of minecral lodes
centred around focal points in “he granite surface, as inaicated by
Dines (1933).

Extensive marine and aerial ercsion of the region continucd until
Pliocenc times, cxposing meny of the granitc masses and mincralisned arcas,
The Tertiary period is represcnted by sands and gravels such as those
yxposed upon St. Agnes Bencon, by raised beaches and alluvizl tin deposits
of Pleistocone age, and by alluvium, head and peat such as those on the
coast at Prah Sands, 4 series of raised beaches indicates scveral phases
of elevation, depression and tilting of the land. Furthor general

information, together with a couprehensive list of rofercnces,; on the

ceology of South-West Ingland is provided by Dewey (19 48).
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2/2 Stratigraphy

Until the beginning of the 20th Century work on the stratigraphy of
S.W. England had tended to consist of detailed studies in unconnected
arcas, wtil Hill and lzcalister (1906) provided the first overall

uccession, Their results werc revised by Grecn and Sherborn (1912) who

0w

considered thot, as previously stated by Groen (1904), the majority of
the beds proviously designated as Crdevician and Silurian, were Lower
Devonian (1913)., Iies Hendriks (1937), after hor earlier paper (1931),
summarized all previous opinions and work and completely rovised pre—
¢xisting views, She rroposed the name 'Gramscatho Beds! for those which
kad previcusly beecn ropresented as 'lanaccan', 'Grampound', 'Ladock?,
'Talmouth', 'Porthscatho', and yart of the 'Veryan', etc. Evidence wa
given that the 'Cramscatho Beds'! lay above the Lower Devonian rocks
(M@adfoot Series). The 'Ifylor Beds! in the Land's End area werc
assigned to the Lower or Middle Devonian, and Lower Palaeozoic rocks
were thought to be representced by lenticles of limestone and guartzite
torn up from depth hy the Lizard thrust movements, so as now to lie in
the llencage crush-breccia. The map of Cormwall based on iiss Hendriks!
ney interprotation is romroduced. as Fig. No.(4).

The age determination afforded by fossils discovered in the crush
rocks was questioned by Stubitleficld (1535), who suggested thet some of
them should be referred to the Lower or #Middle Devonian, Miss Hendriks
(1939) contributed further to the discussion and later summerized some

of the still outstanding problems, besides comparing the stratigraphy of



Cornwall and of Bohemia (1949). She provided a synthesis of her views
in the form of a diagram showing the relations and develornents of the
Devonian rocks of South Cornwall (194G). A short summeary of existing
views, including thosc of Stubblefield, was written by Dewey (1948), to
whose paper the reader ig referred for further details and references.
Controversies continue in the light of new evidence supplied by several
workers, including Stubblefield (1958) and Lacy (1958).

The sedimontary rocks of Scuth-West Ingland are es n+1a117 a series
of clay-slates with sandy and calcareous beds, grits, shales, cherts
limestones and sandstones. The slates vary in colour from buff to grey,

green to purple, and are poorly fossiliferous. They have been described

by liss Hendriks (1949} as "dull and mornotonous" and for further detailed
information the reader ig referred to her descriptions (1937, 1949).
The gtrata are interbedded with several series of pillow lavas and

I
many basic masses occur oither as intrusive sills or flows, The whole

sic group has been referred to as 'greenstones', bub it reprecsents a

complex suite of widely differing original types which hove been metamor—
phosed teo varying degrecs. Somo correlation has been atiempted between
separated !greenstone! masses, as described by Reid and Flett (1907),
BEvans (1917), and other workers, bub care has to be exercised, To the
economic geologist the !greensiones' are of importance because their study
helps to elucidate the overall structure of an area. They may also exerd

an influence upon the mineralization, either by structural or other

controls,



2/3 Structure

(a) General Structural History

An understanding of the structure of the mineralized arecas of the
&

South-West is dependent upon an interpretation of the overall shructure

C

which extends into Somerset and even South Wales, All the early workers
recognized the fact that the arca had been thrown into a scries of
roughly East-West folds which wore later complicated by thrusting. Most
of the old interpretations of the structural history were dependent

uron a reliable stretigraphical account, and until this was available
they consisted of the recognition and elucidation of relatively small-
scale structures in the 'killas' over small areas, coupled with a vague
overall interpretation hased upon the mapping of the Geological Survey,

Evans (1926) recognized that the area, in commen with large parts of

+h

Western Europe, had been subjected to roughly North-South compression

during the Hercynian Orogeny, a torm which he defined as followss—

"By some authors it has bhaon used to signify wmountain folds
#ith an aprroximately east-and-west strike, the 'Armorican' of others;
and by other authorities faults and folds with a north-easterly and
south-westerly trend, sometimes termed 'Variscan'. By still others,
including Marcel Bertrand, it wos uscd to designate the earth-movements
extending in their more intense manifestations from later Carboniferous
to early Permian time. This is the sense in which I (BEvans) shall
employ it, and not as denoting any narticular direction. It will,
therefore, include both the Armorican and Variscan chains of Suess,
To Lo word 'Caledenian' have alsc been assigned several different
meanings, I have employed it, not as meaning a particular strike of
folding, but a period of disturbance extending over late Silurian and

early Devonian times.!

The Culm Syncline, depicted in Fig. (4), passes in an Bast-West
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direction through Central Devon. Its axis is composed, as described
by Ussher (1829) and Owen (1950), of Corboniferous Culm leasures. To
she North of the syncline marine Devonian rocks with 0ld Red Sandstone
intercalations outcrop between Barnstaple and liinehead. To the South
the Devonian slates, sandstones and limestones are folded in a roughly
Tast-West direction, as discussed by Hiss Hendriks (1937) and Dewey
(1948). The structure is complex and is described by Webb (1947) as
involving "tight isoclinal folding, synclinoria and anticlinoria, and
complex imbriczte structure"., Iliss }zg;:--.d,;-}iks (1937) ascribed the latter

to "a series of almeost strils thrusts, which cause repetitions of the

sequence and of 2 crush zone belonging to an earlier (Variscan) phase
or period of movement."  She attributed the great Lizard Thrust,
Previously given a late-Carbonirerous age, to late-Devonian or early
Carboniferous Variscan movements, which were also responsible for the
unconformity bhetween the Culm licasures and horizons of the Upper Devonian,
Fig. (4) shows the dependence of structural theories upon the
correct elucidation of the stratigranhical history of the area. Miss
ilendriks (1937) provided a commrelensive account of the stratigsraphy
and structure of the area, upon which the worlk of later writers has
been based. She made many comzarisons between the South-Vest of
ingland and Central Pohemia, surmmarizing her views as follows:—
"Barth movements ascribed o the Variscan folding are first
indicated in South Cornwall in “he middle Gramscatho and in central
Bohemia after Stage Ha The main movement in hoth areas began towards
the end of the Devonian period (carlier than in the neighbouring

regions of central Burope), the earliest stages of the Variscan folding
being accompanied by immense volcanic manifestations of similar type
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<Bohew1an diabases and keratonhyrws) with lateral compression from the
South-East, and serpentine intruded in and just above a great thrust.
The serpentine, also, is closely associated in both areas with lime-
stones belonging to twe areas: to the Upper Devonian and Stage E of
Bchemia, It is closely followed in central Durope, as at the Lizard,
and with a similar strike between MW, and MIE., by gabbro and wranlte—
gneiss. Lastly, in both areas the ser p@ntlne occupies the irrer part
of a region o periphery of which is marked by granite belonging to
2 later (and apparently unrelated) cycle. In Soutk Cornwall end
central Bohemio not cnly the rock a 1 faunal facies, but the tectonic
and igneous events also corres pund

Numerous writers hove recoomized that Hoth the trend of fold axes
and the attitude of the clezvags in the 'killas' imply compression in
a roughly Worth-South direction, with local varictions hetwesn N-S and
TW-SE. Bvans (1926), in a purcly theorectical discussion, suggested
that early Hercynisn comprossion in a roughly N-S direction had acted
upon an area which nossessed & slope from the South to the Morth, with
the result that the early folds tended to be recumbent towards the North.
With increasing compression, the strata were impressed with a glaty
cleavage dipping to the South,  ¥hen nc further rolief by feolding was
possible, fracturing along thrusts took place.  Acconding to Lvans the
earlier movements were accompanied by basic intrusions invadine both
Devonian and Carboniferous strata, and culminated in the intrusion of
granites and the emplacement of associated mineral veins, The granite
magma was considered to have proviously lain beneath Fre-Cambrian rocks
t0 the South and to have been moved by the thrusting into the periphery

of the distorted geosyncline.

(b) Age of the Folding

Folding in the South-West is not of a simple nature, and the fact
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that there may be fold systems of more than one age has been rccognized
by all writers. Some confusion has existed in the past owing to the
varying nomenclature given to the different fold trends. The folds may

be classified into separate systems on the basis of either their age or

&)
{

their direction. The writer wrefers to adopt the various terrs such as

Hercynian, Variscan, Caledonian and Armoricen, for stating age relation-

"

ships only and to denote the trend directicns of folding directly Iiss

el

Hendriks' (1937) concluding views on the siructural history of Cornwall

are epitomized in the following extracts

"In crossing Cornwall from Icrth to South, from Teniire Head to
the Dodman, or from NHorth-East <o South-West, from Davidstow te Hullion
Island, the mejor synclines are deepest on the Northern side of the
Vatergate-Dartmouth anticline. The degth in the extreme South is less,
owing to the pinching .out of the southermmost syncline by the great
Variscan overthrust on its flank, This was part of the nmovement which
determined the earlier deformation of the arca (including the wetamor—
Phism of the Lizard schists and Variscan serpentine masgme, intruded at
depth during'the folding that preceded the Armorican movuments and
determined the irend of the lator Devono-Cornish chain). Then followed
uplift of the folded structure, the later deformation heing associated
with the intrusion along the anticlines of the post-Carboniferous
granites",

Miss Hendriks (1937) referred the folding in the South-West to the

patie)

Hercynian orogeny. Devey (1948), in summarizing the structural history
of South-West England, postulated that the area had suffered two major

rogenies which left evidence o their action as followss—

"Earth movements affected “he region during two principal periods,
The earlier movements brought ahout folding along axes directed N.E. and
3.W. and pre-Devonian rocks retain the effects of these movements.
Similar linecs of fnlding affected wide regions in Neorth-West Furope and
are well seen in Scotlandy for this reason the direction of folding
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has been termed Caledcnian. IFf the movements ceased in early Fsleazoic
times the folds appear to have controlled later emission of igneocus rocks,
for the granite-masses and the elvan dykes are distributed along a

3imilar trend-line, while the mineralized fissures of West Cormwall pursue
the same direction.”

He continuveds

"Rocks of Devonisn and Carbenifurous sge were next deposited; some in
sircumstonces of quiet subsidence, othersunder stress with resultant
vulcanicity, the whole arce ulOle sinking beneath the ocean on the

South but rising to shore levels in the Horth. Towards the close of the
Tarboniferous wericd, however, great masses aLal disturbed the whole

(936 =]

district, rocks were folded along [asw: and West lines by rressurces acting
at right angles to this direction and looallv with sufficient force to
overfold and even to overthrust lower upon higher parts. Folds of

similar direction affect Brittany and have therefore been termed Armori-
can from the ancient name Tor North-Yest France."

Miss Hendriks (1937) haed wreviously ruled out on stratigraphical
srounds the possibility of the area having been influenced by an early
orogeny, such as fthe Caledonian, stating the case as followss~
"Tyo periods of movement have long been recognized in South Cernwall,
ascribed to the pre-Devonian znd post-Carboniferous Hercymien periods
respectively. The former being untenable on account of the Upper
Devonian age of the beds involvad, there remains only a late Upper

Devonian to early Carboniferous (V~r1“can) pericd in which zhe eerlier
movement could have occurrcd."

Iliss Hendriks (1959) is more concerned in her latest paper with a
revision of her previous (1937) views and docs not discuss the ages of
different fcld trends.

Robson (1945) gave # general summary of the structure of the region

and described the effects of two orogenic periods; the Caledonian which

he defined as Siluro-Devonian, and the Armorican which he defined as
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Post-Carboniferous, He assumed that "the Grampound grits are uncon-
formable with the western series (Mylor-Varyan)!" and that "the base of
the Grampound grit is a major stratigraphical and structural division."
He considered that 'all rocks south are Lower Palaeozoic and of Cale-
donian structure, and that all rocks north are Upper Paleozoic and
Armorican in structure.” The major anticlinal axis extending from
Godolphin tc¢ Truro, the minor synclines betwecn the Godolphin Granite
and the Land's End (ranite, and the anticlinal axis extending from the
region of 3t. Ives to Land's BEnd are all described. On the basis of
the stratigraphy and the dominant NE-SW trend of these structures Robson
congidered that they are a result of Caledonian compression. To the
Fast the Devon svnclinorium, the Davidstow-Gunnislake anticline, the
St. Mabyn syncline, the Newquay-Dartmouth anticline, and the lleadfoot
syncline have an B-W trend which he considered to be due to "the
Armorican compression with the huckling of the Culm geosyncline',

Webb (1947) summarized all the previous views and concluded thats—

"Though much detail still remains to be filled in, it is probably
best to refer the tectonics of Cornwall to the Variscan period, and
mainly to the Asturic phasc. This rhase was preceded by tho Eretonic
and Sudetic movements of variable intonsity. Intrusion of the tin-
bearing granites took place at the close of the Astric phase and may
heve been followed by minor Szalic disturbances."

Prentice (1958) listed three distinct tectonic styles that can be
recognized in South-West England, as followss—

(a) the Lizard units metamorphosed rocks of the Lizard, Dodman and
Start Point, south of the Lizard Thurst-zone,



(b) the Killas unit; wherc fold axss and cleavage planes are
near to horizontal,

(¢) the Autochthonous Unit, in which the fold axes are necar
vertical and clsavage poorly developed."

He considered that the main folding in the Autochthonous unit is late

or post-Westphelian and that tns ¥illas and Lizard Units may have

suffered from an carlicer phase of orogeny. In conclusion he suggests

that the 'crogeny' begen in la

region, and that

Tapurian times in the south of the

s

the Culm deposits were laid down in the foredeep of

the mountain chain.

The known strotigraphy end structure in the South-Test was recently

revicwed by Simpson (1959) who stateds—

i

"It is very improbsble that a major orogeny occurred in this ares
(South-Viest IEngland) before the end of the Ammanian, for at lcast some
indication of it should then be rresent in the stratigraphy of the
South Wales and Bristol areas. The earliest relevant orogenic phase
discoverable in these areas is the Malvernian, and although the defor-
mation produccd in them by this cpisode is not great it is quite con-
ceivaeble that the intensity of dcformation increased southwards into
the main sedimentary trough. Howvever, the main phasc of deformation
to the north is +the post-Upper Coal Measures thrusting which carried
Carbeniferous Limestonc on to Upper Cozl leasures north of the Mendips,
and is usually referred to as Asturic.”

He continues:

"In the prcsent state of our knowledge we cannot say whether there has
been only onc major crogenic phase covering the whole of the FPalaeozmoic
area of West Somerset, Devon ard Cornwall, or two, an cerlier limited
to the Southern part, and 2 later replocing it to the north, Thus
there are threce vossibilitics to be inves igated cocoavne

(
(
(

w N+

)
)
)

alvernian orogenesis along.
Asturic orogenesis alone.
Halvernian orogenesic in thc south, Astric in the north."”
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George T.H. (1961) considered the available evidence and ~dopted

the following views

"Deformation during the Hercynian orogeny, main 13 expres
Upper Palaeozoic rocks of North-Western Burope, had antu e
the induced structures with thoe waning pulseu of the Cale d niane The
stratigraphy of hoth Tevonien and Carhoniferous sediments bears clesr
signs of the physical environments in which the rocks were laid down, and
of the initiation of movement in proto-Hercynian tires. The lower
Devonian rocks commonly rest wi only minor breaks up-n the Silurian;
and the lust major event of the Caledonian revolution be rogardsd as

of mid-Devonian age."

cedants linking

- N
The subject has been rccently discussed further by Owen (1961) and

Butcher (1941).

(c) The Lizard Thrust

The Lizarc Complex is a wajor problem in itself. It has boen

chensive account

thoroughly described by Flett (1946) who gives a co
of past and-present theories concerning both the Lizard thrust and the
origin of the various rock types exposcd in the Lizard area, The
thrust, frequently a discussiecn point in the liter Jturn, has been assumed
to be synonymous with the Start thrust. Teall (quoted by Reid in 1907),
for instance, saids-

"It seems probable that this disturbance (Dodman), s connected with

that of the Start on the East and of the Lizard on the Westy and it is
worthy of note thel & line joining these disturbances ie approximately
parallel to cne joining the centres of the principal masses of granite

in Cornwall and Devon."

Recent work, howcver, has indicated that the thrusts present at

the Lizard and the Start are not identical. Ceologists in the past
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have always been handicapped by the limited exposurcs of the thrusts on
land and any theory concerning their continuity has been conjectural.
Geophysics is now being utilized to a greater extent in this field, and
recent work by Allan (1961), in which a nuclear spin magnetometer was
utilized to produce a magnetic contour map of parts of the Western
English Channel, has tended to disprove some of the early ideas.  Allan,
whose views were largely supported in discussion by W.P. Whittard

concluded thuss

"The supposed Lizard-Todman-Stert metamorphic thrust does not appear

to be continuous and the Lizard complex terminates quite abruptly a

few miles out to sea. The New Red Sandstone deposits have been banked
up against the foot of the Hercynian mountains here, The Start
metamorphic rocks are also shown to terminate a few miles out to sea,
where again the coincidence with the Wew Red Sandstone boundary is most

marked,"

The Lizard-Start thrust hes been discusscd in many papers in con-
nection with the line of grenite outcrops, the minerslized lodcs and
the post-mineralization faulting, but somec of the ideas must be re-
considered in the light of this new geophysical evidence.

Miss Hendriks has recently (1959) revised her ideas on the age
of the Lizard Crmplex and now considers that "the age of the nappe
movement and the intrusion of the sefpentine can be approximately dated
as latest Devonian or possibly ecrly Cerboniferous. This hypothesis
has not been disproved by recent isotopic ages from the Lizard

determined by Dodson (1961) and Miller and Green (1961).



(d) Conclusions

The foregoing conspectus briefly outlines current views on the
large—-scale structures in the South-West of England and the age of the
orogenies tc which they may be attributed. Ho writers are in complete
agrecement concerning the ages of the phasces of compression and some base
their classification merely upon the trends of the fold axes, cmploying
the directions given by Ager (1.61) and Umbgrove (1947). Two main fold
trends are vrescnt; o dominant NE-3SY trend in the South-West and a
dominant I~V trend in the Worth-East. These may be related to compres-
3ion from the South-East and from the South respectively. The general
view is that they arc not of the same age, the South-East compression
being earlier than the other.  lloreover, it is uncertain whetlor the
First compressive force opcrated during a late stage of the Caledonian
Crogeny or at an carly stage of the Hereynian Orogeny. Simpson (1959)
commenced his recent paper on this subject by stating:
"When a few years ago the writer (Simpson) of this article started to
try and discover what was known about the stratigraphy and structure of
South-West England it became clear that whereas a great deal of infor-
mation was available, particularly on the maps and in the memoirs of
the Geological Survey, yet much confusion cxisted and practically no
valid generalization could be made."
Although a correct interpretation of the major structure of the South-
West is of the utmost importance in deciphering the structural control

of mineralization, it is not within the bounds of this thesis to discuss

the subject in greater detail. Incidentally, the writer feels that
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greater progress might be made if workers were to spend more time on
field studies, especially in West Cornwall, than upon theorectical
interpretations of fthe field results of past geoclogists, supplemented
by the concoction of ill-defined geological nomenclature!

Imnortant structural results are likely to be obtoined in future by
detailed studies of the minor siructures over large districts. This
approach would be most approprizte in an area such as the Land's End
district where +the total exposurc of aurecle rocks is small and strati~
grapvhical divisions are rare, if not absent. Such work over a
restricted arca would be of uge only in the interpretation of the major
structures within that particular district, but if a project were
designed to cover most of the South~West by subdivision into minor
areas, the results obtained would undoubtedly bhe of far-reaching
importance.

A new field of study which will have an important application in
the Scuth-West is that initiatel recently by the University of Bristol
and the Institute of Oceanography. By means of asdic and botiom-

sampling apparatus they have been gsuccessful in carrying out a geolo-
gical survey of the Bristol and English Channels, Stride (1960)
produced some remerkable details of feldiug on the sea-bed around the

irod from inclined

coagt of the South-West,
echo~sounder recordings Donovan and Savage (1961) have preparcd a
preliminary geological map of the Bristol Channel. Details of the

ea—bou petrology may be obtainzd by bottom sampling and diving, as
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described by the present writer (1560). Similar work has elready

baen completed by some orgsnizations, notably by Boillot and éalvez
(1961) who have produced a geologzical map of the sea~flocr covering
700 sq.km, off the northern coast of Brittany.

A complete off-shore survey in the South-West, employing the
methods described by the present writer (1961), would yield most
valushle informstion concsrning not only the major structures of the off-
shore areas but a2lso of the land peninsula, the interpretation of which
is often vitiated by the dearth of continuous exposures such as commonly
exist on the adjacent sea-bed. A close survey within the 2 mile limit
could employ all the standard methods of bottom-sampling, including
direct observation by divers. Jevond this limit geophysical and asdic
techniques; described by Taylor-Smith (1961) and Fedynskiy (1959), would
Play o more important part.

A start has already (1961) been made upon an off-shore airborne
geophysicél survey of the South West, which will be correlated with the
results obtained on land by Bott, Day, and Masson-Smith (1958), It is
hoped that this airborne investigation which, as described by Bott (1961),
has proved so successful in other narts of the country, will be of special
application in the Landt!'s Fnd district,. Although the traverses will not
approach close to the shoreline, they may be expected to supply further
information regarding the form of the Land's End Granite at depth. Such
information is essential for a correct understanding of fthe structures,
especially jointing and faulting, found within both the granite and its

aureole, particularly along the North-Western coastline.



2/4 Granites

(a) General Description

Ixtending discontinuously at the surface for 120 miles from Dartmoor

to the Scilly Isles, the granites cover all the moorlands and are the

A

source of the tin-copper mineralization, The latest dating methods
have confirmed that the intrusion of the granites took place in Permo-
Corboniferous or Permian times as the culminating episolde of the major
Hercynian movements, Their relation to the granites c¢f France has been
described by Read (1949). The immediste association hetwecn the
mineralization and the granitcs wias noted by many of the early writers,
such as Davy (1818), Carne (1822. T.R.G.S.C.), Carne (1828 & 1865) and
Hill (1902). Since the first detailed account of the area by the

Geological Survey 1t has been possible to view the Cornish granite suite

L
as a whole, and many workers have concentrated on petrological and
Structural studies of the various outcrops. The major publicutions for
sach granite cutcrop, according to Webb (1947), are listed bhelows

Dartmoor: Ussher (1912, 1913)
Reid and others (1912)
Brammall and Harwoed (1923, 1926, 1932).

Kitt Hill and Gunnislake: Reid and cthers (1911)

Bodmins Reid and others (1910, 1911).
Ghosh (1927).

St. Aus%ells Ussgher, Barrow and Macalister (1909)
Richardson {1923)

St. Agnes and Cligga Head: Scrivenor (1903)
Reid and Scrivenor (1906)

Carnmenellis (Carn Brea and Carn Marth): Hill and
Macalister (1906)

Chosh (1934).
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Land's End and Qodolphin: Reid & Flett (1907)
Hall (1930)

Scilly Isless Bzrrow (1506)
Osman  (1928)

Lundy Island: Dollar (1941)

The various granite outcrops show o remarkable similarity in both
minerslogy and structure. Containing quartz, orthoclase, subsidiary
Plasioclase, biotite, muscovite, tourmaline, and many accessories, they
may be classified as potassic or soda-potassic granites., Detailed
descriptions of the wineral assemblages were given by Brammall and
Harwood (1923), Ghosh (1927, 1923, 1934); Osman (1923) and in various
publications of the Geological Survey. Chemical analyses were also
rrovided by the above writers, especially Ghosh (1934) and Phillips (1875).
The joint systems in each of the granites are remarkably similar §nd may
be related to a common flow direction which resulted in a parallel align-
ment of the major joint directicns, as demonstrated by Exley (}959);
Owin:; to these similarities the contemporancous origir of the
cranites was postulated at an early stage. Hining development disclosed
that all the granites had an associated period of mineralizetion and that
there was a possibility of their uniting at depth; The suggestion of a
common source of the granites was nade by de la Beche (1839), and re-stated
by Ussher (1892) and Collins (1912). Purther information, dealing with
such matters as the varying widths of the metamorphic aureoles and
specific areas of metamorphism and mineralization, was summarized by

Davison (1925, 1926). Hosking {1949) discussed the relationship between
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granite emplacement and mineralization and in 1959 produced & sletch-
map of the South-West which is reproduced by the writer as Fig. (3).
This depicts the presumed form of a granite batholith, Recent geophy-
sical work by Bott, Day and Masson-Smith (1958) has confirmed previous
views concerning the form of this '"batholith".

For some years during the 18th century arguments for and against
the intrugsive nature of the granites were often repeated, hut the
evidence of exposures certainly favours an intrusive origin and is
against gronitization in situ. Strike deflections and the tilting of
Strata adjacent to the granite contacts have been recorded from many
localities by Ussher (1912) and Brammall (1926), as well as by workers in
the Landt's End arca. Granitic material penecontemporancous with the
main granite masses is common in the aureole rocks and flow structures
in the granites cut across planar structures in the zdjacent 'killas',

of

Xenoliths, some in various stages of assimilation, arc present near
the contacts and all the granites display orientation of the feldspar
Phenoorysts indicative of flow alignment. The fundamental problems
raised by the granite controversy are not the concern of this thesis,
end the writer is content to assume that the granites werc cessentially
intrusions. of a vartly-liquid mchile magma.,  Nevertheless, various
concepts of magmas and migmas m2y be adopted to explain individual
conditions,

The exposed granites are veriably coarse-grained and porphyritic.

Significant differences in grain size and composition, which are evident



in mosf of the exposures, are due in nearly all cases to the presence of
more than one intrusion, lany szarly papers listed in the References
mentioned fine-grained gronites which could not be classed as drkes, and
the Geological Survey workers mepped later intrusions of a fine-grained
variety of granite within cxposures of essentially coarse—grained granite,
Brammall (1923, 1932), Ghosh '(1927, 1934) and Richardson (1923) demonstrated
that there were frequently more than two intrusions and that cach succes—
8ive intrusion was rrogressively more acidic. The contacts between
Successive facies are both sharp and grational and indicate tha?s there

was often a very short time interval between each individual intrusion,
The mineralogy of the granites is similar within successive intrusions
Cxposed in one outerop, thus raising many interesting questions concerning
the nature of the original megmey most of which have bcen outlined by Webb
(1947). The granites are badly exposed inland and rmuch of the inter-
Pretation of composite intrusions has to be based on isolated and widely
Separated outcrops. If the South-West granites were hetter cxposed it

is likely that the composite nature of the scparate intrusions would prove
to be much more complex than is now realized. hscent workers, such as
Bagehi (1947) on the Land's End Granite, Subbarao (1960) on the Codolphin
Gronite, and Exley (1959) on the St. Austell Granite, have extended the
knowledge of composite intrusions and of the changing conditions which
took place during the time interval between the intrusion of the first

and last granite in any one major outcrop.
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(b) Localization of the Granites

The NE-SW and E~W trend of folding in the country rocks of the
South-West is reflected in the areal disnosition of the granite out-
crops from Dartmoor to the Scilly Isles, 23 shown in Fig. (2). The
NE-S arrangement is illustrated by the Lznd's Ind and St. Agnes granites,
énd by the Carnmenellis, St. Austell and Bedmin Granites, whiile the E-W
elignment is showm by the Dartmoor and Zodmin granites, and by the
Carnmenellis snd Land's End CGranites,

A long-standing hypothesis is that the granites were intruded
near the intersections of pre-existing antiforms of two different trends.
On this basis of the possible intersection of NE-SW and E-W trending
major folds Robson (1945) based his theory of the localization of +the
granite intrusions, maintaining that the least resistance to intrusion
occurred at the intersectinns of Caledonian and Armorican anticlines,

obson (1945) outlined the position of these antiforms and concluded:

"The development of this great fold system promoted thre invasion of huge
batholithic masses of allali gronite each of which apvears to have been

guided and centred bv an snticline and likely encugh sunerimposed on

the deeper Caledonian folds. The disposition of the intrusive domes

(EQN,E.—W.S.W.) does suggest thet they were 'directed' by the coincidsnce

of two systems of enticlines giving a course of least resistanca,"
Hosking (1949) elaborated cn this theme and postulated the presence

of granitic ridges at depth betveen the various outcrops, He considered

that the localization of these ridges was controlled by extensions of

the antiforms, at the intersecctions of which the granite attained its

greatest heights, Hosking (1949) correlated the trends of the ridges
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with periods of earth movement, statings:

"These ridges would appcar to be controlled in the west largely by the
effects of Variscan earth movements, and in the east largely by Armorican
€arth movements,"

ne geophysical results of Bott, Day and lMgsson-Smith (1958) confirmed

Zeopny s

Hosking's earlicr hypothesis, which was presented in greater detall by
osking and Trounson (1959) before the geophysical results were available.
These two authors vresentsd a plan, reproduced here as Fige. (4), showing
the limits of the granite batholith end the positions of the sub-surface
€ranite ridges. They summarized their views as followse
"It is considered that the dicposition of these ridges (of cranite) was
determined largely by the moulding action of minor anticlines which were
Present in the country rock invaded by the granite, and which were
&enerally parallel to the Lizerd Start Point thrust. Doubtless the samne
ferces caused the development of the thrust and the anticlines. Further
‘moulding' anticlines were developed by the rucking of the sedimentaries

due to the emplecerment of certain closely-spaced large zranite mots in
the major anticlines."

The vpresent writer is prepared to accept that the emplacement of the
&ranite ridges was controlled by I~¥ and NE-SW antiforms and thot the
intrusions of granite above the main ridges are located at the inter—
Sections of the two major antifcrms. Caution must be exercized, however
not to attribute major antiforms to varticular orogcnic periods merely on
the basis of their trends.

(e) Associated dyke and vein phases

Associsted with all the granite intrusions are comrlex dyke and vein

phases which are of both pre- and post—granite age and may be classified
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according to their relative age and mineralogy. Ghosh (1934) postulated
a detailed succession for the Cornmenellis granite, involving successive
granite intrusions, followed in turn by acidic dykes and the mineral
lodes, while Webb (1947) outlined an analogous general sequence of
events for the whole of the South-Vest. The various thases may be
summarized, in order of decressing age, as follows:-~

Pre-granite veins and cosrse—-grained granite.

Fine-grained granite.

Porphyries, pegmatites, and aplites,

Quartz-tourmaline veins
Ilineral lodes.

s
s w
S N N

The pre-grenite veins include quurtz, quartz-feldspar and some
Quartz-tourmaline varieties, Wany of them, especially those of quartz,
follew the complex folding of the 'killas', and all are cut off abruptly
at the granite contact., Contemporaneous with the coarse-—grained
ranites are granite veins near the contact, together with contact
granitic phases such as pegmatites and aplites, and contact tourmalini-
Bation, liany of the above features appear tc be reproduced by the
Succeeding fine-grained granite chase, which itself formed granitic
Veins if earlier coarse-grained srenite. The porphyries form a series
of fine-grained dyke rocks; often with porphyritic crystals of potash
feldspar, quartz, and pinitized cordierite, set in a fine felsitic
groundmass, On occasions they are not readily distinguished from
aplite, especially wheﬁ they occur in granite. The porphriries are
knovm locally as ‘elvans', but this term has possibly been applied in past

literature to embrace both porphyries and other dyke rocks.
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411 the granites are accompanied by genetically related pegmatites
and aplites, which are irregularly and sporadically disturbed. These
often occur together and appear to be penecontemporaneous in age, many
sills consisting, as do those at Porthleven described by Hall (1930),
of banded pegmatitic and aplitic material. The field associations and
variations in minerazlogy and texture of the two types arouse many
problems concerning their genesis, as discussed by Webb (1947).

The aplites consist essentially of feldspar and quartz with varying
amounts of muscovite, and as Webb (1947) states, they may be classified
as muscovite-aplites, aplogranites, or leucocratic microgranites.

Theirp frequent high tourmaline content may be due either to penecontem-
Torancous tourmalinization or to ftourmalinization of the feldsvars
during the mineralization phase.

Confusion has often arisen regarding the relative age of some
Minerzl lodes and aplite dykes, The writer believes, however, that
this confusion can be largely attributed to the incorrect interpretation
of observed cthenomena.

Quartz-tourmaline and quartz veins are frsquently found within the
8ranites and grade into the wincralizetion phase.  Brammall and Harwood
(1925) and Scrivenor (1903) devoted considerable attention to the
relationship between the colour of the tourmaline and its age and
genesisy Webb (1947) also contributed soms information on this score.
In general the primary tourmaline of the granite and some aplites is

orange in colour, whereas the tourmaline in quartz-tourmalinec veins and

that formed by the replacement of feldspars is blue,
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() The Age of the Cranite

[l

Lambert and 1iills (1961) outlined the setting of the grenites of the
South-West within the Hercynian orogenic belt, stating that a major

eugeosyncline developed during the Devonian and Carbonifercus, and that

in the later rart of the Lower Carbenifcerous,; the Upper Carboniferous,

and possibly, the Fermian, the area suffered folding, metamorphism, and
major igneous intrusion, These authors reproduced Hendriks! (1937)

stratigraghical and structursl map and stated that the "shale-greywacke—

volcanic series arec folded into a major cast-west structure in which

Devonian to Lower Yestphalian strats are preserved." continuings:

T

cfore post-lower ess-hzlian.
artmoor, however, lies o further
group of Devono-Carboniferous se S These sediments include coal
mezsures of Lower Stephanian age ( ing YMoore L.R. and Trueman A.E.
1837) overfolded on East-West AXES h 1"if“hest strata contaeining eesees
The overfolding is of a tyre similar to that of Devon and is probably
of thc same age. There is thorefore a strong probability that the
granites zre nosi-lower Westphalian." and "The upper limit of strati-
graphic position is provided by continental deposits converticnally
referred to the Termian and the Trias. The Brltlvu Cermo-Triascsic
Zevosits arc largely unfossiliferous; There is little reason why the
Dartmoor granite should not be of any Termian date; in gonerzl,
however, earth movements scem tc havo been largely complete before the
Uprer Fermian (Zechstein), v we conclude that the granites
of South-West England were probably cemplaced in the highest Carboniferous

or early Permian times,"

"These granites (South-West) are h
APPTO[1MuLV1y 30 miles North-Eas

Qx&
-
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0
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Considerszble attention has centred recently upon the age determin-
ations of granites, and most of the work concerning the U.K. was
summarized by Lambert & Mills (1961).  Their work commenced as an
investigation into the ages of British granites. The first results,

based upon the K-Ar total volume method, were reported by Meyne, Lambert
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and York (1959) in support of their proposed extension of +he gecological

time scale. The time-scale originally compiled by Holmes (1947)

contained some discrepancies vhich became apparent as s result of Moor—

bath's work (1959) on the ages of several British lead depcsits, the

geological setting of which had besn previously reviewed by Dunham (1§52),

Lead ores of reccgnized Caledonian und Hercynian agses fall into two

distinct groups, within each of which the model ages 2nd geochemical

ratios are strictly comparable. The ages obtained were older +than

those indicated by Holmes' geclogical time-scale, Consequently, Kulp

(1959) and Holmes (1960) revised the time-scale to give the Caledonian

Orogeny an age of 390-420 m.y. and the Hercynian Orogeny an age of

260-290 m.y., carrying the beginning of the Cambrian back to about 600 m.y,
This revision was criticized on general grounds by Davidson (1959)

nd by Kulp et al. (1959). Independent re-determinations of the age

of micas by the K-Ar and Rb-Sr metnods by Xulp et al, (1960), confirmed

that the values obtained by layne for the Caledonian granites were

L ]

rrobably too high. The above subjects were also de=lt with by Faul
(1959), Faul & Tilton (1957), a2nd Read (1961), who quotes VWoger &

Hoorbath (1960), and Holmes (1959). Aldrich & Wetherill et al. (1958)
described the methods of such determinations.

Using K-Ar determinations upon biotites, Kulp et al. (196C) ascribed
to the Dartmoor Granite (Haytor Rocks) an age of 271i 5 mey. and to the
Land's Bnd Grenite (Botallack Cove) an age of 250 = 15 m.y.  Their

work was repeated by Faul, who obtained an age of 290 m.y. for the

Dartmoor Granite. Mayne (1959) recalculated previous estimates of
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305 m.y. and 340 m,y. for the Dartmoor and Land's End Granites rospec—
tively, and arrived at 298 m.y. and 330 m.y. instead. The differences
apparent in these determinations are greater than ons would expect from
experimental errors only.

Lambert & Mills (1961), employing Rb~Sr age determinations upon
biotites, vroduced an apparent age of 285 g m.y. for the Dartmoor

.

: : 3 o +
Granite (Haytor Rocks) and of 270 -

9 m.y. for the Land's End Granite
(Botallack Cove), These results compare more favourebly with the
estimations obtained by other techniques.,  For instance, jicorbath (1959)
stated that galenas from the South-West yield a model age of 280 m.y.
(quoted by Lembert & Ifills 1961) and Darnley (1959 & 1960) determined an
age of 290 X 7 mey. for uraninite from the lodes of Geevor iline,.

Holmes (1959) adopted the view that the granite intrusions and

mineralization occurred during llid-liorganian time, whilst Kulp et al,

2l 1

(1960) suggested that the granites are probably of very late Stevhanian

co

or Permian age. Lambert & Mille (1951) stated in conclusion that

"the mean Rb-Sr age of 285 I8y, gives the best estimate or the
age of the Dartmoor Granite and should be close to the absolute age
of the intrusion. The Land's Ind Granite could be contemnoraneous
within the limits of experimental error, but the available evidence
seems to su 3t that it may be somewhat younger."

vy

They concluded that the Permo-Carboniferous boundary shculd be »laced

within the interval 285 -~ 10 m.y.

Although most of the publications quoted by the writer are post-1959

the accuracy with which determinations are currently being made has



improved considerably. It seems a logical step to extend the work to
composite granite intrusions and to the associated mineralization in
more than two of the main granite exposures, It is possible that later
granite intrusions exert an influence unon both the structural rattern
within a pre-existing granite and upon the mineralization —hase itself
in composite granites, This is a subject which deserves investigation
in the future by all available methods,

Thanks to improvements in electronic methods thermoluminescent
techniques of age determinatioﬁ have recently received attention by
Komovskiy & Lozhnikova (1959). They have demonstrated that with still
further refinement the method could be used for the relative age deter—
minations of granites, since their results are in fair agreement with
those obtained by Afanas'yev (1955) who used the K-Ar method on granitic

intrusives of Hercynian and Celedonian age from the North Caucasus region,
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2/5 Granite Structures

(2) Form of the Granite

The underground continuity of the South-Western sranites was
=) o &

suggested by Sedgwick and ifurchison (1837) to account for the continuous

belt of mineralization as cutlined later by Dewey (1925). £1]1 succes-

sive writers have agreed with this interpretation and Rastall (1931)

considered the "exposed granites to be cupolas on a large batholith of
considerable depth zeparated by a relatively thin sedimentary cover,"

The gravity and magnetic surveys by Bott et al (1958) showed thats

"the roof regions of the remavnlnb granites (all except the Dartmoor
granite) are only partly exposed, the sub-sedimentary extensions
characteristically lying to the liorth of the exposures, The walls may
be locally vertical but more usvally slope steeply or moderately
Steeply outwards, The gravity results suggest thet the scuthern wall

is usually the steceper,"

The total anomalies obtained suggest that the granite continues to depths
of 10 and 20 kny about half the width of the roof, The flcor of the
batholith is consistently deeper to the south, and in meny ways "the
granite belt is geometrically asymmetrical." In conclusion Bott et al

(1958) stated thats

"The exposed Armoricen granite masses of the south-west have been shown to
be cupolas of a large et‘ol:th sose floor lies at a depth of between 8
and 20 kmy; on the mainland the batholith can be divided intc three main
bodies (Dartmoor, boa'Ln Moor -~ Hensbarrow and Carnmenellis - Land's End)
connected by narrow ridges. The floors of the Dartmoor, Bodmin Iloor

and Hensbarrow granites may be deeper in the south, reflecting the general
asymmetry., The granite contacts slope outwards in general and it has been
possible to distinguish the roof and walls in many parts. The general
spatial shape is consistent with a mechanism of emplacement combining
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forcible intrusion with stoping, the magma rising in the south,"

It has thus been established that the various granites are con-

tinuous below surface t¢ form parts of the same batholith,

(b) Flow Direction

One of the standard works on structures in igneous rocks is that

of Balk (1937), who drew freely from the numerous papers of Cloos.

ok

Ifost references to the subject are nrovided hy Balk (1937) and Sherbon

Hills (1955), OFf the various flow structures, platy flow (schlieren)
and linear flow structure are common in the South-Western granites.
The granite contacts are rarely visible, and parallelism of the feld-
spars near the margins of the intrusions is the only indication of
the flow banding believed to be due to the more or less viscous flow
of magmas. The feldspar phenocrysts exhibit a form of Pline
parallelism, the largest faces (often the 010 planes) being criented
in parallel planes, and the longest axes of the crystals being aligned
N

roughly in the direction of flow of the magma. It must be emphasized, how-

éver that wuse of. orientation of feldspar phenocrysts to determine thel

flow direction of the magma h2g to be applied with caution, Balk

(1937) and Clocs have frequently illustrated the develozment of eddy

currents and many other features which may be wrongly interpreted by

K

ea at each locality is

16)0]

the chserver unless a sufficiently large a

selected for examination,
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(c) Cross~Joints

Joint vatterns in a granite mass may be simply classified as either
primary or sacondary. The former may be further subdivided into Cross,

longitudinal, diagonal and primzry flat-lying joints, Balk (1937)

defined cross-joints as "those that are arranged perpendicular to nrimary
flow lines, or nearly so.," They are usually longer and straishter than
cther joints and are among the earliest fracltures to form in a congealing

igneous mass, Barly aplitic dykes commonly follow the cross—joints, and

in the case of many massifs, these joints and the dykes that follow them,

continue for a distanC£~@ometimes more than a mile) beyond the contacts

of the intrusion.

Flow lines represent the direction of maximum lengthening in the

congealing melt, and according to Balk (1937), "the directirn of maximum

compression that affected the consolidating magma lies within the plane

of the cross-joints, normal to the flow lines," the joints being developed
as soon as the elastic limit was exceeded in the deformstion of the newly

Cloos (1621) considercd that "the cross-joints appear as a

Irozen rock,
continuation ol the viscous elongation, through other fcrcible means

In his earlier nublications, according to Balk (1937), Cloos "assumed
that this pompression was caused by some 'tectonic', regicnal force, not

directly connected with the intrusion of the magma," & view which he later

modified. Balk (1937) considered that:

"the force responsible for the yielding of the megma in a definite
direction, and also for the complementary cross-joints, 1s the force of
the intrusion. This does not preclude the vossibility t other
fractures are due to regional compression, Bach area must be judged on
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its own evidence, and generalizations are not possible."

The identification of cross-joints depends upon +he orevious
recognition and interpretation of flow-lines and "if flow-lines are
not vigible, cross~joints, in the strict s=nse, cannot be deternined,
nlthough corresponding fractures may exist.” The existence éf aplite
dykes within joints is not proof that thoss dykes occupy cross--joints,
If, in a granite massif, the flow-lines form an arch or dome, the
agssociated cross-joinis are arranged in a fan-system. When the cross-
Joints are occupied by dykes this effect may be easily observed, the
dykes usually dipping towards the centre of the massif, As Balk (1937)

stated "the apex of an arch of flow structures commonly coincides with

the apex of a joint fan, but the jJoint fans are likely to spread less

than the pitch of the flow-lines or the dip angles of the flow-layers

require,”

(d) Longitudinal Joints

Longitudinal joints are normally classed as primary joints,
although their exact mode of origin is not definitely unierstood, and
it is normally imposszible to nrove that some may not have developed
subsequent to consolidation of the magmna. They are normally steep
Joints and are best developed where the flow-lines lie flet, when they
strike parallel to their trend., According to Balk (1937), longitudinal
Joints "differ somewhat from cross—joints in their general appearance,
lMeny of them are rougher, lacking the clean-cut, smooth surfaces of the

cross-~joints", They tend to develop in zones in which they are closely
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spaced, and their early age is "demonstrated by aplites, pegmatites,
quartz veins, or basic dykes, which follow them."

Longitudinal joints are dependent upon the flow direction, and
"ad just their sirike to variations in the trend of the flow-Ilines.,"

It is possible that some of them may be secondary vecause flow lines

"introduce an element of mechaniczl weakness into the fabric rock,"

Balk (1937) considered that in contrast to the movement associated with
cross-joints, dis:lacements zlong longitudinzl joints are not common.

He cited many examples to il'ustrate the greater frequency of dykes
along cross-joints than along longitudinal joints, as well =g the fact
that longitudinal joints remain closed during the time of dyke injection

into cross-joints,

(e) Diagonal Joints

The term 'diagonzl joints' was limited by Balk (1937) to denote

QO

"steep joints that strike at angles of approximately 45 degrees to the
trend of the flow-lines", and were "referred to a predominantly hori-
zontal stress." True diagonzl joints are more common in sediments

and metarorvhic rocks than in ignecus rocks and when present in the
latter they may be filled by dyke material. They exist as two comple—
mentary systems, of which one may be locally supressed, and they
commonly =piproach the direction of the cross-joints. Balk (1937)
considered that the "diagonal joints are shear rlanes, which predominate
over cross—joints if the mass of the rock is hemmed in so that it is

prevented from slipping sidewayvs, whereas cross—joints develor if the
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compressed mass is lubricated and free to glide." It is commen to
find that a dyke occupying a cross-joint or longitudinal joint will
possess diagonal-joints when the surrounding granite posses es only
crosg~joints and longitudinal joints,

According to Balk (1937) "joints in the quadrant that is bisected
by the cross-joints are far more conspicuous, perhaps more numerous
also, than joints in the other quadrants.” Cloos (1921) pointed out
that longitudinal and diagonal joints may be of primary and sccondary
age; whereas, cross—joints are of primary age only."  Later (1925) he

restated this view as followse

"Any number of later joints may share the direction of longitudinal
joints, since they follow the dircction of good partings but the cross
joints which run parzllel to the direction of poorest parting, represent
the total number of joints formed during cne stage only, They cannot
develop agein, unless by & recurrence of exactly the same conditions."

By 'conditions! Cloos (1925) inferred the same orientation of principal

stresses,

(f) Flat-Lying Joints

Both the longitudinal and diagonal joints are steep and are affected
by variations in the trend, rather than the pitch, of the flow-lines.
The last set of primary joints, the flat-lying joints, differ from the
vrevious three types in that they dip at low angles, They aprear to
form readily if the surface of the mass is flat, as for instance,
according to Balk (1937), "along the apex of large domical bosses

(the flanks of which may, nevertheless, be steep) or along the surfaces
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of flat sheets and laccoliths," In such cases; "Low dip of flow layers
facilitates their development, but is not necessary, nor do the joints
always embrace gently pitching flow lines, Volume changes in the
intruded mass, differences in load, and other factors have been édvocated
as the cause of flat-lying fracivres," Flat-lying primary joints are

in evidence in granitic masses vhere flat-lying pegmatites, aplites, and

micro-sranites, tend to develop,

(g) Joints in the South-Western Granites

Various terms are used to define the joints described above. Cloos

(1922) summarized the terms as Tollows:

(1) @-joints, cross-joints, hardway planes, and 'toughway'.

(2) s-joints, longitudinal joints, rift planes, the
tcleaving way!'.

(3) I~joints, orimary flat-lying joints, bedding or
sheeting planes, 'floors'.

WThen describing granites of the‘South~West most writers have provided
details of the joints., Osman (1928) on the Scilly Isles, Brammall (1926)
on the Dartmoor Granite, and CGhosh (1934) on the Carnmenellis Granite,
described the joint systems and flow lines present within the respective
granite,

The Carnmenellis granite, which has been subjected to the most
thorough and most recent examination, may be cited as a standard example,
All the granite exposures exhibit minor differences which are complicated
by the composite nature of some of the intrusions. Where wnorphyritic

feldspars are evident a flat-lying mineral parallelism is made
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pinacoids arranged in sub-horizontal plenes. Flat aplite and micro-
granite dykes are often found in associction with the primary flat-
lying joints., Flow lines indicate a locally veriable magna Tlow from
the south or south-east to the north or north-west, corresponding to
arching of the granite masses,

The approximate southerly compression which caused the folding and
eventual thrusting of the country rocks culminated in the intrusion of
the granites. During the intrusion the country rocks aprear tc have
vielded preferentially in the direction of the intrusion, and with the
advent of the consolidation stage the northerly dirascted coupressive
Stress seemed, if Balk's and Clcos' interpretation of the origin of
Cross~joints is correct, to have been replaced by a roughly east-west
Compression,

The development of the cross-jointswas followed by that of longi-
tudinal, diagonal and flat-lying joints. Exley (1959), in a gemeralised
Sketch, showed that the flow direction in the Dartmoor and Bodmin granite
was from south to north, with attendant LE-W cross-joints and N-S
longitudinal joints., In the St. Austell and Carnmenellis granites the
flow direction swings round to the MKW, with & corresponding deviation
in the joint patterns., With the same general NNW flow direction in the
Land's End Granite the main joint directions are NE-SW and WNW-SSE. 1In
the Scilly granite the flow direction is NE and the joint directions

trend NE-SW and TW-SE,



Jointing in the early gra

attending the injection of later wmagmas in a composite intrusion,

evertheless, as discussed by Dewey (1925), it is possible to recognize

Lif

that in general the cross-joints are rfarallel to, and the longitudinal

Jjoints perpendicular to, the mineralizned zones of the South-West,
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3. MINERALIZATION

3/1 Introduction

With a few exceptions the primary tin-coprer deposits may be assumed
to be genstically related to the South-Western granites. The main E-W or
ENE-WSW lodes, which occur in both the granite and the country rccks, have
been the most important producers of ore. They were Tormed as a result
of both the infilling of fissures and the alteration of the adjzcent wa11~
rocks, The lode system reveals a complete mineral sequence f'rom hypo-—
thernal cassiterite and wolfram, through chalcopyrite and sphalerite, to
Comparstively low temperature minerals such as cialcite and siderite.
North-south frac ures, which in many cases fault the E-W loaeJ, were
infilled with mesothermal mineralsy chiefly sphalerite, galena, fluorspar

and barytes,

A full account of the mineralogicel and structural charzcteristics
of the mineral lodes is beyond the purview of this thesis, The reader

is therefore referred to a complete description of the mineralization given

0

by Hosking (1951) end illustrated with specific examples. Information
on the individual mines of the area is provided by Dines (1956) and by
Private plans and reports still in existence., Both Henwood (1843) and
Collins (1912) gave reliable first-hand geolo,ical information on many of
the mines, and particulars of various properties have been vublished by the
Royal Geological Society of Cornwall, General descriptions of the

wolfram deposits have been contributed by Rastall (1918), Davison (1920),

Dewey & Dines (1923), and Tolkdmghorne (1953), while the occurrence of
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urenium ores was described by Pearce (1878), Dines (1930), and James
(1945). Anslogous cdescriptions of other ores have been writien by
Collins (1903), Dewey (1920, 1921 & 1923) and Davison (1932).

The first major work on the mineralization was De la Beche's
(1839), which was quickly followsd by +hot of Hernwood (1843) who provided
& valuable record of the mineralogical and strucitural details of many of
the mineral districts and individuzl lodes. His observatiens were
utilized by Collins (1912) and later writers in summarizing the charac—
teristics of the mineralizetion. Other important papers are those by
Cronshaw (1921) on the Camborne district, Weston-Dunn (1923) and Davison
(1924),

Studies of the general geology, paragenesis, and structural history
of the lodes were made by Le Nave Foster (1878), Thomas (1882), Thomas
(1886), Plett (1902), Lees (1914), HcLaren (1917), and Vokes & Jeffery
(1954), the Dolcoath Main Lode being a frequent subject of investigation,
Cther notable descriptions were given by Le Neve Foster (1875 & 1876),
Rowe & Foster (1887), Davison (1923) and James (1944).  ™e mineralogy
of the lodes wos described by Daviscn (1924) and Hosking (1951), and a
complete list of the minerals found in Cornwall was vublished by the
Royal Geological Society of Cormwall (1948) and by Kingsbury (1952).

A concentration of the lodes into mineral zones on both e regional
and local scale was recognized by the earliest workers in the South-West.
The more likely occurrence of tin lodes in granite and separated by a zone

of impoverishment from copper lodes in the country rocks was aporeciated
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by the miners and applied in exploration, Dewey (1922 & 1925) re gnlzed
the existence in »lan and section of tin, copper, lead-zinc znd iron zones,

and vprovided the first comprehensive account, outlining tlheir correlation

1C 1

-

with depth changes. The relaticn of the zones to the uprer surface ol
the major granites was indicated by Rastall (1923} s e Furtien dnfomabion
was summarized by Davison (1927).

Cronshavr (1921) appreciated that the mineralization had consisted
of several distinct phases, He listed ten, commencing with quartz,
feldspar, wolfrem and arsenopyrite, and concluding with calcite.  The
ore fluids of the individual phascs were considered to have differed
considerabl; in composition cwing to the progressive differentiation of
the ore fluid at its source. Weston~Dunn (1923) preferred to explain
the vertical snd lateral mineral zoning by differentiaticn of the ore
fluig during its ascent of the lodes, Both explanations were considered
to be valid by Webb (1947) who outlined the mineralogical and spatial
features of the separatc zones. He suggested that not only was the ore
fluid a4 any onc time "undergoing cxtramagmatic differentiation during
the course of its ascent up the lode fissure", but also that 'the ore-
forming fluid leaving the source was not identical throughout the period
of lode formaticm,"

The production history of many of the mines indicates that not only
were the differenct mineral zones never completely represented but also
that they were not necessarily parallel to the granite surface, This led
Dines (1933) to postulate both vertical and lateral migration of the ore

'fluids* from certain restricted emanative centres, resulting in the upper
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zcnes having a wider lateral distribution than the lower ones.

One of the rrominent featurcs of the lodes is the evidence they
reveal of seversl phases of mincralization and movemant. Variations in
the time intervals between successive phases and changes in the nrevailing
conditions, cspecially temperature, resulted in the telescopirg or
absence of some of the accepted miheral zones. Any hypothesis that those

minerals occurring in the deepest heorizons of the lodes are the oldest

with decreasing depth the wincrals present become relatively

and that

younger is rendercd suspect. Broad agreements between zonal scquences

and mineral paragenesis are noszible but detailed correlations should be

characteristic minerals of the indi-~

restricted to the distribution =&

vidugl vhases., The sequence of nineralization was discussed by Hill &
HacAlister (1906), Cronshaw (1921) and Hosking (1951).

Swarms of greisen-bordercd veins often occur in the small cusps
beneath the peaks of the major granites, and Hosking (1956) concluded that
they were formed under completely different circumstances than the 'normal!
tin-copper lodes. One of the more imyortant deposits, at Cligga Head,
by Scrivenor (1903) who provided a detailed account of the
environment of minerslization. The cconomic geology and history of this
depomit were related by Cox (1961) =nd Dines (1956) respectively, and its
relationship to mineralizetion in the St. Agnes-Perranporth district was
discussed by Xnuckey (1957). Descriptions of similar occurrences include
thosc of Hemerdon Wolfram Minc by Comeron (1951), St. ifichzelfs Mount by

Hosking (1953), and Carn Brea by Robson (1946), The deposit of Castle—

an-Dinas Wolfram ifine bears come similarities to those listed above
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although its origin is not identical, as noted by Davison (1935), Kear
(1951), and Young (1957). The characteristics of the greisen-bordered
deposits and their relation to the more important 'normal'! mineralization
were described by Hosking (1951 & 1959).

The geological setting of the South~¥estern tin-copoer mineralization
within the British Isles was outlined by Finlayson (1910) and Dunham (1952),
and comparisons between the British cassiterite deposits and those of other
countries heve been made by lacAlister (1908), Ferguson % Bateman (1912),
Singewald (1912), Jones (1925) =nd Fawms (1905).

The tin-copper lodes are eccentially fissure veins. They have been
formed as a result of both infilling of the open fissuré cnd alteration of
the surrounding wall-rock, often to such an extent that the latier is
Sufficiently mincralized to warrant its extraction as vart of the 'lode',
Variations in the extent of development of these features end in the
relative representation of the ceveral separate mineralization rhase,
result in the widely different characteristics of the loces of individual
Mining districts and mines.

Classifications of the lode structures were originally given by
Collins (1893), Hill & MacAlister (1906), and llacAlister (1908). A
general summary was provided by Dines (1956), who included the majority
of the information under the individual mines, and a comprehensive account
of the structurzl features of the lodes was given by Hoslking (1949) who
described characters such as replaccment, banding, brecciaticn, vughs, and
Sheeting. He presented a precis of the major features such as lode

intersections, branching, fzulting, and lode-dyke intersections, mentioning
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their economic aspects.

A change occurs in the sitructures of a lode accordinz to the
mineral zone in which it is situated or its position with raspect to
the granite surface, Lodes in the desper wortions of the tin zone
consist essentially of sheared sranite surrounded by intensely altered
rock, A narrow, central, infilled fissure is frequently ~“ressnt asnd
the width of the 'lode' is large in comparison with the width of the
fissure. Parallel fractures, cach with associated wall-rock alteration,
aire common. Details of the structures of individual lodes were provided

=

by Henwood (1843) and the numerous other writers listed in the References,
Increases in the complexity of the lode structures in the inter-
mediate zone and extending into both the tin and copner zones were noted
by Cronshaw (1921) and Weston-Dunn (1921).  They considered that the
maximum structural intricacy occurred in the vicinity of the granite
contact, In this ares lacAlister (1908) regarded brecciztion to be the
most common feature, each phase of fragmentation, having been accompanied
by a separatc phase of mineralization. Webb (1947), in describing the
lodes of the intermediste zone, concsidered that those in the killas had
suffered a gre:ter brecciation snd frequently contained large fragments
of wall-rock, In comparison, those in the granite tended 4o be com—
pPosed of "numerous parallel stringers which may have been brecciated.”
With increasing distance from the granite the lodes become
structurally more simple and Webb (1947) summarized the changes as

followse—
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) z decrease in complex repeated brecciation.
) 2 less confused aggresate of ore-minerals.
) a decrease in wall-rock ore-minerslization.
) tendency towards ore—-deposition in simple
fissures.”

o

in zones the lodes were considered by Webb (1947)
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to consist ﬁdeally of a leader (usually quartz), the lode material
(usually infilling), and the mineralized granite. He compared the

main features of each ccm;onentlfrom the lodes of Geevor and South Crofty
Mines,

The localized wall-rock alteration may be divided, ssrecially in
the grenite, into zones which have been outlined by Webb (1.947) and
Hosking (1951). Théy are predominantly zones of chloritization, tour~
m&linization, gretsenization, sericitization, silicification, kaolini-
Zation, and reddening of the granite. Additional mineralogical
descriptions were provided by Bagehi (1947) and Rao (1952).

The commorn minerals with which cassiterite is normally associated
heve led to many theories concerning the mznner in which $he %in was
conveyed in the mineralizing solutions. Daubree (1879) suggested that
it was transported as a fluoride and later writers such as MacAlister
(1903) and Davison (1935) provosed boron and silicon ag 'carriers!.
Barsukov (1956) and Little (1960) have recently contributed to this
Subject and the latter concluded that "of the rreviously sugrested
methods of tin transportation, alkali-stannate snd alkali thio-stannate
solutions are in accordance with the inclusion data. Additional

Possibilities are alkali~chloro-~ and fluo-stemnate solutions."
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A subject of great controversy, as Hosking (1951) described, is

"whether cassiterite and allied mincrals were deposited as a result of

£330

S

interaction between gases (or liguids above their critical 4e

neratures )

or were deposited from the solution'. any writers described various
cassiterite deposite as being either hydrothermal or vneumatolytic on
the basis of their apparent relstive ages and minerzl associ:ctions.
Webb (1947) divided the whole mineralization period into three
stages, The first was the epipegmatitic which resulted from fluid
residva arising out of pegmatite crystallization, and to woich may be
G

attributed the denosition of the quartz-feldspar-wolfram—arsencpyrite

e so well developed at South Crofty HMine, The dominant

veins which ar
vertical stress and the initizl pressure release institutcd the ascent of
the residual fluids under vapour TTessure. This pneumatolytic stage was
gas-rich and carried halides, boron and tin. Webb (1947) considered that
1t was responsible for the depozition of the majority of the tin in
association with tourmaline and chlorite, largely by reslacement.

He considered that the loss of volatiles and heat during the
Pneumatolytic stage lowered the vapour pressure and that later solutions,
comprising the hydrothermal stage, were forced up by the weight of the
overlying fractured rock. These were less tenuous than those ascending
during the pneumatolytic stage and the characteristic minerals, principally
quartz and sulphides, were carried mainly in the colloidal state, The

bulk of the hydrothermal solutions were deposited in regiong overlying the

tin zone and resultcd in the formation of sulphide-bearing, infilling,



quartz veins., Wehb (1947) concluded that the meumatolytic and hydro-
thermal phases were closely connected and that the former was of a
comparatively short duration. At the source the excess wvolatiles were
repidly lost in the pneumatolytic hases and the residuval hydrothermal
solutions soon became the dominant ore fluid.,

Despite recent laboratory research this matter remains unproven.
Smith (1949) developed a technique for the measurement of the tomperature
of formation of cassiterite and associated minerals which chowed that
they were formed below temperatures in the region of 380° 1, Recently
Little (1960) applied the inclusicn technique to further cassiterite ores
and concluded that "since under the conditions of deposition, these water
solutions had the proverty of liquids rather than gases, the deposits
(CXcepting most vepmatites and the IHlexican Volecanie class) arc more
properly classified aos 'hydrothermal! than 'pneumatolytic'," if the terms
arc used according to the definition given by Smith et al (1950). Little
decided thot his work indicated "that most hydrothermal tin deposition occurs
in the 300 to 500 deg. C. range, although the temperature may be as high
as 600 deg, C." He also gave numerous other measurements of the deposition
temperature of associated minerals, eswvecially cuartz and sulphides, from

Cornwall, -

Webb (1947) considered that the last siliceous solutions arose along
the cross~courses, the features of which were described by Hill & MacAlister
(1906) and Dines (1956). Othef post—mineralizaticn features include

faults, flucans, slides, and guides cr trevms as they are lmown in some
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districts, most of them differing in age and origin, The exact use
of the terms defined by Tecnwood (1843), Hill and MacAlister (1906), and

trict. faulting was

¢}

Collins (1912), varies according to the di
especially troublesome in the St. Agnes district and was described by

Villiams (1917), Havkins (1822), le Weve Foster (1877), Davies (1879)

and Fern (1920),
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3/2 Regional Distribution of IMineralization

Henwood (1943) made the Tirst cemnrehensive study of the minerali-

zation in +the South-West and noted the average sirike of the lodes and

its veriation from district to district, shown in Fig. (2).  Among the

early workers were .ryce, De la Beche, Carne, W. Smyth, le Meve Hoster,

Symons, Hunt, Collins and members of the Geological Survey, including

Hill, HacAlister, Scrivenor, Flett, Davison and Cronshaw, The

principal mining districts may be clacsified according to the granite

mass which with they are associated.

In Devon the lo’es were worked on the West of Dartmoor near

Calstock and Tavisbock, and on the Bast in the Christow valley. The

two small granite bosses of Kit Hill and Yingston Downs wore the centre

of an important mining district, as were also the Bodmin and St.Austell

Granites in the scuth-east. The main concentration of mines was around

the Carnmencllis snd Carn Brea Granites, and extended towards the

ranites of St. Agnes, Cligga, and Godolphin, On the northern flanks

[

of the Land's FEnd Granite lie the mining districts of 5t. Just and
St. Ives, while cn the Scilly Isles a few controversial earthworks have
been doubtfully atitributed to the activities of ancient tin miners.

An overall summery of the distribution =nd characteristics of the

mineralization was provided by Dewey (1925), who emphasized that the

A3

general disposition of the lodes follows the nutline of the land mass
itself, Bastwards from the Land's End CGranite the belt of mineralization

curves round from the South-West, through West-South-West and finally



- 68

assumes an fast-West direction in the Dartmocr region, He noted the

linear form of the mineralized tract, which commences in the Ilend's End

Granite = extends for more than 100 miles to the Fastern side of

Dartmoor, describing it thus:

‘more than 10 nmiles widey, and it cuts

"It is a narrow tract, being
1nﬂ1f1crh“*7y through rocks of virious ageSc... Neither structure nor

toposraphy affects its course, whilc within the narrow belt the lodes
trend in all directions, and were formed at different periods., A
rough paralielism from the centre to the margins of the tract is
observed, the tin and copper cres lying centrally, while those of zinc,

T

silver-lead, antimony and iron succecsively approach the 72arging eveee!

Within the mineralized +tract itself, the lodes show marked varictions in

to

their distribution in plan. The present writer will not atte:

describe these interesting featurse, since they have already been fully

discussed by Hosking (1949). His summery of the salient features is as

followss
" (1) In any given area, some Tissure lodes and dykes sir ze along

paraliel lines, but there is alweys a set of fissures
intersecting thooe at a feirly large angle.”

(2) Ifany veins aond dykes are associated with fringes of the granite
outerons, but comparatively few are encountered in the centres
of thece outcrops. .. barrenness may be due to some extent
to the removal by ercsion of once existing lodcs, as suggested
by Emmons, "

"Certain marginal portions of the grarite outcrovs are nrectically,
if not entirely, devoid of fissure veins, and this, for
example, is true of thc Southern portion of the Lond's Ind
Cranite and the South-Eastern portion of the Carn ilenellis
granite."

" (3) Mony (ykes end some parallel tin-coprer lodes are quite far
removed From any visible grarite, This is true of the dykes
and tin-copper lodes of the (winear district and of the tin
lodes near TFerranport
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" (4) In many cases the lode-dyke pattern bears little or no
relationship to the shape in plan of any granite outcrop
with which it aprears to be associated, Two notable
exceptions occur:— The lodes of the Land's End Granite
show a roughly xradicl arrangement, the fact noted by
Ermons and utilized by him as an example of the radial
devoelorment of lodes sociated with circular granite
intrusions. The =lony arn Brea has lodes
and dvies striking > axis. This
also, according to I rattern which
would be expected.”

" (5) Trroushout the country very narked tgtreams! of lodes and

u
5

e BEBH ssssussnwe’

i s e o8
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In a letor naper Hosking (1959) epitomized the characteristics of lode

pattern in plan as followss

" (a) In any wmineralized area & number of lodes strike cpproxi-
matelv varallel to the porphyry drkes and tnere is
usuelly a later set of lodos and harren figsures which
intersect “he earlier at an angle of spproximately S0
degrzes, Usually the lodes parzllel to the diies
contain the earlier hyvothermal minerals (cassiterite,
wolframite, ¢ pyrite, etc. ), while the others
contein a mesothermal suite (e.g., galena, sphalerite,
pitchblende). The mesothermal lodes and barren cross—

mn

courses Trequently fault the sarlier lodes,"

cassiterite-wolframite lodes which possess an anomalous
N-8 strike, The most notable cf these is the Ceoctle-
an-Dinos wolfranite/lollingite lode."

" (b) To the orth of the St. Austell granite there are several
(=]

: <C> "lany of +he dykes and veins are near the granite/sillas
junctions ard comparatively few occur near the centres
of the large granite outcrops. Although the shallowness

of the lodes near the granite centres suggests that

sy account for the general paucity of the

S
el
L

v
erosion § the :
bodies thorc, the authors (Hosklng‘anu Trounson) believe

that this is not the main reason.

oximate marallelism between the majority

n .
()  There is an appr
! 1 those porti f th

of the 1ode/ayke strecans and those portions o e

arcuate Lizard/Dodman/Start Foint thrust to which they
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n to be closest. On the other hand, the late
othermal lodes and bhairren cross—ccurses are, when
Jjecten, approximately normal to tangents to this

thrust.”

’d 5 3
O 3
3 0 o

Tn all the districts there are livergenciesirom the average lode

trend, and areas occur where the average lode trend is markedly different

Henwood {1843) tabulated the average

from the general East-Yest sirik

S
~ e

lode strives of +thz different mining distriets, illustrating the diver-

gencies that cxist. As Hosking (1959) has shown, !streame o lodes!

within Dewey's (1925) mineralized tract tend to 'flow' away from the

J-ENE as tho tract ic followed

general trend, which swings from E-¥ to

westwards along the veninsule, Txamiles of such divergencies arec present

around the St. Austell and Gedolpnin CGranites, but the most important

o
3

are in the S%. Just area of the Land's End Granite, where the - verage

lode trend is NW-SE.
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3/3 e of the Iliineralization

L&

De la Beche (1839) and Dewey (1925) sugeested that all the lodes

roraneocus, althcugh cther writers,

the South-West are essentially conts

including Carne (1818), Collins (1912 and Henwood (1943) have evolved
€laborate orders of formation For different veins. There is no doubt that
1Ocally there are differencss in age between the formation of individual
fissures and betwsen -erids of rinsral in{illing, though the interpre-
tation of age relationships is often complicated by repeated movements

“nd mineralization yhases. Nevertheless, according to Webb (1947),

is "hi ghly probable that the vast majority of the Cornish tin—copper lodes
are essentially contemporaneous, in view ofs

cssociation of the lodes,
1inity of the various granites,

23

(2) the similar mineral

(b) the undoubted cons:

(o) the fact that around each particular granite th
lotes were formed during similar stages of the
cooling history of the gronites."

¢

Hosking (1949, 1959) =snd meny previous writers, including Bvans
(1925, 1926) have commented on the generel Rast-Test airile of the hypo-
thermal lodes, as contrasted with the North-South strike of the mesothermal
lodes and CroSs—COUrses. Attention has been dravm by some writers to
the occurrence of fcaunter Lodes!, which are defined in the Geological
OUrV“V ilemoirs as connecting two parallel lodes, There seems to be no
reason to suprose thet these lodes are very different in age from the

main lodes, and although there are examples of caunter lodes shifting

the main lodes, the reverse hes been recorded from the same localities.
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Any age difference between the czunter lodes and the lodes of the main

trend aprears to be no greatcr than that between individual lodes of the
main trend. Webb (1947) considered that "they (the caunter lodes)
Probably represent local complexities in the fracture rattern, all being

formed during one veriod of disturbanee.”

of minersalization, commencing with metallised

Pegmatites, took place soon after the intrusion of the grenites. The

ensuing Rast-West tin-tungsten-copper lodes were followed by the North-

South lead-zinc-iron lodes which marked the close of the main stage of

The age of the granites has been determined as being

mwineralizaotion,

approximotely Permo-Carboniferous, waile the succeeding mineralization

extended into the Permian.

Hosking (1949) outlined the views which were generally accepted
until 30 years ago concerning the sequence of mineralizition, but noted
several exceptions to this order.

In most of the mining area any attempt to determine the age of the

mineralization on strotigraphic evidence is vitiated by the fact that the

sedimentary countrv rocks cut by the lodes are older than “he granite.
The mineralization associated with the Dartmoor Granitc, as pointed out
by Darnley (1960), is later tha» Uarboniferous rocks of If:imurien age, but

it differs in character in many vays from thet of the remaining areas of

the South~West, espccially Cornwall,
Darnley (1960) analysed uraninite from Geevor fine by the complete

lead wethod and concluded thaet the "uraninite has suffered no significant
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loss or gain of uranium, thorium, or their decay vroducts," and that "the

206Pb/ 238U age of 290 = T mey. can be given with a higher degree of
accuracy than the others."

Post-mineralizetion structures have hesn grouped together according
+

to their structure and age in relation to the main thases of mineralization,

They are wnivcrsally assigned to the Tertiary, resulting -~erhaps from the
effects of the Alwine Orogeny.
The mode of formation of a lode or cross—course is always divisible

into two sejarate stages, nomely the develovment of a fissure and its

g
Subsequent mineral infilling. Each stage is composite; ccnsisting of
Several intermittent and vuls:ctional phases, and whenever possible a
distinotion should always be drawn between the age of the structural dis-—

location and the age of the infilling of the lode or post-mineralization

feature,
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3/4 Structural Control of Regional Mineralization

(a) rast Views

& o

A11 geologists who have comtributed papers on the South-Viest of
England have noted the genersl agreerment in distribution relationships
between the lodes, cross—courses, dykes, and joints, Mony thecries
concerning the »origin of the lodes have been besed upon the joint patterns,
for it was early realized that mineralization was controlled not only by
temperature and veirology, but alzo Dy structure. Carne (1822) provided
one of the first authoritative accounts of the lodes of Cornwall, describ-
ing the minerals found within them and the localization of high values.,
Both he and Hawkins (1843) contributed a wealth of detail concerning the
mineralization,

De la Beche (1839) provided an outstanding siudy of the area,
reporting on hoth the geology and the mineralizetion. He considered the
lodes to be faults which were subsequently filled with winersls denosited
from circulating solutions, ‘loreover, hc described the trend of the lode
systems, notin; *the overall variations from West to Bast and the local
variations within separate districts. The ezrlier E-W frsctires were
distinguished from the luter -5 svstem, the local variztions being
attributed to 'local ceuses!', On this basis de la Beche azsumed that
age of formation of the B-¥ lodes of Devonshire was the same as that of the

ENE-WSW lodes of narts of Cornwall. Difficulties were raised by the lode

trend in the St. Just district, and by assuming contemporaneity for the
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lodes of the 3t., Just area and the E-W lodes in the area as & whole, he
concluded it was not possible to decide how far local causes had contri-
buted to the very different WITV to W lode strike. He em hasized the
similarity in strilke between the tin-copper lodes and the elvan dykes,
end decided that the latter were formed before the lodes,

Very careful attention was paid by early writers to the subject of
re—-opening of the lodes, especially as a result of successive dowmward

movements of the hanging-wall, and the consequent successive phases of

mineralization which they had frequently undergone. Faulting as a

whole was investigated by de la Beche and applied to the interprcetation

of age differences hetwesn intersecting lodes, The lodes were regarded

~

as mineralized faults as distinet from minerclized joinis in

granito.
According to Webb (1947), "the reader is left with the impressicn that,
although the N-S serics of fr.ctures is considered to be later than the
B-W system, it is nrobable that +he Yin—-copper lodes were mainly Formed
during one reriod of minerslization in a complex pre-mineralization fracture
system."  In Chapter XIT of de la Beche's Memoir (1839) hc devoted a long

nation of the

discussion to previcus theories concerning the origin and f
tin-copner lodes, His review was concise and realistic, and gave a great

deal of attention to the application of Hovkins! ideas (1838), which were

mainly based upon the conception of sn 'elevatory force!',

4

Hopkine believed that the first effect of such a force

"will of course be fo raise the mass under which it acts, and %o place
it in 2 state of extension, and consequently of tension, The dincrease
of intensity in the elevatory force must be so rapid as to give it the
character of an impulsive force, in which case it would be impossible to
calculate the dislocating effects of it."
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He supposed this elevatory force to have acted upon the lover

surface of the uplifted mass through the medium of some fluid Siich may

be conceived to be an elestic vanour, or in other coses a mass of motter

“ The tension developed in the uplifted

o, . o

in a state of fusion from heit.

a peries of fissures parslliel with the

rock was thought o have formad
°

axis of uplif-<. By considering that the only other fissurs system

e

which could heve formed by tension must have been perpendicular to the

longitudinal Ffissures, Hopkins thoreby explained both the Y and N-8

systems,
De la Beche (1839) considersd that Hopkins' theory should be horne
in mind and that all the irregularitics such as caunte

lodes, and deviations from the normal lode trend could

G

modifications due to local variations. e conclu

Containing elvans, and the Dast-West tin lodes, were of Permo-Carboni-

Terous age and succeeded a late-Carboniferous intrusion of granite which

Wis itgelf preceded by Devonian or early-Carboniferous foldin: of the

He congidered that the late

sediments and by I'ast-VYest disturbances.
Fast-lest "slides" and NWorth-South cross—courscs *erc of Te laxry age.

Henwood (1843) gsve & remerkable Tactual description of +the Cornish

lodes, stating that it was not his intention to explore the theoretical

Dossibilities which his work disclosed, =nd h: left his records and

descriptions as an excellent foundation for the worlk of hi successors.

The next theoretical writer wi.s lloissenet (1877), vhose work was sum—

marized by Webb (1947) as follows '~

& pupil of Llie de Beaumont; attempted to explain the Cornish

"lloissenet,
ile congiders the

phenomena on the principles laid dovm by his master.
formation of the fracture system to be dependent upon a !'system of
upheaval' with a complementary adjacent trough of depression. Granite
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forms the core of the axis of upheaval and the stresses involved result
in normal faulting under the influence of gravity trending parallel with
the longitudinal axis: +the major disclocations occur along planes dip-
Ping away from the granite. Other minor complementary fissures and
Joints form and also fractures at right angles to this axis. These
latter, he says, must form whenever a long ridge is uplifted. After

a system of uplift, there follows a stage of partial depression of the
uplifted areas, and further sets of parallel normal faults develop,
mainly dipping in the other direction. Reopening of the earlier
Tissures also occurs. lLater systems can be superimposed on the first
one and may make an angle with it. The resultent fracture patiern
would be very complex. Ifoissenct considers that six such systems went

to make the I-W fractures in Cornwall. The N-S fractures are considered
by him to be the result of fivc lator systems making considcrable angles
(up to 90 degrees) with the earlicr BE-W systems. Connected with these

eleven sets he detects 132 distinct bearings of lode fissures, involving
complementary perpendicular end diagonal fractures."

Moissenet's hypothesis did not include an explanation for the dis-
tribution in time and space of the variations in trend shown by the
"axes of uplift" and associated fractures. He implied that the N-3
fractures were the result of normal and reverse faulting, whereas many
of them are known to possess horizontal displacements. His eleven
distinct phases of fracturing tended to be rather imaginative and are
not supported by field evidence; the same applies to his '132 distinct
bearings of lode fissures'. However, Moissenet's trecatise contained
some very useful information under the heading of 'General Characters
of the Rich Parts (of the Lodes)', and however imeginative some of his
ideas may have been they served the purpose of stimulating the minds
of other geologists.

Collins supported the ideas of loisgsenet in his publications be-
ween 1890 and 1898 but in his major work (1912) he placed rether less
emphasis on the latter's ideas. While tending to dismiss Moissenet's
earlier hypothesis as being a little fanciful, he declined to add ap—

preciably to any thcories of lode formation., He confined himself to
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a description of the mineralization in each of the mining districts of

the South-West, suprlemented by a discussion of the general chorocteris—

tics of the lodes. Collins {1912} included a comprehensive aprendix in
which he listed all the mines and gave brief details of their life and
production. Webb (1947) summarized Collin's statements concerning the

fracture system, as follows -

"He considers that early lateral pressure produced folding and reverse
faulting in the sediments, culminating in the rise of the granite magma.
The pressure period was followed by periods of reaction and shrinkage dus
to cooling. Also, potentisl division planes formed by pressure may become
actual fissures during the relaxation period, due to rupture csused by

the force of gravity. In fact, he considers that in Cornwall reverse
faults are pre-granite, due to pressure, and are essentially, non-metalli-
ferous; whereas normal faults arc post-granite, due to gravity, and are
decidedly metalliferous. He vuts the proportions of mineralized reversc
faults at not more than 3 per cent.”

The Geological Survey Hemoirs were published around this time, the
Mmost comprehensive being that on the Camborne-TFalmouth arez by Hill &
MacAlister (1505). Just as De la Beche (183¢), Henwood (1843), and
Colling (1912) hed dravm on a large number of previous papers, so also
did Hill & MacAlister quote freely lrom the literature£ll the other Geo-
logical Survey llemoirs likewise provided very comprehensive biblio-
graphies up to around the time of 1906-12 for each of the areas., Hill
& MacAlister restated the important relationship between the lodes, dylkes,
and joints, pointing out that there is a general increase in the compleXity
of jointing as one approaches the mineralized areas. Concerning the for-
mation of the lodes they stated:-—
"Carne's (1822) classification of the lodes into six systems, appears
to imply that movements operated successively for the production of the
fissure systems, and that each movement was accompanied not only by a

Seéries of fissures, but by a distinet period of mineralization. The
Tissures of g single zone of fissuring, or of a whole fissure system ...
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may be assumed to have had a common mode of origin. The process which

produced the fissures should be regarded as a progressive or long-
continued one, so that the fissures first formed should not be separated

from the last. In speaking of the age of the lodes, therasfore, a period
is implied during which two operations may have gone on hand in hand -
(1) fissuring, (2) mineralization. ...... Indeed, lines of wealmess so
formed do not appear to have become fissures capable of the reception

of minerals until after the intrusion of the clvans., The process by
which the fissures were mineralized was probably long-continued,

In discussing the work of Hill & MacAlister (1906), Webb (1947)
stated that they considered thats
"The direction of the stress which acted during the period culminating
in the rise of the granite is considered to have been directed from the
SSE and strike deflection caused in places by the uprisce of the granite
column before it spread laterally as a laccolite,”

The views of Hill & iacAlister (1906) on the tectonics leading to
lode formation were summarized by Tebb (1947). They assumed Devonian
folding of the country rocks under compression from the SSE, culminating
in late-Carboniferous granitc intrusion. This was followed by a Fermo-
Carboniferous 'volcanic phase' vhich was accompanied by a system of ENE
fractures to form the lodes parallel to the belt of the granite intru-
sions. The NNW cross-—courses werc clessified as Tertiary.

A complete although academic account of the tectonic history of
the ares was given by fvans (1925 & 1926), who described the changing
Stress conditions leading to mineralization. He considered that the
first folding of the Devonian sediments took place as gentle undulatory
movements , These wore followed by pressure from the South or SSE which
Produced numerous Dast-West and ENE-TSW overfolds and thrusts and
culminated in the intrusion of the late-Carboniferous granitc. Subse-

quently, in permo-Carboniferous times reaction after the compression

led to the development of normal faults along BEast-West and INI-WSW
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lines. ZERvans postulated a later East—West compression, the reaction
from which gave North-South mormal faults under tension. In common
with previous writers he concluded that the NNW-SSE cross-courses were
of Tertiary age.

(b) Recent Vicws.

Ghosh (1934) provided one of the most complete structﬁral accounts
of one particular granite namely the Carnmenellis Granite. The tectonic
history leading to intrusion and mineralization, as evaluated by Ghosh
(1934) and summarized by Hosking (1949) was as follows:-

(1) The region was thrown into a series of anticlines and synclines
by Hercynian stresses acting in a NNW direction. These folds were
superimposed upon existing structures, and at the same time
ENE-WSW cleavage was developed in the country rock.

(2) The magnitude of the pressure increased and was instrumental in
bringing about the emplacement of the granite in the earlier-
formed anticlines.

(3) The magma, entering the anticlines, exerted a centrifugal hydraulic
pressure, which, especially in the east, brought about the develop-
ment of local cleavage within the metamorphic aureole. At the same
time it altered the strikes of the aureole beds and dolerite sills
so that they, like the local cleavage, roughly follow the contact
of the granite and the country rock.

(L) Wnile the granite was still in a semi-plastic state a crustal
pressure operated along an ENE-WSW direction and was followed or
accompanied by tension at right angles to it. These two factors
czused the development of ENE-WSW and NNW-SSE joints. At about the
same time tension produced by gravity produced the 'horizontal'
Jjoints which were approximately parallel to the contact. The
ENE-WSW joints are regional joints and parallel to the dykes and
tin~copper veins of the district, and are found in both the granite
and the country rock ..o...

(5> The granite became solid; Q joints (ENE-WSW) were filled with
dykes and mineral deposits and some diagonal (or Mohr's) Joints
were initiated as a result of pressure and tension acting along
the sume lines as those which caused the development of the () and S
(WWW-SSE) joints in the semi-plastic granite.
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(6) A little later, a pressure acting along a NNW-SSE direction, and
accompanied by a tension at right angles to it, produced the re-
mainder of the diagonal joints, and the late and often barren
NNW-SSE fissures known as cross-courses (the mesothermal Pb/7n
lodes with the same trend can be included here).

Hosking (1949) also discussed the application of Emmons' conception
(1940) that the strike patterns of lodcs developed in association with
acid intrusives are a function of the shape of the intrusives themselves,
though the pattern is liable to be influenced by pre-existing planes of
weekness. Hosking (1949) summed up Emmons' views as follows:-

"Following the emplacement of & given bedy of granite, and by reason of
cocling, a solid ‘hood! formed. A4t a certein temperature in the crystal-
lisation of the magme beneath the hood a great deal of gas consisting
largely of steam was liberated and collected beneath the hood where it

finally exerted sufficient pressure to fracture, not only the overlying

granite, but also the country rocks above. By slumping along the frac-

tures thus created, fissures were formed which became infilled with

minerals. This process of rupture he believes to be capable of repeti-
tion, provided the carlier formed fissures are sealed by deposited

minerals and fault detritus.”

Completely opposed to Emmons' theory was that of Hulin (1929), who
considered thet the grouping of ore deposits in closc proximity to in-
trusive igneous bodies is dependent on structural control resulting from
forces set in operation by the intrusive bodies. He attributed these
forces largely to contraction of the rocks concerned. His views were
sumnarized in detail by Hosking (1949), who 2lso discussed Daubrée's
(1879) theory of torsional stress, with general application to the
South-West., Daubree's idecas differed from those of Becker (1895) who
showed experimentally that fissures developed by torsion may be expected
to be curved and warped, and generally unlike the vein fissures of the
South-West (according to Becker).

Hosking (1949) cited evidence for believing that the strike of
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the East-West tin-copper lodes was controlled by the existence of unex-
posed granite ridges which wcre localized by pre-existing folding in the
country rocks. He elaborated on the possible localities of such ridges,
especially in & later paper (1959), and concluded that areas of minerali-
zation occur at the intersections of approximately NE-SW and E-W antiforms.
The most recent publication on the structural history of lode forma-

tion is that by Hosking (1949), which may be regarded as a reflection of
prevalent ideas on the subject. Hosking (1949) considered that:-

"the fissure pattern is largely controlled by regional stresses acting
as postulated by Ghosh (1934), combined with the contraction of the
granite and attendant slumping under gravity.”

and he outlined the history of fissure develcpment as follows:-

BR) Emplacenent of the granite which gave rise to the Castle-an-Dinas
lode Knot the granite which now appears in the Castle-an-Dinas
iline. )

(2) Directed S-N recgional pressurc causing the development of N-3
Q) or tensional joints, and S or compression joints at right angles.
Both these systems were developed on a regional scale. The S
joints may have constituted plenes of weakness which were opened up
after the major period of granite intrusion and infilled by the
roughly E-W dykes of the - Withiel district and some lodes, notably
the roughly E-W cassiterite lode Jjust to the west of Lanivet.”

(3) Formation of contraction fissures and slumping and emplacement of
the Watergate Bay and the Mount Joy dykes.

(4) Continued faulting and the development of the N-S striking cassiter-
ite and wolfram lodes, and in the case of the Mulberry ore, slumping
over & chonolith.

(5) Emplacement of the major Cornish granites along lines produced by
Armorican folds superimposed upon earlier Variscan folds. Where
anticlines of these two systems intersccted, knots of granite, now
represented by the large outcrops were emplaced, whilst ridges of
granite were emplaced largely elong Variscan lines in the west and
Amorican in the east.

(6) Pue to the emplacement of the granite, plenes of weakness were formed
in the country rock parallel to the sides of the intrusives.
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(7) Regional pressure acting along WSW to ENE lines produced the re-
gional 0 (open) joints and S (closed) joints. The direction of the
Q Jjoints may have been varied in order to accommodste planes of
weakness existing parallel to the long axes of the ridges when their
strike was not widely different from that of the directed pressure

producing the 0 joints.

(5) Consolidation of the granite was accompanied by contraction along
the @ joints and planes of weakness perallel to the long axes of the
ridges and this, attended by gravitational slumping, initisted frac-
tures which were filled by magma forced into them as a result of
pressure of the slumping, contracting, scmi-solid granite mass on the
fluid residual magma. This injected megma consolidated as porphyry
dykes. Also, during consolidation, pockets of magma, rich in fluxing
materials, were entrapped in the mass, and these on consolidation
became patches of pegmetite, whilst other femic-rich pockets of magma
which were entrepped became 'basic segregations'

(9) By continued slumping, further fissures were formed and probably old
ones re-opened and these were infilled by magma fractions which werc
beconing progressively more differentiated and are now represented
by aplites, minettes, quartz veins, quartz-tourmelinc veins and granite

pegmatites.

(10) 8till further progressive slumping, combined with increased differen-
tiation of the magma residuum caused the development of metalliferous
pegnatites and hypothermal loads of the cassiterite-wolfram-
chalcopyrite type striking along lines roughly parallel to the already
esplaced dykes. Possibly also some of the galen-sphalerite desposits
striking parallel to or occupying the higher horizons of cassiterite
type lodes were formed soon after. By this time alsoc the temperature
had dropped sufficiently for contraction to be sufficiently strong to
bring about fissure initiation roughly parallel to the granite-country

rock contact.

(11)  When the hypotheriial lodes were being formed, those Mohr (or diagonal)
Joints which were due to pressure acting along the direction of the 0
Joints were initicted and some of them were probably opened by con-
traction and slumping and then filled with high temperature minerals.
Thus, the conjugate vein systems mentioned earlier are believed to

have originated.

(12) Later pressure, acting along the S joint direction caused the re-~
mainder of the Mohr joints to develop. Probably it was this pres-
Sure which caused tension across the S. Jjoints, thus permitting them
to be converted into those fault fissures which are now termed cross-
courses. Some of these fissures penctrated sufticiently deeply to
tap the magma residuum and thus originated the zinc-lead-silver-iron
l?des which were followed by later barren quartz veins. Still later,
fissures containing only fault detritus were developed, either be-
cause the fissure Aid not penetrate sufficiently deeply or because
the magma residuum hod been previously exhausted."
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(c) Further Considerations

Many theories concerning the structural control of lode formation
have tended to lean too heavily upon a prcbable connection between the
average lode trends and the possible effect of certain orogenies. A
typical view was that of Llewellyn (1959) who -

"held the view that the earliest orogeny, that of West Cornwall was
connected with the Caledonian movement (late Silurian - early Devonian)
and that much of the fissuring and jointing took place at that time, while
other structural strains were imposed. It seems doubtful whether this
movement extended as far Eastwards as East Cornwall and West Devon. The

later Amorican movement, with East-West folding, extended throughout the
whole area and was responsible for both the mineralization and the forma-

tion of the North-South cross-courses. "

Tht . coincidence in strike of dykes, lodes and joints has always
been evident, the main dyke and lode direction roughly coinciding, with
some exceptions, with the trend of the cross-joints, as described parti-
cularly by Brammall (1926) and Ghosh (1934). Past theories have postula-
ted that pre-existing joint patterns controlled the lode pattern, and
there has becn a general tendency to assume that an explanation of the
Joint patterns is alsc applicable to that of the lodes. Webb (1947)
remarked that "it may be urged, on the grounds of similar strike, that
the lode fissures are largely joint planes and that an explanation for the
formation of the joints automatically explains the lode fissures." How-
ever, the present writer considers that an explanation of the joint
pPatterns contributes only purtly towards an elucidation of the lode
Patterns. Some reasons for this contention are given below:-

(1) The recognition of cross, longitudinal, diagonal and flat-lying

Joints is a simplification which takes no cognisance of the large

number of additional 'secondary' joint patterns which may be at-

tributed to later stresses.



(2)
(3)

(%)

(5)

(6)
(7)

(8)

(9)

= B8 =

Jointing is more intense in mineralized areas than elsewhere.
Lodes extend into the country rocks both above the granites and
between adjacent granite outcrops. |

Joints in the country rocks are frequently of different origin,
age, trend, style and perfection, from those developed in the
granites. An explanation of Jjoints within the granite is not
necessarily applicable to those within the country rock, nor is
their presence in the granite any guarantee of their presence in
the adjacent country rocks.

Any analysis of joints in the folded country rocks is complicated
by the fact that the area contoined well-developed pre-grenite
structures. Research into joint patterns attributable to the

same stresses as those which produced folding has not yet advanced
to the same degree as the study of minor structures in folded rocks.
Cross—-courses extend into the country rocks,.

Where dykes and lodes possess a similar strike direction, the dykes
invariably possess a lower dip than the lodes.

The lodes frequently form systems of conjugate fissures, whereas
dykes which strike parallel to the lodes follow the direction of
dip of only one set of the lodes.

When conjugate vein systems exist the acute angle of intersection

is usually in the vertical gquadrant.

Webb (1947) applied the theories of Anderson (1905 & 1942) to the

Interpretation of the fissure pattern, and concluded that the conditiims

for the formation of the pattern, assuming normal faulting in the lodes,

Were as follows:-
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"(a) the greatest stress must have been the vertical;
(b) the least stress must have becn at right angles to the

lode trend (horizontally);
(C) the intermediate stress must have been parallel to the
lode trend (horizontally).”

He considered that these conditions could have been fulfilled by

"(1) a relief of stress in horizontal directions,
(2) an increase in the vertical force,
(3) a combination of both."

Relief of the horizontal stress might have been due to relaxation
of the 'hercynian' comprcssion, while the vertical force may have been
created by either a downward one of grayity or an upward one resulting

from the vapour pressure of residual ore solutions. Both forces would

Produce normel faulting in the planes of the lode fissurcs, but the effect

of gravity slumping would probably be felt over a much wider area than

that due to vapour pressure. The effect of the latter would tend to be

concentrated over the main South-West granite ridge, the granite cupolas
being s01id at the time of formation of the lode fissures. Webb (1947)
stressed the fact that the highest points in the ore-fluid ‘chamber!'
Occurred beneath large 'cupoles' and "at these points the overlying rock
colum was least and rupture would teke place most easily at such points.
The fracturing would be most extensive in the shallower zones, but would
be restricted in depth near the ore-fluid 'chamber'." He considered that ..
these localized points of rupture, formed when the vapour pressure of the
Ore residuum exceeded the retaining pressure of the overlying rock, co-
incided with the 'emanative centres' of Dines (1933).

Webb (1947) believed that pre-existing joint patterns in the granite,
snd extending into the country rocks, facilitated the movement caused by

an increase in upward verticel pressure coupled with the relief of
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h%rizontal compression. Briefly, "the joints appear to be due to
'regional forces', the lodes to the action of localized stresses influen-
ced by actual and potential planes of weakness formed largely as a result
Sf these esrlier, mnore widespread phenomena,"

Webb also discussed the structural history of the porphyry dykes,
with special reference to Anderson's (1942) conception of 'wedge in-
trusion'. He accepted that the localization of dyke fissures was in-
fluenced by the presence of pre-existing joints which acted as planes of
weakness, and added that "the dyke fracture is propagated along a direction
determinated by the orientation of the three stress axes and the local
freedom of movement. The-porphyry magna was considered as having been
injected along planes of weakness during a period when the major N-S com-
Pression was beginning to relax, and Webb disagreed with McLaren's (1917)
suggestion that the 'elvans' and North-dipping lodes in the Camborne-
Redruth area were formed in contemporaneous fractures. However, the whole

question of the emplacement of the dykes and a comparison between their

pattern in plan and section and that of the lodes, weas largely left un-

answered by Webb (1947).
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3/5 Local Control of the Minerslization

Three major variants, structure, temperature and petrology, appear
to have exerted a control upon the extent of tin-copper mineralization,
and the lecalization of the richer portions, within individual lode fis-
sures. When each control is analysed it is found to be initially depen-
dant upon the local structursel conditions. It is therefore more conven-
ient to consider each resulting feature and to attempt to interpret it as
the result ef the above three controls.

Many of the Cornish terms applied to the richer portiens of the
lodes have been sbandoned, whilst others have become international in use.
Collins (1912) defined many of them on the basis ef the two major dimen-
Ssions. YWhen the horizontal extent of the richeriportion is greater than
the vertical extent the terms 'course of ore¢' or 'lane of ore' are usually

applied., TIn the reverse case the terms 'shoot of ore', 'chimney', and

'Pipe! have been employed. Frequently the richer portions are quite in=
Qeterminate in form and when the ore occurs in comparatively small richer

Parts they are known as 'bunches', 'pockets', and 'squats’.

(a) Granite Centact

As a result of strong temperature control the vicinity of the contact

between the granite and the aureole rocks has always been considered favour-

able for tin-ccpper mineralization. Although the econcmic ore of tin or

Copper may be located in either the granite or the country rocks, as in the
case of Geevor and Levant Mines shown in Fig. (23), it is usually bounded on
one side within the individuael lodes by the contact. On a minor scale

pockets of ore arec frequently localized beneath the granite contact,
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Structural impounding of the mineralizing solutions was an effective

control an? the depositions of the tin rcsulted essentially by replece-

ment of the granite. Cerbonas and associated replacement bodies are fao-

miliar examples. The inclination of these sm~ll pockets parallels the

local slope of the neorby gronite surface wherens thot of the larger
courses of ore is in the same direction but ot = lesser angle., This

effect was noted by Fox (1836) and Henwood (1&43), who admitted that

exceptions occur.

“hen the granite sbuts ageinst killas the tin ore may be equally

distributed in either rock type. Assuning the lode fissure to be developed

to the same extent on both sides of the contact (vhich is not always the
case), the major controlling factor appears to be the temperature during

mincralization. At a contact betwecn granite ond greenstone the tin, if

developed ~t all, is usually concentr-tcd in the granite and not in the

latter. Nevertheless, according to various writers, copper deposition has

appeared to benefit from the presence of greenstone. De la Beche (1839)

Observed the continuance and equal development of fissures in granite

and adjacent greenstone. Temperature effccts nlone are not cn adequate

explanation, and Hosking (1951) concluded that the main control resulting

in the impoverishment of o tin lode in grecenstone was a chemical one.

Further examples of such selective minerslization or petrological control

were provided by Collins (1912) end MacLaren (1917).

The subject is complex and it is important to distinguish between

the diverse varieties of grecnstone which may possess different structural

and chemical characteristics, and also between the separate phases of tin
Wineralization which, according to lebb (1947), mey be dependant upon

Very contrasting modes of deposition.
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(b) Lode-dyke intersections

The effect upcn the tin content of » lode when intersecting = dyle
eppecrs, from the information cvailzble in the literature, to have been
enything except predictsble. The lodes were eithsr undisturbed or they
formed branches, were sither impoverished or cnriched. ~ith the exception
of & few cases in which enrichment was definitsly thc result of increeased

alteration within the dyke adjecent to the lode fissure, the majority may

be accounted for in terms of structural control.

(¢) Lode Intersections

The intersections of lodes have been of the utmost economic impor-

tance and the majority of past writers rovided specific samples of either

the enrichment or impoverishment of one or both lodes <t a junction. In

general, when the two intersecting lodes have a simil:r strike, meeting at

an acute angle, enrichment occurs 2t the junction. 7hen the angle of

intersection is large the result is the reversc case.

Collins (1912) assumed in the case of the former that the movement

which eccompanied mineralizotion occurred simultaneously along the two

intersecting lodes. He reasoned that additional :recciation st the Jjunc-

tion woula result in increased cavity formation an’ deposition surface

érea, and hence infilling and replocement. In the second situation it

Was Pre-supposed, on the basis of the wide difference in strike, that

Movement and simultaneous mincralization took plece along the two indivi-

dual lodes at very lifferent times.

(8) Lode Branches
Collins (1912) supplied the following definition of a lode branch:
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" hen a lode becomes divided (splits) it usually loses much of its value;
the term 'branch' is then applied to the separate parts as long as they

continue to be worth taking." Branchcs pass off from both the hanging-

wall end the footwall. “hen they enter the lode from above they are

knovn es 'feeders' and when lesving from below the term 'droppers' is

employed.

Rich shoots or courses of orc have of'ten occurred at the point at

which a branch develops even when the lode itself was of little value.

At Thesl Basset rich tin and copper ore-pipes are located at the inter-

sections of branches with the several vertical lodes, and at theal Vor

the occurrence of feeders and droppers provided important indications of

the graofe of ore to be expected in development.

(e) Varietions in Lode Dip

Thomas (1819) first recorded the fect that those parts of the lodes

With an ineclinction nearer the ve.tical were usually the most productive.

# correlation botween the increased width of a normally faulted fissure

or lode and an increase in dip above the average for the fissure was
clearly demonstrated by Leithart (183¢), De la Beche (1639), and Henwood
(1e43), century later Zmmons (1543) re-prescnted the explanation illus-
trated in Pig., (105), citing examples from meny locclities with the excep-
tion of Cornwall.

As emphasized by Collins (1912), a lode which possesses a greater
average dip than another is not necessarily the richer, but portions of
either lode which are steepér than the average dip .of the individual

lode itself are usually the richest portions.

The increase in velue of a lode =t any point may result from either
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a greater width of the same grade of ore or from a higher grade of ore,

the latter probebly being due to the stegnailion of the mineralializing

solutions during their ascent.

(f) Variations in Lode Strike

It has generally been assumed that the majority of the tin-copper
lodes were subjected to normal faulting during the mineralization period.
Indications suggest that also there was frequently extensive relative
lateral movement of the lecde walls accompanying the mineralization.

In such cases chenges in strike, rather than changes in dip, exer-
ted a structural control upon the mineralization. The Dolcoath Lode is
a notable example and it was concluded that "chenges in the bearings of
the lodes appear to be the chief cause of reductiveness or otherwise."
Variations in lode strike, combined with mainly lateral movement of the
walls were considered by Le Neve Foster (1676) to have been the chief

-

Cause of the formation of the rich ore-pipes at East Wheal Lovell.,

— -

Many lodes were subjected to oblique reletive movement of the

walls and changes in both the dip and the strike were of major importance.

() Additional Features

Many other unexslained feaotures of the disposition of the courses

and shoots of ore were lucidly outlined by Collins (1912). One of the more

important was detailed as follows: "It is a well-known rule se.... that\

whenever a lode has been rich for a considerable time, its branches, or
neighbouring lodes which are nearly parallel; are likely to be 'cut
rich' but a cross-cut starting from the profitable region, and in a

direction which is that of the principal cross—courses of the district."
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An account was also given by Thomas (1921), and the present writer has
recently (1961)‘provided a preliminary possible explanation for this
widespread phenomena in Cornwall.

In outlining the characteristic features of the lodes, Hosking
(1951) mentioned the beneficial effect exerted upon the final value of
a lode by the number of occasions on which it has been subjected to
mineralization by the successive cassiterite-bearing phases nccurring
in quick succession. If several phases were separated by considerable
& more complex minera-

time periods the resulting lode simply possesses a

logy and internal structure without cny attendant increase in value.
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the cliff arc less steep and pitch gently dovmn to the high-water mark
as shown in Fhoto (32). Inland the ground rises, as illustrated in Fig.
(5), to a maximum elevation of 805 feet. The peninsula is connected to
the remeinder of Cornwall by a short isthmus composed of sedimentary
strata which rises to a height of only 150 feet. Most of this ground,
especially to the South, is poorly drained and includes a large amount
of swamp and marsh. I[xcept to the North the granite produces an undula-
ting land in which the exposures arc few. At the highest points there
are some tors or carnes on which weathered granite is exvosed. The
remainder of the high ground is usuelly covered with large boulders
which indicate the nature of the underlying granite, A central fine-
grained granite;which yields no naturzl outcrops, is exposed at the
Castle-an-Dinas quarry.

There is abundant evidence in the area of the sea level having
fluctuated over a long period. An account of the recent geological

history was given by Robson (1948) as follows:-

"This arez ... was an extensive land mass during thc Permian to Jurassic
periods. Th~ Westward advancc of the Upper Crectaceous sca and its de-
posits in East Devonshire imply an almost total submergence, since these
rocks arc now planed off at 600-800 0.D. it may well be that the higher
Platforms in Cornwall arc of latc Cretaceous or Eocene age and that

flint was derived from them. The excavation of the St. Erth valley and
the Bovey basin (and its silting up with clay and lignite, Cligocene in
age), means an cmergence of over TO0 feet. The extensive fluctuctions in sea/
landrelation may be attributed to the i'iocene (Alpine) disturbances;
whose effects left the peninsula submerged at some 400 feet above the
present sea level. At this timec 'Land's End' was a granite island of
31 square miles. Sands and Clays wers laid dowm on its flanks and in
estuaries adjacent to the archipelago. Post Pliocene emergence con-
tinued into the Flecistocene period with attendant lower marine plat-
forms, raised beach and hcad tco a lcvel somewhat (perhaps 40 feet)
above the present .... Purther depression swamped these alluvial de-
posits (Marazion). Thus the late-Tertiary to Recent fluctuating
history of the district is preserved in the deposits of the peculiar
St. Erth valley the early Tertiary featurcs are topograrhical,
elevation-platforms."
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Robson (1948) described the possible traces of marine platforms
at 800 ft., 750 ft. (Ding Dong), 600 ft. (Carn Brea, Balleswidden,
Trewey Common), 250-400 ft. (common at various levels throughout the
Land's End area), 180 ft., 65 ft. (Penlee), and 10 f£t. (Pendeen-
Botallack). The subject is dealt with in more detail by other writers,
notably Carne (1863. No. XXXV.), Iiss ~. Carne (1863. lo. LXXV.), Reid

& Flett (1907), Rogers (1910), :verard (1960), Savigear (1960) and, more
generally, lliss Hendriks (1923), Cullick (1936), Balchin (1937), and
Fryer (1957). Drainage is controlled by the trend of the granite mass,
and especially by its joint directions. The drainage pattern of the
Land's End area is shown in Fig. (6).

All the low ground is used for farming, the area bordering on
Mount's Bay being utilized for mixed farming, and land up to 400 feet
is maintained for grazing. Above this height the ground is of little
use for agriculturc. The main ancilliary industries of the area are
based on tourism, with some men employed in mining, quarrying, fishing,
and the manufacture of light consumcr goods. Consequently most of the
employment tends in the Land's Fnd arca to be seasonal, the unemploy-
ment figure at times being very high.

The work of the Geological Survey was described by Reid & Flett
(1907), who provided a very comprehensive account of the geology with
mile by mile descriptions of thc accessible coastline, besides compil-
ing a list of references. A later general summary was contributed by

Robson J. (1948).
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4/2 Frevious Geological Fork in the Area
(a) Prior to 1843

After reading the long and detailed papers of past workers one is
left with a feeling of modesty #nd admiration at thelr conscientiousness
and depth of recasoning. Neverthcless, the remarks of Read (1961, p.681)
concerning the volume of work not yet completed in the Highlands of
Scotland apply equally well to the South-Test of England.

The research possible in an arez is largely dependent upon the
avajilability of cxposures and the abandonment and consequent flodding
of the vast majority of the mines in the South-Vest at the beginning of
the 20th Century has had a detrimental cffect upon the advance of
knowledge. Before that timc, hovever, it had long been realised that an-
increase in the wnderstanding of the mineralization necessitated both
the systematic recording of underground abservations and the exchange ef
ideas. In 1818 the Royal Geological Society of Cornwall was founded,
and its Transactions, which are still being intermittently published,
Provide a wealth of detail concening mines whose existence is now indi-
cated only by fenced shafts and waste heaps.

Davy (1818) published an account of the exposures on the coast-
line near Cape Cornwall, describing the granite, 'slates' and several
'granite veins'. Grouping both the 'greenstones' and the 'killas!
under the caption of 'slates', hc appcared to be in some doubt concern-
ing the relative ages of some of thc rock types. Hajendic (1818) en-
larged upon the subject of later granite veins, with special reference
to the granitc contact exposed at llouschole. Hawkins (1818) described

the mineralization and history of the "Therry Mine at Penzance, and
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listed other mincs in the St. Just arce the workings of which extended
beyond the low water mark.

'Elvan courscs' and the various effects which they exerted upon a
lode intersccting them was the subject of a paper by Carne (1818), in which he de-
fined the term 'killas' as "proper grauwacke or argillaceous schistus or
slate. He discussed the "reclative cges of the veins of Cornwall." and
after noting the dip of thc lodes in the St. Just 2rea stated that the
richest portions of thc tin lodes frequently occurred at the junction
between the granite and the 'slate!.

In his next paper Carnc (1822 Io. V) divided the St. Just lodes into
two age classcs, mainly on the basis of their direction of din, but he made
a false structural comparison betwecen the St. Just end St. Agnes areas. No
authentic examples of South-dipring lodes intersccting supposcdly earlier
North-dipping lodes wcre citcd in support of his hypothesis, but he mentioned
that "... The tin lode of Hucl Owles, in St. Just, runs nearly North-est
and South-East, and traverses every other tin lode which it meots ..."
Carne discussed the variation in values of the tin and copper lodes and the
effect upon them of the petrology of the wall-rocks. The local 'guides!
or 'cross-courses! were placed in a category apart from the lodes.

The phenomena of intersecting lodes caused considerable argument.

For example; Hawkins (1822, No. X.) described thc movement of lodes
Subsequent to their infilling, mentioning Botallack iline ... where two
distinct lodes occupy the space between the two walls.'" Heaves, slides
and flookmns werc discussed with reference ‘o specific illustraied
€Xamples, and the variation in values within the lodes was attributed

to relative movement of the lode walls which possessed varying dip and
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strike. Emmons (1943) credited Leithart (1838) with the distinction

of first observing this particular structural control of mineralization,
but it appears that it had proviously been recorded by Hawkins (1822)
and observed by the miners themselves for many years before that time.

Hawkins (1822, llo. XI) enlarged upon thc subject of faulting, giving
examples from severzl mincs, including Ding Dong in lfadron where "... the
tin lode is both heaved and startcd by the cutters and clefts of the
granite through which it passes." Forbes (1822) wrote a piciuresque
geologiccl “ccount of the coastline around the lLand's Ond Grenite, but he
dismissed the granite exposurcs as offering * ... little variety to ex-
cite curiosity or research,” and devoted most of his paper to a descrip-
tion of the 'sleate ond greenstone formations'.

The first list ol minerals present in thc St. Just arca was com-
piled by Carne (1822. Wo. XV.), vho cystematically described thc relative
importance and mode of occurrence of z@ll the cconomic and gongue minerals.
The local guides were identificd as iron lodes, with an average width of
6 feet, and the anglc of intersection between the guides and the lodes was
related to the cassiterite values contained within the latter at the point
of junction. Regarding lodc interseciions he stated thet "It is very
difficult to ascertain whether the tin lodes of St. Just are of different
ages: they often intcrsect cach other, but so little attention has been
Paid to these circumstences by the miners, that it is almost impossible
to get 2t the truth.”

Carnc contributed a description of the 'tin floors' in Botaiiack Mine
and concluded with a list of mincs in the ares which extended beneath the -

Sea. Carne's (1822) mineral list was brought up to datc in 1846, and was



followed by a note by Penberthy (1846) who listed the localities from
which spccimens of pitcheblende h~d been obtained at the Providence
ines, St. Ives.

Carne (1828) reported several macroscopic variations in the Land's
End Cranitc and distinguished a finc-graincd variety on the hills near
St, Just. loreover, he gave a petrological and geographical account of
the Gronite and the essocisted veins of quartz, granite and schlorl.

Tin strecaming in a valley at Drift lioor, to the North-'est of Penzance,
was described by Carnc (1832).

A summery of all the preceding wvork, together with his owvn observa-
tions, was rccorded by Boasc (1832). He disagreed with Forbes' (1822)
remerks concerning the unintercsting neturc of the Land's s Bnd CGranite
and noted the oxistence of o fine-greincd granite around Castle-an-Dinas.
The location of several "gronitc veins within gronite” was given and the
metamorphism of the 'greenstones' by adjacent granitce described, Under
the title "On the Veins of Cornwall' Boasc (1832) raised controversial
structural questions concerning the lodes and thc 'veins', and rccognized
the similarity between the generael lode pattern and the joint patterns in
the rranitc of the St. Just arca. Instoud of providing the re ader with an
explenation of the varying charzcteristics of the lodes he discussed their
origin =nd in cach casc roised exceptions to the general rule. Tinally,
he steted “... we shall, I think, strive in vain to account for the
menner of their (the lodes) production... e must therefore follow the
example of the cultivators of thesc sistcr scicnces (Boteny and Anatomy),
and be content with cndeovouring to obtain an accurate description of

veins: this object is, in some mcasure, within our reach, the other far
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beyond our finite comprehcnsion.

A greet advance was made by de la Beche (1839) who was +hc first to
recognize meny iectures in the Land's Pnd Gronites including its
schorlaceous noturc, its emplacement into greywacke beds, end the separate

tlc-an-Din~s granitc. 'Hlvan dykes!'

(O]

intrusion of the fine-grainecd Co
were identified as 'granite ond feldsper porphyritic rock' of a later
age than the enclosing granite. He dealt with the aurecle rocks and the

metamorphism of the 'greenstones' hy thec granite, together with the con-

Sequent changes in mineral assemblioges.  The varying attitudc of the

”

aureole rocks wngs described by Thomas (1845), who notecd that everywhere
the 'schist' dips away from the granite at a lesser angle than that of

the granite surfice. He recorded the fact that the granite contact is

exposed at the Longships Lighthouse, where the country rock consists of
grecnstone.,

Volumc V of the Transactions of the Royal Geological Society of
Cornwall contained = monument~l worl by Henwood (1843) umnon the mines
and mineralizetion of Devon and Cornwall. Each of the major mining dis-
tricts of the South-""cst is outlined «nd the characteristic features of
the miner2lization described on the bosis of his own observations in each
mine. This was the first work in which 2 multitude of facts was accumu—
lated and then analyscd for the purpose of developing theories and
'rules of mining'. Henwood (1843) summarized thc salient featurcs of
the lodes and made some very prescicnt remarks upon the structural con-
trol of the mineralization. This volume of the Transactions is invalua-

ble as a reliable source of inform=tion even 2% the present time.
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(b) 1843 to 1900:

Following Henwood's (1843) major publication, succeeding writers
turned to the non-economic aspects cof the geology. Carne (1865, No.
XXIX.) described the joint pattern of the Scilly Isles Granite, and a
similarity is evident between his clossification and the joing pattern
observed by Whitley (1865) in the Land's Bnd Granite, who described the
effect of the predominant WV/-SE granite joints upon the physical geology
of the Penwith arca. Whitley (1865) correlated this joint direction
with the general trend of the valleys and noted the fair agreement in
alignment between the joints, the lodes and the cross-courses.

Raised beaches 2t Zennor were discussed by Carne (1865,10o. XXX ) 5
who noted the existence of one approximately 20 feet above the water
mark containing rounded boulders of 'greenstone' in a sand matrix.
Several other raised beaches around the coastline of the Land's End
Granite were recorded by ifiss E. Carne (1863, No. LXXV.) who also dis-
cussed the significance of their distribution. Further details were
provided by Rogers (1910) in a description of the whole of the Cornish
coast.

In a later paper Miss Corne (1878,p. i) described the metamorphic
changes apparent in the 'killas' aureole of the Land's End Granite and
noted the interbedded nature of the 'killas' and 'greenstone'. Although
dismissing any notion of the metamorphic origin of the granite, on the
basis of the absence of a rock intermediate in composition between
'killas' and granite, she did not fully support de la Beche's idea of
the intrusive origin of the granite. In her next (1878) peper she com-

Pletely discounted the theory of granitization as ap.lied to the land's
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End Granite. Threc variations in the nature of the granite were
classified; +he normal type, a muscovite-rich type in the vicinity

of Ludgvan, and z central fine-grainsd type near Castle-an-Dinas. She
mentioned the agreement in trend betwecen the lodes and the Ni-5E
granite joints in the St. Just arez. The joint and lode patierns were
attributed to the effects of an '"undulatory force" zcting upon the
granite while it was "settling and shrinking," and while the granite
magme was uovrising and being hemmed in by the pre-existing surrounding
masses of greenstone and killas. During the intrusion of the grenite,
the magma was thought to have been "twisted round” to the south in the
St. Just arez so that NW-SE fractures were initiated at the point of
turn,

An important contribution to economic geology was made by
Uoissenet (1874) in which he related the strike of the Cornish lodesto
the offects of “ancient mountain building periods™. He attempted fo
determine thc reasons for the localization of the richer ore shoots
within the individual lodes, and illustrated his ideas by observations
on the richer parts of copper lodes in the Dolcoath lline. His paper
was later published in English (1877) and summarized by Smyth (1878),
Who also lamented the pronounced dearth of underground geological
records kept by his contemporary miners. Le Neve Foster (1877) con-
tributed a description of the "tin pipes and bunches" of East Theel
Lovell which closely rescmbled in their mode of occurrence the carbonas
Of the St., Ives district, but differed from them in the absence of
tourm:1ina,

Rowe and Lc Neve Foster (1887) later described the form of the
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lodes at Balleswidden ifine in St. Just, an interesting feature being

the 'gries' or thin veins of cassiterite running through the 'hard-work!
or granite. The NW-striking lodes were reported as each consisting of
several closcly-spaced 'gries' which varied in productiveness, and were
notably richer when the dip of the lode was greatest. WE-striking cross-
courses and N-striking slides were elso described.

The first petrological description of the 'killes' and 'greenstones'
based on observations under the microscope, wae given by Fhillips (1875).
"hen considering the whole of Cornwall he discussed the rocks of the
St. Just area and specimens of grenite from the Land's End peninsule.
Microscopical descriptions were correlcted with chemical enalyses,; and
he dismissed any idce of the metamorphic derivation of the granite from
'killas'. The elvans were attributed to the same source as the granite,
and the greenstones were divided into two classes; 'volcanic rocks' and
'hornblendic slates'. A short and comprehonsivo account of the mineral
lodes wes included, and Thillips made some very far-sighted remarks
concerning the apparent deflection of lodes by earlicer elvan dykes. The
brecciction of material and the successive phases of mineralization
Wwithin one lode werc described in connection with the origin of the lode
fissures. MMany of the cxisting problems concerning the true nature of
the 'greenstones' were elucidated by Fhillips (1876), who divided the
'So-called greenstones' of the Penzance arca into threc classes, namely,
altered gabbros or dolerites, ‘killas' or 'ordinary clay-slates', and
”highly basic hornblendic rocks presenting under the microscope the
characteristic appearance of clay-slates." Tcall (1887) described the

'greenstones! os proterobases and cpidiorites, and decided that they were
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originally similar to the unmetamorphosed ophitic dolerites of ILiast
Cornwall and Devon.

Allport (1876) conducted a comprchensive microscopic study of the
aureole rocks of the Land's Ind Granite with spccizl refercence to the
varying metamorvhic changes in cach typc resulting from the proximity of
the granite. The change of augite into actinolite in the 'grecnstones'
and the production of tourmaline schists and muscovibtc schists in the
'killas' were noted. He concurred with previous writers, including de la
BeChe (1839) and Thillips (1875), in asserting that the grenites were
igneous intrusions. A microscopical study of rocks in the area was con-
tinued by Le Neve Foster (1887), who described the tourmalimization of
granitc at St. Just and at Ding Dong mine, and by Fhillips (1850) who
provided both microscopic descriptions znd chemical analyses of inclu-

sions and xenoliths in the Land's Ind Granite.
(e) 1900 - 1961

The beginning of the 20th Century marked the commencement by the
Geological Survey of the deteiled mapping of South-West Inglend.
Flett (1904) published a preliminary account of his work on the petro-
graphy of the rocks of the Land's Ind area, which was followed by the
Geological Survey Memoir by Reid & Flett (1907). Fine-grained granite
at Castle-an-Dinas was shown to be younger and intrusive into the normal
Varicty., The latter wes considered to have been intruded into an
ENE-Vsy trending anticline in the country rocks, identified by the cor-
Telation of separate outcrops of 'grecnstonc'. All the rock types, in-
cluding those in the Botallack and Kenidjack area, and their transforma-

tions due to metamorphism, werc discussed in detail.
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41though Reid & Flett (1907) appear to h-ve avoided the mejor
structural problems of the arez, the CGeological Survey mapping was
later employed by many vriters as a foundation for analysing its struc-
tural history. A paper by Hill (1901) was followed by thet of Green
(1908), in which hc cttempted a tectonic cnaiysis of the folding in
Yest Cornwall. This subject was discussed agsain by Green and Sherborn
(1913) when they restated their view that the South-¥est had been af-
fected by the Hercynian Orogeny resulting in the formation of 'over-
folded anticlinals.” On thc structurc of South-West Ingland very little
more was contributed until a paper by ifiss Hoendriks appeared in 1937.

After 1900 the Royal Geological Socicty of Cornwall published an
increasing number of dectailed descriptions of particular mines in
Cornw 11, but the St. Just arca was rather ncglected.

A preliminary paper by Collins (1887) dealt with meny facets of
lode structure. He explained that the apparent horizontzl displacement
of lodes, onc by another, could frecquently be attributed to the oblique
faulting of an inclined lode. The Corpus Christi and Crowns Lodes of
Botallack were mentioned and the former was described as containing only
tin-ors in the granite and copper-ore in the 'slate'.

This work was followed by Collins' major publication (1912) entitled
"Observations on the Vest of England lining Region." He dealt with each
of the mining districts and 2ll the major features of the lodes of Corn-
Wwall, including the effect of structure, temperature, and wall-rock upon
their formation and mineralization. In the Appendix all the mines were
liSted, followed by the relevant statistics. This work was a major con-

tribution to the subject, most of his interpretations being founded
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upon meticulous underground observations. It enlarged upon all the
matters which he hed previously emphasized in his Presidential Address
(1905) to the Royal Geological Socicty of Cornwall and in his carlier
Publications (1891, 1893, 1896 & 1899)

Following the works of Collins (1912) and Reid & Flett (1907) there
Was a long period during which the economic geology of the Land!s End
8rea was overlookcd, although other districts, especially Camborne and
Redruth, were rcpeatedly described. For first-hand information leter than
1912 on the mincs in the area onc must rely upon an assortment of reports
Which were usually written as a prelude to the attempted re-opening of
& property.

A number of these rcports arc still available concerning mines in
the St. Just area, and arc useful in providing an overall picturc of the
Properties when opercting, as well as in giving detzils of their history.
SOmU, together with written communications #nd periodical reports concern-
ing Levant and Botallack ilincs, arc held by lr. J. H. Trounson. Among
the carlicst rcports are extrhcts from the "Mining World', between August
1872 ang 1arch 1874, concerning Boscoswell Downs Mine. Some of this in-
fOTmation, supplemented by letters, is incorporated in a report by Steuart
Bd James (1906€) which also contains details of the various lodes within
the Boscaswell sett. In conncction with an attempt to re-open the mine
further reports, all of which are availcble at Geevor lMine, wcre compiled
by James (1916, 1919, 1924, 1925, 1927), Shepherd (1918) and Williams (1919).

As a result of the man-engine disaster at Levant fine in 1919, which
"3s explained by Abbott (1920), the lower levels were flooded. Oats (1920)

descl‘ibed how development was confined to the upper and older levels of
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the mine. The property eventually closed in 1930, and Bllis (1932)
presented a useful report containing rccommendations for its eventual
re-opening. Geevor !ine was by this time developing rapidly and
Collins (1920) and Legeett (1920) provided the first authoritative
reports upon the property containing rcliable geological information.
The Second World War gave a new impctus to Cornish mining, and the
potential of the Land's End district as a tin producer was outlined
by Trounson (1942 & 1951) in a survey of the St. Just and St. Ives areas.
Although containing no new information on thc geology, the work provided an
informative account of the history of mining in thc area besides offering
Probable reasons for the closure of many of the mines, including Levant.
The Geological Survey maintainzd their interest in the arca by
Visiting Geevor Iiinc at four--yearly intervals to map the newly-developed
workings. Their results, coupled with investigations of <1l the old
Properties in the South-West, resultcd in the publication of the Geological
Survey ifemoir, "The lietalliferous fining Region of South-West Ingland',
by Dines (1956). Although largely dedicated to a fathom-by-fathom descrip-
tion of thc layout of the underground workings of mincs, including those in
the St. Just arca, the lMcmoir provided a brief description of Gesvor Mine.
It included a diegrammatic section of the North Lode and some petrological
descriptions of the lode material and wall-rock from varicus localities
thI‘OUghou't the mine. The main value of the lemoir is as a source of in-
formation concerning the extent of workings and the locations of shafts
and stopes in any particular lode or mine that has now becomc inaccessible.

It sufiors from a deficiency of illustrations in lieu of lengthy descriptions
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and the use of a rather outmoded form of geological nomenclature.

Interest was recently revived in the South-West as a possible source
of uranium ores, a considerable amount of work being carried out at CGecvor
Iline by the Atomic Energy Division of the Geological Survey. Ostle (1951)
Visited the mine and made a preliminary underground survey of those lecvels
which yicld high readings of radioactivity. Specimens were cxamined in
the laboratory and uraninite, to which the radiocactivity was attributed,
was found to be associated with thc commonly occurring sulphidc minerals.
Darnley (1959 & 1960) carricd out an age determination on uraninite con-
centrates from the James tables in the mill.

The only other recent detailed investigation at Geuver Illine was a
laboratory study by Hammond (1958) of somc of the sulphide minerals from
the lodcs then being worked. Considering the size and economic importance
Of the minc, it has been seriously neglected from & geological standpoint.

During the 1940's many of the arguments concerning the origin of
granites werc rcvived by Sedcrholm and other workers, and the whole problem
Vas censidered by Read (1943 & 1944) in his meditations on granite.
Prompted by this interest, Bagchi (1547) provided a full description of
the Land's Ind Granitc and country rocls, together with the wetamorphic
Processes involved. He distinguished several modifications of the normal
Porphyritic granite and geve detailed petrological descriptions of all the
Tock-types. He did not discuss thec economic geology, apart from comment-
ing upon the agreement in strike direction between the lodes and the major
jointing in the granitc. The grecnstones were divided by him into three
typeS; those of intrusive igneous origin, those with pillow structures,

M4 those of doubtful origin. At about thc same time Robson provided
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short summaries of the geology of the St. Ives district (1945) and the
Land's End Teninsula (1949).

In discussing thc origin of the tin lodes of Devon and Cornwallg
Webb (1947) synthesized all the available information concernin: the
economic geology and structural control. He made a comparison between
the lode characteristics of Geevor liinc and those of South Croity lfinc,
his doctoratc thesis being bascd mainly on the latter property. Wall-
rock alterztion was described and he discussed one of the major problems
of the St. Just arca, namely thc average lode trend, which is at variance
With thst of the remaindcr of the County. Webb (1947) noted the similarity
in appearance betwcon a transvcrse scction of the lodes in the Carn Breea area
and a plan of the lodes in the St. Just area. He attributed the formation of
the former to a dominant vertical force and the lattcr to 2 dominant hori-
Zontal force. Although many previous writers had commented upon the NW-3SE
trend of the lodes in the St. Just arce, Webb (1647) was the first to
Propound a recasonablc explanation of their origin, based upon the ideas of
Anderson (1942).

The greenstones of Kenidjock and Botallack received rencwed attention
in o paper by lfiss Roynolds (1947) in which shc explained them as having
"deVelopod from a sedimentary secrics including limestoncs and shales with
intercalations of igneous rocks of the spilitic type'" by Fe and lig enrich-
Ment on g regional scalc. This dovelopment was considercd as “antedating
the eémplacement of granites, in connection with which emplacement further
®irichment in Fe and g took place locally.™

A comprehensive survey of the aureole rocks of the Land's End Granite

i g : : o
S now being conducted by members of the University of Birmingham, under
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the direction of Lacy (1958). The stretch from Carn Moyle to St. Ives
has been described by Havkes (1958) and that from Forthecras Cove to
Priest's Cove by Barclay (1559). Th. work so far complcted has concen-
trated upon the structurc and origin of the 'greenstoncs' and uron minor
Structures in the 'killas'. Thc greenstones have been shown to bc gener—
ally of cither pillo~ lava or igneous origin, thus refuting the vicws of
Reynolds (1947). By studying the minor structures in the killas an
attempt has becen madce to clucidate the overall structurc of the aureole

rocks in the Land's IEnd area.
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4/3 Aureole Rocks.

(a) Killas

The aureole rocks around the Land's Ind Granite consist of
Devonian slates and greenstone masses vith a complex mineralogical
and structural history. The term ‘greenétone' has rightly been
criticized by mony writers as being a convenient caption without
Precise geological definition. The present writer considers that
the use of this term is justified if it has first been defined, and
will use it for the sake of convenience. The same applies to the term,
'killas', which the writer will employ when referring to any of the
Devonian strate and related metamorphic assemblages.

The metamorphic aureole surrounding the Land's End Granite was
mapped by the Ceological Survey and its outer limit is showm in Fig. (9).
There is no clear division between the unmetamorphosed killas ancd the
killas lying within the metamorphic aureole. The former is rerresented
by exposures on the shore at Porthleven where the gradual transition
into metamorphosed killas around the Godolphin and Land's Ind granites
may be observed, and was described by Reid & Flett (1907). The main
€xposures within the aureole lie along the North-West coast of the penin-
Sula from Cape Cornwall to Portheras Cove and from Porthmeor Cove to
Carbis Bay. In this entire stretch the killas has been invaded by

8reenstone and is interbedded with pillow lavas. The whole has then
been folded and sheared and subsequently metamorphosed by the intrusive
granite. Along the Eastern margin of the Lend's End Granite from St.
Ives to Uount's Bay the aureole rocks consist mainly of poorly exposed

Retamorphosed killas.
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The unmetamorphosed killas, described in detail by Reid & Flett
(1907)y occurs at “orthleven as a laminated and micaceous grey phyllite.
It is non-fossiliferous, free from calcareous bands, and possesses a
well developed cleavage. The killas has been altered by both the
greenstones and the granite. At the contacts with greenstonc it is
altered over a width of a few inches into a greyish-green, cherty-
looking hornstone, described by Reid & Flett (1907) as a tyvical fine-
grained adinole.

Of greater importance is the thermal metamorphism of the killas
by the granite, together with metasomation at the contact. Phillips
(1875) and Reid & Flett (1907) supplied a very detailed mineralogical
description of the killas and the metamorphic changes it has undergone.
Bagchi (1947) studied the various rock-types and tabulated them accord-
int to increasing promixity to the granite contact, as follows°-

"I Unmetamorphosed killas.

I1 Spotted Slates (a) spots of sericite and chlorite;
b) spots of biotite and quartz:

c) srots of biotite only:
d)

spots of cordierite.
i Phyllites.
banded biotite-quartz hornfels:

(2)
(b) cordicrite-biotite hornfels;
(c) andalusite hornfels.

Iv Hornfelscs:

I Schistose hornfels. Contorted schistose biotite hornfels.

VI lletasomatism (contact) of the killas:

(a) tourmaline schists
(b) muscovite schist.

At the outer limit of the metamorphic aureole the killas displays

& megascopic and microscopic spotting due to the development of
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sericite, chlorite, biotite and cordierite. The latter frequently
breaks down, with falling temperature after formation, into sericite
and chlorite, but its original form can always bc distinguished.

The spotted slates pass inwards;into fine-grained phyllites in
which spotting is absent. These possess a characteristic gsilvery -
white lustre due to their high sericite and chlorite content, the
flakes being oriented parallel to the foliation. With decreasing
distance from the granite hornfelscs develop, the most common variety
being a banded biotite hornfels, consisting of alternate quartz-rich and
biotite-rich layers. The biotite, which is frequently replaced by
muscovite and chlorite, is orientcd parallel to the banding. sndalu-
Site and cordierite varieties are developed locally, as described in
some detail by Bagchi (1947).

Adjacent to the granite contact the killas is transformed into
tourmaline and muscovite schists, which heve been described by Reid &
Flett (1907). The tourmalinc lics parallel to the banding and possesses
some degree of colour zoning in shides of browm. Schistosity is attri-
butable to the development of parallel muscovite flakes which sometimes
Prodominate over the tourmaline. Other features of the metamorphism of
the killas were described by Fhillips (1875 & 1880) and by Reid &

Flett (1907)
(b) Greenstones.

During the deposition of the killas pillow lavas were extruded
intermittently betveen them, and dolerite sills were intruded into the
8till unconsolidated sea-floor muds. Although essentially dolerite

in composition, the sills possess a wide variation in megascopic and
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microscopic characteristics, some being coarse-grained and others fine-
grained and basaltic in appearance. The greenstones have been subjec-
ted to dynamic and thermal metamorphism besides being locally folded
and sheared.

The subject of grecenstones is a wide and complex one which has
been discussed in somewhat gencral terms by Lacy (1958) and Robson
(1945, 1948 & 1953). Greenstone outcrops arc distributed around the
whole of the aureole, as indicated in Fig. (9). Forbes (1822) included
the greenstones under his "slaoty formations®, and Boase (1832) noted the
wide variation in rock-types embraced by the term 'greenstone'. After
further work by Forbes, Phillips (1875) commenced a study of the Cornish
greenstones and later (1876) made a detailed investigation of the
greenstones of the Land's End district. Together with the work of
Allport (1876) this provided a sound basis for the investigations of
Reid & Flett (1907), who defined the greenstones as intrusive basic
igneous rocks and concluded that they "originelly included a number of
different types presenting some unusuzl features and they héve been de-
Composed, sheared, and in many cases, contact altered by the intrusive
granite till their original state and the means by which they have
Areached their prescnt condition arc not always easy to deciphor.”

After studying the complex hornfelses in the vicinity of Kenidjack,
Tilley and Flett (1930) conciudcd that some of them owe their origin to
the leaching and subsequent metamorphism of a basic igneous rock.

Mlley (1935) eventually found additional varieties of hornfelses and
Suggested that a major factor in their formation was Fe-llg metasomatism

°f a basic igneous rock. IMfiss Reynolds (1947) doubted the igneous
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parentage of a large number of the greenstone hornfelses and considered
that they were probably formed from calcareous shales or limestones by
a region Fe-lig metasomatism during Hercynian times antecedent to the
emplacement of the granites.

In view of the doubt that exists concerning the origin of many of
the greenstoncs they may be tentatively divided into three classes
distinguishable in the field:-

(a) rocks of definite basiC igneous origing

(b) rocks with a pillow lava structurc:

(c) grecnstone hornfelses.

The pillow lavas have a wider distribution than was thought by Reid &
Flett (1907), for Bagchi (1947) was able to discover additional exposures

displaying rccognizable pillow lava structures.
(e) lajor Structures

The elucidation of thc major structure of the aureole rocks is
Complicated by the intense thrusting and folding that have taken place,
and it is impossible to determine the true thickness of the sedimentary
Strata flanking the granite. In localities where the folding is not so
Pronounced the general direction of dip of the sediments may be measured.

Forbes (1822) recorded the attitude of the killas at several locali-
ties around the coast. At Tater Du he noted that it dips at between 200
and 30° 4o the Fast, while at Whitsand Bay it most probably dips to the
North at a low angle. Of the coast between Folmear and St. Ives he re-
markeds- "The rocks possess nearly the samc dircction, dip, and inclina-
tioh, as those in St. Just: that is to say, they dip North, at an angle

Varying from 250 to 450" At Gurnard's Head the killas dips at 300 to 450
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t0 the North, and beyond Zennor at sbout 30° to the North'.

Along the vhole of the Northern coast the killas dips to the North,
North-Past, and North-West, but from St. Ives to Lelant there is a re-
versal of dip to the South-Last at 300. Although exposures arc few
Forbes (1822) stated that the general Southerly dip of the killas is
mainteined across country from Lelant to the South coast.

On St. Clement's Isle opposite Mouschole the killas dips at between
300 and 40O a little to the North of Dast. In the vicinity of Mousehole
and Newlyn it dips, as shown in Fig. (7) at 25° to 30° to the South-East
and at Penzance at 300 to 450 to the ESE, this seme inclination continuing
to Chyandour. Between Chyandour and Chapel Rock the exposures are poor
and neither the outer limit of the metamorphic aureole nor the dip of the
killas can be detormincd with sufficient accuracy.

The killas is well exposed around Chapel Rock where it dips to the
West at 20°, Thence to Cuddan Toint it possesses a low anglc of dip
which alternates rapidly from West to Tlast.

in attempt was made by the present writer (1960) with the help of
divers to extend the mapping of the Geological Survey into the off-shore
area of Mount's Bay. It was found that only the grecnstone masses and
acid dykes were exvosed on the sea-bed, and it was possible to trace these
across the Bay. The killas, becing more susceptible to erosion, is con-
Cealed beneath a covering of sand, only very occasional outcrops being
Visible, However, with further work in this arca, it should be possible
t0 fulfil the original intention.

Many of the inland cxposures were re-examined by Thomas (1846), who

Provided an extensive and accurate list of measurements of the inclination
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of the killas. His work agreed with that of Forbes (1822) and he made
the important observation that nowhere is the inclination of the granite
Surface coincident with the dip of the ad jacent strata. Miss Z.T.Carne
(1878) discussed the inclination of the aureole rocks around the Land!'s
End Granite and in conclusion stated:-

"that all around our coast there is a predominant dip towards the Bast,
that from Carbus-water to the Logan Rock the dip ig South of Last,
Whilst all around the Zennor coast it is North of East, or rather,
Perhaps, Fast of North."

Hany of the early workecrs measured the inclinciion of the grecnstone
masses and found them to be sills conformable with the bedding of the
killas, and "hitley (1878) constructed z map of the killes and intrusive
grecnstone sills of the Mount's Bay area. Although thc map of the Land's
End area produccd by the Geological Survey is colourful it shows no
Measurement of dip and strike. However, Reid & Flett (1007) noted the
fact that tho large greenstone outcrops in the Penzance arca are parts
of one mass scparated by denudation, and that "they have a moderate
South-Easterly dip, or dip awzy from the granite at an angle somewhat
lover than that of thc granite surface beneath.™ They concluded that
the Pri-granite structures in the aureolc rocks were as followse—
"Masses of greenstone at St. Ives, Zennor, St. Just and around by
Tater—gu may well be parts of the same thick sill. If these be
Teally parts of the same thick sill intruded along the bedding, the
Strata in this part of Cornwall must have been very slightly inclined
before the intrusion of the granite, and the total thickness of the
Uylor slates above and below the grecnstone is probably only a few
hundred feet,

On the basis of the greenstone outcrops and the attitude of the
killeg around the granite periphery, Reid & Flett (1907) summarized

the Present structure of the aurcole rocks as follows -

14
The area betwoen Carbis Bay and Ludgvan, where no thick sills occur,
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Probably forms part of am anticline, continued Eastward through Hayle and
withian, the interpretation of the South-Eastern part of the area is more
difficult. It will be seen that the greenstone shown on the map forms two
diverging belts, much broken, sheared, and disturbed. The Northern belt,
mapped by lMr. Dixon, passes Ludgvan, St. Srth and Gwinear, running North-
Eastward, in the general direction of the strike. The Southern belt,
mapped by lr. Vilkinson, runs East-South-Eastward, through Marazion and
Perranuthnoe to Cudden Point, wherc it secms to pass out to sea. Along
this belt the greenstone forms a series of disconnected masses, all
apparently strikin. nearly at right angles to the general trend of the
belt. Notwithstanding the coincidence of this strike with the direction
in the Northern belt, the greenstonc seems truly to mark the Southern
limit of an anticline. Along the North-Eastern margin the axis of the
folding coincides with the gencral sirike; the sill, thercfore, is fairly
continuous, though the rock itself is badly sheared and overthrust. Along
the Southern margin, on the other hand, folding has taken place nearly at
right angles to the strike; the outcrop of the greenstone scems to consist
therefore of a number of small broken synclines and anticlines.”

continuings

"If this interpretation be correct, the thick sill was intruded before
the folding, approximately parallel to the lower surface of the Porth-
Scatho sandstones. Both thesc rocks, used as geological horizons, give
the samc¢ resultss they suggest a gentle syncline, with axis running from
Gwithian perhaps to the Land's BEnd; and a gentle anticline, commencing
near Ludgvan, its axis running North of St. Hilary, to Binner Downs,
where it passes outside the aree here described. This anticline is con-
tinued, however, in the adjoining map (352), in which it is traceable as
far Tast as Truro."

Miss Hendriks (1937) utilized the mapping of the Geological Survey
in her re-interpretation of the structures of Cornwall. Employing the
Staddon Cnit as a stratigraphical criterion she postulated a series of
Synclines and anticlincs in the arca, which have been complicated by
thrusting. She suggested the existence of an anticline trending more or
less in a Westerly dircction with its zxis following a line joining the
centres of the Carnmencllis and Land's Ind granites. Ifiss Hendriks (1937)
largely confined her work to the east of the Land's Pnd “eninsula, stating
that the Land's Fnd Cranite tends to bc isolated and that the interpreta-

tion of the large scale structures in the sureole rocks is hampered by

the presence of only a narrow rim of outcrops around the granite.
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From <%!.. available evidence it is apparent that there is an antiform
and a synform in the aureole rocks of the Land's End area, which trcnd
in a NO-SW dircction parallel with the trend of the northerly part of
the granite. There also appears to be a synform in the Hount's Bay
area which may trend NW-SE and be complementary to an antiform trend-
ing in the same direction but lying to the West of lount's Bay, between
Tater Du and Land's End.

The attitude of the greenstone sills suggests that a NL-SW trending
antiform cxists between Perranuthnoe znd Prah Sands following the same
direction as an antiform, designoted the Truro Anticline by Hosking and
Trounson (1959).

Dewey (1925) described four main anticlines trending NE-SW in the
South-West, into which the granite h2d been intruded. Regarding the
Land's End Granite he stated that "the remains of a fourth anticline
are seen around the Land's End masc."

Evans (1925) noted that the directions of the major fold axes are
variablo, and summarized the vicws of previous writers upon the ages
of the faults and thrusts. Both he and Dowey (1925) agreed that folding
and thrusting culminated in the intrusion of the granites and that the
major structural fcatures of the couniryrocks are pre-granite in age.
It seems likely, howcver, that many of these structures were distorted
during the granite intrusion, the sttitude of the folds being altered.

Dearman and Butcher (1959) described the distortion of pre-granite
folded structures in the country rocks around the Dartmoor Granite, and
concluded that the disturbances may be attributed to the granite in-

trusion which was later than the overfolding along Fast-Vest axes.
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When reading the literature one gains the impression that some
writers have assumed that the granite intrusions were localized by the
Presence of pre-granite folding in the country rocks, and that they
have then proceeded to demonstrate the existence of folding from the
Position of the granite outcrops. Before these assumptions are carried
too far a large amount of structural work must be completcd in the area.

Work by the present writer (1962) in thc St. Agnes arca has indica-
ted that an agreement cxists between the attitude of folding and the
'"topography! of the sea-bed, the trends of folding being reflected by
the trend of the sea-bed contours as showm in Fig. (148). The result
of contouring the depth soundings indicated on Admiralty Charts of the
Land's BEnd area arc shown in Fig. (8). The predominant contour trend is
from NE-SW, revealed cspecially by the 15 to 25 fathom lines along the
Northern coast. A NNW-SSE trend is indicated by contours between the
Longships and the Wolf Rock, and the ridgc between 15 and 20 fathoms
Situated 10 miles to the NNW of the Longships. Thc NE-SW trend is main-
tained by a line joining the Longships and the Scilly Isles. Recent
work by Stride (1961, personal communication ) has been contred in the
Western approaches of the Bristol and English Channcls, but their
traverses so far have not been sufficient to reveal any major trends of

folding in the areas investigated.
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4/4 The Granite

(a) General Description

The Land's End Granite is potassic and porphyritic, and its
configuration in plan is indicated on the structural map provided in
Fig. (7). There are a large number of accessible localities around
the coast where the granite may be examined, most of which were des-
cribed by Reid & Flett (1907), and Bagchi (1947). ‘Jithin the centre
of the granite mass there is a later fine-grained granite.

The surface plan of the granite tends to be somewhat kidney-
shaped, with two main axcs trending NE-SW and NW-SE. Bett et al (1958)
showed that this pronged form continues in depth, as indicated by Fig.
(10), although the NI-SW trend becomes the dominant one at deeper
levels. The slope of the granite surface is greatest on the Northern
flank and least on the Southern flank, although everywhere it is
greater than the dip of the contact strata. The contacts are sharp
and the phenomena usually associated with stoping can frequently be
seen, as illustrated in Fhoto. (16). Within the granite the only
evident flow structurecs are thosc resulting from orientation of the
'c! axes of porphyritic feldspars. Jointing is a well developed
feature and may be classified according to the nomenclature of Cloos

(1922) and Balk (1937).

(b) Manner of Emplacement

The South-Vestern Granites bear such a marked similarity to one
another that their common origin may be assumed, allowing for slight
modifications in different localities. They have becn subjected to

all the customary arguments by different schools concerned with the
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origin of granites. Usher (1892) suggested their palingenctic origin
while Holmes (1916) postulated initial derivation by direct fusion of
the sial and sima. A lacolithic theory of emplacement was advocated by
the Geological Survey in a scries of Hemoirs, and was supported by
Brammall & Harwood (1923 & 1926) and by Osman (1928). Worth (1930) took
the view that the granites were protrusions from a granite wedge which
formed the axis of the peninsula, and shortly afterwards Restall (1931)
wrote in favour of the idea that the granites were the cupolas of a
batholith, the various outcrops all being connected at shallow depths
below the present land surface.

By this time the magmatic origin of the granites was more or less
established, though disputes continued regarding the mode of emplace-
ment of the granite. Brammall =nd Harwood (1932) considered that there
had been up-arching and a slov pulsational rise of magna which they had
previously shown (1926) to have risen vertically in thc South and then
flowed horizontally Northwards, incorporating country rocks during its
movement. The intrusive history of thc Carnmenellis Granite was
analysed by Chosh (1934) who concluded that:-

"B¥resses acting along the North-North-Test and South-South~Lzst direc-
tion (Hercynian compression) built up the anticline containing the
granite, and produced the prevailing structures in the ccuntry rock.
Later on, the pressure became more violent and gave rise to overthrusts
from the South with which the granite intrusions are probably associated.
By overthrusts from thc South, which rendered the Northerly flow of the
granite-magma possible, the magma-~reservoir, actual or potential, was
raised to a level which was higher on the South than on the North.
Under the propelling hydraulic pressure from the South, the magma moved
Northwards and intruded itself into the pre-existing anticline. Intru-
Sion was initially at a high angle (85 to 75 deg. in places) in the
South-West and the South; the magma then moved Northwards, tending to
assume horizontality in the central part of the anticline: further

North it plunged Northwards, and finally disappreared and spread, in
Undulating manner, beneath the cover of sediments on the North."
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Both de la Beche (1839) and Miss Carne (1864) recognized the in-
trusive character of the Land's Ind Granite, while Reid & Flett (1907)
later suggested that it had been intruded in the form of a laccolith
into a pre-existing anticlinc. The important features in support of
the intrusive theory are:-

(a) the clear-cut nature of the granitc contacts, many of which are
very steeps

(b) the absenc: of a transitional zcne betwecn the granite and the
country rocks, as shown in Photo. (13), which could be inter-

preted as a partially granitized zone:

(C) the lack of a close relationship between the structure of the
granite and that of the surrounding country rocks;

(d) the presence of flow-lines in the granite due to thc orientation
of the feldspar phenocrysts, and

(e) the prescence of xenoliths, as illustrated in Fhotos (14 & 16).

Without d2lving too decrly into this subject the present writer
concludes, in agrecmen: with Bagchi (1947), that the Land's Ind Granite
is intrusive at its present levcl, and also to any depthe to which mining
has so far extended.

Bagchi (1947) made 2 special study of xenoliths within the iand's
End Granite, and decided that they showed some cvidence of having been
metasomatically rranitized. Hc thereforc concluded that a zone of
granitization cxisted at depth, and that the transforence of matcrial
from a lower horizon to the present level involved the mechanism of in-
trusion. According to Bagchi (1947) this was achieved largely by doming
and he cited as evidence the existence of flow-lines, and the fan-shaped
arrangement of cross-joints. He considered that the aplite dykes occu-
Pied merginal fissures which "were nrobably formed in connection with

the uprisins of the dome", and recelled that fan-shaped tension joints
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with marginal fissures had been mentioned b Balk (1937) as providing
"evidence of a strong upwards motion in the rlutonic mass.” Bagchi
suggested thet there had been assimilation at depth resulting in con-
tamination of the original porrhyrytic granite, in the manner described
by Bremmall and Harwood (1932).

Two granites have been mapped within the Lend's End district, and
Reid & Flett (1907) held the view that the centrel fine-grained granite
(Gg) was intrusive into the earlier porvhyrytic granite (G1>‘ Brgchi
(1947) also distinguished within the porphyrytic typs local variations
which he named the Knills llonument, lLand's Ind, Cape Cornwall and Fendeen
types. He suggested that G2 was a slightly later differentiate of the
contaminated G: magmas and on this basis he outlined the history of the
intrusion as follows: -

"Stage 1 Intrusion of the Land's End pornhyrytic Granite into a
pre-existing anticline.

Stage 2 Felspathization and granitization of country-rocks
around the granite at depth.
Stage 3¢ Fracturing of roof rocks, and the incorporation of

xenoliths, some¢ from the feldspathized zone.

Stage 4: Assimilation of country-rocks followed by differentiation
and formation of varietics.

Stage 5¢ Intrusion of fine-grained central granite.r’

Of the variations in the porphyrytic granite noted by Bagchi (1947)
all but ons possess gradational margins, the exception having a faulted
contact. The present writer has also detected local variations of G1
within Geevor Minc as shown in Fig. (17). It is likely that a large
number of these gradations would be revealed by detailed mapping if

the Land's 'nd Granite were fully exposed. “hether or not other later
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intrusive granites, such as G2, would be disclosed is a matter of

onjecture.

(c) Compyrisen with the other South-Western granites

Comparisons may be made between the two knowm granites of the
Land's ®nd Feninsula and similar variations in the other main South-
Western granite outcreps, most of which are composite intrusions.

Bagchi (1947) summarized the work of several writers snd made mineral-
ogicial comparisons between the land's End gracites and those of the
Scilly Isles, Bodmin Moor, St. Austcll, Carmmenellis and Dartmoor.

The Land's Dnd porphyrytic granite probably corresponds with
Stege 11.... of the Scilly Isles Granitz, as described by Osmen (1928),
and the later fine-grained granite G2 with Csman's Stoge I1I. "ithin
the Bodmin loor Grenite, Chosh (1927) recognized three separate in-
trusions of which the fine-grained variety was thoucht to be the latest.
Bagechi (1947) considered that G1 and G2 of the Land's End Granitc are
comparablc, despite considerable mineralogicial differences, with the
normal and fine-grained types of the Bodmin lloor Granite, the Godaver
type being absent in the Land's Lnd Granite.

According to Richardson (1923) there are three varieties in the
St. Austell Granite, of which the biotite-muscovite-granite bezrs the
greatest similarity to Gle Judging from Ghosh's (1934) description of
the Carnmenellis Granite, Bagchi (1947) considercd that Gl closely re-
Sembles the normal granite, or Type 1, of Carnmenellis.

Osman‘(1928) outlined the intrusive stoges of the Dartmoor Granite,
vhile Brammall & Harwood (1923, 1925, 1926, 1928 & 1G32) added consider-

ably to the knowlcdge of its mineralogy and structural historye Generzally
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there appecars to have becn a change from a relatively basic to an
acid granite during the progress from early to late intrusions.
Chosh (1927) supplied several chemical analyses of the different
types of Dartmoor grenites, which demonstrated a progressive enrich-
ment in silica content with decrcasing intrusive zge. Analyses of
the Carnmencllis Gronitc provided by Chosh (1934) sho- the same tendoncy
but this cennot be extended to the Land's fnd Granite, as indicated by
the analyses vrovided in Table (4).

Brammall & Harvood considered that the original Dartmoor Granite
nzgma was sodi-potassic, or cven dominwntly sedic, and that 'the
potassic products of rest-magme are differentictes from magma which
azsimilated sholes at an carly stage.” Ghosh's (1934) vork on the
Carnmcnellis Grenitc showed that it falls into a well defined potessic
field and that its variations rangc from dominontly potassic to sodice,
as the later intrusions are more potassic than tho normel tyrpe. The
original magma, according to Ghosh (1934), was probably sodic, but
during the formation of the normal type it changed from sodic to

1

potassic due to the assimilation of potassic shales.

The 8am0 syggestion was put forwnrd by Bagehi (1942) with respect to the
Land's Bnd CGrenite. Unfortunately he based most of his arguments merely

on analyscs quoted by Reid & Flett (1907), although these were supported
to a certain extent by mineralogical cvidence. The additional enalyses

of the Land's Ind Granite presented by the present writer in Table (4)
illustrates the wide varistion that cxists in the sodic and potessic

Nature of the various granite types within Gl’ thus vitia“ing the value of
Chemical coimarison's based on the available infornction beteen the G ond

G2 types of the Land's Ind CGranite.
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4/5 Grenite Structures

(2) Form of the Granite
Several measurements heve beon given by past and current writers

of the inclinetion of the gronitc contact. To the south, where ex—-

b

. o 1 . -
s generally =2bout 30 to tho SSW, m the North-

.

poscd, its dip
Yestern Tlank figurcs varying bet cen 300 znd nezrly vertical have
bcen recorded: in this >rca the shape of the granite contact is para-
bolic in section, increasing rapidly in dip with increcsin: depth to
the North-"cst.

~

Longitudinal sections through the workings of Geevor and Levant

HMines, Levent iline, Botalleck lline and Tendeen Consols iline, reproduced

as Pigs. (23), (24), (25), and (26), serve to illustrcte this fact.
Although the rate of incresse in dip of the granite contact is variable
it is apparcnt that if the trend is continued then the contact ususlly
becomes vertical at a depth in the order of 2,000 fect or more. Fig. (24)
indicates the froquent irregularities in the contact at Levant Mine.
Similar irregularitics occur within Geevor lfine, and although not indica-
ted in Fig. (23) they may bc obscrved on the No. 3 Branch Lodc stope
section.

The cvidence of direct but isolatcd ohservations on the dip of the
granitc contact on the surface and underground can often be corroborated
by the width of the metamorphic aurcole. As shom in Tig. (9), the
aureole attains a meximum width of over 2 miles in the vicinity of
Penzance, whercas clong the Testern contact it is one milc wide. Dlse—

Where, the outer limit of the aurcole lies off-shore.

Thomas (1846) reportcd th-t the granite contact is exposed on the
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Longships off Land's Ind. However, Vhittard has demonstratcd (1959

& p J 9

personal commwmication), 28 & result of extensive dredgings of srecimens

during 1997-59, thot the sea-bed at Cern Base, about threc miles south-
& 7 9 ]

west of Land's Ind, is composed of granite. The Bougucr anomoly map of

Bott et 21 (1958), rcproduced here os Fig. (10), scoms to indicate that

'}

the granite may have a considerable extensicn under the sea to the South-
Vest. Iithcr the granite surfucc slopes dowm at a very low engle to the
South-West from the region of ths coastlinc, or the country rocks exposed
on the Longships are part of = roof pcndant in the gronite surface. The
off-shors geophysical work initiated in this are: during the Summer of
1961 will probably yicld important rcsults concerning the structure of
the Land's Ind CGranite at depth.

(b)  Flow Directions

The Land's Ind Granitc is similar to the other South-"estern
granites in that the only flor structures of any importance arc flow
lines of oriented feldspar phenocrysts. The general dircction and dip
of these flow lincs throughout the Lend's Pnd Cranite is shown in Fig.
(7). They arc more pcrfectly displayed at the marginzs of the Granite,
and Reid & Flett (1907) noted thet the occurrence of well developed
oricntted feldspar phenocrysis wes invariably an indication of the proximity
of tho granite contact.

Along the whole of the Northern flank from Scnnen to St. Ives well-
formed flow lincs locally plungc at high angles down the contact. Their
dip variocs between 300 and 700 but &t times they assume ncar verticality,

and their general alignment is normal to the line of the granite contact.

Along the const south-west of Sennen the flow line dircction changes in
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such a way that it is always approximately normal to the coastline,
its plunge varying betwcen about 15O and 3BO°

Along the soutlcrn coast the flow-linc dircction gradually changes
from north-south at Porthcurno to ncarly WW-SE at Lamornz, thc dip
being about 20° to 500 to thc South. From Lemorna to louseholc the
trend is about the same as that on thc northern flank of the granite,
but the dip is to the south-cast at between 250 to AOO, this trend
continucs from lMouschole to thc castern cxtremity of the granite at
Lelant.

Flow lines are present throughout the centre of the Granitc, but
arc less perfectly developed than around the margins. IJast of a line
from Penzance to Morvah the flow--linss in the central portion of the
Grenite arc aligned IW-ST and are horizontal or dip at low angles to
the W7 or SE. In the Sancreed area and for scve a2l miles around, the
limited numbor of cxposurcs is insufficient for a relisble determina-
tion to be made of the overall flow--line trend.

Flow-lincs arc also present in the few exposures of fine-grained
central granitc, GZ’ wherce they trerid NV-SE and dip at low angles in
both dircctions.

(e) Cross—joints

«

Robson (1948) described the main NW-SE end NE-SW joint directions
as 'cleavingway'! and 'toughway' respectively. Thc development of
'toughway! joints or cross-joints is varizble in cxtent compared with
that of the 'cleavingway' joints, and ~ccording to Robson (1948) they
"have little influence apert from in quarrying and weathoring”. They

have the appearance of tensional joints and are curved, irregular, and
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of imperfcct formetion. As 2 rulc thcy tend to be open and are frec-

quently infilled with a littlc quertz and./or tourmalinc.

On the Northern Tlank of the Granitc cross-joints arc very well
developed and are almost comperablc in intensity with the longitudinal
joints. Jointing on Carn Eancs, 2bove Geevor Minc, is shown in Fig.
(36/3): the cross-joints strike NE-SU and dip at 30° to the Si. Along
the Morthern coast, the cress-joints maintain 2 strike direction normal
to the flow-lines =nd approximately parcllel to the direction of the
granite contact at this locality; their dip varies betveen 70 and

o)

C e O =
vertical, vith on average of 75 1o 85 to the SE.
3 / )

From llouseholc to Porthcurno on the Southern coust the cross-joints
arc not doveloped to the same extent as in thce North. Fig. (36/6) shows

jointing at Lamorna Cove where longitudinal joints arc strongly developed.
A widespread development of MW and SE dipping cross-joints, with a genercl
ND-SW trend occurs throughout the centre of the Granitc, wherc their in-
clination is predominantly vertical. NE-SW trending cross-joints at Hewmill
Quarry are illustrated in Photo(33 & 34).

In the finc--graincd gronite Gl the cross-joints ere similer in trend
to thosc in G,. Thoto.(37) illustrates their cccurrcnce ot Castle-an-
Dines Quarry vhere they run INE-USW ond dip to the NN.

Throughout the Granitc as a whole the dip of the cross-joints varies
between vertical and 4SO, but towards the centre of the Grenite most of
them maintzin a dip in excess of 750. Where the flow-lincs plunge steeply
et the contacts there are devecloped, in addition to the regional cross-
joints described above, a set of local cross-joints which are morc closely

related to th- local trend of the flow-lines and dip less steeply towards
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the centre of the Granite.

W¥ith the cxception of the arca west of a line from Scnnen to
Porthcurno, the direction of thc rcgional cross-joints is constant at
a littlc East of WE, but the cnglc and direction of dip varics in such
a way as to create o fan-shaped arrangement with an axis coinciding
with the main NE~-SW axis of the Granitc. As shown in Fig. (23) the
radius of the ~rch of rcgional cross-joints is greater then the original
Presumed arch of granitc as reflected by the contacts end ~ssociated
flow-1lines.

The regional cross-joints are regular in their formation and atti-
tude, and are controlled by an overal. dynamic stage. They mey very
locally in strike and dip from the local cross-joints, which arc always
hormal to the flov lines. For this reason care must be exercised when
interpreting cross-joints in any particular locality, since the local
Torms may differ considerably in cftitude and intensity from the regional
System.

Regional cross—joints do not terminatc a2t the contact between the
g€renite and the aureole rocks, but extend into the latter duc to the
Sympathetic arching of a considernble portion of the country rocks.
Their extension beyond the contact is a common featurc of granite intru-
Sives, as wos first recognized »nd thoroughly described by Cloos (1925).
Balk (1937) and Cloos citcd many examples of rcegional cross—jointing
from similar granite massifs, cspecially that of the granodiorite of
the Sierrc Nevada, wherc = fan of cross-joints penetrates a strip of
%all rocks as much as two miles wide.

The extent to which the country rocks are affected by regional
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cross—joints in the Land's End arca is not easy to gucge, since any
estimation is hampered by the nerrow width of the coastal aureolc on
the Northern flank and by the lack of exposures on the Eastern flank.

(d) Longitudinal Joints

Within the Land's End Granite the 'cleaving-way' or longitidunal
joints are usually better developed than the cross-joints, besides
tending to be more regular, straighter, and of cleaner fracture. Defined
as being parallel to the flow-lincs and with o direction varying between
NV-SE and ¥NID-SS7, they are usuelly vertical but often have a dip verying
locally up to 20O from verticality. To the Dast of a line joining
Sennen end Porthcurno they trend approximately NW-SE to -5 end are com-
Parablc with the cross-joints in thc extent of their development.
Although longitudinal joints are not influenced by the plunge of the flow—
lines their strikc may be affccted by chenges in the direction of the flow-
line. Wherc the direction of the latter varies locally, the development
of the longitudinal joints is impaired, and they arc tcmporarily less
regular and morc varied in strikoc.

Fig. (36/6) illustrates the joint pattern ot Lamorna where the
vertical longitudinal joints strike NV-SE. arge variations in the
Joint pattern arc due not only to chenges in strike direction but also
to the later development of a superimposed secondary joint pattern.

W-SE striking longitudinel joints are exposed at .Costle-—an-Dinas

Quarry, as illustrated in Photos (35 & 36), while TFigs. (36/1,2,3,4)
Show the joint patterns in the granite of Carn Denes. . secondary
Joint pattern is superimposed on the carlier primary patitcrn, but the

two systoms are clearly defined. The longitudinal joints strike
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between NV-ST and NNW-SST end dip ot between 75° ~nd 90° 4o the SY.
They are not infrequently poorly developed in comparison with the
secondary joints.

The joints have cxerted a strong control upon the devclopment

Aand

of the topography and coastal scenery,’ Whitley (1865) noted the co-
incidence in dircction between the major joints and volleys in Zenwith.
He calculoted that the 'NM'-5I joints'! hed controlled the course of 30
valleys in the southern part and 18 valleys in the northern part of the
granite, a Tact which is readily appreciated from IMigs. (5 & 6). The
drainage pattern is rectilincar, the main streams following the longti-
tudinal joints. First and sccond order tributarics are frequently con-
trolled in direction by the cross-joints, a fact also noted by Whitley
(1865) when he stated that "where they (the valleys) teke another direc-
tion it is often that of the minor cross-joints.’

(¢) Flat-lying Joints

— .

Flat-lying joints are especially well-developed around the southern
coast wherc they cxert a strong contrel upon coastlinec development,
as shown in Thoto. (32). Ideally they reflect the slope of the grenite
Surface boforc erosion, dipping to the North-Lest along the northern
flank and to thc South-Eest along the southern coast at angles usually
of the order of 10° to 20°.

Flat-lying joints are well devcloped on many of the hills along
the northern coast as depicted in Fhotos. (18 & 33).

(f) Diegonal ana Secondary Joints

Amon,; the primary joint systoms may also be included the diagonal

Joints, but they may equally well be classified as secondary, and care
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should be exercised before referring them to any systom based unon
age differences.,

The writer considers that a system analogous to & primary diagonal
joint system has been developed locally within the Lend's ind Granite.
The time interval between the Tormetion of the primary cross-- and
longitudinal joints and this diagonal system was sufficiently long to
warrant calling the latter 'seccndary'. This system will be discussed
in detail in a later Section.

(¢) Dykes

Dykes in the Land's End area may be divided into two clesses:
(a) quartz-porphyries, locally mown as 'elvens'; and (b) fine-
g€rained granites, aplites, and gquariz-tourmaline dykes. The distri-
bution of the dykes is shown in Fie. (7), but it should be remembered
thet any map shows only the dykes known to exist.

References in older papers tc 'elvan' do not necessarily imply
quartz-porphyry, for the writer has encountered coses in vhich the

term 'elvan', especially when prefixed with the words 'bluc', !'grey’

and 'hard', simply implies modifications of the granite, grecnstones,
Or any unusual rock tyve which has been encountered during mining or
Quarrying operations. A section of the Crowns Lode of Botellack Mine,
reproduced by Dines (1956), shows an 'elvan course' from the 190 to
the 225 fathom levels, but it chould not be assumed without conclusive
Proof thet this denotes the presencc of a quartz-porphyry dyke.

9 One of the major dykes in the Land's Ind Feninsula is that which

Can be traced through both granite and killas from Sancreed to Ludgven.

With an average thickness of 30 feet it is composed of quartz-feldsper-



-porph yry. Numerous ourcrops of quartz-porphyry dykes occur along
the shores of Mount's Bay. The Wherry Elvan, with & width of 18 feet,
dips at 60° to 70O to the North-'"est and is noted as being the site of
the "herry Minc, described by Hawkins (1818) and Russell (1549).
Purther exposures occur zround Penzance Harbour and =2t Long Rock,
where a fine~grained porphyrytic elvan attains a maximum width of

100 feet. The 'elvan' dykes in this arce possess a strike direction
common with those of the remainder of the South-7est, varyin: between
E-W and NI-SW. An unusual finc-grained, N7-SE striking, quartz-
porphyry dyke was said by Reid & Tlett (1907) to extend from Sennen to
Porthcurno, its width being variable but at times atteining a value

of 150 feet.

Important features of the South-Western quartz-porrvhyry dykes

are their high width compared with the other dykes and veins, their
gencral agrecment in strike with the lodes, and the fact that they are
MOre usually found in the country rocks rather than in the granite.

All writers agree upon their carly agc compared with the other dykes
and lodes. Their spatial distribution has becen attributed to struc-
tural conditions, including pre-granitc structures in the country

patterns formed in the country rocks ~rising from

&«

Tocks, fracture
intrusion of the ¢ranite, the attitud: of subterrancan granitc ridges,
granite joints, and many other features. Hill & lfacAlister (1906)
Provided the most detailed descriptions of such dykes in the South-Test,
though similar information regarding the dykecs in the Land's Ind area

is not available. Here; even the direction of dip of all the dykes

is not movm, and although Henwood (1843) mentioned that three dykss,
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most probably the continuations of the Mount's Bay outcrops, were
encountercd in the workings of Darlington Ifine at lMarazion, no further
details were given. A more completec understanding of the structural
history of the quartz-porphyry dykes is precluded by thc laclk of obser-

vations.

Of the dykes classified under (b) - namcly, fine-grained grenites,
aplites, and quartz-tourmaline veins, only some of those cncountered
in the workings of Geevor Mine arc indicated in Fig. (7). 3Jince these
small dykes do not scem to heve exerted any influence - upon the minera--
lization their existence in the mines has hitherto not been recorded.
Granitic dykes within the granite exist around the cozst, and Bagchi
(1947) depicted their distribution.

(h) Intrusive History

Having assumcd the intrusive naturc of the Land's Bnd Cranite in
its uppor levels, its structural characteristics must be considered in
connection with its intrusive history. Flow lines indicate an arching
or doming of the granite, with a mein axis trending NE-SW along a linec
through Carbis Bay. Flow-lines in the westcrn part of the Granite
indicate a Westcrly and South-Westerly direction of magma flow. The
Suggested intrusive history of the Land's Pnd Granite is as follows- -

(1) The magma was intruded from the South-Fast along a line

trending N7-SE through lousehole.
(i1) Dast of a line from Mousehole to Cape Cornwall the ma gma
rose a2t an angle of about 300 and flowed to the North-Yest,

doming up under the main pre-existing NE-SU anticline in the
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country rocks. Aftcr flowing horizontally it then plunged
dowm at an angle of sbout 70° to the North-Vest,
(i1i) est of the above line the magma flowed round from the vicinity

of llousehole and Lamorne so that betwecn Sancrecd and "hitesand
Bay ite flow was to the ''cst. This direction was maintained
from betueen Cape Cormwall end "hitesand Bay to between land's
nd and Cwennap Head. The mogme altered its course in the arca
boundcd by Sencresd, Penzence, and St. Burymn, thereafter flow-
ing to tho Vest and plun~ing down at sbout 30° bolow the
country rocks in the vicinity of the Longships.

Such changes of flow directicn are not uncommon. Indeed, Osman

b}

(1928) provided cxcellent examplos from the Scilly Islces where the direc-

tion waried through as much as 900 in plan over a distancc of one or two
milcs.

Tho accompanying structural map of the Land's Ind Granitc was com-
Piled by the writer prior to forming any conclusions concerning the in-
trusive history of the Granite. In the limited timc availoblec the mep
was based upon only a very general examination of the exposures, and the
suggested intrusive history is therefore simplificd and open o many al-
ternative explanations. It hzs been evalueted after taking into account
the worlt completed upon the other granitcs of the South-Test, especially
that of Ghosh (1934) upon the Cernmenellis Granite.

Ghosh (1934) showed that the magma rosc steeply in thc South and
flowed out horizontally to the North. The Southern flank of the Carn-
Wenellis Granite, in comaon with that of the St. Austell Gronite, is the

Steepost, whercas the northern flank the Lend's End Grenitc is the
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steeper. However, estimates of the dip of the granite contact to the
South arc based upon only a few readings at the surfacc, the doubtful
value of vwhich has been indicated by mining operations in the St. Just
arca. An estimete of the dip of the contact should be regarded as
reliable only when it has been based upon obscervations of the cor-
tact in mine workings to a depth of the order of 2,000 fect.

If the inclination of the northern flank, which has becen detérmined
from surface to @ depth of about 2,000 fect, is coniinued in depth then
the hypothesis of the mazma plunging down almost vertically along the
whole of the northern flank may be valid. Alternatively, it is possible
that the granitc surface is stcpped, resulting in an overall downward
Plunge at a much smallcr anglc than is at present indicated by the

observed slope of the granite contact.
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4/6
(a)

.:neralization
Gcncral Description

The Land's Ind mining district comprises

the Granite and in the aurcolc rocks around its

via the mince of Marazion and St. irth with the

Leedstown and Gwincar, and is situeted rely
mincral belt.
On 2 geographical basis

into several minerzlized areas, tho distribution

illustrated in Fig. (9).

containing the

Mine is situated. The Belleswidden arca lies to
Just and to the Horth-IEast of the latter lie ths
Zennor. In the centre of the grenite and to the

Morvah arce is thc Ding Dong arca, Together

the west of Penzancce it is

of

At tho

Which may bc further 2ivided into Towudnack

and south respeectively, the latter ox

Sporadic, mixcd mineralization of
Penzancc there extends the Marazion crca where
beneath the marshes, themsclves 2

Robson (19

within Dewey's

The major producing are

with that

the Granit

tonding into St.

Vheal Gartkh and

some Jodes

48), in a gencral aprraisal of the Land's

those mines lying within

flanks. It is connccted
districts of Godolphin,

(1925) °

the Land's IEnd district may be subdivided

of mincralization being

of St. Just

2 was that

Pondeen--Botallack stretch of coastline in which Gecvor

the South-fast of St.
areas of iorveh and
South--!ast of the

of Sancreed to

situated well within the Granite.

the St. Ives arce

c 18

and Trencrom Hill in the north

Erth. From the

whe Wherry lline around

s7ere workcd

gsource of alluvial tin.

End district,

qQuoted a figure of 148 for the number of mines known to have worked on

the peninsula.

Reid & Flett (19

507) 1listed the mines according to the parish within
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which they were situated, and provided a total of 74 scparate properties
in the St. Just district alone, although only 49 werc listed by Dines
(1956). Any estimate of the number is open to question since there was
a progressive treond of amalgamation whereby two or morc mincs werc fre-
quently combined under onc registered company, the identity of the origir..
mines being lost completely. TFor the samec recason the difficulties of
asscssing the total outnut of the individual mines is increased, especicl-
ly when at times no records of production werc maintaincd.

The vast majority of the vorkings were closed dovm around the year
1875 and Trounson (1942) outlined the history of some of the more im-
portant properties such as Botallack, Levant, and Providence which con-
tinued working into thc 1900's. A few propertics were re-cxaminced during
the 2nd Torld War and are partly accessiblc for a distance along the
adits, but for the purposc of a rcliable examination the mincs are com-
pletely inaccessible.

Although eny cstimatc of thz total orc production of the South-
Western mincs is hypothetical Dincs (1856) calculated that the total
yield of Devon and Cornwall in metallic tin alonc is over 2,000,000 ton .
In what Dines (1956) termed 'recont ycars' the relative importamce of thn
major 3outh-"estern mining districts is shovm by the proportion of the

total outout.

Land's End 21% St. fustell Moor T% Dartmoor o
Carnmencllis 677 Bodmin Moor 3¢

Further figures werec supplied by Davies (1919). The output of various
minerals from each of the major districts were expressed by Dines (195%)

in the same menner as follows:-—
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District Tin Copper Arsenic Sulphur Lead Iron

St. Just 12,74 2.2% 1.0% less than less than
0.1% 0.1%

St. Ives 4.9% less than - less than ~ =

0.1% 0.1%

Camborne) ) ‘

Redruth ) 53.2% 52. 6% 39.8% 42.2¢ 1.8% 1,3¢%

St. Day )

The Land's End district (with the exception of thc lforazion area)
ranks as the second most important tin producer. Ameng the districts
Test of Dartmoor it was, with thc exception of the Yendron and Falmouth
area, the lowest producer of copper, arscnic, sulphur, lead and iron.

Reid & Flott (1907) described the characteristics of the Land's Jind
mineralization, onc of the most important being thc variation in strike
of the tin-co per lodes in somc areas from that of the remainder of the
South-West. A4s illustrated in Fig. (9), whercas the lodcs in Towednack,
Trencrom Hill, Merazion and Sancreed conform to the general NI-SW direc-
tion thosc of St. Just and Ballcswidden strike roughly NW-SE. 1In the
Morvah and Zennor arcas they tcnd to follow both directions but show an
affinity for a IW-SE strike, wheress in the Ding-Dong lMinc area the
lodes follow both directions to an equal extent. The mean lode direc—
tions werc tabulated by Henwcod (1843) and Collins (1912).

Most of the mincs are situated on the granite contact and the lodes
have been worked in both the granite and the aurcole rocks. Tconomic
tin mincralization morc frequently cxisted in the granite, although
Levant Minc, where the lodcs were most productive for tin in the killas,
is 2 well-kmovm exception.

A rolationsgip has always been sited between the trend of the lodes

and that of the granitc joints. Rcid & Flett (1907) among others,
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concluded that the lode fissures werc granite joints along which successive
movements had teken placc. This hypothesis was based upon the frequent in-
dications of repcated opcning end movement along the fissures that were rc-—
corded by Henwood (1843) snd later bv Collins (1912) from tho St. Just area.

The impression that normal faulting was the most common mode of move-
ment was created especially by referconces to the maximum tin values being
oncentrated 2t the regions of highest dip within the lodes, as described
by Rowe and Le Neve Foster (1887). Cornc (1822) provided many descriptions
of the St. Just lodcs, especially cases in which a lod. conteining breccia-
ted wall-rock posscssed onc wall of granite, the other wall being composed
of country roclk. Mineralization was considcred to have either accompanicd
or followed the rclative movement of the fissurc walls.

Despite the relatively low »roduction of anythin: other then tin ore
from the district, the number of mineral svccics rccorded is cnormous.
The majority of the minerals werc listed by Dincs (1956) and Reid & Flett
(1907). Tin occurred only in the form of cassiteritc, therc being no
record of the occurrence of stannite. Wolfram was found only at Balles-
widden inc.

The chicf ore of copper was chalcocite as opposed to chalcopyrite,
and arsenopyrite was common in some of the lodes. There was a distinct
absence of mcsothermal minerelization in the Land's Bnd district. Although
8:lena and sphalerite have been reported in minor amounts from somc of the
Mmines they occurred, with the excevtion of the Pendeen lead-silver lode,
88 accessories in the tin lodes.

Ganguc minerals included chlorite, tourmaline, hematite, quartz and

Pyrite, with variable amounts of flouorspar, calcite, jasper and chalccdony.
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Wall-rock alteration was an important featurc of the mineralization; the
most charactoristic form of altcration of thce granitec being tourmaliniza-
tion, chloritization, and an intcnse reddening of thc¢ feldspers for
several inches on both walls.

Henwood (1843) provided estimations of the me2n lode widths of 2,23
end 1.61 feet for the St. Just and St. Ives arcas respectivily which showed
they werc narrower than thosc of other districts in th. South-Vest.
Quoting 2n average lode width of 3.61 feet for the South-Fest, he indicated
that the lode widths decreased with depth. Both coppcr and tin lodes were
considered to be wider in the "sletc' than in the granitc whilst the tin
lodes appeared to be wider than the copper lodcs.

The principles of zoning may be applied only very loosely through-
out the district, and any attempt to distinguish between copper zones and
tin zones must be applicd with caution. Nevertheless, distinct zones of
tin mineralization cxist and a longitudinal section through Geevor and
Levant Mines, reproduced by the present writcr as Fig. (23), was employed
by Dines (1956) as an cxcellent cxample of this featurc, Uithin the tin
Z2one, which may include 2 number of lodes in the vertical sense, the tin
Values tcnded to be sporadic, the richer portions being lmowm as 'bunches'.
In a description of the distribution of mincralization Robson (1948)
Stated: -

"If the metal production and minc situation is tabulated against the
Country rock and its grenite contact, it becomes apparcnt that the 16
Workings well inside thc grenite were largely confined to tin in limited
Quantitys those just within the granite fz.g., St. Ives C., Rosewall,
GeeVOI‘, Providence) were important tin and subsidiary copper mincsj

those in tho slate-granitc zone (the Botallack, Levant, Carbis Bay groups )
Prolific in copper and tin, somc arsenic and uranium; or mainly copper

Trenwith, Bdward, Specd, Pendeen). Therc is no casc of a good mine in
Olerito, Primary zoning is thus well shown in plan- in dcpth the ore
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shoots tend to pitch seaward at a far lower 2ngle than thc granite
contact. with the Sn/Cu ratio decrcasing sea-wards but increasing
in depth (hence submzrine workings ot Botallack and Carbis Beor)

as the veins entered the gronite landwerd, the metal content dimin-
ished and in somec cascs ccased (except in the large carbons rcploce-
ments ).

in unusual featurc of the mineralization wes the occurrcnce of
carbonas and tin floors wiich worce peculiaritics of the St. Ives and
St. Just areas respectively, and were described by Reid & Flett (1907).
Although they were locally rich deposits thoy were ocxtremely irregular
in disposition.

Cross-courses, also known as 'guides' or 'trowns',; occurred
throughout the district. They were usunlly infilled with berren
quartz and crossed the lodes at vorying angles. They carried a little
cassiterite but were usually utilizedonly in cross-cutting., HReid &
Flott (1907) described the cross—courses as 'a series of fissures,
Jjoints, or faults which traversc thc district in a generacl north and

south direction. " They werc described in more dctail by Henwood (1843)

(b) st. Ives arce

In the 5t. Ives areca thc lodes were preductive in both the coarse-
grained end fine-greoined granites, and in the country rocks which com-
prise greenstonc end killas. The lodes strike ENZ, 2nd approximately
normal to the granitc contact whilst the 'travms' trend ncerly North-
South. Tin ore was raiscd largely from lodes within the gramite,
Whilst copper predominated in the country rocks. Robson (1945) and
Dines (1956) provided general descriptions of thc arce and the latter
mentioned the fact that while only small quantities of arscnic and

Zzinc were rccarded onc foature was the occurrence of pitchblende and
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othor uranium ores, cspecially -t “hcal Trenwith and South Providence.
Records of the district arc scvercly lacking but Honwood (1843) provided
a descrivtion of the mincs and included some details, stressing the fact
thet the lodes and cross—courscs posscsscd "within certoin limits an ap~
Proximation to the strikc of the jointed structurc of the rock (granite).

Tho mincs were largely active during thc 19th century and their
history was outlined by Trounson (1942). Somc of thc coasial mines
extended bencath the sea since, as Henwood (1843) stated, #the ores, in
well ascerteincd cases, dip castward, towerds the sl-tc.® Dincs (1956),
in stating “the influx of sea-water =ppcars to have been responsible for
the lodes not having been cxploited as far seawards 2s in the St. Just
district,“ provided one important rcason for their abandonments pumping
difficulties.

An unusual fcature wes the occurrence of carbonas within the granite.
They were originnlly described by Henwood (1843) and Dincs (1956)
Stated:
"though, in somc cases, thoy (corbonas) may be duc to minerzlizetion
of a widc belt of country rock alongside a lodc, in others they are
large, irrcgularly shaped bodics, not obviously conncctod with fissure
Veins, in which altcration accompenicd by mineralization of the granitc,
has taken place."

Further descriptions of the arca were provided by Hawlkins (1822),
Penberthy (1846), Henwood (1865 & 1874), Gilbert (1878), Reid & Flett

(1907), Collins (1912), Cann (1917), and Dines (1930). The St. Ive

(&}

district is naturally divisible into two arcas: those of Towednsck and
Trencrom Hill., The former consists of a two by onc milc belt along
the valley South-Testwrrd from St. Ives town to near Towednack Church

a4 extending into the vicinity of Zennor.
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According to Dines (1956), "apart from insignificant amounts of
zinc, arscnic and uranium ores,; pyrite and ochre, the main products of
the area werc tin and coppcr.” He provided an account oi the workings
of the individual mincs and decided that 'the distribution of the tin
and copper ores, relative to the contact, scems to support the geneorzlly
held view thct tin occurs in the granite country and coprer in the
overlying rocks.” From the mince production rccords and the ~ccounts of
Henwood (1343), Dines (1956) concluded that "the junction between the
tin and copper zoncs pitches castwerds but at a less stee» inclination
than the granitc surface,” and thet the arca "contains en important
emanative centro bctween Rosewall Hill and St. Ives.F®

Carbonas were most prevalent in the granitc of St. Ives Consols,
Wheal Providence and Rosewcll Hill @nd Rensom United. They were des—
cribed by Henwood (1843) and Dincs (1956) as "generolly irrcgular in
form ond with no apparent relaticnship to the lodcs, those (cerbonas)
consist of country rock, (gronitc), partly tourmalinized and with fold-
Spars partly chloritized, in which cassiteritc is disscninated in fairly
Coarse crystals; the morc or less decormposcd nature of the rock rendered
Gxploitation casy." The principal produccrs in the Towednack arca werc
St. Ives Consols, Wheal Tronwith, end Providcnce Mines.

Thc Trencrom Hill arca, comprises that between Trink and Trencrom
Hill, cxtonding Eastiward to Carbis Bay and Torthkidney Sands, and West-
Ward to Amalebrea and Georgia, so including an area of about two miles
by four, It is mainly situnted in the granite,; the fine-grained granite
G2 forming the "estorn part. The lodes were continuous throughout the

two granites and the killas country rock, their main trend being ENE.
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They were heaved o fathom or two by several cross—courscs which trended
a little ¥iest of North and werc described by Hemvood (1843) as being
fissurcs containing fault gouge and bordcred by a little altered
granitc.

A fow of the mines wpre worked in the sarly part of the 20th century
and thc arca is noted only for tin and copper. Lodos within the granitc
yiclded the majority of the tin, the valucs beins very potchy in the
killas. Some writcrs have quoted the arca as a possible example of one
in which the coppcr zone mey be underlein by a tin zone and o few of the
mines hove been re-opened since 1500 on this surmisce. However, Henwood
(1843) recorded cissiterite from the upper levels of the copper mines,
and Dincs (1956) stresscd that "it is possible that the tin and copper
zonoes are herc 'telescoped', the copper occurring in parts of tin lodes

thet werce reopened a2t a later period.”

(¢) Morvah end Zennor arca

A1l the known lodes in the arca werce situated in granite and the
meximum depth attained was 100 fathoms ot the Morveh and Zennor United
group of Mines. Four major lodes on which thc amount of worlking is un-
known trended NNV and wcre crossed, according to Dincs (1956), by ten
other NNE-trending and West-dipping lodes, of which Curn Galver Lode
was the most profitcoblae. At Morvah Consols the lodcs possessed a strike
of L.BOO S, and dipped to the South-fest.

Dines (1956), considering the arca in conjunction with thosc of
Balleswidden, Sancreed and Ding Dong, stated that "the lodes are
characterised, on tho whele, by small widths, sporadic distribution

of values end a high content of tourmaline.” Reddening of the feldspars



in the granite wall-rock was comzon and the lodcs containcd hematite,
pyrite, tourmzlinc, quartz and chloritc. Production appcars to have
ceased in 1875;the only product having boen tin.

fxtending along the coast from lMorvah and through Zennor as far
as 8t. Ives were several small workings, many of which did not extend
below adit level. The lodes were situated along the granite contact
and werc followed in both the granite and the country rock of killas
and greenstonc. At Zennor Consols, prcviously knowm s Corncllow Consols
and described by Dincs (1956), the lodes tronded NP-ST and TI-SV, the
letter set dipping to the South-TLast Around Zennor tiherc heve beon
several exeminations of old propertics and in 1930 Roscmorren Ifinc wos

re-investigated.

(a) st. Just ores

The St. Just mining orea lics between Thitcsand Bay end Tortheras
Cove on thc North-Vestern flank of the Groanitc. The cxient of mincrali-
zation is shown in Fig. (11) which indicatcs the known lodes according
to the Geological Survcy (6" series), at thc beginning of the 20th cen-
tury. Together with Pig. (E), it illustrates th: gencral W'-SE lode
strike and thc variation in direction occurring throughout the area.

Most of the mincs werc situeted along the contact between the granite
end the metemorphoscd country rocks which comprise killas and grcenstone.
The granitec is of the normel porphyrytic type, and soversl varietics of
G, exist. The distribution of some is indicated in Fig. (17) ~nd others
have beon revealed by cxamination of the mine dumps.

Collins (1972) quotcd a number of 'over 50' known lodes in the arca

and sincc that time morc hove been discovered, espeaially in Gecvor
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Mine. Thc granite contact, which was indicated in the majority of

old minu sections, lies about one-quartcr of e mile inland on the
surface ond is nowhere wcll cxposed. Although the lodes hove heen
exploited to a greater coxtent in the gronite they woere developed for
ovir 2 milc in places on both sides of the contact. In ccncerel the
economic tin mincralizaticn weas confined within the grenite, the majority
of the copper lying, 2s montioncd by Carnc (1822), in thc overlying
country rocks. However, thc reverse frequently occurrced, and although
the tin lodes of Gecvor Mine arc situntcd within the granitc, those of
the adjacent Levant line were in killes and grecnstone. It has always
becn considered that the tin lodes werce diminished in valuc in grcen-
ston:c which was said to favour coprer mineralization.

A division between tin and copper zoncs is complicatcd by several
phases of mincrzlization but there is a fairly sharp separation be-
tween cconomic and non-cconomic ground. An orc zonc pitches towards
the North-‘est in the samc dircction as the granitc contact but at an
ongle of the order of 20° below the horizontal, and the¢ zonc of minera-
lization d.lincated by the upper and lower limits of thc workings in
Gecvor and Levant Mines was employed by Dincs (1956) =s an cxample.

The pitching of the tin zone bencath the sea bed resulted in the lodes
being followed far beyond the coastlinc, often with discstrous rosults,
os deseribed by Hewkins (1818), Henwood (1843), Collins (1912), and
Garnett (1961).

Th. cessation of mineralization &t a distancc of approximatcly one
mile inland from the coastlinc has always boon accountcd for by the

theory that in this vicinity the lower limit of the tin zcne pitchoes
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up above the erosional surface of the granite. The toutcron' of the
tin zone appears to form a belt about one mile in width, thc upper
limit of the tin zone coinciding, between Cope  Cormall end Tendeen
Watch,approximafgly with the coostlinc.

To the South of Capc Cornwall the line of the upper limit, if it
continucs its SSW trend more or luss coincident with the outcrop of
the grenitec contact, lics over half e milc off-shorc. Since fuw of
the mines in this vicinity have cxtended beyond the coastline, the
potentislities of the off-shore arce in the region of, and to the
South of, Capc Cornwall src immedictcly cvident, as was rccognized by
Dines (1956). After an cxamination of thc lodes oxposcd in the adits
of mincs in the Porth Nanven arca South of Capc Cornwall he commonted:—
"In parts, coast erosion hes rmmoved thc mctamorphic deposits and

he cliffs arc formed of thc granitc, as around VPorth MNanven. In
these places the tin lodes represent the lower part of the zonc as
is evidenced by thc shnllow depth to which payable values oxtend
and the prtchy and sporadic distribution of the cassiterite in the
lodes. On the 2nalogy of the conditions occurring further North,
it seoms thet in the lodes worked arcund Porth Nanven; c.g. at
Yheal Hermon, Ballen Mine, etec., richcs should be sought by fol-
lowing the North-Vest-pitching ore shoots of the tin zone seawards
and in depth.”

The largest producers in the St. Just area werc Levent which
attained a2 depth of 350 fathoms, =nd Botallack liincs, their situations
being indicatcd in Fig. (13). Records of production and outlines of
the history of thc individual mincs, togethcr with details of the ox-
tent of thoir workings, werc supplicd by Collins (1912) end Dines (1956).

Geevor Mine now ranks equal with Levant lline in total tin produc-
tion. A general description of the mineralization in the St. Just area

was provided by both the above writers and Henwood (1843).

Although very variablc, the NV-SL trend of the lodes anproximates
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closely to the granite joint direction. The close connection between
the lodes and the joints was recognized by "hitley (1845) who censidered
that the lodos were formed as 2 result of movements along joints.
Repetitive mineral infilling of the lodes was observed by Carne (1822)
and Henwood (1343), and they frequently recorded the intersccting of

one lode by another. However, as described by Carnc (1822), when dis-
Placements of one lode by another took place the amount of movement was
80 small as to not inpede the miner in his work and the maintaining of

a detailed record was not justified° Then intersections were studied
they caused confusion since any assessment of th: relative ages of

two lodes would be invalidated on another level as o result of localized
Trepeated openings and mineral infilling.

With an averagce dip varying between 700 and 8699 the lodes dipped
both to the N7 and SW, and frequently changed their direction of incli-
nation, Many of then tended to occur in swarms with a similer direction
of dip., Henwood (1843) remarked upon this feature and statced thate
"the Vale of Nancherrow in St. Just is nearly coincident with the direc--
tion of the principal joini=, being about N'-SE. Most of the lodes on
the SW side dip NBE; those on the NI side dip S¥."  Collins (1912)
Concluded that this evidence "seems to indicate a synclinal structure
in the granite in this regian.” This change of dip was interpreted in
many ways by different authors, and Carne (1822) divided the lodes of
tﬂe St. Just arce into two different age groupe on the basis of dip,
a1though he did rnot provide a reliable instance of a SW-dipping lode
intersecting a NE-dipping one.

In a later poper however, he gave less weight to this argument
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saying "it is very difficult tc ascertain whether the tin lodes of
St* Just are of differcnt «ges."

spart from those of the St. Ives arca, the lodes arc the narrowest
of any occurring in the South-7est. The voluc of the tin-ore contained
in them, although quoted in old reccords as pcunds sterling per fathon,
must heve beoen considcrable to rccompense for the low price of tin and

~

the numbor of

times the orc :s handled bofore reaching the stamps.
lizny svecicl featurcs of the lodes werc recognized by He nwood (1843),

Collins (1912) and Voissenct (1874). The lotter noted th t in the lodes

of the St. Just area, in common with those of the Témainder of the

South-West, the highcst valucs wore located at the stecepest parts of

the lodes. Intersections of lodes were not gencrally regarded s being

the centres of rich courses of ore, as is frecuently the case in other

districts. assiteritc, the only form in vhich tin occurred, was, with

the exception of thet in Bellcswidden liine, of a fine-g a2ined naturc.

Chalcocite was more common than chalcopyrite, although the lattcr was

present to a large extent in the lodes, together with arsenopyrite,

pyrito, bornite, and a large number of complex miner:ls. Sphalerite

was a frequent lote mineral but not in sufficient quantity to warrnt

its oxtraction. A first description, and the most complete account,

of the minerals occurring in the St. Just area was given by Carne

(1822 & 1846). Dincs (1956) noted the occurrence of the different

mineral specics in each of the individual mines eond deteils may also

be obtained from the Cornish :fineral Indexes wpublished within the

Volumes of the Transactions of the Royal Cornish Geological Socicty.

Bismuth, cobalt and antimony minerals were recorded and pitchblende
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was common in the Vheal Owles group of lodes a2s described by Pearce
(1878}. Cassiterite was frequently accompanied by tourmeline and
chloritc and a2 common mode of wall-rock slticration was the rcddening
of the sorphyritic feldspars. The most common sangue minerzls were
quartz, calcitc,; floursper and josperoidal hemetite.

Tin-floors, which werc workcd especiclly in Bottallack I'ine, werc
comparable with the carbonas of the St. Ives arce. They werc thoroughly
described by Carnc (1822, No. XV) and Honwood (1843). North-South cross-
courses, knom locally as guides werc common, =nd were frecuently followed
by the old miners since they provided casy ground in which to cross—cut.
They were goner2lly believed to lead inte tin lodes and Collins (1912)
cited the case of the Carnyorth Moor guidce which "is helicved to be the
0ld B2l Lodc of Levant." Many examples mey be scen in old plans of a
North-South cross-coursc graduclly chenging its strike direction along
its length so as to conform ot onc extremity, usually the Nertherly,
with the averzge direction of the lodus.

Zsports have been given of guides faulting the lodcs for two or three
fathoms, and on other occasions of running with the lodes for considerable
distances., They dificred from thc cross—courses of .the remainder of the
South-7est not only in thc small defluctions which they inflicted upon
the lod.s, but also in the foct that they did not carry the low-tomperature
ores of lead and zinc. Instead, they tended in somc cases to contain
Sub-economic quantities of tin and copper over & width of soveral feet of

/
banded quartz. Throughout »ny onc guide the dip was steep but varied
on either side of the vertical. The most completc descrintions were

Provided by Carnc (1822, No. V) who stated: -
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“"To the cleoss of cress-courses probably belong the large North and
South veins which traverse the whol. of the extinsive parish of St.
Just. They are called by the miners 'guides' because they sunpose
that by folloring these veins, they will be conducted to the tin
lodes; but they may with more propriety be termed iron lodcs, as
they contain, besides quartz and clay, brown iron-stone, s»ecular
iron orec, brovm hematite, etec. Two of thcm heve been traced thres,
and anothcr five miles. When they intersect the lodis, they
generally carry them scveral fathoms in their own dirsction, be-
fore a separation takcs place. In such csses the lodes are fre-
quently much improved. In two instances, which occur:ed in
Botilleck and Parkknoweth, very rich courses of tin have been the
result of such intercsection."

Further details were given by Henwood (1843, and Rowe & Le Neve
Foster (1887).

Faulting appears, from the lack of liter=zture concerning it, to
have hed 1ittle effect upon mining througﬁout the areca, and if it was

of the samec extent and form as that occurring in Geevor Mine, the

average throws must have been of the order of only a few fect.

(e) Ding Mong lMinc arca

In the Ding Dong ¥ine area, like that of lMorveh and Zennor, tvwo
main lode dircctions are cvifent; NW-SE and TB-S7. Brief accounts
of the history of Ding Dong liine vere given by Collins (1912) and
Dincs (1956) cnd it is probable thet the vorkings arc among somc of
the oldest in Cornw. 11, having first been startcd beneath ancient
alluvial deposits. Dincs (1656) divided the lodes, which number over
20 in an arca of approximatcly half a squerc milc, into four main
groups. The most importsnt lodes, which werc worked to a depth of
150 fathoms, trended appro-imatcly ENE and were mor: or less vertical.
Additional lodes trended NNW with a South-Vest dip of about 6009
East-7est with a high dip to thc South, and North-Last.

In discussing the mineralogy of the lodes which he considered to

be due to a small emanative centre "within the heart of a granitc mass,”
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Dines (1956) concluded that

"the lodes of Ding Dong Mine, seldom over & foot wide and impersistent,
are stated by Collins (1912) to be asscciated with carbona-like bodies,
but none of these are indicated on the plens. The lodes throw out
branches or strings that run irregularly through the country rock.

The wall-rock is hard and red-stoined and, in places,; tourmalinized
resulting in @ fine-greinced,; fairly compact rock. Beyond the reddened
or hematized walls the country rock iz grecnish due to chloritization
of the feldspers. The veinstone of quartz with comby structures
showing zoning, ond of fine,; hard, compact peacih, is frequently
brecciated and ro-cementcd with quartz; chlorite is also present.”

On the basis of the narrow width of the lodes and the sporadic
distribution of values, he concluded thet 'probably only the lower
part of the tin zone is present here.’

The fivst eccount of the mineralosy wag sgiven by Henwood (1843)
and followed later by Reid & Flett (1907). Tourmalinization of the
wall-rock, resulting in a rock recsembling luiulliianite, was described
by Le Neve Foster (13887).

There was a  coincidoince between not only the average lode direc-—
tions and the granite joinus, but also betveen the latter anc the NV-
trending trawns and slides which dip {to both the North-Last and South-
West. Henwood (1842) described the trzwns and mentioned that they
usually heaved the lodes for a short distance. Apparently,; the lodes
were also deflected by major joints, for according to Hawkins (1822,
Ilo. XI) ™it is very remarkabl: that .. .. the tin lode is both
heaved and startcd by the cutters and clofts of granite through which
it passes.” Henwood (1843) recorded th-t the Malkin Lode changed in
Structurc and mineralogy upon approachins & trawn.

(£)  Belleswidden Mine arca

The Balleswidden Yine arec embraces soveral properties about
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one mile East of St. Just, thc most important being Davy Shrit ifine
Hobboy's Mine, Balleswidden Minc, and New Ballcswidden Minc. Dines
(1956) detailed the location and history of each, the sources of most
of his informetion being the works of Collins (1912), Reid & Flett
(1907), Benwood (1843), and Rowe & Lo Neve Foster (1837). The lattor
publication is thc chicf source of information on the area and is an
excellent descriptive account of the lodc structurces and mineralization.

Lpart from Balleswidden Minc,; most of the mincs were nothing more
than extensive trials. 4 large number of lodes were discovered btut too
often they proved to be unpayahlc. Production ceased in the aree
beforc the end of the 1Gth century ond the only work since has consisted
of re-working some dumps during the lst Vorld ar. The mines lay in an
arca of kaolinized granite, and china cley has becn commercially re-
covercd in the vicinity.

Few details arc availablc of the lodes outside Balleswidden Mine,
but within the latter the gencral lode strike was NW-SE with the dip to
the SV, varying from vertical to 60°. A major lode was Arboy's which
consisted of four or five parsllcl veins knovm as 'gries' only 2 or 3
inches widc. These carricd, according to Rowe & Lo Neve Foster (1887),
cassiterite with Wolfram bismuth, bismuthinc, netive copper and flour-
Spar in a ganguc of gquartz, tourmalinc, gilbertite and kaolin. They
were bordered by walls of greisen up to 6 inchos wide knovm as 'hard-
work', which contained cessitcrite, tourmaline, gilbertite and a little
flourspar. Thc 'grics' and 'hard-work! together resulted in a 'lode’
With an overall width verying from 1C to 30 feet. Tin values appeared

to be intermittent but it was noticed that “the greater the dip of
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Arboy's Lode the more likely it was to be productive.’

Branches of the lodes, like carbonas in form, were known locally
as 'pie lodes'. Vith a width of 3 to 6 feet they consisted of ir-
regular veinlets of quortz, tourmzlinc, gilbertite, =2nd cassiterite,
bordered by greisen. Several cross-courses were encountercd in
the arca and comprised "veins of quertz about 1 foot wide with red
clay.” Dipping to the NIY at about 70 degroes, they trended FWE-SW

A similer attitude was possessed by '"slides of red clay

)
S‘

The lodes a2t Balleswidden Yinc werc of an altogether dif-
ferent character from those of thy remainder of the Iand's End dis-
trict. Accounts of their mincralogy arec indicative of a different
phese of mineralization from that in the St. Just area. On the in-
formation availeble from Rowe & Le MNove Foster (1887) immediate simi-
larities arc evident between the 'lodes' of Balleswidden Ifine and
early greisen-borderid veins, which werc described by losking and
Trounson (1959) as typical of cusps in the granite surfaces.

Wolfram is aclknowledged to be present in the 'tin zone' of normal
hydrothermal lodes, but if the minerclization at Balleswidden !"inc were of
the same type as that in the zdjacent St. Just area then the complete
absence of wolfram, as is the case, would not be expected in the
latter district. Balleswidden Mine is situated at an clevation of
600 fecet above sea level and the lodes were explored dovm to the
180 fathom level where they became non-productive. 1% is also situated
at the intersection of the twe main axes of the Land! End Granite.
The:e facts support the hypothesis that the 'lodes' are of the

greisen-bordercd variet: since Hosking & Trounson (1959) considered
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that greisen bordered veins oftcn developed first in such places (the
Cusps on ridges) from the local residuum which accumulated in traps

during the consclidation of the ridges.”

(g) Sancreed arce

The Sancrced arcs. comprising less thaen one square mile in aresa,
is the least important of any of the Jand's Ind district. A number
of NE-S' striking lodes which were indicated by Dines (1956) as dip-
Ping to the SE wore explored to shallow derths in about five proper-
ties. No details of the workings arc availsble and tho mines are
credited with having produccd only a littls tin beforc 1875 when
all opecrations cecasecd. Bartinney Mine was prospected in 1943 &nd
Dines (1956) describe’ a lode encountercd in one of the adits.

In common with the liorveh region, the Sancrecd area has been
extensively investigated for slluvial deposits, but without any real
success. Nearly all thc alluvial tin in the Land's End Granite was

found, according to Henwoold (1874), in the valleys which drain the

Southern part of the peninsula, on arca devoid of known mineral lodes.

(b) Marazion arcs

Thc Marazion arca forms part of tho Hount's Bay district which
extonds around the Bay and Dastwards into the Carnmenellis anc
Godolphin granites. An INF-trending lodc was worked in the West at
Theal Garth which was briefly described by Reid & Flett (1907). The
Mine was notcd, as described by Hemvood (1843), Cerne (1832) and
Collins (1912), for the occurrcnce of wood-tin.

Procecding to the Tast, the ENE trend is maintained by the
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greenstone and elvan dykcs of the Penzance arca whare the “herry
Mine, described by Havkins (1818) and Russell (1949), was worked
on the foreshore. West of Long Tlock, which has besn vaguely reported
as a scenc of past mining activity, the gencral lode strike swings
round to the ESE, thc mines continuing through ?erranuthnoﬁ and
Goldsithney. Coprer was the chicf preduct and the propertics which
Wwere described by Henwood (1943) were mainly active during the first
half of the 19th century. A little lead was produccd 2% Srosper
United and somec mispickel and iron ore werce raised at other mincs.
Terran Mine, a silver producer, was active for a short while in the
early part of the 20th century.

A few isolated mincs were situctced to the Tast of Ludgvan, the
largest being Trosper United and Marazion “finss which ceased production
around 1850, Darlington lfinc, an iwportant property described by
Henwood (1843), lay slightly to thc North-West of lerazion and was a
Producer of tin and coprer from lodus that outcronped beneath the
marshes. Dincs (1956) listed the minerals in the Darlington lodes
Which were reported to vary from 2 to 8 fect in width.

Collins (1912) provided som: details of the ilarazion mines noting
that the lodes werc not rich =nd thet the elvens trending in the same
direction were intermittently mincralized. All the lodes were in Killas
and appear to have dipped to the South at 50° to TOO° The lodes, which
Were on the average wider than those of the St. Just and St. Ives areas,
Yere described by Stephens (1893). Some flucens and CTOSS—-COUrSCS Were
recofded by Henwood (1843).

Whether or not the ceopper mined in this region is indicative of an
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underlying tin zonc is not certain. Although Colline (1912)
statcd "there cen bc little doubt that both lodes znd clvans exist
bcneath the marshes near Marazion station end in the Bay between
the Mount (5%. Ifichecl'. Mount) and Newlyn® it should be romembered
that not 211 lodes contain tin and of thosc that do, not all are
sufficiently rich to warrant their extraction. Onc of the major
mining problems in this arca appears to have been the large

quantity of water that it was necessar; to handle in all the mines.
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5. THE PENDEEN - BOTALLACK AREL
5/1 General Geology

A major division of the Land's End Granite district is the
Pendeen-Kenidjock area to the North and West of St. Just. It
encloses, as shown in Fig. (71), the stretch of coastline described
by Barclay (1959) lying betwecn Portheras Cove and Priest's Cove,
at which localitiecs the granite outcrops upon the cliff. 'ith the
exception of thosec workings driven bencath the sea, the coastline
forms the North-Testern limit of the St. Just mining district. From
the economic viewpoint only the Northern half of the Pcndeen--
Kenidjack area, extending from Pendeen Consols lMine (near Pendeen
Watch) to Zawm a Bal is known reliably from old mining plans and
records, and will therefore be considered in detail., Together with
the inland portion, for a distance of about 1% miles, it will be re-
ferred to as the Pendeen-Botallack areca. The situation of Geevor
Mine within this district is indicated in Figs. (4) and (B).

The Pandeen-Botallack area encompas: -sthe workings of Pendeen
Consols, Boscaswell Downs, East Boscaswell, Geevor, Levant, North
Levant, Spcarn Consols, Wheal Cock, Carnyorth, Crowvms and Botallack
Wines. The above mincs ;the workings of which are shown in Fig. (H),
Were the major producers of the St. Just district, the original mining
Setts baing indicated in Fig. (13).

Within this area the granitc does not outcrop upon the cliffs and
the only exposures occur in the mine workings and in occagional
Quarries and streams. Consequently, the exact position of the granite

Surface at depth must be deducted from the plans of the now abandoned
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mines. Fig. (11) depicts the probable location of the granite contact

at surface as inferred from surface land profiles, float material in the
fields, very occasional outcrops, and the kmown location of the granite
surface at depth as shown in Fig. (H). The latter plan incorporates the
results of the present writer's mapping along the coastline.

The aurcole rocks arc exposed along a narrov coastal cliff section,
part of which is shown in Fhoto. (4). These structurally and petroclogi-
cally complex rocks werc originally mapped by the Geological Survey.
Further work on them has been carried out by Barclay (1959) and by the
Present writer, who, for mapping purposes divided the rocks into 'killas',
'greenstone', and 'grecnstone hornfels', The term 'greenstone' includes
both the pillow lava series and basic igneous sills which, although
easily distinguished in the field, have been grouped together since they
form an alternating series. The latter may be conveniently considered
as a unit, described by Barclay (1959) as "an extensive dominating series
of pillow lavas with minor bodics of massive greenstone.

With a total thickness of the order of hundreds of feet, the series
is both overlain and underlain by killas to the NE and SW. Barclay
(1959) examined the pillow lavas in detail and concluded that, as in the
case of the killas, there is no evidence that they have overturned, except
on a very minor scale. The pillov lavas are frequently interbedded with
killas, the whole being intruded by basic igneous sills of basaltic and
doleritic character.

The folded structure of the country rocks and their petrological fea-
tures were complicated by the c¢ffects of the granite intrusion and subse-

Quent mineralization processes. The greenstone series is more or less
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conformable with the killas bedding which strikes between NINE-SSY and
ENE-V/ST and dips at about 30o to the IV throughout the area. Low-angled
Sshears are fairly common and most of the junctions between the greenstone
and the killas have been subjected to some indeterminate movement. Indi-
vidual pillow lavas also show signs of shearing, as illustrated in Photo.
(23).

The killas liesg entirely within the thermal metamorphic aureole of
the granite, the largest continuous exposure being at the Avarack, whence
1t extends to the NT along the coast to Tendeen Watch. Additional outcrops
Occur near Levant Zawn and Zawn Brinny, and between Botallack Head and the
Crowns. TIsolated patches of killas, interbedded with the greenstone and
greenstone hornfels series, are exposed along the whole coastline, as shovm
in Fig. (H). Jloreover, killas underlying the grecnstone series and con-
cealed by overburden, undoubtedly occurs between the coastal outcrops and
the projectod line of outcrop of the granite contact on the surfacec.

Included in the I'endeen-Botallack area are some of the greenstone-
hornfelses which extend from the Crowns southwards beyond Zavm a Bal. They
are frequently interbedded with killas, ecspecially between Zavm a Bal and
De Narrow Zawn. These grecnstone-hornfelses include many of the varieties
described by Tilly (1935), and Photo. (22) shows some of the typical
cordierite~anthrophyllite rocks in which Barclay (1959) recognized traces
of original pillow lava structurec. In attempting a broad correlation he
Placed the greoenstone-hornfelses "below a killas belt at the Crowns and
above a pillow lava series and greenstonc mass to the South side of
Keniajack Castle which, in turn, overlie the Southern killas." He esti-

mated that the altercd pillow lavas, within the mass of "peculiar
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hornfelses", must be at least 100 fceet thick.

Among the various metamorphic assemblages of the killas, horn-
felses are predominant, although several other local varieties are
present. Lacy (1958), Hawkes (1958), and Barclay (1959) considcred
that the typical banding of the killas represents original bedding.
The killas is tr vorsed by abundant quartz veins which occur as
ptygmatic forms shown in Photo. (25), as injections parallel to the
banding, and as late veins cross—cutting all the earlicr forms,

The amount of minor folding in the killas is very variable. On
Occasions it is impossible to determine the correct attitude of the
strata whilst in other places the killas has suffercd only a slight
buckling. Belts of highly contorted rock trend NE-SW parallel to the
coastline; and the folding appears to intensify with increasing proxi-
mity to the granite.

In relative uwndeformed areas the attitude of the aureole rocks
may be determined from the orientation of remnants of interbeddcd
killas, but it is best observed from the sea whence an overall appre-
ciation is more casily obtained, as shown in Thotos. (19) and (20).
The dip of the greenstone series conforms to the overall attitude of
the killas, being about 300 in approximately the same direction as
that of the granite contact, with greater variations in strike than
in dip. In goneral the strike of the aureole rocks swings round
from INI-¥WSY in the vicinity of Pendeen Watcﬁ to N-5 in the region of
the Crowns Ingine House, thus approximately paralleling the line of out-
C¢rop of the granite contact at surface.

‘fany old mine plans and sections imply that the tin-copper lodes
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were followed through the greenstone series but no indication can be
gained of its exact ¢istribution. Ilany early writers suggested that the
greenstone series is continuous alon: this coastline, end Abbott (1920)
summarized the majority view when he steted:-

"Almost parallel with the cliff in the killas is a greenstone dyke

which can be traced from Gurnerd's Head to the North, to the Longships
Lighthouse off the Lend's End to the South, and at diffcrent depths in
the minc (Levant). Thc grecnstone dyke, which is of considercble

width, is very hard and not congenial, the lodes in every instance
being squeczed up and not very vroductive in passing through it."

From the cconomic viewpoint the correct delincation of the attitude
of the greenstonc series is of great importance. Numerous writers have
stated that the prescnce of greonstone caused impoverishment of the $in
values in a lode, and this is a factor which must be considercd in any

future underground development in the aurcole rocks. In a previous

scetion of this thesis it was suggested that the granites in the South-

5

Test were selectively intruded into pre~-existing anticlines in the cour® -
rocks. Such pre-sranite features would tend to bo cxaggorated and dis-—
torted during intrusion of the granite dus to sympathetic up-arching
and thrusting. Both the pre-granite structures and those caused by
intrusion would be accompanicd by contcmporary minor folding and associa
ted features.

The known sub-surfzc:e contours of the granite contact, shown
in Fig. (H), indicate the oxistence of subsidiary NW-SE crests on
the flank of the major NE-SW granite crest. These subsidiary crests,
which tend to occur betwcen adjacent mines exerted a structural control,
upon the regional (Pendecen-Botallack) extent of the mineralization and

the depth of the zone of cconomic tin mineralization. They lie parallel
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to what appears in Fiz. (7) to be & mejor NV-SE crest whosc axis trends
through thc ccntre of thc area, as shown in Fi-, (H).

It is most probable that the attitudc of the aurcelc rocks over-
lying the NI flank of the Lanl's End Granite reflects to o varying ex-
tent the conficuration of the granitc surfecc at depth. The narrow width
of the aurcole rock outcrops alon: the coastline, anl the zbsence of any
mappable stratijrophic horizons in the killas, rcnlers the determination
of the attitulc of the conformable :recenstonc scrics a prior necessity.
If the scries is fairly constont in width it wmay be cmployed in the in-
terpretation of the uejor structures within the curceole rocks, anl thus
scrve to clucilatc the form of the sub-surface pranitccontours anl lead
to a more accuratc preliction of the localizatinn of cconomic minerali-
zation.

The locel configuration of the grceenstone series between Trewellerd
Zawn and Levent Zawn nay be Jetermined by mepping of the coastal out-
crops ond from o stuldy of the rclevant underground workings. In Gecvor
Mine the following 3rives have becen extended into the country rocks for
short listances becyon? thc contact:

(r) Prospcct Nn, 2, Level 11;

(b) No. 3 Branch Lolc, Levels 11 and 12;

(c) The x-cut North-West from the Ni. 3 Branch Lode,
Level 11 (Vest).

During the coursc of his investipgations at the Minc, Dines examined
the Coronation anl No., 3 Branch Lodes on Level 6/7, where he found only
killas to be exposcl beyonl the contact.

" Wcbb (19&7) sbscrvel "on the 10th Level" o contact rock "which has

the appearance of an altercl greenstone", but this is no longer
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accessible. Level 3 adit in Geevor ‘ine, shown in Figs. (G), (H), end
(23), is open to inspection from Carr. Shaft to Trewellard Zawn, and
Fig. (115) incorporates thc evidence which it rovezls. 4 small band cf

greenstone is separated frcm the granite surface for a short distance by

4L

killas., Although the main oo wstcace serics is depicted in depth any

represenvation of ite atti’ud. is at proseat pure tentative.

groeenstone sceries may in futuvr

(a) The errloyment of diver: {o obtain oriented specimens from
;12 3cu~baa aleng rre- ictcrmined traverse lines nermal to
the coastlinc betwoon Boscregan Zavn and Trewellard Zawn.
It is uacertein whother the uuper surface of the serﬂes out--
crcrs on the sca-bod  immedistely off-shore in the vicinity
of Levant Zavm and Zown Briuny. Recent diving op\rat" ons
nett 1951) indicaie the presence of
goeonctone o the sca-bed ot a distance of 600 feet from the
st.

over “he '40 Backs' (Ca

(v) The use of a ccatinusus series of colour D‘Jc>é'ﬁrn of ths

cliffs, Heken frem a beoot -mader suitable weather conditior ~.
(c) Dotailed mapping of the Levant adit and Skip Shaft, shows: i
F‘L?, (24) and (H). which have recently (1962) bocons

accessible.

(d) ‘lorc dcteil.d ma pping of the coastal outcrops, with closo
atsontion in winor siructures.

Tig. (12) indicat<s interscctions obtained in horizontal diamond

drill holos Fos. 9 and 10 from Lovsl 11. D.D.H. No. 10 is reported

¥

to he . penetiatod a swall potch of greorsteac, as illustrated, bu

the proscut writer hes boon wihle to examine the drill cores and it

b

ig impossible tc provide furiher ir“.rmation concerning the nature
of this intersection. Howevery it mey represent the downward con-
Uinuaticn of the small band of greenstone present in the Level 3 adit,

in waich case, assuming a NEB-S¥ strike, this smaller greenstone serizs

dips at 25° to 30° to the M.
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If Level 15 of the Coronation Lode is extended in future to connect
with the 170 fm. level x-cut in Levent Ifine it will be possible to de-
termine whether or not there was up-arching of the aureole rocks during
granite intrusion. This will have an important application in under-

ground exploration, as demonstrated in Fig. (115).
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5/2 Jinor rolding in the Country Rocks

L

Interpretetion of the winor folding in the killes depends upon the
prior cssuaption that the cheracteristic banding in the rocks is repre-
sentative of the origincl bedding. btone £nd Leabert (1956) described
banding in the killes exposed in cliff zections ot Forthleven, due to

elternations of derlk argiileceous .eterisl and light silty bands which

they interpretad s beddi Lacy  {(1958), in discussing the Lend's Ind

Granite Aureole, menticned the laminated appecrcnce of the killas, and

consider=d thah the quortzose lamninctions represent the original bedding
and. therefore lead to the "correlation of thece rocks with the Mylor
series outeide uhe cureole. He wes supported by Hawkes (1958) who
sveted: -

"Withia the Lond's »nd cursele, there are killas sections in which the
quertrose larminaticnis give way to Quartzosc augen remarkebly similar to
the Porthleven silty structures. It appears likely therefore that

the quartz lanminctions represent the site of original silty bands, a

brocess of mnhamorphic segregetion having prcduced their present
aspecs”

Hawkes (1958) also described the uncontorted laminetions in the Carn
Moyles - S%. Ives arec as cpproximeting in dip and direction to that
recorded in chz »illow lavas.

Both Barciz:r (.’ﬂf? ond the present writer inufer that in the
Pendecn-Boiol Lacic crsa the emincivions observable in the killas, cs
shown in Pho%o. (238), represent original bedding. iinor folding is
Sporadically distributed, creas of intense contortion being separated
by stretches o2 vadisiurbed strate. Large-scale folding in the Land's
Ena erea has affscted both the killcs and the verious greenstone
feéries, ond these rocks were subsequently subjected to ainor folding.

L1lthengh the latter is readily recognized throughout the killes, it
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is casily observed in the grecnstone only when thin basic sills are inter-
bedded with killas and the whole has been folded.
Barclay (1959) detected less-wcll developzd folding in the greenstone--
hornfelses and utilized measurements of the minor folds within both killae

L

and greenstone. The presert writer has confined his studies for structural

-

‘he extent of folding

(B

interpretation to the minor Folds in the killas.
varies considcrebly and within @ few feetv it may caange from a gentle
buckling or undulation to close revere folding. The main types of folds
are ptygmatic, concentric and similar,

Ptygmatic folding is occasionally seen throughout the area, the pi gres
iaking the form of an irregular quartz vein, as defined by Wilson (1952),
an example from the Avarack being illusirated in Photo. (25). Here the
quartz shows thickenced hinges with attenuatoed limbs and it is noticeable
that the axial plianes o7 the individual tight folds are parallel fto the
prevailing laminationg of the killas, but therc is very little cvidence o
distortion of the killas such as might account for the formation of the

ptygmatic quart~ vein., It is possible, however, that it was produced by
shearing along the bedding pla~.s, as described by Yuenen (1938).
Concentric folding, as defined by De Sitter (1956), was recognized

in the arca by Rarzlayr (1959) wio mentioned that true concentric folding
may be observed on the Avaracl, This variety of folding,shown in Thoto.
(30), is present, but less well developed, elsevwhere., Slip along the
Planes of lamination or bedding results in folds with an amplitude of
under 10 feet; with axial planes dipping to the North-Vest. These often

‘rade into similar folds which combine to varying extents the bedding

planc shear of concentric folds and the axial planc cleavage of shear
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folds, as shown in Fhoto. (26).

Similar folding is common throughout the Tendeen-Botallack arca.
Such folds vary in amplitude from a few inches up to about 5 feet and
are distinguished by quartzosc laminations and frequent injections of
quartz parallel to the bedding. Fracturc and slaty cleavage, dcscribed
by Knill (196C), arc developed and there iz frequently a slight apical
thickening of thc folds coupled with limb attenuation. Some folds ap-
proximate to accordion Tolding with the dcvelopment of a series of
identical similar folds having parallel axial planes. Photo. (27) shows
a typical similar fold from above the Crowns Ingine House. Host of the
gentle plunging folds are asymmetrical.

Two sets of readings of the minor folds ere taken, the first extending
along the base of the cliffs from the Lvarack to Zawn a Bal ond the second
along the top of the cliffs from the Avarack to the Crowns ‘nginc House.
The purpose was to test the validity of utilizing the measurements of 50
minor folds., The fold axes measurced during the separate traverses are
plotted in Figs. (34/1) & (24/2), which clearly demonstrate that the
Predominant sct of minor fold axes trends 17/18 NNT in cach casec.

(I7.B. A fold axis or stress direction trending 170 and plunging at
18° to the MNE is writton 17/18 UNE. In a similar manncr,
an axial plane or joint planc strikin. 17O and dipping at
18° to the ™V is written 17/18 W),

Refercnce to the sterecograms revecls thet there is a spread on either
side of the maximum with two minor maxima trending 174/12 ¥ and 64/33 ENE.
A seccond and less important set of folds trends approximately IFT-SE and
Pluriges =t low angles in both directions. The poles to the axial planes

0f thec folds between the Avarack and the Crowns Ingine Housc are vlotted
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in Fig. (34/3), which indicates that the major set of 17 —trending folds
Possesses axial planes dipping M. A maximum, obtained by plotting the

poles to the plancs, strikes 37/48 NW. The spread in fold axcs to the

North and NE is shown by two minor groups of poles to the axial planes,
with maxima striking 177/42 3 and 51/67 SV, corresponding respectively
to the 174O .- and 640— trending fold axes shown in Fig\(34/2). The
NW-SE trending folds are indicated by the axialkplanes dipping to the
SSW at 700. By plotting the axial planes according to geogr=phical
distribution (not showm) a change of strike from around 70o to 170o
through NE-SW is apparent in traversing from Fendeen Watch to the Crowns
Engine House.

If it is assumod that the axial planes of these folds are aligned
with their poles in the direction of the principal compressive stress
which resulted in the fold formation, then it is possible to detsrmine
the direction of that stress

Acrordingly the 17° ~trending minor folds may be attributed to
a stress, P, shown in Fig. (34/5), which trended 120/42 SE.

Barclay (1959) did not take into account thc attitude of the axial
Planes and assumed that the stress operated normally to the fold axes.
Having defined a main set of minor folds trending 20/25 INT, he postu-
lated a stress (say Pa) acting with a direction of 110°. For the less
important or subsidiary set of minor folds which he defined as trending
145/17 1 he invoked a stress (say Py) with a direction of 55,

Simply for purposes of comparison the present writer he- also de-~
termined P, and Pb on the basis of the fold axes shown in Fig. (34/5),

which indicates directions of 107O and 240 for Pa and Pb respectively.
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A more correct estimate of the stress dircction is obtained from a
consideration of the trends of the axial planes, and Pa corres-onds to P,
already determincd as 120/42 SE for the mazin folds. Pb’ the stress
which produced the subsidiary N¥-SE trending folds, corrcsponds to a
stress aligned 24/20 NIE.

Barclay (1959) observed cross-folding of the two trends below the
northern side of Pendien Lighthouse and: from field evidencec he deduced
that the subsidiary NW;SE felds were possibly later then the main NIE-SSW
folds. He attempted to relate thc two trends, on the basis of their
direction and relative age, to the Caledonian and Armorican orogenies
stating:-

"ee.o.. it may be true to say then, that the NNE-SSV folding could be

represented by the Caledonian compression, while the folds trending
WW_SE may be a younger folding, due to Amoricen earth movements. In the

latter case it can be seen that the folding is not strictly along L-W
lines, as mentioned by Robson (1945). The difference in trend may be
due to the local attitude of the country rocks at the time of the
Armorican pressurec, from the south,; giving aconscquent deflection from
a truc E-W folding. However, Hendriks (1937) indicates in her diagram
of Armorican structure, that the axes of the folding may vary in dircc-
tion locally between N/-SE and Z-W."

The present writcer has been uncblc to discover any conclusive
evidence in favour of a significant age difference between the two
fold trends. Whilst admitting that the evidence presented is far from
decisive, thc writer precfers not to relate the two fold trends to any
particular orogenic periods. Until further evidence to the contrary is
wrailable the writer considers that the two fold trends may be assigned
to local variations in a regional stress system acting throughout a

period of earth stress, and/or to overall changes of short dw tion

in a delicately balanced stress system operating during onc period.
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Fig. (41) indicates the thecoretical attitude of shear fractures
produced ty the orientation of three mutually perpendicular principal
stresses, as propounded by Anderson (1942). ilost of the similer folds
arc aligned in such a way that the a-b planc is normal to the direction
of the maximum principal stress, Pl’ with the fold axes probably in the
b-direction. Conjugatc shear folds which are =z form of shear phonomena
mey also develop in the killas with axial planes coincidirg vith the
planes of maximum shear strecss. The latter are theoretically oriented
at 450 to the direction of Pl but in practice they vary on either side,
depending upon the internal friction of the rock under stress.

The small 1740— and 64O-trcnding folds with axial plone maxima
strikings 177/42 E and 61/67 MV, shown in Fig. (34/3), may thus be ac-
counted for and the three principal stresses may be determined graphi-
cally as shown in Pig. (34/4); the meximum principal stress Pl trend-

j 2
nE

tronding 45/34 NE,

ing 125/14 WNW, the intermcdiaie principal stress P

and the minimum principal stress ?3 trending 15/47 SSW. P1 has been
assumed on the basis of field cvidence to bisect the obtuse angle rather
than the acutc angle, which is bisected by P3, Immedictely noticeable
is the agreement between the value obtained for Pl of 125/14 "MW and the
value already obtained for P of 120/42 SE, and between P2 and the direc-
tion of plunge of the main folds. An analysis (not illustrated) of a
Single pair of conjugate minor folds, of which the fold with a NW-dipping
axial plane possesscda NE-S, rather than a ENE-VSW, strike, resulted in
a better agrecement between the determination of P2 and the direction of
the 17°%-trending folds.

It is thereforc rezsonable to suprose that the minor 1740— and
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64o—trending folds shown in Fig. (34/2) may also be attributed to the
stress system to which the main und contemporaneous 17o—trending folds
owe their origin. The intermediate principal stress during the formetion
of the 170—trending folds may be taken to be coincident with the fold
axis, the minimum principal stress being perpendicular and mainly in a
vertical direction.

Budgley, (1959) illustrated the mode of formation under certain
conditions of 2nd order stress dircctions which result in tho development
of 2nd order folds. The 2nd order streszes and 2nd order fold axes are
theoretically aligned at 450 to the 1lst order stresses and fold axes,
variations on either side being likely in actual fact.

The 1740- and 64O—trending folds in Mig. (34/2) are separated by an
angle of 110°. The bisector of this angle is approximately normal to the
17O—trending folds and possesses a direction of 1190, comparcd with onc of

107° for P, 120/42 8% for P, and 125/14 WV for P A similar result

1
is obtained from measurcments of the fold axes presented in Fiz. (34/1).
The equivalent subsidiary folds are represented by maxima at 65o and 1520,
Separated by an anglc of 870. The 17O—trending folds are again represented

by a maxima orient=d in the same direction, the normzl to which, at 1070

(P ), intersects the ccute angle of 870 hetween the subsidiary fold trends

o

; o o}
into arcs of 42 and 45 .

Judging by this close agreement in the calculated direction of the
maximum principal stress it is reasonablec to suppose that some of the sub-
Sidigry folds described above may havc been formed as a result of shear
folding in which the axial plancs are aligned normal to a 2nd order

Principal stress arising from, and at approximately 450 to, the lst order
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maximum principal stress, known variously as Pa’ P, and Pl'

In recent years the term 'cross-fold' has frequently been utilized,
and although the writer is not altogether in favour of the tcrm it will be
employed here because of its wide usc in current literature. Loosely, the
term refers to subsidiary folds trending obliguely to a better developed
sect, without any definition of relative ages. The formation of minor or
cross—-folds resulting from thc devclopment of 2nd order stresses as des-
cribed above is now rccognized to be more common than was formerly
realized.

De Sitter (1960) cites many cxamplcs of the formation of Hercynian
cross-folds in the Fyrcnces where IV and NE trends, crossing the E-W trend,
may be attributed to a constant N-S directed stress. Sutton (1960) descri-
bed the formetion of contemporancous cross-folds in Northern Scotland which
possess axial planes differing from those of the main folds, duc to a sccon-
dary stress field derived from thc first onc.

Whereas Barclay (1959) found the two stresses T_ and 2, to be separated
a )

(&

C

by an anglec of 550, the writcr has found them to be 83° apart on the basis of
fold axes alone. By taking into account the attitude of the axiel planes of
the 17°- and IW-SE trending folds the directions of the two maximum

Stresses responsible for their separate formation arc, as seen zlready,
120/42 SE (P) end 24/20 NNE respectively. An immediate comparison may be
made with the values obtained in Fig. (34/4) of 125/14 "WV, 45/34 WL,

and 15/47 $s% for P

T, and P, respectively. With en intcrchange between

1? 3

Pl and P2, or between Pl and P3, and an alteration of the plunge of the

P
2%

Stresses it is obvious that with the maximum principal stress 1 aligned

in a NE-SW direction then NW-SE trending folds would be formed approximately
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normal to the 170 trending folds.

On the limited amount of evidence available it seecms more likely that
an interchange took place betwcen the directions of Pl and P2 to produce the
Wi-SE trending folds. Such an intcrchange between principal stresses
must be expected in an area subjected to high stress conditions. Localized
interchanges would result in the comparable development of contemporaneous
NW-SE folds amongst the l7o—trendin: folds. Intermittent overall changes
in the dircction of meximum stress would result in poor development of the
NW-SE folds throughout the whole of the area in which the 17O»trending folds
would predominatc. Interchanges in stress would frequently occur if the
balance between the three principal strcsses was delicate; indecd, durins
any period of diastrophism the ecarth stress must not be regarded as being
consistent in direcction or force throughout wide arcas.

Barclay (1959)'suggested that the NW-SE folds arc not contcmporancous
with, and may be later than, the NNI-3SW folds. If this were so one would
expect more definite ficld evidence of this contention, together with some
statistical confirmation. Ramsay (1958) showed conclusively that deforma-
tion of a fold system by o second period of folding results in a spread in
the distribution, vwhen plotted on a stereogram, of the fold 2xes and poles
to the axial planes of the first folds in comparison with the second set.

Such a sprecd would be expected in the Pendesn-Botallack area if one
Set of folding were later than the other, tut in fact there is no such
Scatter, Nevertheless, further ficld mecasurcments arc esscntial in order
to dgtormino beyond doubt the origin, the relative ages, or the synchronous
nature of the different fold trends. De Sitter (1960) stated that concen-

tric folds arec normally regarded 2s being earlier than similar folds, and



in future work it would be advantagcous to treat the two forms weparately
both in the ficld and statistically.

Examples of minor folding in the killas of West Cornwall hcve been
given by other writers. ZLacy (1958), in describing the stretch of coast-
line between Carn lioyle and St. Ives, stated:-

"The killas often shows minor folding, the structurcs being marked by the
quartzose laminations. The axial planes of the folds strike at about

45~deg. east of north and dip to the north-west at angles between 20 and
55 deg. Parzllel to them a cleavage is frequently developed.®

It appcars that thc predominant NNE-5SW folding in the Pendeen-Botallack
arca is continucd to the north as far as St. Ives, where it vecrs to
NE-SW, though the attitude of the axial planes is maintained in dip and
direction.

Lambert (1959) described minor similer and concentric folds in the
Gramscatho Beds at thc mouth of thc Helford River, with two prcdominant
trends, namcly main WSU-INE folds with subsidiary NV-SI cross-folds.
They possess sub-parallel apical planes and a clecovage dippin- to the SSE.
Lambert suggested, on the basis of thc rclationship between the two
systems of folding, that they arc virtuzlly synchronous, and concluded
that the stylc of folding "can be explained by a uni-directional regional
stress acting normal to the apical rlcnes of the folds. '™

In the Perranporth area Cox (1961) illustrated the cxistence in the
killas of LIL-VSW trending folds with axial planes dipping to the S3E.
These arc supplemcntod by NNE-SSW folds with axial planes inclincd to
the WNW.

Sutton (1953) stressed the importance of a study of minor struc-

tures, stating that “the attitudc and form of practically every
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observed small structure can be related to the development of some much
larger fold®. Consequently a correct interpretation of minor structures
is imperative in order to elucidate regional structures.

Barclay (1959) found that the attitude of the minor folds veries con-
siderably in the Tendeen-Botallack area and concluded that the IIIL-SSW
trendin: folds possess a long shallow-dipping WY limb. A shorter,
steeper limb dipping to the ESE is often vertical and sometimes overturned.
To the South of the area the same foldé possess a shallow-dinping limb to
the ESE and an almost vertical limb to the WNW.

Barclay (1959) concluded that if these minor folds can be considered
as drag-folds upon the flanks of major regicnal folds then those in the
Pendeen—Botallack area indicate the existence of a major anticline to the
Fast. This is in agrecement with the hypothesis of Reid & Flett (1907) who
postulated the prescnce of a pre-granite anticline in the country rocks,
trending in a NE-SY direction along the rmain axis of the Land's Ind
Granite.

According to Barclay (1959) NW-SE folds occur only between Carn
Vellan and Portheras Cove. With a longer shallow limb dipping NU and a
short, almost vertical, limb dipping SW these folds may imply the existence
of a major anticline to the SW having a NV-SE axis through Carnyorth and
Spearn Consols lfines. This postulated anticline would coincide with that
which may exist in the western part of the Land's End Granite area and
might concur with the present NW-ST +trending granite crest.

The prececding analysis of minor structures in the Pendeen-Botallack

area corroborate the hypothesis that a major NW-SI trending subsidiary

Crest occurs in the surface of the granite, on the flank of the ND-SW crest,
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with an exis through Carnyorth and Spearn Consols liines. This configura-
tion of the granite svrface at depth is cchoed by the attitude of the
overlying aurcole rocks.
The strike of the aurcole rocks varies according to that of the
granite contact. A comparison of Figs. (24/3) and Qll/l) indicates close
agreement betwecen the attitude of the axial planes of the minor folds and
that of the granitc surface in the vieinity of Geevor liine. The form of
cordierites developed in the greonstone—hornfelsos denotes that they were
probably formed undcr stress conditions which resulted in the formation
of similar minor folds.
It is probable that most of the local folding in the aurcole rocks
of the Fendcen-Botallack arca originated during the period of granitc intrusion
when the stress distribution pattern was as follows: -
(a) The maximum principal stress was approximately horizontal
and was aligned in a IW/-SE direction, locally normal to
the granite surface.

(b) The intermediate principal stress was also horizontal
and aligned in a NE-SW direction. This deccreased in
intensity so that towards the end of the intrusion

period it became the minimum principal stress.

(¢) The minimum principal stress was aligned in & more or
less vertical direction.
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5/3 Jointing in the Granite

(a) Introduetion

o

Compared with the aureole rocks, the granite in the Pendeen-
Botallack area is very badly exposcd. Along the coastlinc it outcrops
at its contact with the killas in Fortherss Cove. Inland, apart from
some float rock on Fortheras, Trewellard, and Carnyorth Commons, there
is only a small outcrop on the summit of Carn Eanes and nearby there
are two miniafture granite quarries. Throughout the area there are no
~ other outcrops large cnough to warrent an cxamination of the joint
patterns. The most continuous exposures are in the workings of Geevor
Mine, but owing to thc effect of blasting on the fracturing of the
granite, care must be exercised in thc statistical measurcment of the
joints.

The origin and form of the joint systems of the Land's End Granite
have been described in a previous section. In the Fendeen-Botallack area
tho flow-lines trend approximately N'-SE, perpendicular to the granite
contact. They are roughly normal to regional SE-dipping cross—joints
and are parallel in trend to the steeply dipping longitudinal joints.
Inclined to the ST at a lesser angle than the regional system arc a series
of local cross-joints vhich frequently contain dykes. Flat-lying, V-
dipping, joints are visible on Carn Janes and along the coast to the north
of Portheras Cove. Superimposed upon the primary joints of the area is a
Secondary conjugate shear system.

Variations from the usual coarsc-grainod, porphyritic Land's End
Granite, G1, arc common, as illustrated in Fig. (17). The Carn Eancs type

has been detected only on the surface wherc it is exposed in outcrops and
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quarries on the Carn. Both the Boscaswell type and the “estern type
have been detected only in the underground workings of Geevor ifine.

The threc variztions of grenite are regarded as local modifications
contemporaneous with, cnd probably produced by contamination of the normal

Geevor type of granite, C They were intruded before the commenccment

1
of jointing in Gl and are cnveloped by the same system of primary joints
as the latter. The differences between Gl and its local modifications

are petrological and not structural. Ileasurements of the joint patterns
were confined to the Carn Panes tyre end the normal Geevor type granites
on the Carn and in CGeevor Minc respectively, and none werc made in the
Boscaswell and Western type granites. The results show th:t the joint
patterns present in the granite on Carn tanes arc typical of the granite
throughout the Fendeen-Botallack area, vhere large scale jointing is
ubiquitous,

Flow lines, in the form of oriented c-axes of porphyritic feldspars,
plunge to the N/ at & low to medium angle which increases tovards the
granite contact. The general trend direction oi the flow-lines is recog-
nizable only by obtaining an overall view of the workings of Geevor Mine
and not by the examination of any one small arca,; for at almost adjecent
localities they may plunge in widely different directions and at variable
inclinations.

Within Gecvor Mine the trend of the flow-lines varics between NW-3T
and E-¥ with & maximum concentration in a YITW-ISE direction. The attitude
of the granite contact in the ine is showm in Fig. (111/1); it possesses
a maximum striking 40/38 NY. The mean trend of the flow-lincs in plan

mekes an acute angle to the North-EFast with the surface outcrop of the



- 183 -

granite contact,

(b) Cross-Joints
A consistent arrangement of regional cross-joints in the Fendeen-

Botallack arce is superimposed upon local, variable cross-joint systems.
Since the general direction of the fiow-lincs in the area is not the same
as that throughout thce NLE-SV axis of the Land's End Granite the local
cross-joints possess a different strike from the regional ones.

As shown in Fig. (32), the overall radius of the granite surface in
a NW-SE vertical section over the total granite outcrop is greater than
that developed locally on the NW and SE flanks, where the dip of the granite
surface increases repidly from about 150 to nearly vertical, Whereas a com-—
plete fan of radiating, regional cross-joints is developed, only an incom-
plete system of inward-dipping, local cross-joints is formed in any one
area along the flank.

The dip of thc rcgional cross-joints is consistently variable but
that of the local cross-joints is dependent upon the local attitude of the
granite surface. Consequently, thec rcgional cross-joints form a fan of a
larger radius than that of the local cross-joints, which arc concentrated
along the granite flanks as shown in Fig. (33). In these arcas the regional
cross-joints possess a higher dip towards the centre of the granitc mass
than do the local cross-joints,

In the vicinity of Geevor Iine the regional cross-joints trend con-
gistently NF-SW whilst the local cross-joints trend WN'-LESE and are more
variable in strike. 'ith an inclination towards the SE, the former verge

towards the vertical whoreas the local cross-—joints possess dips of the
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order of 60°. Cross-jointing is well developed but it does not compare
either in intensity or strength, apart from a few exceptions, with the
later longitudinal and sccondary shear jointing. Regional cross-joints
arc more perfectly developed but less frequent in distribution than the
local ones.,

Carn Danes affords the best location in the immediatc vicinity of
Gecvor HMine for a ctudy of the cross-joints, and the results of plotting
the poles to joints may be observed in the stercogram of Fig. (36/3). The
well developed regional cross-joints are grouped with a strike between

¢° and 66° and possess dips varying between 60° ST and 82° WI.  The
maximum strikes 49/80 CE, which is very nesrly ¥P-SW7, and should be com~
pared with thc attitude of the granitc surface, shown in Fig. (111/1).
Jqually well developed local cross-joints strike between 10° ond 1550,
and dip betwecn 70O 7 and 80° 7. A meximum which strikes 176/85 T or
nearly M-S, should be compared with the attitude of dykes in Geevor
Mine, illustrated in Fig. (37).

The regional cross-joints at Gecvor conform to the mean attitude
throughout the Pendecen-Botellack area, whereas the local cross-joints
on the Carn arc almost vertical, since herc thc granite surface, now
eroded, was horizontal, Towzrds the coastline the angle of dip of the
local cross-joints gradually dccreases.

Variations in the intensity of regional cross-jointing is illus-
trated by comparison with jeinting in the quarry to thc Tast of Carn
Dancs. As shovn in Fig. (36/4), therc is =2 wide spread of joints but
ﬁo concentration of regional cross-joints, although the quarry and the

summit of Carn Dancs ere separated by a distance of only a few hundred
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feet. The slight change in the inclination of the local cross-joints is
evident; they strike between 15° and 172°, dip between 70° 7 anl 82°E,
and ggain possess a vertical maximum striking N=S.

Joint patterns on opposite sides of the larger quarry on Carn Tanes,
shown in Thoto. (31), are illustrated in Figs. (36/1) 2nd (36/2). On one
side of the guarry there is a genercl spread of cross-joints striking
between 10° and 700, with dips varyins between 66° SE and 64° WT. A general
mexima strikes 17/79 NW. On the other side of the quarry there is agaein a
general spread of cross-joints striking between 10° and 700, with a maximum
striking 18/83 17/,

As in the quarry on the north-east flank of the Carn this larger querry
reveals no regional cross-joints, although there is a tendency towards a
concentration striking NE-SW. The two maxima striking 17/79 M7 and 18/83 WV
may be attributed to local cross-joints which dip to the Ny they may
result from a local variation in the dip of the granite surface which is
reflected by the present day topography. It is possible that they have
been accentuated by releasc effects following the formation of later secon-
dary shear joints.

Both regional and local cross-joints are well developed throughout
Geevor HMine. The local Torms arc visibls on all levels and there appears
to he no variation in their intensity with depth. Between Carn Shaft and
Wethered Shaft their average inclination changes from vertical to TSE, and
between Vethered Shaft and the coastline the average dip decreases from
about 85° to 50° to the LST.

Local cross-joints,which are irregular in dip and strike,possess

8lightly curved faces. The regional cross-joints throughout the mine
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are characterized by a ND-SW strike and consistently high dip of 850 to

700 to the SE. Both the regional end local cross—joints provided planes
for movements to accommodatc chenging stresses during later structural
Cpisodes. They frequently bear traces of slickensiding, together with
kaolinization of the adjacent granite:; feztures not associated with their
original formation. A£11 the regional cross-joints, unlike the local ones,
extend beyond the granite contact into the aureocle rocks, where they become
difficult to distinguish from joints related to the folding.

Small dykes end faults commonly occur within Geevor ine, the locations
of some of the more important being indicated in Fig. (31). The dykes rarely
attain a width of more than 15 feet and have an average width of about 5
feet. Consequently, they do not possess their own system of longitudinal
and cross-joints caused by flow of thc dyke magma during intrusion. In-
stead, the dykes reflect the later joint pattern of the host granite and
are thus of value in determining the age relationships of the different
Joint systems.

One of the more importent dykes is the Complex Dyke eoxposcd on
Levels 8, 9 and 10 at the junction of the Coronation Lode, Prospect South,
and Prospeet Fast. It is illustrated in detail in Fig. (65), and in common
with other major dykes it exhibites two main directions upon which there is
locally supgrimposed a2 later secondary shear system.

Fig. (36/7) illustrates jointing in the Complex Dyke on Level 8 where
the joints strike NP-SW and dip both to the N¥ and ST, with a meximum
striking 42/83 W7, A similar distribution of joints occurs in the Dyke
on Level 9, with a spread in strike between 300 and 6009 and on Level 10,

: . o o - . . .
where it varies between 30 and 76 . These joints, which coincide in
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Strike and in character with the regional cross-joints of the granite,
display only slight local varistions in their direction of dip.

The Complex Dyke strikes approximately NI-SW and occupies & fissure
originally developed as a regional cross-joint. It reflects the surround-
ing system of regional, but not local cross-joints. 1ost of the other
major dykes, such as the Main Central Tyke shown in Photo. (82), occupy
fissures which coincide in strike direction with the local cross-joints,
and reflect the attitude of both the regional and local joints in the host
granite. It is cvident that the local cross-joints formed bhelore those of
the regional system, and hence wvere more amenable to infilling by magma of
the fine-graincd dykes. Thc cross-joints (and longitudinal jeints) were
the fir:t to be formed during the consolidation of the granite magma. As
consolidation of tho upper arch progressed the radius of the arching effect
increased and the formation of regional cross-—joints commenced, concomitant-
ly there werc less frequent injections of dyke megma from greater depths.
Although the intensity of jointing diminished progressively with time, those
formed in the later stages were longer and more regular in extent, both
vertically and laterally. Fig. (37) indicates the results of plotting the
poles to the dykes, This reveals a N-S local system with a relatively low
dip, and a NE-SY system dipping at about 800, with a greater concentration
of dykes around the former.

Well-developed local and regional granite cross-joints are visible
on the coast to the North of Portheras Cove, but examples from the Pendeen-
Botallack area arc lacking due to the absence of exposures. Another
locality which displays a similar development of joints, illustrated in

Photos. (35-39) iz the Castle-an-Dinas Quarry, situated within the fine-
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grained granite, G2’ and a further example is provided by Newmill Quarry
where local and regional cross—-joints in G1 are developed, as illustrated
in Photos. (33-34).
(¢) Flet-lying Joints
Well formed, flat-lying granitc joints are visible at Tortheras

Cove cndson Carn Danes in the immediste vicinity of Gecvor Iine. Re-
Tlecting both the configuration of the now-denuded granite roof and the
attitude of the erosional surface, they dip consistently at low angles to
the MW. On Carn Eancs flat-lying joints, shown in Photo. (18), rcflect
the local grsnite roof by dipping NWW. Poles to the joints are plotted
in Fig. (36/3), vhich indicates thet their dip varies between 5° and 20°,

In the querry on Carn Eanes the flat-lying joints, as shown in Photo.
(31), appezr to be progressivcly less extensively dev:loped at increasing -
depth below the ground surface. As illustrated in Fig. (36/2,4), thoy tend
to mirror the local erosional surface rather than the original granite roof,
by dipping between North and Iast at from 50 to 250.

With the exception of the small exposurc on Carn ZSoncs the flat-

N

lying joints arc imperfectly dcveloped in comparison with the other primary
granite joints. In Geevor Minc infrequent, well-formed, flet-lying
Joints dip NE at between 150 to 300, Therc is no evidence to suggest
that the density of the flat-lying granite jointing increcases tow.rds the
granite surface vhere it is accessible in the underground workings.,

Recent development on the Grenfell Lode on Level 10 (West) has dis-
closed the presence of two closely spaced dykes, illustrated in Thoto.
(84), which occupy flat-lying joints., These dykes are also visible in the

drive on the Prospecct betwecn the 'D' Lode cnd Coronation Lode on the

same level.



They are exposed over a strike distance of about 500 feet and have a dip
of about 250 to the W, thus showing a closer relationship to the attitude
of the overlying granite roof than do the joints developed on the surface
on Carn Eanes.

Judging by the primary tourmaline content and other petrological
features of the dykes, the joints they occupy were probably opened at a
late stage during the formation of the primary joint system; pene-
contemporaneously with the infilling of the regional cross-joints and
longitudinal joints. Their opening probably resulted from 3 relaxation
of the principal stresses which operated during the emplacement and con-
solidation of the granite magnma.

(d) Longitudinal Joints

Longitudinal joints are the most prominent of the primary granite
systems in the Pendeen-Botallack area. They are theoretically aligned
parallel to the flow-lines and normal to the local cross-joints. In the
granite cliffs to the North of Portheras Cove they are closely spaced at
intercals of 1?2 to 18 inches apart and maintain 2 constent strike and a
dip of 70° to 80° to the SW. Their general NW-SE strike is continued
throughout the arca, but their direction of dip, although constant in the
immediate vicinity of Geevor liine, cannot always be ascertained with
certainty.

They possess throughout Geevor liine a constant intensity of develop-
ment which is continued both laterally and in depth. W%ith a cleaner
fracture the longitudinal joints tend to be straighter and more regular

in dip and strike than any other comparable joints. They were frequently



- 190 -

Subjected to movement during the immediate post-consolidation stage

of the granite intrusion. Rencwed stress directed horizontally in a
NW-SE direction resulted in the forrmation of a secondary conjugate

shear system throughout the area. In the manner described by Firman
(1960) the stress was accommodated whenever possible by the disloca-

tion of pre-existing longitudinal joints. The secondary system was per-
fectly developed only when the stress could not be relicved by movement
within the already fractured ground, owing cither to the absence of suf-
ficiently developed joint planes or their unsuitable orientation. In
most of the Gecvor liine area displacement occurred along the longitudinal
joints in such a way that they became equivalent to one of the complemen-—
tary sets of the conjugate system.

Later vertical ond oblique movements along the longitudinal joints
also took place during the mincralization stages. Adjacent to the lodes
the joints are often surrounded by reddcned or greisenized grenite, -as
shown in Photos. (43, 56 and 84). The dislocations and the accompanying
alteration of the granite wall-rock have obliterated most of the evidence,
such as that described by Roberts (1960) and Hodgson (1$61), which might
indicatc the original primary or secondary origin of the joints.

Barclay (1959) presentcd the results of joint measurements on Carn
Clough and Carn Gloose and around Iriest's and Fortheras Coves. In each
area there is a strike variation between E-W and WW-SE due to a multitude
of longitudinal and secondary joints. Although the longitudinal joints in
the Pendecen-Botallack area vary between the limits indicated by Barclay
(i959), in Geevor Mine they usually possess a strike of 110O to 1250, with

& high dip to the S¥ of betwcen 60° and 80°,
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Since most of the primary granite joints werc subjected to many
later movements, cach of which tended to destroy the cvidcnce of
Previous movements and of their original formation, the maintinance of
a constant strike and dip by the longitudinal joints throughout the
Geevor line area is a most important clue, together with their relation-
ship to the flow-lines and primery cross-joints; to their identificationm.

Their average strike and dip may bc determined in the major x-cuts,
outside the minerazlized areas where they may be readily distinguished

from the secondary joints. Blscvhere they may be identified

by their regular strike and dip. The secondary joints have a tendency
on both a large and small scale to curve noticeably in strike.

o~

In the vicinity of the mincecralized areas thcre appears to be a
greater intensity of sccondary jointing, as indicated by the meesurements
on Carn Danes which are illustratcd in Figs. (36/1-4).

Cn the Carn the longitudinal joints, which often form the quarry walls
as shown in Fhoto. (31),strike approximately Dast-Yest. At the four lo-
calities studied the mexima occur at 101/75 SW, 105/74 Sy 08/68 SV, and
98/70 SW, normal to the local cross-joints. In each case the longitudinal
joints provide onc of the complementary sct of fissures in the later secon-
dary shcar system. Purther west in the workings of Geevor IMine thc longi-
tudinal joints tend to adopt & morc WI-ISE strike, varying boticen 110°
and 125°.

Narrowv, steeply-inclined dy%es occasionally infill the longitudinal
‘joints. One was recently disclosed, as showmn in Fhoto. (83), on the
Grenfell Lode. A further example, illustrated in Fig. (53), is a small

dyke, very variablc in strike and dip, exposed in the Prospect South for



several hundred feet.

Such dykes normelly possess an individual joint pattern which echoes
that of the surrounding granite. Thc Complex Dyke, however, possesses
on Levels 8, 9 and 10 longitudinal joint maxima of 121/73 SW, 100/73 sW,
and 120/80 SW as shovn in Figs. (36/7, 8, 9) respectively.

The relative paucity of dykes associzted with longitudinal joints
may be indicative of their latc development compared with the other
primary joints. Such dykes are tynically tourmaline-rich, as illustrated
in Photos. (82) and (83): owing to their reletive scarcity they have not
been included in the measurements presented in Fig. (37). Alternatively,
the longitudinal joints may have been formed at the samc time as the local
and regional cross-joints, but the prevailing stress distribution preventoed

their dilation and conscquent infilling by dyke magma.

(¢) Secondary  Joints
Upon consolidation of the granitc in the Fendeen-Botallack area

it possessed local and regional cross-joints and longitudinal joints.
These werc infillcd to varying degrecs with dyke magma, the composition of
which may indicatc the relative age of the joints and/or their infilling.

The discontinuous ascent in time of the dykc msgma denotes an inter-
mittent and variably directed relaxation in the ctresses which operated
during the intrusion and consolidation stages. No regional stress such
as that responsible for the intrusion of the South-Western granite could
be expected either to diminish gradually over o considerablc time or to
decrease suddenly over an cxtensive region. The regional stresses ac-
companying the granitc intrusion gradually ceased, but doubtless there

were frequent local resurgences and the intermittent relaxation was not
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equal in all directions.

Rejuvenation of the maximum principal stress, aligned horizontally
in a NW-ST direction, resulted in the creation of &a secondary joint
y

pattern within both the granite and the country rocks. Williams (1959)

/

demonstrated the reactivation of existing fractures by chinges in a
stress system, the stress resurgence being accommodated in part by move-
ment along pre-existing joints. A multitude of assorted joints and
fissures were alrecady present in the zureole rocks as a result of folding
and granite intrusion, so that the secondery system was only partizlly
developed outside the granite.

During the granite intrusion and consolidation stages the moximum
and intermediate rrincipal stresses, Pl and PQ respectively, were aligned,
with local variations, horizontally wita Pl in a NV-SE direction. As
consolidation progressed and the vapour pressurc of thc underlying, con-

centrating volatiles increased, the resulting vertical upward pressure

became more effective. The direction of P. was maintained but the rela-

[ ==

]

tive intensity of the previous intermediate and mimimum stresses was
reversed, resulting in the intcrmediate principal stress, PE’ being
aligned in a vertical dirsction and the minimum principal stress, P3
in a horizontel NE-SW direction.

Being the more brittle rock type the granite was easily fracturcd
by the secondary system. Only the ESE-"T" trending longitudinal granite
joints were suitably aligned to accommodate by selective movement some
of the stress, and they therefore formed one of the complementary scts
of the conjugatc shear system. The siress, P2, resulting from the

increased vapour pressure, was directed away from the granite centre
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and approximately normal to the mejor arch of thc granitc surfacc.

Both the strike and the dip of thc pre-cxisting longitudinal joints
influenced the disposition of the other complementary set of shecar
fractures. Since ?1 was aligned in a W-3T direction the sets of con-
jugate joints adopted = strike of approximately IESE-NY (equivalent to
the longitudinal joints) and MN7-SSE. Their direction of dip is gener-
ally south-vestwards at inclinations of betwecn 500 and vertical, though
variations are common, especially in thc dip of the NNW-35F set which

is often to the NE and which characteristicnlly possesczes very few dykes.

The secondary system of joints cannot be classified as primary dia-
gonal joints since, according to Balk's (1937) definition, they should be
aligned in such a manner that the direction of the flow-lines bisccts the
acute angle between them. However this is not the case here,; where the
bisector and thc flow-lines arc aligned in a NVSEand ESE-VNV dircction
respectively.

Barclay (1959) rccognized the effect of a later post-consolidation
stress in thc Pendcen-Botallack area, but confused the primary granite
cross-joints and thc later sccondary joints. He considercd that the
maximum principal stress was directed in a IE-37 direction and procecded
to analyse 211 the joints in the gre-ite and aureole rocks on this
assumption.

The resulis of the later resurgence of stress upon the pre-cxisting
primary joint system are illustrated diagrammatically in Figs. (3¢/1-4).
There is a general sprecad of joints between M-S and E-¥, through NI-37.
By applying the principles of Anderson (1942), illustrated in Fig. (41),

the determination of the three principal stresses operating during the
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formation of the secondary joints may be effected graphically in the
manner described by Phillips (1954).

The joint measurcments on Carn IZancs illustratcd in Figs. (36/1,2)

were combined and analyscd graphicelly as shown in Fig. (42/2). One set
of the complementary conjugate shears is reprcsented by the longitudinal
joints, and the other more stceply inclined set was crezted with an average
strike of WTW-SST, Denoting the maximum, intermediate, end minimum princi-

pal stress by P19 PZ and PB respectively, the following results wore ob-
tained from the analyscs presented as TFig. (42/2) and from an additional
analysis (not shown) on a further set of joint measurcments:-

Py ~ 128/15 W% P, - 176/68 S, Py = 43/17 NE, and

Py - 126/13 1V F, - 177/10's, P, - 40/15 NE.

(N.B. A stress directed in the dircction of 1450 and plunging
to the N7 ot on inclination of 25° is represented as

145/25 N7.)

This stress distribution resulted in the formation of some tension
joints, as shown in Fig. (54), ond thc dilation of pre-existing joints
trending NW-SE in the direction of ?1, The corresponding mexime are
apparent in Figs. (35/1,2).

The granite joint pottorn a2t the Castlc-an-Dinas Quarry was graphi-
cally analysecd, as shown in Fig. (42/1), and yielded the following deter-
minations of the »nrincipal stresses:

P, - 116/18 Wi, P, - 126/73 SE, By = 27/3 WE

Theoretically, the planes of maximum shear arc aligncd so that the
maximum principal stress, Fy, bisects the angle of 900 between them.
Hubbert (1951) demonstrated thot in prectice this engle is reduced to

between 60O and 700 by a factor depending upon the internal friction of
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the rock, in which casc it becomes cquivalent to (90O - $), with é
approximating to the angle of internal friction averaging cbout 300 to
35 A correct measurcment of 4 may only be obitained undcr laboratory
conditions since it varies according to the composition, texture; and
degrce of compaction of the rock.

When the rock undergoing stress is already fractured as a result of
previous differently oricnted stresses, any cstimation of 4 is rendered
very inaccurats. However, tvo scparate estimates of 4 for the granite
were obtained grephicallys: they were 317 and 3509 vhich are within the

limits that would be expected for such = rock type under idcal conditions.
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5/4 Jointing in the Country Rbcks

There are two main fold dircctions in the country rocks of the
Pendeen-Botallack area., One trends between INE-WSW and NNI-SSW with
a mean direction of NE-SW, and the other trends approximately IT7-SE.
Both possess associzted longitudinal (crest) and cross-joints, formed
in the manner outlined by Badgley (1959) and De Sitter (1956). The
economic importance of such fractures was described by Balk (1936) and
Wisser (1960). IMinor vertical and inclined, diagonal she:r joints and
other features were most probably formed during the folding stage, and
if 2nd order folds were developed they had subordinate related joints.

Better understanding of the major folding would probably allow
closer correlation between the joint patterns and the mzjor structures,
but at present their relationship is obscure and an account of the
jointing must be confined to a description of the distribution and
orientation of the major joint patterns.

The longitudinal and cross joints associated with folding before
and during grenite intrusion were supplemented and complicated by small
conjugate shear faults, thrusts, and extensions of the regional granite
cross—joints. Ixamination of the granite contact underground suggests
that the longitudinal and local cross-joints probably did not extend
into the aurcole rocks, but their wide variation in attitude and coinei-
dence in strike with previously developed joints in the country rocks
renders their identification impossible out of sight of the contact.

All the aurcole rocks in the area have well developed joint
systems on every scale. Around Pendeen Watch the denudation of the

cliffs is controlled by the fracture pattern which is emphasized both
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by the exposed lodes and the joints, the character of the latter being
illustrated in Photoss (29) and (30). To the south and throughout the
area the effect of major NW-SE joints and lode fissures is apparent in

the coast erosion. Zawns are frcquently thce result of selective under-
cutting along a pronounced fracturs, as excmplified in Fhotos. (19) and
(20). Above Levant lMinc a strong jointing is developed in the cliffs as
shown in Photo. (5). 1ithin the grecnstone series the fractures are often
infilled with a2 variety of minerals, including axinite, actinolite and
tourmaline,

The coastline, from the Avarack to De Narrow Zavm, may be divided into
five zones in each of which the distribution of joints in the country rocks
was meesured, the results being shown in Figs. (40/1~5). Two major joint
directions are present; one trends between NNE-SSV and EINE-WSW with a mean
strike of NT-SW, and the other trends between NNV-3SE and "1M-ESE with a mean
of W'/-5L.

Referencc to Figs. (H) and (40/1) indicates that from the Avarack to
Trewellard Zawvm there is a greater tendency towards the formation of the
ENE-WSW joints, whereas this proclivity is slowly reversed in passing south.
The effect is illustratcd by Fig. (40/5), which shows the joint patterns
developed between “heul Cock Zavm and De 1larrow Zawn where the NTW-SSE
joints agrce in strike direction with the tin-copper lodcs showm in Fig.
(H), and with 2 partly overturncd fold along the pathway above the Crovms
Engine Housc.

Joint distributions in the two most northerly and southerly zones
were measured separately in the killas and greenstonc, as showm in Figs.

(35/1) and (35/2). Between the Avarsck and Trewellard Zawvn the killas
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and sheared pillow lavas of the greenstone series possess two major
joint patterns which are common to cach rock type. Steep II~SI joints
dipping on either side of the vertical possess maxima of 110/78 SW and
135/87 SW in the greenstone and killas respectively. A major set of
SE-dipping joints trends approximately NE-SV with maxima of 64/62 SE
and 57/60 SE.

In addition to the wide spread of joints which is common to both
rocks, the greenstone possesses a major set of LNE-WSW joints, with a
maximum of 77/85 N¥W, which is sntirely unrepresented in the killas.
There is, therefore, a marked localized variation in the joint and
fracture formation between the killas and the greenstone series. The
extra set of joints in the greenstone is unrelated in orientation to
any of the tin-copper lodes, as shown in Fig. (H).

The joint distribution bLetween De Nerrow Zawn and Zawn a Bal for
the greenstone hornfelses and killas is shown by Figs. (35/3) end (35/4)
respectively. Both rock types, in common with those in the Avarack-
Trewellard Zavm area, possess a major SE-dipping joint system with
maxima of 61/66 SE and 75/62 ST for the greenstone and killas respectively.
Although the N7-SE joints are not represented to the same extent as in
the northern area there is again a marked difference between the joint
ratterns developed in the killas and the greenstone.

No dykes associated with the granite are visible in the northern
half of the Pendeen-Botallack area. To the south there is a tendency
fof narrow, fine-grained granite and aplite dykes with a variable dip
and 2 width of only a few inches to be developed along "NW-LSE and V-E

directions - approximately normal to the granite contact.



Barclay (1959) measured the joint distribution in the country rocks
from Pendeen to Kenidjack and recognized the development of the SI-
dipping, NE-SW joints in the killas and greenstone. By measuring the
parting and flat-lying joints he demonstrated the prevailing N7-5Y
strike and the dip of 200 to 300 to the NV of the aurcole rocks.

Fig. (35/5) indicates the distribution throughout the Pendeen-
Botallack area of selected joints which have beer subjected to a slight
amount of movement and infilling. “'hereas the NW-SE joints vwere disle-
cated and enlarged, the SE-dirping, NE-3W joint set was relatively un-
affected. Disgplacements along pre-cxisting joints, and the creation of
new fractures, during the granite consolidation stage are evident. The
resurgence of stress after the completion of consolidation resulted in
the partial formation of a system of conjugate shear joints, which are
more perfectly developed as seccndary joints in the granite. This con-
jugate systom, and its localized variablc and partial development,
yielded a wide spread of joints in the INV-SE direction.

Graphical determinations of the resurgent principal stress orienta-
tion, resulting in the formation of conjugate shear joints in the country
rocks, may bec made either from & large number of joint mesurements taken
throughout the whole area or from the selective measurement of a small
number made in a restricted area. All thc joints measured and presented
in the form of Pigs. (35/1-5) and (40/1-5) werc combined by the present
writer and analysed as shown in Fig. (42/3). This resulted in the de-
termination of the three principal stresses as follows: -

P, - 118/28 1, Py = 155/56 SE, Py

The above results, together with thosc obtained by the analyses of

- 38/18 uE.
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selected joint measurements over small areas, are summarized in Fig.
(45/2). Comparison may be made with the results of stiress distribution
determinctions on the secondary granite joints, shown in Fig. (45/3).
Similar determinziions of the stress orientation in the country rocks
during the folding and granitc intrusion stage are illustrated in

Fig. (45/1).

Certain general comparisons m2y be made between the joint patterns
in the granitc anc eurcole rocks, each possessing a major system which
trends approximately NE-SW and dips to the SE. Those in the country
rocks may represent extcnsions of the regional cross-joints of the
granite, which decrcase in dip in passing to the WW. The local cross-
joints or longitudinal joints in the granite do not extend into the
aureole rocks. Sccondary joints; resulting from the same stress distri-
bution, and contemporanecous with those in the granite are developed to
a lesser extent in the country rocke. In the latter there is a wider
spread of M/-5E joints and fractures which are unclassified on the
basis of their origin but provide a broa=d continuation to the longidu-
dinal and secondary joints in the granitc. The general SV dip of the

Jjointsis maintained with greater local variations.
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5/5 Summary of the Pre-Mineralization Structures

The structures in the Pendeen-Botallack arca before the tectonic
stages leading to mincralization did not greatly differ, from those of
the present day. Lying on the N flank of the main NE-SW trending
Land's End Granitc crest, the arca is divided by the axis of a major
NV-SE trending crest, the limits of which lie approximately at llorvah
and at a point to the South of Capc Jornwall,

Each of thesc tvo main features i3 suprlemented respectively by
additional NI- and NV-trending crests on the surface. Where the
granite surface plunges steeply to the IV under the aureole rocks the
subsidiary NW-trending crests are visible as oriented undulations, as
shown in Figs. (H), (21) and (116),A Purther inland, where the now-
eroded granite surfacc flattened they were probably mors pronounced
and 2re now partially reflected by the present day topograrhy. Cimilarly,
the subsidiary D~trending crests on thc stceply plunging granitc surface,
appear as slight steps, as showm in Figs. (11), (23) and (113). Inlend
they probably rcsulted in alternate sicep and gradual slopes on the NV
flank of the Granite.

With a strike of between TNE-WSW cnd NNE-SSW, the country rocks dip
Off the granitec flank at about 30° o the ¥¥. Their attitude is moulded
to a certain extent upon the granitc surface snd they were nrobably
8rched considerably, as shown in Fig. (115), during intrusion of +he
granite. Iliinor folds in the aureole rocks trend approximately NI-SW
"and NW-SE,

In examining the Gesvor lline arca it is convenient to consider

Separately the joints in the granite and those in the country rocks.
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In the granite the major joint systems, and their characteristics, are
as follows:~
o s NSS! . A4 A 0 0

(a) Local cross-joints trend I¥E-3SW and dip at 50 to 85
They are quite common, modcrately well developed, have a
variable cirike and dip, and often contein dykes.

(b) Regional cross-joints trend NE-SW and dip at about 807 SI
They are few in number, but are very well developed end con-
stant in dip and strike.

(c) Longitudinal joints trend approximetely ESE-VIY and dip at

o oJ—
60" to 80~ SW. They are very numerous, well forned, end
characteristic.lly bectter developed nesr the granite contact.

i}

(d) Therc are two complementary sets of secondary joints; one
: 15 ESE W snd Adms gt E0° ks G0° O, while
trends ISE WM and dips at 50 to 90 SW, while the other
trends NNG-SSW and has a nigh dip to the SV or NI. Both
scts are numerous and wcll developed.

Vithin the country rocks the mein joint systems are as follows: -

(a) & major set trends between NE-3V and ENE-WSY with g fairly

®
constant dip of 60 to 05 SI; these joints are well
developed but are not the most abundant oncs.

(b) A dominant N7-SI! set of joints dips on cither side of the
vortical, but mainly to the SW. This set is supplemented
by a plexus of joints of different origins, trending be-
tween IMMV-SS0 and WNW-3SD with - variable dip directions

and marked local variations in their intensity of

development.
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5/6 Mineralization

"Many of the mining districts of Cornwall efford more employaent, and
yield greater mincral riches then thet of Seint Just; but in its well-
displayed junctions of granite and slate, its veins of granite, of
rare and curious earthy minerals, and of metallic ores, its widely znd
singularly situeted mines, and its bold and romantic cliffs, it is
surpassed by none of them in interest and importance."

.. .Henwood (1843)

(a) Introduction

The general mineralization characteristics of the St. Just district, of
which the Fendeen-Botallack arca is a part, havc been described in o previous
S€ction, Since the only accessible workings in the leatter ares zre those of
Geevor Tin iine it is ilapossible to supplement the descriptive informetion re-
garding the minerslization, beyond that already supplied by Henwood (18&3)?
Reid & Flett (1907), Collins (1912) and Dines (1956), =nd by the additional
Papers and reports listed in the References and previously summarized in
Section 4/2.

The locations of the St. Just mining setts in 1863 are shown in Fig,
(13) which diagrammatically indicates the position of the mejor known lodes.
They are shown in greater detail in Fig. (E) which is a reproduction of a
Map by Symons (1857), and Fig. (11) shows the position of the lodes of the
St. Just district as they were known and mapped by the Geological Survey
at the beginning of the 20th century.

Fig. (D), a copy of an undated prospectus illustration, indicates the lodes
and setts of the northern helf of the Pendeen-Botallack arca, parts of which
&re also shown in Figs. (16A) and (C). The inferred position and lateral

“Xtension of many of the lodes was slightly imeginative and some were no
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Gore than isolated outcrops graphically extended along the line of strike.

However, the history of Geevor Tin Mines Ltd., has demonstrated that even

if the reputed location and extent of the lodes were somewhat fictitious,

their representation on these ancient plans does indicate the existence of

Major lodes, not necessarily identical to those shown,in the imnediate vicinity.
Underground workings, of which reasonably detailed plans are availeble,

are indicated in Fig. (). A discrepancy is i.unediately evident between

the lodes accurately located, especially in extent, by the surveyed workings

and those illustrated diagrammatically in the older plans. This applies

Not only to the Geevor and North Levant iines setts but especially to the

area N,L, of Geevor uine, any of these unconfirned lodes, which are more

Prevalent in the inland areas, were developed along, and possibly above, the

adit levels only, the workings being classified as old and discussed long

before 1900.

(b) Individual .idnes

The Northern linit of the Pendeen-Botallack area is defined by the
Pendeen Great Lode, depicted in Fig. (D), which was encountered in the
Workings of the Pendeen Consols Mine, shown in Pig. (26). Only the Southern
w°rkings, which were on a North-South tin-copper lode, are shown in Fig. (H).
They extend southwards through the area of Hodgsonia (or ilain) Shaft and
Stewart 'g (or Steuart) Shaft into the Boscaswell sett where most of the
development‘was concentrated, as shown in Fig. (H), upon the ilain Lode, which
actually consists of at least two or three structurally individual lodes.

A certain lack of agreeanent, probably resulting from different dates of
construction, is evldent between the longitudinal section of the Main Lode

Shown ip Fig. (87) and the detailed mine plan shown in Fig. (I), especially
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OVer the deeper workings in the vicinity of Treweek's Shaft.

An additional undated plan, presented as Fig. (15), indicates numerous
lodes, some of which are shown in Fig. (D). /4 large number undoubtedly
€xist in this extensive sett, although they are localized in Fig. (H) amerely
from the position of several ventilation shafts and isolated workings.
DeVelopment on the line of the Boscaswell .ain Lode extended S..7. as Wheal
Powell into the area shown in Fig. (E). To the north of the latter the
Teéputed S.E. extensions of the Bridgework and Bill Lodes, previously developed
from the Boscaswell Guide north of the Boscaswell iiain Lode, werc exploited
in Wheal Hearle, which attained a depth of 120 fus.

The arca to the south of the Boscaswell ilain Lode is occupied by
Geevor iline, the workings (1961) of which are shown in greater detail in Fig.
(G)- Development commenced from Carn Shaft and extended to the West via
Wethered Shaft, as shown in Figs. (16) and (J). Workings in the adjacent
North Levant iine, which is now included in the Geevor sett, are shown in
detail in Fig. (F), and longitudinal sections through some of the lodes are
Provided in figs. (86A) and (86B).

To the West of Geevor wmine and extending beneath the sea for one aile,
&8 shown in Fig. (), are the workings of Levent .ine, the history and main
lodes of which were described by Reid & Flett (1907), Oats (1920) and Dines
(1956)- Its Lastern section is in two parts. That to the north consists
of substaﬁtial driving on the Levent North Lode which now extends, as shown
in Pigs, (H) and (23), below the workings of the Geevor No. 2 Branch Lode,
"ith which it is almost certainly equivalent.

The Southern section comprises workings onthe South, 01d Bal and Bos-

eregan Lodes, and continues via the Guide Lode on the adit and 15 fm. levels,
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as indicated in Fig. (24), into the workings of Cpearn Consols :iine. Like
the Boscaswell Hain Lodc, end the lodes of Geevor and North Levant lines, the
Principal lode of this propecrty is situated entirely in the granite. It
differs fron the Pendecn Consols .ain Lode, which wes developed equally within
the granite and the killas, end from the lodes of Levant .iine, the economic
Portions of which were confined almost entirecly to thc country rocks.
Carnyorth .iine to the Scuth of Spearn Consols siine, is also wholly in
situated was
the grenite but the wincrelized zone in which it wes/worked in the country
Tocks to the N.i. at Wheal Cock. This property, together with Crowns and
Parknoweth Jines, was cventually incorporated into Botellack ..ine, which lies
%o the south and embraccs lodes worked in both the granite and the country
Focks, Levent and Botallack .iines, which extcnd for considereble distances
beneath the sea, comprise two of the most feouous properties in West Cornwall.
A longitudinel section through Botallack sin¢ and along the Crowns, Wheal
Hezard, ang Chycornish Lodes, shown in Fig. (25), indicates the Boscawen
Diagonay Shaft, the location of which is illustrated in Photo. (6).

Nith few exceptions most of the aines in the earee were abandoned before
the ope€ning of the 20th century, the approxiucte dates of closure, or last
“ajor production, of the principel properties being as follows:
ebout 1870 ) with later unsuccessful atteapts

) to re-open the properties jointly.
ebout 1875 )

Pendecn Consols

Boscaswell Downs

East Boscaswell - zbout 1875

Geevor - still working

North Levent - about 1890

Levant - 1930, after the .an-engine disaster of 1919

rendered the lower levels inaccessible.,

e Spearn Consols - 1878
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Wheal Cock - amalganated wlth Botalloeck .dine 1841 ) Closed around
Cernyorth iine - " H " 1866 ) the 1890's.
Parknoweth .ine - " " . " 1875 )

Crowns liine - )

E£n ettempt &t re-working Botallack .inec, by sinking Allen's shaft,
ended unsuccessfully in 1914.

It is significant that during the period around 1875 the price of

black tin sank to its lowest figure of £35 per ton.

(0) Regional Mineral Zoning

"The best portions of the veins have, with increasing depth, to
be sought for an increasing distance froa the shore....."

Jarrington Smyth (186L).

Many ancient mining meps of the Pendeen-Botallcock areca distinguished
between tin, tin-copper and copper lodes. This differentiation, although
Mmade by Symons (1857), is not evident in Fig. (&) owing to its method of
Teproduction, but Fig. (C) shows part of Sy.ons' mep and the distinction is
there apparent. Unfortunately, the lodes arc not on comparable horizons
and consequently no relisble interprctation of .aineral zoning may be made.

¥hen Syanons' map was published the relative economic iaportance of
tin ang copper was rapidly changing. At the beginning of the 19th century
Copper was ore in demand than tin, whereas in the latter half of the century
the position was reversed. That may now be regordcd as an ¢conomic tin lode
with o high copper content, mey have been asscssed around 1857 as a tin-
COpper lode or as a copper lode from which tin was obteined as o useful
by-product,

The only section through any old .ine workings in the area which
distinguishcs between stopecs for tin and copper is that of Pendeen Consols

Mlne; shown in Fig. (26). The granite contact, the position of which is
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not known accurately and hence not indicated, dividcs the copper stopes in
the killas from the tin stopes in the granite.

0ld recports and plans indicate a general tendency for the tin and
tin-copper lodcs to be distributed throughout both the granite and the
Country rocks, and for the copper lodes to occur only in the latter.
Any division between copper and tin ground was normally less well defined
than in the case of Pendeen Consols : ine. Certainly the widespread existence
of lodes so productive in tin justifies thc application of the ter.a 'tin zone'
to the whole area in which the lodes were cxploited. In many lodes sufficient
Copper cxisted to warrant their exploitation for that metal alone without
the assistance of tin as a by-product, so that the copper zone appears
to be partially supecri.posed upon the tin zone.

4 1little lead is reported to nave been mined in the vicinity of
Pendeen Jatch, and Fig. (D) indicatcs thc position of the reputed lead-silver
lode on which a small shaft was sunk near the coastline, Other prospectus
Plans (not reproduced) indicote the cxistence of edditional MW-SE lodes
Outeropping along thc coast betwecn Pendeen Lighthousc and the Averack, but
they appear to be devoid of all sulphide minerelization and their exact
Spatial relationship to the surrounding tin-copper lodes is unknown. Many
Plans eng reports refer to iron lodcs which, by coaperison with the North
Levant Lode in Geevor Mine, featured in Photos. (66) and (68), arc equivalent
to the guides normally occurring in the granite.

The tin zonec may be graphically delineated in section by connecting
the respective upper and lower limits of stoping in adjacent lodes. In so

dolng, however, the following sources of error are ignored:
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(a) The lodecs may not have been exploited to their full vertical
economic extent.

(b) There were variations in cut-off grade for tin stopes in
individual minecs.

(c) Fluctuations in the market price of tin resulted in changes
over the years of the cut-off grade of tin stopes.

(d) Some of thc stopes, especially at thc top of the zone, may
have been for copper alone.

(e) Substantial auounts of copper in the tin stopes may have
rcndered the lode workable, whercas without copper as a by-

product the lode may have becn below cconomic grade.

Dines' (1956) longitudinal section through Levant and Geevor ilines,
here brought up to date (1960) and included as Fig. (23), denotes the zone
of cconomic tin mineralization. Its upper and lower liaits and its gradual
downward inclinatioq}gho MY at an angle of about 15° are indicated in Fig.
(114). Within this zone both tin and copper were mined, separately or
t°8€thcr, from the lodes of Levant fine, and an exaaplc has been reccntly
Provided by off-shore work over the 'AQ Backs' shown in Fig. (142). Here,
& rich bunch of copper ore was reputed to have been followed too near the
S€a-bed, but specimens fro.a the outcrop of the lode at this locality possessecd
& very high cassiterite content.

This NV zoning is evident throughout the whole of the St. Just district,
&8 demonstratcd by the increasing depth of mine workings towards the sea.

Another form of widespreal zoning results in variations in dcpth of the zone

of ¢ s : ; . : . .
' economic tin mineralization along a NE-SV line, approximetely normel to
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the average lode dircction. Fig. (19) shows diagraanetically the lodes of
the Pendeen-Botallack area, and transversc sections along the lines ¢-f, c-d
and a-b are shown in Figs. (20), (21) and (22) respectively.

Fig, (20) provides a vertical section entircly in the grenite through
the Stennack Shaft of North Levant liinc. By making thc assuuaptions outlined
&bove and noting that the jethered and Sorcholc Lode have now (1962) been
developcd down to Level 13, with mincralization of the lattcr wmost probably
boing econowic on Level 14, & very pronounccd erch in the tin zone is defined by
the generally SV-dipping lodcs. It is significant that the axis of this crch
€xtends through Spearn Consols iiine coincident with the axis of the major Ni-SE
granite crest,

The saane arch effect is depicted in the NE-SN transverse scction, shown
in Fig. (21), through the ilan-Enginc Shaft of Lovant iine.  Although the
Une of scction distorts the truc outline of the granitc surface to the NE
of Levant Minec, the coincidence between the axis of the arch and that of the
NV-SE granitc crest to the South of Levent fine is repeated.  Fig. (22) provides
& NE-Si section cntircly in the country rocks through the 0ld Submerine Shaft
of Levant Jlinc, and the change in the attitude of thc lodes, dipping to both
the NE ang SV, is apparent. Although the zoning arch is prescrved in the
country rocks the radius of curvature of its upper and lower liamits is
decrcased,  This mey partially result from the prescnce of significant addi-
tional copper oru, especially over the ccntrc of the grenite arch which,
although not visible in this scetion still appcars to exert an influence upon
the mincralization, as testified by the cohtinucd arched effect.

The zonc of economic tin mineralizationwith its upper and lower limits

s further illustrated in Fig, (118). It possesses an average vertical extent
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of the order of 1,000 ft. Below the zone thc lodes are completely uneconomic,
but above they mey possess relatively high copper contents despite the paucity
of tin,

Sufficient space, hitherto not penctratcd by exploratory mine develop-
aent, as shown in Fig. (23), exists in the¢ country rocks for a copper zone to
Occur, pcrhaps scparated from the tin zone by onc of impoverishment, A
tin zone normelly underlies a copper zone only when the granite is directly
underneath, so that if the tin zone is alrcady proved, as in this case, then
& copper zone most probably lies above it. The high copper content of some
Of the lodes, corroberated by the copper production records of Levant Mine,
Suggests that a coppoer zone was telescoped into the tin zone. Inland the
entire copper zone, if one existcd, is assumed to have been romoved by crosion.
Future work to the NE of Geevor iine, where the zone of ccoﬁOAﬁc tin minera-
lization plunges in depth (the permenence of this tendency is uncertain),
hay yield the answer, since the ground that might be occupied by a copper
Zonc will not have becn removed by crosion to the same extent as that which

M2y have overlain Geevor iMine.

(d) Lode Distribution

"All the more importent lodes havc o north-westerly coursc, but
there is a good deal of variztion both in coursc and underlie".

e... Collins (1912).

4lthough no additional descriptive information regarding the
fineralization is provided by the present writer, plotting details of the
ming workings enebles a more accurate account to be given of thc major struc-
Yural distribution characteristics of the lodes and the guides. Fig. (H)

Shows in detail the attitude of the lodcs, but Fig., (18) is more useful for



- 206 -
deducing their overall featurcs. Like eny minc plan, it shows only
the lodes which have been discovercd in the course of .iining operations,
but there wmay be¢ anany more undiscovered, esvccially in the country rocks,
which if considered would slightly altcr the gencral characteristics of
the areca,
The following ere the uein structural distribution characteristics

of the lodes:

(1) Regional Distribution.

(1) The grenite surfacc at sea-levcl, plunges N at 10°
to 15°, with thc country rocks dipping at 30° in the
sane dircction, until it is 2luost vertical at a« depth of
about 2,000 feet.

(2) The lodes are distributed equelly in plan around the
granite contact.

(3) The zone of econouic tin aincrelization is in the foram
of a fold with an axis striking N#-SE through Carnyorth
and Spearn Consols Mines and plunging at 10° to 20°
as shown in fig. (118), so thet the zonc presents a subducd
rcplica of the attitude of the granite surface, which is
itself dictated by the existence of two mein NE-S¥ and NW-SE
trending granite crests.

'(4) Lode development is generally tcrainated in the SE egainst
2 line trending NE-SV, and approximately parallel to,
and at a distance of 4,000 feect froa, the line of outcrop
of the granite contact.

(5) -Econoinic mineralization cxtends for an approximately equal

distance on either side of thc granite contact.
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(ii) Lode Strike

(1) The acan lode strike, Ni-SE, is normal to the average for
tne remnainder of West Cornwall,

(2) Although thc acan lode strike is Ni-SE therc is a wide
variation between Wl -ESE (and approaching N-S) and
NNY-SSE (and approaching E-i).

(3) The JN!-ESE and N-S trending lodes are generally confined
to the granite, the lodes in the country rocks being

amore nearly NV-SE and NMV-SSE in strike.

(iii) Direction of Dip
(1) The average direction of dip of thc lodes is shown
in Fig. (18). It is apparent that of the lodes in the
grenite, those striking Ny or N of W generally dip NE,
whercas thosc striking S of Nv dip &W.

(2) 1In the country rocks the lodes dip either NE or S7.

(iv) Lode Dip

(1) Variations in the lode dip are shown diagran.atically
in Fig. (119). It is clcer that of the lodes in the
granite, those dipping NE are steep (80°), often vertical,
and locally overturn, whcreas those dipping SV are never very
stcep, but may be either relatively flat (65°), or relatively
steep (750).

(2) In the country rocks thc lodes arc steep, often

vertical, and locally ovcrturh.
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(vi) Strike Verictions

(1) Distinctive curved VNV-ESE lodes arc developed in the
granite, with a low dip (60°) to the Si.  4n equel
nunber are convex to thc NE or S7, and are situated
entirely in the granite, rarely approaching within 500 fect
of the contact. Their radius of curvaturc and other
structural features arc rec.aarkebly constant. Towards
the south they possess a slightly stecper dip, but still
rcnain flat in comparison with the other lodcs.

(2) There is a tendency for sll the lodes to curve to some

extent along their strike, convex eithcr to thc NE or SW.

(vii) Lode Ter.inations

(1) Only the steep, Wi-striking, NE-dipping lodes tcnd to
be continuous through, and productive on both sides of,
the grenite contact.

(2) The other lodes in the granite usually cease to be pro-
ductive before reaching its contact, or iuucdiately
upon intersecting it. If thcy arc productive on both
sides of'it, the econoalc portions are scparated by a
zone of impoverishanent about 1,000 feet wide which is
bisectcd by the contect.

(3) Ncighbouring, WN/-striking, SV-dipping, straight lodes
tend to occur .iore usually within 2,000 feet of the
_contact and in closely spaccd belts bounded between the

same limits, which trend NE-S¥, €.g., Geevor iline (West).
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(4) Neighbouring, WiW-striking, Si-dipping, curved lodes also
tend to be confined between the same limits which trend
N-S, €.g., Spearn Consols, Carnyorth, and Botellack (East)
Mines.
(5) Neighbouring, NV-SL lodes tend to be confined between the
same limits which trend NE-si, €.g., Geevor Mine (East).
N.B. It is probeble that if all the lodes in the area were plotted
they would be bounded between sets of limits trending both NE-SW
and N-3.
(viii) Lode Pattern
(1) The pattern of lode distribution in the arce is complex,
but in general 1t shows a zig-zag foru,one limb being
formed by the steep, overturning, NV or NNV-striking
lodes, and the other by the relatively flat, Si-dipping,
WV ~-striking lodes.
(2 ) The WiNi-striking, curved lodes appear to beequally
wcll-developed throughout the granite from south to
north, and are present on both limbs of the zig-zag
pattern,
(3) When varistions in strike occur, all the lodes appear

to branch one from another.

(G) Guides and Faults

"Besides the lodes proper there are many cross-veins, coursing
much more nearly north to south than the lodes. In general

these are non-metalliferous when they are known as guides...."

.v... Collins (1912).
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Of the several guides known to occur in the arca, the .ejority
are indicatcd in Fig. (E). Less attention hes been paid to them
during the lest fifty years than in the previous fifty. Those
encountered in 'recent' workings arc accurately located in fig. (H)
and are shown diagraaiatically in Fig. (120). Two for.as of guides
are present, occurring separately in the granitc and the country rocks.
The mein structural featurcs of those situated in the granite are as

follows: -

(1) The guides usually strike botween N-S and Ni-SE and dip either
W or E with varieblc inclinations.
(2) Although not apparcnt in Fig. (120), sone guides arc reported
to be more then 5,000 fect long, although one which issid to have
extended more than threce niles, may have boen composed of scveral
individual guides, cach fairly continuous along its strike.
(3) vhen vicwed in plan, the guides graduelly change in strike with
a signoidal fora. 4t the northern and southern cnds they usually
strike N-S, but for about half e mile in their centre they strike
Ni -SE.
(4) Continuaticns along the northern and southern ends of the guides
become asy.aptotic respectively to the granite contact (in plan)
+ and to the NE-S/ line which uerks the terainetions of lode
developnent to the SE.
(5) The guides frequently junction with lodes, especially at the
northern linits of the former.
(6) The pattern displayed by the guides in plan becomes confused

when one of then meets a lodc because it then often assunes the
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attitude of the latter and follows it indefinitely.

Examplcs of the uniting of guides and lodes are provided by the

following: -

(i) £s the North Levant Lode develops a H-5 strikc to the north
it . joins the Footwall Branch Lode of Geevor sine. To
the south in North Levant .ine it was not followed beyond
the section possessing a N./-SE strike.

(ii) The Carnyorth Guide joins the Guide Lode to the
north of Spearn Consols .ine cond continucs with it
into the 01ld Bal Lode. To the south of the Nogger
Lode in Carnyorth .iine it starts to reassune its N-5

strike.

(iii) The Crowns Guide joins the Crowns Lode in Botallack .ine,

as shown in Figs. (E) and (11).
If a guide is only partially exposcd in underground develop-
ment =nd unites peraanently with a #NJ-ESE lode it gives the
impression of being eporoxiusately NIE/-SSE in strikc with the
two apperent ends asy ptotic to the -verage lode dircection,
especially to the lode which the guide follows.

The guides arc normally infilled with an averege of 5 to 5 fect

of quartz, the surrounding wall-rock elteration being usually

no .more¢ than widespread discolouration end slight kaolinization

of the granite.
Because the guides were believed to lead into a lode they

were frequently eaployea as sites for cross-cuts.
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Dines (1956) coapiled most of the information froa the publications
of earlier writers concerning the strike and orientation of guides in
the country rocks. They crc usually about two or threc feet wide,
with a reguler NE-3/ strike and steep SE dip, and consist of a strong
fissure infilled with quartz and fregaents of the surrounding country
rock. Little informction is availablc regarding faults in the area,
but in general the major faults trend approximatcly NE-SV and have a
high dip.

Fig. (121) diagraanatically illustrates the locations of some
of the known guides and mejor faults, the latter in Geevor Mine., Both
features were often enployed as sites for cxploratory and development
cross-cuts, owing to the more easily broken nature of the ground.

In Fig. (121) the wore important cross-cuts have been indicated,
the coincidence in their strike and that of the mejor faults and sone

of the guides in the granite and country rocks being quite evident.
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LODLS OF GEEVOR (MINE

"The principal lodes of Geevor consist of & group of
nerrow interlaced and branching veins, in granite
country, with o general Ni-SE trend".

.. Dincs (1956).

6/1 Introduction

The lodes of Geevor uine arc shown relative to those of the
reaainder of the Pendeen-Botallack arca, in Fig, (H). Lying
entircly in the granite they fora one 1lidb of the incouplete zig-zag
pattern alrcady described. The ground which they occupy foras a
zone trending NW-5E, within which the individual lodes display all
the veriations in strikc and attitude that arc spperent throughout
the whole area.

Confusion may arise in the following discussions if the tern
'lode' is not clarified. When uscd in the nining sense the tera
normally refers to the total extcent over which a lode fissure is
finally developed within and outsidc the 1liaits of econoanic grade.
The present writer eaploys the tcra 'lode fissurc' when speaking of
& lode in the geological sense. For example, although in practice
the § ethered Lode nay be regarded as expiring cround the present
Eastérn developaent ends, theVcthercd Loae fissurc continues for an
unknown distence beyond.

Similerly, the tera 'lode' is usually eamployed to denote both
the fissure, which may or wey not be infilled with econoudc minerals,

and the altercd wall-rock. is Dines (1956) denonstrated, the latter
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sometines contains considerasble quantities of cassitcrite. It aay be
mined togcther with the lode, because of its cassiterite content, or
bcecause the combined width of the lode fissure and wall-rock is less
than the stoping width. When it is necessery to differentiate between
the two lode couponents the tera 'lode fissurc' will be restricted to
the central infilled fracture.

Coaplicetions arise froa the fact that what is noriaelly regarded
as a single continuous lode of'tcen co.uprises two or three individual
lode fissures, cach possessing its characteristic features of structure
and aineralization. For practical purposes this at first sight
slaplifies planning end day-to-day operctions, but it is geologically
misleading.  The North Pig Lode, shown in plen in Fig. (8l), con-
Sstitutes threc or four structurally individual lode fissurcs, and the
continued use of the nane results froa the uninterrupted lode develop-
acnt from one fissurce to the other. Very froquently there was
little change in strike, beyond the average usually encountered within
an individual lode, when passing froa onc lode fissure to another; the
fissure continuations expected beyond an interscetion of lodes were
comuonly esbsent or not recognizcd.

The mean direction of lode dip in Geevor Jfinc is 57, in comaon
with the dip of other lodes in the arca.  Some lodes locally reverse
their direction of dip, and the two proninent N-S lodes, the Hanging-iall
Branch and iethered No.2 Branch Lodes (the latter verticael and over-
turning in parts) dip East.

Fig. (30) shows diagramnctically the distribution of the lodes,

which mey be classified as follows:-
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(1) Mejor Lodes: 'i', Boreholc, 'C', Coronation 'D',
Footwall Branch, New, North, North Pig, No. 3 Branch,
South Pig, fJcthcred and Grenfell (not shown due to
very recent developaent, but situated between the 'C!
and ethered No. 2 Branch Lodcs) Lodcs.

(2) Minor Lodcs: Caunter, Hanging-iell Vein, North-i/c¢st Branch,
No. 1 Branch and No. 1 Lodes.

(3) Older Lodes: Black, Blue, Juibo and Mundic Lodcs, together
with the older (developed cerly in the history of the Mine)
lodes in the vicinity of thec Victory Shaft.

(4) Major Prospccts: Prospect No. 1, No. 2, No. 3, East and South

(5) North-South Lodes: Hanging-i/all Branch and Jethered No. 2
Branch Lodes.

(6) Guidcs: North Lovant Lode.

There are additional ancient lodes in the original Geevor Sett,
two drives in the .aain Level 9 X-cut, and a few other suall Prospeccts
Such as that butween the No. 3 Branch Lode and the Coronation Lode,
and between the latter and the D' Lode.

&s shown in Fig. (48), the lodcs amy be divided according to
thedir direction of dip.  Only thosc which strike Ni-SE, such as the
North Pig, Borehole and Grenfell Lodes, dip steeply NE and reversc
their dircotion of dip.

#ith the exception of thc above thrce lodes, they aay be classified,
88 shown in Fig. (L9), according to their average inclination. Together

with those of relatively high (70 to 85°) and relatively low dip
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(65 to 759), there ore the predosinently curved lodes, comnon throughout
the area, with a dip of 55 to 65° S/. The lerge varistion in the
strike of the lodes, dcionstrated by fig. (28), results in frequent

interscctions, junctions and branches.
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6/2 agajor Structural Distribution

"Ore is where it is, not purcly by chance, but by the
result of definite processes which operatcd under certain
conditions within the crust of thc cearth".

e mpmm Sateaan L., (1919).

The Geevor siine area .ioy be divided on geological and structursl
grounds into threc urits bounded by the following linits:-
(1) The granite contact in the iest.
(2) The Hanging=-/all Branch Lode.
(3) 4 broad zone N-S through the 7cstern end of the
Caunter Lode and the Northern end of the lethered
No. 2 Branch Lode.
(4) £ 1line N-$ through Carn Shaft.
Bach unit, considered separately, possesses individual structural dis-

tribution characteristics.

(a) Western Unit

The Tiestern unit is bounded by thc granite contact and the
Hanging-/all Branch Lode in the west and cast respectively, and its
Main features arc as follows:-

(1) The predominant lode strike is ./1i-ESE.

(2) The only exceptions to the VNiV-LSE strike are:
- the North Pig Lode strikes Ni-SL over .ost of its
length, but at its junction with the No. 3 Branch
Lode it trends N-S, and dips'y in contrast to the Wethered

AT oY = DR T - DY & ST R T |
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- the Western end of the North Lode is very curved in
plan and develops an E-V strike before meeting the Footwall
Branch Lode, which is also slightly curved.
In comperison with the lodes of thc other units, those in
the iWestern unit are, with the exception of the Coroneation
Lode and the North Lode (West), fairly straight along
their whole extent.
L1l the lodes dip SJ and only localized portions of the
No. 3 Branch, No. 2 Branch and 'D' Lodes overturn locally.
Then the lodes are curved in plan they are convex to
either the NE or SV.
The lodes are casily divisible, as shown in Fig. (149),
into those possessing a relatively high or low dip.
hen viewcd in section, as in Wig. (29), there is an
alternation from north to south of Lodes of different
inclination, in the following manncr:-

Prospect No. 2: low dip

No. 3 Branch Lode: high dip
Coronation Lode: low dip
No. 2 Branch Lode: high dip

Footwall Branch Lode: low dip
'ith the exception of the Coronation, North Pig and North
Lodes, the aore iuportant ones in the 7estern unit, such
as the No. 3 Branch, No. 2 Branch, Coronation (Jest),
and the Footwall Branch Lodes, are longer than the average

for the Mine and vary between 1,500 and 2,000 feet.
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(9) The wminor lodes vary between 400 and 1,000 feet in length.

(10) Most of then, with the exception of the North, Coronation and
North Pig Lodes, are not continuous to the cast of the
Hanging-7all Branch Lode. In general:
- the major, flatter lodcs, such as the Coronation
(icst) and North (Test) Lodes, are productive both to
the east and west of the¢ Hanging-/7ell Branch Lode,
- the stecply-Jipping, Ni/-striking North Pig Lode is
productive both to the cast and west,
- the steep, ‘NV-ESE lodes arc productive only to the
west.

(11) Coumplications arisec through:
- the 'A' and 'D' Lodes cach occupying different fissures
to the east and west of the Hanging-iall Branch Lode.

(12) The azjor lodes have been followed for only short
distances beyond the granite contact into the country
rocks, the .wtual structural relationships being shown

in Fig. (27%

(b) EBastern Unit
The Eastern unit is bounded to the west by a zonc extcending N-S
through the iiethercd No. 2 Branch Lode and the western end of the
Caunter Lode, and to the cast by a N-5 line trending approxi.ately
through Carn Shaft. The main fcatures of this unit are as follows:-
(1) The Borehole and North Pig Lodes, and the Prospect South,
possess very varieble strikes and dip dircctions over

short distances.
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The Ni=SE striking lodes ere represented by the New Lode
which dips Si.

Fairly unifor.: VN/-ESE lodes, co.aon in the Jestern unit,

are rcpresented only by parts of the lodes over short
distanccs.

Very flat-dipping, curved lodes, rcproscnted by the

Tethered, North (Zast) and South Pig Lodes, and on a :iinor
scale by thc Prospect Lest, typically posscss the lowest

lodec dips, of 55° to 65°, in the iine.

The curved lodes arc convex in both dircctions, those in

the NE and S parts of the winc being convex to thc NE

and S¥ respectively. They vary in strikc over their

full length froa nearly Z-/ to N/-SE, with an average of
ANJ-ESE, ana dip to the Si.

There is the sanc tendency as in the Jestern unit for some
of the lodes to assuac a nearly N-S strike at their lateral
exbreaities: The North Pig Lode swings around at its western
end to strike N-5 before joining the No. 3 Branch Lode and in
the east the Southern Branch develops the same strike to the
south of the South Pig Lode.

The average lode length is lcss than in the Western unit.
Separating the North Pig Lode into its integral lode fissures,
the meen length is epproximately 1,000 to 1,200 fcet, with

adinor lodes and prospects 400 to 500 fect long.



- 221 -

(8) The eastern ends of thc Borchole ond North Pig Lodes
ter.ainate against a N-5 line through Carn Shaf't.

(9) The predcainently curved lodes ter.inatc in the cast
against a NE-Z. line 300 to 400 fcet cast of the Jcthered
Shaf't.

(10) The iestern 1init of the Loastern unit coaprises a belt
of ground ncarly 500 feet wide to the west of a N-5 line
through Jethered Shaft. Throughout its course thcere is
very evident dislocation of the lodes, producing frequent
changes in strike and dip, ond the developacnt of sevcral
branches. Those 10st affccted ere the Coronation, North, and
and South FPig Lodes, there being little visible effect upon
the North Fig Lode.

(11) rigs. (16), (28) and (J) show the older .xine workings in the
vicinity of the Wethcred Shaft, and thc manncr in which
the Jumbo Lode assuacs a N-S strikc around the Western
Limit.

(12) Trensversc sections through the Lastern unit, shown in
fig. (29), revesl no iancdiately epparent uniforaity to the

pattern of distribution.

(¢) Central Unit

The Central unit is bounded between those to the west and east
and whereas the latter two units are approxinatcly equel in their Ni-SE
dinensions the Centrel unit is only about 800 feet long. Its main

features are as follows:-
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(1) In conuon with the Lestern unit the Central onc displays
a diversity of lode strikes, but in generzl it is sparsely
populated by lodes.

(2) Only threc mejor lodes, thc Coronation, North and North
Pig Lodes occur in the unit, ond cach continucs into the
adjoining units.

(3) Only the Grenfell and North-/cst Branch Lodes erc confined
entirely within the Central unit.

(4) Thosc lodes which are productive in an adjoining unit,
eithcer thc estern or the nestern but not in both, and
are continuous into the Ccntral unit, such as the Prospect
between the 'D' and Coronation Lodes, the 'A' (East),

'C', 'D' (Bast) and South Pig Lodes, are essentially
unproductive in the Central unit.

(5) Transverse sections, provided in Fig. (29), display = tendency
towerds a pattern of developaent from north to south as
follows: -

'C' Lode - flat, minor producer;
Grenfell Lode - steep, intcracdiatc producer;
Frospect.No. 1 = stcep, minor producer.

Coronetion Lode - flat, wmajor produccr;
'D' Lode - steep, minor produccr;
'A' Lode - steep, minor producer;

North Lode - flat, mejor producer;
North Fig Lode - steecp, major produccr;
South Fi3 Lodc - stcep, ‘minor producer.
On & rcduced scale, the Geevor Lodcs posscss the saae structural

Pattern of .ineralization as thosc of the cntire Pendeen-Botallack

area, The Gecvor Mine arca is naturally divisiblec into three units,
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within which the lodes arc terainated by boundarics which posscss two
mejor trends, N-S and NE-Si.- Belts of ground with a N-$ trend disturb
the lode structure. The coaplexity of the nejor lode structures and
their diversity of strike and dip intensify with increasing distance

from the granitc contact.
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6/3 liajor Zoning

The form of major zoning in the Pendcen-Botallack ares is  aain-
tained in Geevor iinc. Zoning froa thc SE to the N7 is apparcnt in
longitudinal section, as shown in Fig. (23), and is prcsent on a less
well defined scale in the individual lodcs, as cxenplificd by the North
Pig Lode in Fig. (8l) and the South Pig Lode in Fig. (86C). The
inclination of thec upper and lower limits of ecconomic tin wincralization
Varies a little with the individual lodes, but is .ainteined at10° to
20° to the Ni.

Geevor Mine is situated on the NE flank of the arched zone
illustrated in Fig. (118), and the increasing depth of the workings to
the NE persists as shown in Fig. (117), which providcs a transverse section
through Jethercd Sheft and includes the lodes of North Levant and
Boscaswell liines. idditional transverse sections, presented in Fig,
(29), demonstrete the di.dnishing (at the present stage of developnent)
effect of this zoning towards the /. In the Zastcrn and Central units,
the upper and lower 1limits of the zone erc inclined, as demnonstrated
by the scetions I-J and B-F in Fig. (29), at an angle of around 20° to
the NE,

In the Yestern unit this effect is obsent, as shown by sections
£-B .and C-D. L section, the linc of which is indicated in Fig. (19),
through the slan-Engine Shaft of Levant Mine and including the granite
contact, is provided by Fig. (116). The Footwall Branch Lode and/or
the Hanging-yall Vein inay (1962) be cxpected to extend from Level 9
to Leve1>15, and the lowest horizon on which stoping took place on the

Old Bal Lode in this section was the 160 fatho. level, as shown in
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Fig. (24). The lower 1i1it of the zonc cxtends horizontally between levels
14 and 15, and the upper limit, with the cxception of the stoping on
Boscregan Lode, reflects the attitude of the iuzediately adjacent granite
Surface.

dithin the tin zone all the Geever Lodes contain sulphides,
and from the 65,000 tons of run-of-nine ore put through the mill ennually
there is an average yearly production of about 300 tons of sulphide
Concentrate azs flotation residues. These figurcs provide some indication
of the sulphide content of the lodes, if it is bornc in .nind that the
Stoping width exceeds the averagc lode width. Chenical analyscs of the
residues are provided in Fig., (129).

The comaon sulphides arc pyrite, ersenopyrite, chalcopyrite,
chalcocite and bornite, and therc arc many accessory varietics. They
Were deposited during several mineralization phascs which were separated
both in time and spacc.  ilthough in somne lodes there is a tendency
towards a pattern of sulphide distribution, espccilally of arscnopyrite,
in the .iine as a whole the sulphides are confined to the tin zone. .t
the upper limit of a fully developed lode both the tin and sulphide
content decrcascs below that of the underlying cconomic horizons.

Zoning of the cconomic and gangue minerals is discusscd in a latcr

Section,
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6/4 Lode Structurc

"Thatever the 'aodus operandi' which hcs resulted in the
concentration of the nineral orcs, therc can be little
doubt that the aincral lodces of Cornwall occupy, in the
main, plenes of fissurc anclogous to ordinary faults'.

...... i1l (1902).

(2) Lode Coaponent s

Mac.lister (1908) providcd o broad classificeation of the pre-
dominant Cornish lodc structurecs, distinguishing between:
(1) 4 fissure or a serics of closely spaced fissurcs, all,
or some, of which are infillcd.
(2) 4Llteration of the adjacent wall-rock by iapregnation
or rcplaceaent.
(3) Inclusion of breccia and fraguents of wall-rock
within the infillcd fissurc,
L siailer division of thc major componcnts of the lodes in Geevor
and South Crofty iines was aade by /cbb (1947) as follows:-
(1) iltcred well-rock, locally known as 'capel'.
(2) The lode Aateriel, usually on both sidcs of the leader,
which consists of tourmaline, chlorite and cassiterite
and is locally known as 'pcach'.
(3) The 'leader' of quartz which ..oy also contain chlorite
and tourmnaline.
The Geevor lodes comprisc thc above throee componcents illustrated
by Dines (1956) in a gencralized scction of the North Lode. £ fissure
1s infilled with lode waterial, often veined by later quartz (lcader),

and bordered by altercd granite wall-rock which soncti.es contains
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substantial auounts of cassiterite, as shown in Photo. (89). Usually
the lodes are far aore coaplex and their cheracter is dictated not only
by their structurc, but also by thc rclative cxtent to which the zbove
Co.ponents arc representcd.
Most of the wall-rock altcration preceded tne infilling of the
lode fissure, and age reletionships arc indicated by the cxtent of
alteration of wall-rock fragments includcd in the fissure infilling.
The latter mey usually be traced to a branch fracturc which was si.a-
ultaneously infilled but is bordered by no alteration of the type shown
by the freguents.
The alteration mey be divided into well-defined zones and the
‘0st intense forms frequently grade iaperceptibly into the lode infilling,
€specially when the latter consists of tourmaline or chlorite. The
gradational and often sinuous outlinc of the boundary between the two
forams is shown in Photos. (48) and (80), as opposed to the sharp
division, bcaring evidence of fracture cnd .ovenent, which is displayed
by the infilling phasc. The contrast is illustratcd in Fhoto. (89).
The main varieties of infilling displey the following features:
(1) Vein structures, duc to a2 simple infilling of the original
lode fissure during the initial stages of .aineralization.
It is usually displeyed by thc hydrothermal feldspar and
carly quartz phases, shown in Fhotos. (50), (76) anl
(104/D).
(2) Bandea structurc, shown in Photos. (59), (60) end (73),
which indicetes thet infilling accompanied, or ia.ucdiately
followed upon, relativc .oveaent of the lode fissure walls.

(3) Repeated veining; insteed of foruing a banded structurc



- 228 -

the successive phases of infilling rcpectedly produced
cross-cutting veins, as shown in Figs. (132 upper) end
(137 lowcr).

(4) Brecciated fragaents of the wall-rock and previous infilling
material erc frozcn in the lode infilling. They exist
on cither a large scalec, os shown in Thotos. (56), (63), (6L4),
(81) and (82), or on &z rclatively sazall scale, as shown in
Photos. (45), (79), (88/8), (95), (99) end (105). Often,
and aorc¢ usually in the lattcr casc, the frag.ents take the
for.a of splinters elongated in the direction of the lode
fissure, os shown in Photos. (62), (63), (76), (89), (91/B)
and (93/D).  Very occasionally their original orientation
is cvident, but usually they are rotated and far renoved
from their oroginal source.

(5) Crustified ore, shown in Photos. (66) and (69), indicates
pulsational opening of the lode fissure and slow, out-of-
pnase infilling.

(6) Coub structurc, shown in Photos. (58), (109) and (110),
indicatcs opening of the lode fissurc and slow, intermittent
infilling.

(7) iiassive infilling, usuelly by quartz, as shown in Photos.
(69), (80) & (5u4).

The final structure of the infilling ariscs from a combination

of various processes, and incorporutes .acny of the above foras, as
shown in Photos. (542, (58), (69), (79), & (81) and Figs. (131 lower),

(134 upper), (136 upper), (137 lower) & (138 upper).
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The leeder, wnich is a coauon feature of the Geecvor lodes, invariebly
consists of a more or less central vein of quertz, as shown in Photos.
(41-47) & (80). It contains accessory caounts of sulphides and other
gengue .inerals, end varics considersbly in width in the different
lodes.

Closely situated perallel and branching frectures were selectively
opened and infilled at various tiuss during the foramation of the lodes,
especially during the earlier stages, o.ing to successive relative
movements of the fissure walls ond chenges in stress distribution.

&1l the lodes provide evidcnce of several mineralizetion stages,

which are sclectively represented in the surrounding fissures.

Ls mineralization progressed the infilling end .ioveaent tended to be
concentrated increasingly clong o central fissure, and to cease
abruptly in the parsllel fractures, in and near which the carlier wall-
rock alteration and econo.aic .iineralizetion was equslly concentreted.
Exauples of such fractures arc provided by Fhotos. (43), (45), (53),
(55), (57), (76) & (82).

(b) Lode Displace.ent

N

"Many of the lodes and cross-veins are distinct faults".

eeve.. Collins (1912 ).

In several respects the Gecvor lodes (and those of the Pendeen-
Botallack arca, as far as aey be ascertained froa the literature) are
Very different froa the lodes of other .anining districts, such as

the Ca.borne-Redruth area, in Jest Cornwall. They are narrower,
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generally steeper, and less inclined to be sheeted. The Geevor
lodes bear every siuilarity to the surrounding asjor joints and
differ from thea only in the fact thet they have been subjccted to
infilling, wall-rock eltcration, and displace.ient. The najority
are normelly surrounded by sinllerly oriented .aajor joints which are
identifieble as the pri.ery or secondary granite joints.

.08t of thc econonic phases of .iinerslization and infilling were
acco.ipanied and preceeded by reletive novecacnts of the lode fissure
walls., Evidence of cach stage of sctivity is testified by the
displacenent of pre-existing features in the well-rock, and the
brecciation of carlier lode .aeterial. Llickensides with a wavelcngth
of = to L inch are & con.on festurc of the lode wells, although they
are not so cxtensively developed es in soae of the Ca.borne and
Redruth mines, wherc they have becn reported to cover, with e uniform
plunge, extensive crecas of the henging-wall and footwell.

In the latter arca the slickensides indicate predo.dnently
vVertical and obligue anoveaent in the lode fissures, but at Geevor
Mine they display every possible plunge dircction, During unost of
the movenents which cccoaprnied the cconoaic aineralization phases
the lode fissures were not open so that slickcnsides were forned,
€specially where changes in dip and strike occurred, on the
€xisting walls and on verious planes within the lodes. During the
€arlier stages of aineralization .ioveaent of the ground was decrcasingly
accomnodated with tie in the parallel fissures. The letter thereby
Provide an invalusble criterion for recognizing and deteraining the

relative-ages of the different .nineralization phases,
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Slickensides indicate only thc latest line of uoveaent in the
Plane of the lode fissure and associated fracturcs, soae of which
werc formed during successive stress steges, but the relative dis-
place.acnt and extent of aovencnt Aey be deterained froa the aaount
of dyke dislocation. The wejor dykes, indiceted in Fig. (31), sare
Suppleuented by nu.crous s.all ones, onc to two feet wide, which can be
traced between = pair of levels, but rarcly fro.a onc lode to another
unless the drives arc closely spaced. Z7hen their attitude and
faulting is deteraincd they can be uscd to corroborate the dircetion
of lLove.aent indicated by so.e of the slickensides. They thus define
the relative displecement of the lode fissurc walls in the final arrested
stage at the prescnt day co.parcd with the period of dyke foruetion.
The nzjority of the totel displaceaents, which comprise unequel co.a-
ponent movements, are c¢ithcer verticeal or oblique, end very between
5 and 20 feet. In the Ceiborne-Redruth srea the lodes, which are
Qe jor shcetel zones several feet wide, are characterized by extensive

displece.cnts of the order of 10C fcet.

(¢) Lode 7idth

". distinction .aust bc noticcd between the width of the
lode and the width of the lode fissure. In sou6
instances this is the szae, in others the fissure is wide
while the workeble pert of the lode of 'paystreak' is
auch narrower, ..gain, in other instanccs the lode
fissurc is very narrow, while thc 'country rock' is
iapregnated with aineral to a greater or less distance
from this fissure. i11 such workeble aeterial would be
called the 'lode' by the .niner",

ve.... Collins (1887).
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Lny estiaete of the average lode width in the .line depends upon
whether it is celculated over the wholc finally developed extent of
the lodes or only over those portions which cre eventually stoped.
Towards the developaent 1liuits the width of = lode usually Jecreasecs
and the fissure is infilled with only ruartz, a little touraeline and
sulphides, and the latcer non-econonlc minerelization. The .aore
intense wall-rock alterstion di.dnishes znd thae lode eventually
assunes the appcerance of & aajor joint with e knife-edge fissure
along which & little .ove.ent .asy have occurrcd, The only signs
of .noveaent and .aineralization are slickensides, kaolinization of
the granitc enl the presence of heaatite, zs shown in Photos. (77).

The width of the lodes varies froa e frzction of an inch to
about 6 feet. iith the cxcéption of the North Levant Lode, and
that part of it which cssuaes the attitude of the Footwall Branch
Lode for a consicdersble distance to thc west of the North Lode, as
shown in Fig. (63), the lodes maintain en average width of 18 inches.

L reguler strike and dip, or o constant rate of change of the
latter features, mey norially be correlated with a consistency of
lode width. 7hereas in the major lodes posscssing a unifora
attitude, changes in width are reletively gradual and aay be forccasted
for short distances in advence of thc devclopaent ends, variations
in %he width and velue of the Borehole lode, for instance, are
Coupletely unpredictable.

Bven in the structurally .ost unifora lodes, however, rapid
Changes cre not unco.non, the lode passing froa a width of sbout 3

feet end carrying over 300 ft.lb.SnOQ/ton into one about 2 or 3 inches
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wide and carrying only traces of cassiteritc. . reccnt exanple is

provided by the wWestern Lxtension of the Borchole Lode.

(d) Lode Branches

"The extre.aities of the curves uniting portions of the
lode having different bearings freguently fora brenches,
running off into the other lode, these branches arc
often as rich in tin as the perent lodecs".

«svsss Collins (1920).

. proainent feature of the Geevor lodes is their tendency
to develop branches which aeke an engle of 20° to 45° in plan.

These ere often no .ore than a aajor fracture, with the saae slight
wall-rock alteration and di.inished infilling as .eny of the acco.a-
panying aporoxinately perallel fissures. Llternatively, .aany of

the.. have developed into major lodes, as indicated by their nomenclature,
which is, however, someti.cs .isleading regarding their true branching
nature, #ith the exception of the predominantly curved lodes in the
Eastern unit, it is noticeablc that .any of the mzjor lodes which were
discovered as branches of a curved portion of a lode ere located,
régardless of the direction of 1ip of the latter, on its convex side,
¢ither the hanging-wall or the footwall, when viewed in plan.

Less iaportant branches cre developcd from both walls of the
lodes; they possess the saac dip direction and approximate inclination,
but have ¢ differcnt strikc fro.a the lode itself. Exanples are
provided in Photos. (45), (53), (65) & (67), and by Figs. (51) & (65).
Branches with the se.e strike ani dircetion of dip as the lode, but =
differcnt inclination, and known in Cornwall as 'droppers' and

'feeders ' are less iaportant.
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Subsidiary fissures, with associatcd wall-rock altcration and
some¢ infilling, cross thc lodes at an angle usually greatcr than
45° in plen.  Faulting of a fissurc by the lode, or vice versa,
is co.ron and exa.uplcs erc provided in Photos. (71) and Figs. (58).

The extent of displeceaent suffercd by the branches end crossing
fractures is noraally less than that incurrcl by the dykes due partly
to the lesser average inclinstion of the latter.

weny featurcs of the brenches end crossing fractures are repeated
on a lerger scale by the junctions betwcen lodes. The N-S lodes,
such ¢s the Hanging=-/all Branch end /cthered No. 2 Branch Lodes,
noriually wmeke high engle intcrsections in plan with others of a
dore normel strike, end siaall displaceacnts with « horizontal co.ponent
of the order of 1 to 2 fect are coanon, ¢s shown in Fig., (57).

N.B. The teras cross, interscction, and junction do not
ilply eny reletive sge of foruation or mineralizestion.

Jhen the lodes approach each other at engles of about 30° in
plan, as is nore usual, the strike of one often changes within 10 or
15 feet of the junction so that it finelly epproaches the other lode
at either = lerger or saeller angle. Ixa:ples of the foraer case
are provided by the junction between the iio. 3 Branch end North Pig
Lodes, ani between the Grenfell and Jcthered No. 2 Branch Lodcs. 4
decrease in the angle of interscetion is shown by the junctions of
the Jethered and Coronation Lodcs, illustrated in Fig. (56 upper),
and the Coronztion and Jethered No. 2 Branch Lodes, shown in Fig. (67).
Such strike cnenges cannot be attributed to drag phenoucna arising
fron displace.aents.

Frequently the fissure infilling of one lode penetrates that
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of the other with which it Jjunctions. /ny deter.aination of the
apverent relative ages of lodes bascd on such ¢vidence, as shown in Fig.
(56 lower), is unconfir .ed anli conflicting if the Jjunctions betwecn the
samc lodes are exeained on different .dne levels.

Post-ninerslization .ovenents resulted in further displaceasents,
and a cursory exaiination of nany of the lode junctions discloses
only the totel displacement that aay hove occurred. It is iwportant
to distinguish betwecn the individual .dneralization phases and to
assess the aoveuents, if any, associsted with each, rather than to
ascertein the overall rcloative displace.aent.

The more i.portent lode constitucnts coatonly cither increase or
decrease repidly near a juntion with another lode znd for a short
distance on both sides. In cach case, = study of the junctions alone
is misleading.

Displacenents of one lode by another have elweys been snall and
have provel to be of no hindrance in mining opcrations. If the
Junctions were productive in thoe drive they were stoped out in the older
workings, and rccently the .ajority of the evidence has becn obliterated
by the unfortunatc siting of raises znd boxholes. This is to be re-
gretted since the correct interprctation of lode junctions, viewed egeinst
extensive laterel developacnt on both sides, is vital to the deter-
ainetion of the mnodes of structural control of nincralization. No
stope layout should be so inflexiblc as to prevent the leaving of
lode junctions, wajor branches, crossing frectures nnd faults in the
form of boxhole pillars, since by so doing the evilence which reuains
day lead indircetly to the finding of further stoping ground aerely

at the expense of a slightly staggered boxhole layout & short distance.
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/5 Individual Lodes

"When we refer to the plans of our mines as ordinarily kept, and
look upon mere ranges of straight lines which record the progress
of the workings, it becomes obvious that meny of the important
phenomena of lodes are totaelly omitted from them, and that the
observant miner alone who has watched their gradual opening is in
possession of the details".

..... Warington W. Smyth (1875).

Ezch Geevor Lode possesses its own immediately recognizable charac-
teristics of structure and mineralogy. £lthough the individual lodes
vary in character throughout their extent it is possible for an experienced
official to relate an isolated exposure to a distant lode, or to recognize the
source of & specimen brought to the surface as becing one lode and no other.

The present writer could present dnnumereblc deteoiled descriptions of the
lodes at various localities, the majority of which have been accessible at
some time since 1958. Developaent is centred unequelly throughout the mine
and this would result in an incorrect emphasis being placed upon some areas.
Beceuse the mejority of the lodes are reasonably visible in the back of the
drives the present writer visited and mapped selected portions of all the acces-
sible workings from Level 3 to 15.

Before any detailed study may be commenced of either the structural or
mineralogical aspects it is essential to obtain an overall appreciation of the
individual lode characteristics. Otherwise, to adapt an old adage, one is
unable to see the lodes for specimens.

Many features of the mineralization are illustrated by the accompanying
figures and photographs, each of which conveys more information than a page

of text, and constant references will be made to then in the following brief
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description of the individual lodes.

They have already been classified according to their relative extent, pro-
duction and history and will be considered commencing with the more important
group. The location of each, unless stated, is indicated in Fig. (30), and

the majority were geographically described by Dines (1956).

(2) Major Lodes
(1) The 'A' Lode

Shown in Fig. (72) in relation to the langing-¥all Branch Lode, the 'A'
Lode comprises two mein lode fissures which are fairly constent in strike and
dip.  The upper, Western one, with a length of 600 feet, strikes MW-5E and
dips 3V at a relatively low inclination. The deeper, 900 feet long, Eastern
fissure is fairly convex to the NE in plan, and the rate of change of strike
gradually increases to the east. It strikes WW-ESE, dips SW at sbout 75°,
and develops a N-S strike, in line with the North-West Branch Lode, at its
castern extreanity before junctioning with the North Lode.

By the standard method illustrated in Fig. (88), the relative displacement
of the walls of the 'A' Lode may be evaluated for the lower fissure. It com-
prises reverse faulting with an overall throw of 5 to 10 feet in gither a
vertical or oblique direction inclined to the SE, as shown in Fig. (90/G).

The zbsence of any records concerning the upper fissure, coupled with its
present inaccessibility, prohibit the determination of eny movements.

The 'A' Lode maintains a meen width equal to the average for the whole
mine, and consists of a clean fracture subjected to three mein phases of minera-
lization. The first comprised a little reddening and keolinization of the
wall-rock, and wes followed by some tourmaline and eventually by later quartaz,

as shown in Fig._(135).
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Displacement was associated with each mineralization phase, and slicken-
sides indicate that the direction of movement accompanying thc introduction of
quartz was vertical,whercas during the tourmaline infilling phase it was oblique
and inclined at about 60° to the SE, coinciding with the plunge of the line of
intersection of the 'A' and Hanging-Well Branch Lodes. For o short distance
on e€ither side of, and at the junction with the latter, the 'A' Lode either
contains only quartz or simply comprises a major plene of movement with surroun-
ding wall-rock altcration, as shown in Photo. (72). Although, as indicated in
Photo. (102/A), & little cassiterite occurs in the quartz, the majority was

associsted with the earlier tourmaline.

(2) Borehole Lode

With o length, cxcluding the Western Extension of 1,200 feet, the Borehole
Lode is situated in the Eastern unit of the mine. It characterizes the very
irregular North Pig and Grenfell Lodes which also possess zn overall NV -SE
strike, and the typical complexity of the lode is shown in Fig. (51). Sections
strike between NN and WV, and, as indicated by Fig. (43/7) which shows the
poles to planes of the lode at 50 ft. intcrvals along all the levels, there
is no preference for either a NE or SV dip by any particular strike direction.
The lode dip varies between 60° 30 and 65° NE and there are four major mexima
of 123/83 Si, 144/86 Si, 124/84 NE and 142/86 NE.

Four prominent dykes intersected by the Borehole Lode are shown in Fig.
(89), but it is impossible to eveluate the direction of overall displacement
by the method shown in Fig. (88) unless the lode's integral Si-and NE-dipping
sections are considered separately. The substantial evidence of slickensides

and the deflections of numerous dykes indicate that the NE-dipping sections
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have been subjected to normal fazulting through 1C to 15 feet, as shown in

Fig. (90/H), the direction of movement being inclined 2t sbout 70° to the

SE. Similerly, the SV-dipping sections underwent reverse faulting of the seame
megnitude in the manner indicated by Fig. (104).

Recent (1962) development on Level 13 and earlier driving on Levels 8
and 9 has proved the Western Extension of the Borehole Lode to the west of
the line A-A in Fig. (73). This is a different lode fissure, and although
possessing an erratic high tin content in common with the Borehole Lode, it
should in future be considered scparately, othewise confusion will arisc.
Present indications are thet this fissure, over the area now developed, under-
went reverse faulting through 10 to 15 feet.

One of the most charccteristic features of the Borehole Lode, which is
st1ll being developed in depth, is the highly fluctuating tin content and
lode width, Numerous branches develop, especially where the lode changes
appreciably in strike and dip.

The lode possesses a charactcristic bleck colour due to e high tourmaline
content, the latter arising from both wall-rock rcplaccment, as shown in
Photos. (57) & (92), and from infilling with which cassiterite was associated.
The major movements preceded some of the wall-rock alteration, other férms
of which are kaolinization and the development of earthy hemetite, but followed
the majority of the tourmelinization and of'ten intense sulphide impregnation
of the fissurc walls. The infilling was succeeded by a further cassiterite
phase shown in Photo. (95).

Pyrite and chalcopyrite, usually morc¢ massive than in the other lodes,
as illustrated in Photos. (100/A) & (102/B), are common, zlthough late quartz

is generally absent.



(3) The 'C' Lode

The 'C' Lode, shown in fig. (74), occupies = strongly developed regular
fissure and hes been developed over o total extent of cbout 1,000 feet.

With o WNV-ESE strike end o relatively low SE dip, it possesses a meximum
illustrated in Fig. (43/12), of 112/65 Si.

Only a very smzll amount of stoping has resulted from the extensive
driving, and is centred on Levels 12 and 13 around the intersection with the
N-S drive in the Western end. Slickensides and the displacement of the iain
Centrel Dyke indicate that normal faulting in the plane of the 'C' Lode was
essentially vertical through o distance of 10 to 20 fecet.

Wall-rock altcration, comprising slight reddening and tourmalinization
of the granite, was followed as shown in Fig. (66) by the introduction of
quartz which, although banded in the upper levels, tends in the lower horizons
to be massive and to include fragments of the wall-rock, as indicated by Photo.
(63). This quartz, which is less opaque than usuel, is accompzanied by =
little cassiterite which accumulated as smell bunches, whilst some coats
quartz crystals in the vughs.

Further dilation of the fissurc allowed the introduction of the late
massive quartz and jasperoidel hematite characterized by the North Levant
Lode and shown in Photo. (110).  Recently (1962) an additional quartz-cas-
siteritc mineralization phase, similar to that shown in Photo. (102/C) has
becn disclosed in Level 13 (Eaét). The 'C' Lode structurally and minera-
logically resembles the North Lode, but differs in its lower cassiterite

content and the rarity of sulphides.

(4) Coronation Lode

Penetrating the three units of the mine, the Coronation Lode is the

most extensive flat-dipping lodc and is shown in plan in Fig. (75). It
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comprises two major lode fissures, of which thet to the west, with = length
of 2,000 feet, is the morec important. Striking WN7, the latter dips at

60° to 70° SW end junctions withji?oerth Pig and 'D' Lodes. With a slight
convexity to the NE, the Western fissure 1s quite uniform in attitude and is
itself composed of two lode fissures which are discernible in ®ig. (75). The
upper on¢ is continuous from Level 6/7 to 12, from where the lower fissure
extends to Levellb5. It is noticcable that a2 N-S line through the western
end of the North Lode, ncar the Nortn Levant Lode, passes through the eastern
end of the lower Coronation Lode fissurec.

The Eestern fissure is the more complex of the two and i1s very variable
in strike and dip east of its junction with the Wethered Lode. South of the
latter the fissure divides the North Lode into two sections and joins the
Prospects South and East, shown in Fig. (65), in the vicinity of the Complex
Dyke. The two main fissures with mexime of 113/66 SV and 151/69 SV are repre-
sented in Fig. (43/3).

Two main periods of movemcnt on the Coronation Lode resulted in an overall
normal faulting of sbout 15 feet in a direction inclined at 60° tc 70° SE, as
shown in Fig. (90/A), the movement naving been of the same order on both the
upper and lower Western fissures. Thet on the Eastern fissure cannot be
evaluated, owing to the scarcity of dykes and the lack of records.

The minor structure and form of the Coronation Lode is fairly uniform
over short distances. At the Jjunction of the Western and Eastern fissures,
the region of which on Level 12 is shown in rfig. (50), meny branches are
developed, one on Level 8 being the Grenfell Lode.

Well-rock alteration usually comprises a little reddening and kaoliniza-

tion of the grenite. The majority of the lode, with a high average width,
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originated from infilling of the fissure to form banded quartz and tourmaline,
2s shown in Photos. (59) & (60). Some cassiterite is associated with the
tourmaline but the majority is present in the quartz in the form known locally
as 'steel tin', and which is representative of z quertz-cassiterite phase
illustreted in Photo. (101/C). Some, however, is later than the quartsz
through it wihich foras veinlets.

Most mineralization phases in thc mine, from occasional wall-rock
alteration to late massive quertz infilling, are represented in the Coronation
Lode, as shown in Photos. (62) & (80). Accessory emounts of sulphides are
present in the central quartz lcaders and chlorite is usually associated with
the tourmaline.

There ere frequent signs of repeated movement in the form of slickensides
and the shearing of the granite walls, as shown in o section through the
Footwall Branch of the Coronation Lode illustrated in Fig., (134 upper).
Although the tin content tends to be fairly sporadic on the Coronation Lode,

there are well defined courses and shoots of ore.

(5) The 'D' Lode

The 'D' Lode consists of two lode fissurcs, the major one which may
itsclf be multiple and the less important fissure, cach being confined to
the west and eust respectively of the Hanging-Wall Branch Lode. The major
fissure, with a mexima indicated in Fig. (43/9) of 127/77 SW, strikes WNW,
and possesSes o relatively high SN dip overturning locally as shown in Fig.
(76).

Near the North Pig Lode (West) the 'D' Lode junctions with the Coronation
Lode at a very low engle in plen end epproximates closely in attitude to the

lower Coronation Lode fissure. The major fissure, with « total length of
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about 900 feet, hus been subjccted to reverse faulting tarough 5 to 10 feet,
as indicated in Fig. (90/F).

The lode, on which development has now ceascd, 1s known for its width
below the mine aversage and its 'hard' naturc. With well-defincd wells which
show only a little reddening and keolinizetion, thc lode suffered sperse
quartz infilling. Cassiterite occurs as 'stecel tin' and chalcopyrite is

aebundant, especially on Level 9.

(6) Footwell Branch Lode

The Footwall Branch Lode, which 1s still being devecloped, is shown in
plen in Fig. (77) and more complctely in Text fig. (3). It was discovered
as a branch of the North Lodc (West), shown in Fig. (63) and now (1962)
extends for zn overell distance of over 1,100 fect. Like tne other relatively
flat lodcs of the Western unit it is fairly curved in plan, and with a2 WINJ
strike and SV dip it is uniform in ettitude over short distances.

Present determinetions of the displeaccument along the Footwall Branch Lode
are inconclusive owing to the dearth of dykcs, but a preliminery estimate
indicetes that the lode underwent noriiel faulting through approximately 10
feet, and numerous slickensides demonstrate that the direction of movement
was inclined ot 60° to 70° SE.

The predominant form of well-rock elteration is kaolinization, hematiza-
tion and discolouration of the grenite. Llthough tourmalinizetion occurs as
~shown in Fig. (136), rcddening is generally sbsent, and the mineralizestion
and wall-rock impert an overall characteristic grey colouretion to the Foot-
wall Branch Lode. Pine-grezined cassitcrite is associated with tourmeline,
hematite, chlorite, and quartz infilling, with a simple banded appearance to

the lode as shown in Photos. (54) & (74).
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Gvidence of repeated movement is often present in the lode walls
as illustrated in Fig. (136 upper), and the Footwall Branch Lode is accom-

panied over a large extent by the North Levent Lodec, snown in Photo. (69).

(7) Grenfell Lode

Although the laterzl limits have been located on Levels 8 to 12, the
Grenfell Lode, with a length of 800 to 900 feet, has not been completely
developed. Workings on Levels 8 znd 9 are shown in figs. (G), and its
castern limit is provided by the Wetnered No. 2 Brench Lode. Overell, the
lode strikcs NW-SE with an inclination in excess of 80° to both the NE and
S, but with meny local variations, thereby being structurally similer to
the Boreholc Lode,

The Grenf'ell Lode shows cvery possibility of yielding economic minera-
lization down to Level 15, and in contrast to the more reguler,flat-dipping,
major lodes of the nine, the lateral extent of its cconomic portion is only
slightly grcater than the vertical extent.

The customery steep dykes, arc supplemented by the flat-lying sills
shown in Photo. (8&), snd slickensides indicate that the overz1ll movement
on the Grenfell Lodc was e downward displacement of the NE wall through 10
feet in a direction inclined at 70° to 80° SE.

The tin content of the lode is fairly erratic but the fluctuations are
attributable to structural features, end there is a well defined overall
division betwecen the stoping and non-stoping ground. The predominant
minerclization phases ere those of cassiterite-hemetite and cassitcrite-quertsz,
wnich succeeded the earlier phases coummon to both the 'C' Lode and parts of

the Grenfell Lode, end shown in Photos. (81) & (73).
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(8) Kew Lode
Since the New Lode was exploited early in the history of the mine very
few records are available. As shown in Fig. (79), it strikes NIW-SSE
and the SV dip varies betwecen relatively steep and flat. W1ith a meximum
of 158/75 Si and a subsidiary one of 123/70 Si, as shown in Fig. (43/10),
the New Lode shows o major structural similerity to thc Coronation Lode (East).
With a total length of about 1,400 feet, the lode is limited in extent
between the North Lode and the Southern Branch of the North Pig Lode, Jjunc-
tioning between them with the Northern Branch of the latter. There is an
unconfirmed indication that movement on the New Lode comprised normal
faulting with a displacement of 5 to 10 feet, as indicated in Fig. (90/D).
The fairly narrow lode fissure is usually infilled with tourmaline and quartz

as shown in Fig. (58 lower).

(9) North Lode

The North Lodc and Coronation Lode are the two major relatively flat,
Si-dipping lodes of the minc, and the former, as indicsted in Fig. (80),
compriscs three component lode fissures on all of which major development has
now ceased. The Western section, with = nearly -7 strike and = length of
about 1,000 feet, was an importent producer and extended from Level 4 to 13.
It junctions with the Hanging-Wcll Branch, North Pig and North Levant Lodes,
the western limit being marked by the latter, as shown in Figs. (63) & (64).
The overall movement on the Western section comprises normal faulting
through ebout 20 feet, in o direction between vertical and an inclination
of 60° SE, as shown in Fig. (90/B).

The line of demercation of the 7Testern and Centrel sections is the
region of sudden change in lode strike, en example of which is provided in

Fig. (54), eround the junction with the North-icst Branch Lode. If the
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latter is projected to the north along o N-S line it intercepts the junction
of the Western and zastern sections of the Coronation Lode. The 1lizit of the
500 feet long central section to the cast 1s marked by the junction with the
Coronzation Lode. The central section wes also subjected to normal faulting
through about 10 to 15 feet, in ¢ direction that was either vertical or in-
clined slightly to the O5k.

#ith & length of about 900 feet, the Eastern section is confined to the
east of the Coronation Lode and is otherwise terminetcd by the NE-SV linc
marking the end of the Wethered Lode. This section possesses the same
mejor structural characteristics as the latter; convex to the NE, a mean
WNW strike, and e relatively low Si dip. Movement on the Eastern section
comprised normal feulting with a vertical displeceient of 1C feet as shown in

Fig. (90/C).

The entire North Lode is plotted in Fig. (43/4) cnd although therc is

m

wide spread in attitude, the .ajor meximum of 107/62 Si is supplemented by
onc of 171/59 W.

The Lode consists predominantly of quartz, chlorite and tourmaline, often
with later phases of mineralization, &s shown in Photo. (58), infilling a
strongly developed fissure. Cassiterite is wssociated with the quartz,
tourmaline and chlorite phascs, and often occurs in the form of 'steel tin' end
es veins in the quertz, which is normally herd and brittle. Wall-rock
alteration usually consists of slight reddening, tourmelinization end keolini-
zation of the granite, and the infilling is cheracteristically either simply
banded or repeatedly veined, in similerity to both the Coronation and
Wethered Lodes, Freguents of wall-rock are often included in the quartz

infilling as shown in Photo. (64), and are somctimes veined by later quartz,
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the obundance of which is a feature of the North Lode.

(10) North Pig Lode

The North Pig Lode, upon which work has now nliiost ccased, hes been
stoped, ~s shown in Fig., (81), for over 3,500 feet ~nd fro. the shellow sdit
level in the region of Ceru Sheft to Level 14, with additionsl development on
Level 15. The overall strike is NW=-SE but, in conwuon w#ith the Borchole Lode,
the North ?ig Lode locally possesscs large veristions in sttitude. It is
shown in plan in Fig. (81) cnd is divisible into several component lode
fissures, each of which bears considereblc mojor structurel resemblances to
tiose characterized by the No. 3 Branch, Coronction and Borenole Lodes.

The overell correspondence to the latter is indicated by Fig. (43/8) in which
the North Pig Lode posscsses ¢ major moximui of 129/86 Si end o subsidiery
one of 113/84 SW.

Between Cern Sheft ond the No. 3 Branch Lode, to the north of which
it was not traced, tne North Pig Lode junctions fro.. cast to west with the
South Pig, New, Henging-V-11 Brench, end North Lodes, snd the following have
developed as branches: No. 1 Branch, No. 2 Branch, No. 3 Branch end North-
‘West Branch Lodes, and the Southcrn Branch of the North Pig Lode.

Most of the North Pig Lode is completely incccessible, and with the
exception of the very recent workings no records, epert from developient
samples, are aveileble, Nevertheless, there are indicetions in the vicinity
of the North Lode thet the NE wall of thc North Pig Lode moved downwerds

through a distence in excess of 10 feet. This eveluetion epplies only to
the lode fissure in this immedicte erce and cannot be extcnded to the re-

inoinder of the North Pig Lode.
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Even where the older and centrel workings are accessible the entire lode
has been mined, leaving no pillers in the drives. It is subsequently impossible
to determine the oversll minerclization cherecteristics and eny first hand data
is necessarily localized. The lodc wes epperently quite verieble over its
whole extent, and was structurslly described by Collins (1920) who, together
with Mr. H. Grenfcll (personal communicetion), remsarked upon the asbundance of
earthy hem: tite in the upper levels.  Gregory (1925) described the lodes in
the Wethered section ns gencrally posscssing an infilling of quartz, cessiterite,
hemetite, pyrite, chalcocite, chlorite, and jesper, but mekes no mention of
tourmaline. Overall, the lode cppears to contein cnlorite, quertz and tour-
izline, s=nd to be bordered by reddencd grenite which on occasions becomes
intensive, s shown in Photos. (41) and (42). 1t 1s chearacterized in depth
(Levels 13-15) by the occurrunce of arsenopyrite end feldsper illustrated in

(&)

fig. (132 lower) & Photo. (102/D), and the rclative abscnce of quertaz.

(11) No. 2 Branch Lode

The No. 2 3ranch Lode, approximetely 1,500 to 1,600 feet long, was dis-

covered as ¢ branco of the Nortn Pig Lode =nd extends as shown in Fig. (27)
as far west as the granite contcct where development ceeased. The lode strikes
WNW with a reletively high dip to the &7, end locally overturnes, as shown in
Fig. (83). It 1s slightly curved in plen and the structurzl similerity in
strike and dip to the 'D' Lode, end in strike to the Coronstion and North
Lodes, is visible in Fig. (a3/2) which indicates = meximun of 116/77 Si.

Movement on the lode consisted of reverse faulting through cbout 5 feet
in 2 direction that was either verticel or inclined slightly to the SE.

In similerity to the Footwall Branch Lode &ll-rock alteration comprises
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meinly inconsistent kaolinization and heavy discolouration, =nd only = little
reddening of the granite. Cossiterite is often confined to an =ssociation
with eerthy hemctite which wes a feirly comion constituent =nd occurred os
bands in the lode. Tourmaline and chlorite arc common and & speciiicn illus-
trated in FThoto. (103/L) is fairly typiczl of the No. 2 Branch Lode which

was 'soft' and compcrable in value to the No. 3 Brench Lode.

(12) No. 3 Branch Lode

Shown in plan in Fig. (&A), the No. 3 Brench Lode strikes WIW and
possesses a relotively steep SV dip., With o meximum, es shown in Fig. (43/1),
of 11Z/77 SV, it is similer in its major structural chearacteristics to the
No. 2 Branch Lode, but shows less tendency to curve. The lode 1s confincd,
with o length of about 2,000 feet, between the granite contact, shown in Fig.
(27), and the projection to the north of the Henging-iall Brench Lode.

Evidence of tne extent of displacement on the No. 3 Breanch Lode is
slightly conflicting at first sight, esnccially with respect to the granite
contect shown in Fig. (59), but the overell movement comprised reversc fault-
ing through sbout 5 feet in a dircction steeply inclined to the SE.

The lode, on which production has now ccased, is rcputed to have been
the richest in the mine. This is a correct appraisal if the lode is viewed
against development in more recent yeoars, but its mein value lay in its
consistently high tin content. One of the lode's most characteristic
features is the cxtensive wall-rock alterstion, shown in Photos. (48), (88/D)
and (90), which usuclly compriscs reddening, tourmslinization, chloritization,
and keolinization. Some alterztion is alweys present, merging into the
fissure infilling es shown in Photo (94/B), =nd often contzining substenticl

quantities of cassiterite as illustrated in Photos. (89) & (93/D). The
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No. 3 Branch Lode posscssed the lowest fissure-width/lode-width ratio of any
of the Geevor lodes.

Where the alteration is most intense, the wall-rock is often impregnated
with sulphides as illustreted in Fhotos. (88/4) enu (100/B).  Sulphidcs
infilling the fissurc, as shown in Photos. (48), (51), & (97/3), ere cbundent,
the wost promainent being pyrite, chalcopyrite and chelcocite. irscnopyrite
is common in the lower levels where, as illustrated in Photos. (76) & (105),
it is associeted with feldspar znd tourmeline.

Post-cassitiritc mineralization phases, apart from sulphides are not
well represented on the No. 3 Branch Lode, and the only significant infilling,
epart from calcite, is a norrow quertz leeder, often containing amcthyst, es
shown in Photos. (49), (50), (51), & (52) end Fig. (133). In the killas

the lode consists of = nerrow irregular fissure shown in fig. (130).

(13) South Pig Lode

The South Pig Lode was cxploited in the early ycars of the Cowmpany between
the shallow adit and Level 7 (Wethered), as shown in Fig. (86C), over a total
lateral extent of about 3,300 fect. It comprises two main lode fissures to
the west and east of the Jumbo Lode which lies on the continuation of the
N-5 line of dislocation througn the Coronstion and North Lodes.

The Vestern section strikes NV-SE with a relatively steco S¥ dip. The
lode, or one of its branches, junctions with thec North Pig Lode but is deve-
loped between the Hanging-Wall Branch end North Lodes. The Lastern section
possesses an average WNW strike end is convex, with a relatively flat dip,
to the SW, bearing = close major structural resemblence to the Wethered and

North (East) Lodes. This is visible, despite the inclusion of the Western
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section, in Fig. (43/6)in which the South Pig Lode posscsses o meximwi of
115/62 Si.

The lack of records of dyke displeceacnts prevents an evaluation of the
relative displaceiment of the lode walls.  lccording to & first-hand report
by Collins (1920) the South Piz Lode generally contained more quartz than
the North Pig Lode, both lodes being described as 'tight', The other mesin
wminerel constitucnts were tourmeline cond chlorite with o little reddened

granite in the walls.

(14) Wethered Lode

The Wethered Lode 1s situated in the Lastern unit end devclopiaent has
now (1962) becen completed between Levels 6 and 13 and over = totel laterel
extent of 1,500 feet. {i1th an average Will strike and e relatively low SW
dip, the lode is precdominantly convex to the NE, as shown in plan in Fig,
(85), end possesses & mexiauwa in Fig. (43/5) of 121/57 SW.

Slickensides arec common on the Wethered Lode which displeces several
dykes, the most promincnt of which branches es shown in Fig. (88). 11 the
displacements indiccte normsl foulting in the Wethered Lode through e vertical
distance of sbout 10 feet.

Most of the¢ lode resulted from the infilling of a single well-defined
fissure accompanied by = very slight touraclinization, kaoliﬁization and
discolouration of the wall-rock, and hencc the lode width is usually equive-
lent to the fissure width, Downwerd move:ment of the henging-well accompanied
many of the minerclizotion phascs end the meen fissure width on different
levels mey be employed, as outlined by HEmmons (1943) and illustrated in

Fig. (104), to determine the reletive displacement of the wells. Numerous
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calculations by this method confirm the rcsults obtained from the enalysis
of the¢ dyke deflcctions.

£11 the forms of veining, brecciation, and buanding, as shown in Photo.
(79) end Figs. (137 lower) & (138), ere illustrated by the infilling of the
Wethered lode fissure. Cessiterite is meinly sssociated with tourmaline end
chlorite, =s indicated in Fhotos. (101/4), (104/8) & (104/F) respectively, and
quite often with earthy hcmatite.

Continued vertical movenments caused the introduction of increcsing amounts
of quartz, with which pyrite, chclcopyrite «nd chalcocite arc associcted.
Sphelerite is common and typically occurs in the forms snown in Fhotos. (61),
(101/8), & (103/8). The lode is noted for the wide vericty of late minerel
essenbleges which include coleite, siderite shown in Photo. (108/D), numerous
verieties of quertz, chalcedony, smcthyst, and jasper as illustrated in Photo.

(109). Minor z.aounts of opal have been observed by the present writer.

(b) Minor Lodes
(1) Caunter Lode

Shown in Fig. (30), the Ceunter Lode is situated near Wethered Shaf't,
and becsuse it was workcd in the cerly ycors of the Couwpany it is almost
conpletcly inaccessible. Ibout 500 feet long, it is slightly convex with a
relatively flat Si7 dip. The lodc strikes persllel to the South Pig Lode,
and, as Gregory (1952) remerked, it is ceunter only in nane. The latter
term could equally be cpplied to cll the Geevor lodes with respect to both
the remncinder of West Cormwzll and to one cnother.

The Ceunter Lode, shown in deteil in Figs. (16) & (J), is terminated
to the west against the N-S striking Jumbo Lode, on the other side of which

the Blue and Black Lodes were developed. No records are aveileble but the
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lode was known as 2 hazardous one duc to the 'rotten'naturc of the wall-rock.

In one cxposurc it consists of heavily nematized granite traversed by stringers
of quertz and tourmaline. On Level 6 tnere 1is a central guartz leader contain-
ing numerous vugs and bordered on both the footwall and hanging-wall by wide
belts of kaolinized granite.

(2) Hanging-Wall Vein

The Hanging-/all Vein was recently discovered as a branch of the Footwall
Branch Lode and has now (1962) been developed for a distance of about 400 feet.
The relatively flat Si dip of the Footwall Branch Lode is meintained but the
strike is more inclined to the west, as shown in Text Fig. (3).

Insufficient dykes, branches and other features huve so far been disclosed
to permit an accuratedtermination of the relative overall movement of the
lode walls, but there is every indication that normal faulting has occurred.

The Vein is fairly narrow and includes ecither hematization of the wall-
rock shown in Photo. (55) or tourmalinization and greisenization, as shown
in Photo. (56). The value is due to a cassiterite-quartz phase shown in

Photo. (101/C).

(3) North-iest Branch Lode

The North-lest Branch Lode was, as the name implies, discovered as a
branch of the North Pig Lode, and with a length of about 300 feet 1s con-
fined between the latter and North Lode. It strikes NW-SE with arelatively
high NE dip, and is illustrated in plan in fig. (82). The Lode is now
inaccessible and no records are avalleble. It appears to be a direct con-
tinuation of the Nortn Pig Lode fis§ure to the east, and at its northern
end it tends to develop a N-S strike, especially on Level 8. As shown in

Fig. (G), it forums a strike continustion in the north to parts of the
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Coronation (East) Lode to the west of the Wethered Lode,

(4) No. 1 Lode.

Illustrated in Fig. (70), the lo. 1 Lode, is situated between the No. 2
Branch and Footwall Branch Lodcs, extending a little to the NE of the former.
With & relatively low SN dip it strikes WIW and hes been developed over a total
distance of about 700 feet. Level development has now cecased and there is
insufficient evidence for an evaluation of any possible relative movement of
the lode walls.

Mineralogically the lode is very similar to the adjzcent lower levels of
the No. 2 Branch Lode and contains, as i1llustrated in Photo. (98), tourmeline,

feldspar, arsenopyrite, and later chlorite and cassiterite.

(5) No. 1 Branch Lodc

The No. 1 Branch Lode, now inaccessible, was discoverced as a branch of
the North Pig Lode and is sbout 400 feet long.  Shown in Fig. (82), it
strikes WNIV with a relatively high SV dip, and although it bears a marked
structural similerity to the North Pig and No. 2 Branch Lodes it contains
quartz in contrast to the latter. With 2 high tourmaline content the lode
contains a lot of chalcocite and the wall-rock altcration consists of a little

reddened granite.

(¢) Major Prospects

(1) Prospects Last and South

By development to the east on the Coronation Lode the Trospects Bast
and South were discovered, as indiceted in Figs. (53) and (65).
The Prospect Dast, shown in Fig. (70), structurally resecmbles the 'A’

Lode to the east of the Hanging-iall Branch Lode, striking Wil with a
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relatively steep SV dip. It nas similerly undergone normal fzulting through
about 5 feet, and has been developed over nearly 400 feet.

The Prospect South, developed over approximetely 800 feet, strikes NWW-SE
with a relativcly steep dip, and locally overturns. Unlike the North-Wcst
Branch Lode, which it structurally resembles, the reletive movements of the lode
walls may be evcluated and constitute normsl faulting of the same extcnt as
the Prospect East, with which it is comolimentary. Mineralogical details of

both Prospects are available from Fig. (65).

(2) Prospect No. 1

The Prospect No. 1, which has been developed on two levels for over 900
feet overall, is located as indicated in Iig. (30), and is shown in plan in
Fig. (71). With a NW-SE strike, it dips at between 75° and 85° SW and is
convex in the same direction.

The displacement of the main central dyke indicates thet either reverse
faulting througn about 5 feet or no relative movement has occurred in the Pros-
pect. Seldom exceeding one foot in width, the fissure is infilled with
tourmaline and quartz, and surrounded by a little reddened and kaolinized

granite, as shown in Photo. (71) and Fig. (58 upper).

(3) EPErospects No's 2 and 3

The Prospects No. 2 and No. 3 are situated to the north of the No. 3 Branch
Lode and, as shown in Fig. (9), were developed only on Level 11. Both strike
Wi, end whilst the Prospect No. 2 dips at ebout 65° SV the other is rela-
tively steep. Both structurally resemble the Prosvect No. 1 further to the
east,

The Prospects, which are very similar, are typicelly rich in tourmaline

and are illustrétod in Fig. (131). To the west the Prospect No. 2 was traced
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into the killas for a short distance but was not located further west in the
x-cut on Level 11 froan the No. 3 Branch Lode. Only one dyke crosses the

Prespect No. 3 and indicates little rcletive movement of the fissure walls.

(d) North-South Lodes

(1) Hanging-Wall Branch Lode

The Hanging-Wall Brench Lode, shown in Figs. (52) & (78), wes so named
owing to its location in the upper levels on the hanging-wall of the mein
central dyke, as shown in Fig. (52). From & point to the south of the
South Pig Lode it has been followed north for 800 feet, junctioning with the
South Pig, North Pig, North, '/' and 'D' Lodes. With a N-S strike it dips
east and, as shown in Fig. (43/11), possesses o maximum of 174/70 E.
i1lthough tine lode was partielly stoped, as shown in Fig. (78), it was ad-
vantageously employed as a x-cut to the north.

There arc numerous plancs of shear and signs of meinly vertical movement
in the Hanging-Wall Branch Lode. The only evidence, preserved in the form
of junctions between the Henging-WVell Brench Lode and the '/'' and 'D' Lodes
which are shown in Fi.s. (57) & (72), indicates downward relative movement
of the hanging-wall through & distance in excecss of 5 feet and in o direction
inclined to the south at about 30°, Dines observed, however, that the
Hanging-¥all Branch Lode, displaces the South Pig Lode i1n such a manner that
reverse movement through an indeterininate amount is indicated.

Where it is not stoped out and is accessible between the North and
'D' Lodes on the lower levels, the Hanging-Wall Branch Lode consists of two
or three inches of quartz with occasional tourmaline end e very small amount
of jasperoidal hematite. Variable wall-rock alteration comprises dis-

colouration and slight reddening of tae surrounding granite.
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(2) Wethered No. 2 Branch Lode

The location of the Wethered No. 2 Branch Lode, shown in Fig. (71), is
indicated in Fig. (30). With a very variablc strikc approximeting towards
N-S in the northern half, the lode varies in dip direction between east and
west with an inclination alweys grezter than 80°, /1though differing struc-
turally from the Hanging-icll Brenco Lode, it resembles the latter in the
smell emount of stoping sround.

[s & result of the strike of this lode, in which specular hematite is
common, it intersects very few dykcs, but preliminery measurements indicate
that the eastern side probably descended through an indeterminate distance.
The relationship of the Wethered No. 2 Brench Lode to the Wethercd Lode is

shown in Fig. (56 lower).

(¢) Guides

/s the only msjor zuide in the mine, the North Levent Lode, illustrated
in Fhotos. (66) & (67), Jjunctions with the orth and Footwall 3ranch Lodes
as shown in Fig. (63) & (64). It continues to the west and assumes the
attitude of the Footwall Branch Lode, as shown in Fig. (63) and Photo. (69),
for zbout 500 fect. Striking i=-5L, it mccts the No. 2 Branch Lode where
it has been observed on Level 12, zs shown in Fig. (102). By following a
N-5 course the North Levent Lode cventually junctions with the No. 3 Branch
Lode whence it reassumes a NW-5E strike.

The North Levant Lode dextrally displaces both the North and No. 2 Brench
Lodes for e few feet, but mercly penetrates the No. 3 Branch Lode without
inflicting horizontal displacement.,

The mineralogical and minor structural character of the North Levant

Lode, which contains only trace amounts of cassitcrite, is apparent from
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the above Photos. There 1s no measureable relative movement of the lode
walls and opening appears to have resulted entirely from their simple inter-

m:ttent separation.
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6/6 Faults.
faults are commnon in the minc and with horizontal displacements of about
two or three fcet and a moximun of 10 feet, they mey be grouped as follows:-

(2) mejor faults, (b) feault zones, and (¢) minor faults.

(a) Mejor Faults

Six mejor fzults, shown in Fig. (103), occur in the minc and the two
most prominent, Fs and F5, ere indicated in rcletion to the dykes in Fig.
(31). They possess a very rcgular NE-SV strike, a high SE dip, and arec
continuous in both the grenite cnd thne killas for at least 1,000 feet, over
which distance they displey varictions in the extent and direction of dis-
placement of the lodes.

Their major structurcl form is indicated by plotting the poles to the
plenes of the faults, as shown in #ig. (38/1), indicating a meximum of 34/71
S Some of the mejor faults consist of & zonc about 30 feet wide in which
three or four major fissurcs possess the samc attitude and collectively
displace the lodes. Occesionally some, wnich would otherwisec be classified
as 'major', tend to strikc morec Li-8 end en exemple from Level 13 of the No.
3 Branch Lode is indicated in fig. (62).

Fi snown in fig, (103), muy be traced through the No. 3 Branch Lode,
end with less certainty, through the No. 2 Branch Lode. From the Prospect
No. 2, F, may be treced throu,h the No. 3 Branch, Coronation, No. 2 Branch
and Footwall Branch Lodcs as far as the Hanging-=iall Vein, but wherees
Fs is in evidence on the lio. 2 Branch, No. 3 Branch and No. 1 Lodes, its

presence is not indicated on the Coronation and Footwall Branch Lodes.



- 260 -

To the rast, F5 1s continuous through the Borehole, Wethered and North
Lodes and through the Prospects Last and South, &s shown in Fig. (53). Fg is
present on the Sorchole, Wethered and Ilorth Lodes, but mey be identified with
less certainty on the Pr spects Zaest and South. There zrc¢ no records con-
cerning the North Pig, touth Pig, and other Lodes to the south through which
F5 and F6 mizht be cxpected to continue,

i selection of the lode-fault intersections is provided in figs. (61) =nd
(62). In the western unit of the mine Y1, Fy oand Fj produce an overall
sinistral displaccment of the lodes throuzh 5 to 10 fect with occasional very
slight drag effects. sometimes there is a pronounced bending of the lode,
usually more prominent on the western side for about 200 feet, which cannot
be accounted for by drag cffecte. This curvature is less pronounced in the
vicinity of F5 end F6 wnich have exerted z small dextral deflection upon the
lodes.

Tne direction of rcletive displacement by the faults, indicated by often
highly developed slickensides on the planes of movement, is cssentially horizon-
tal. Usually the surrounding grenitc for several feet is heavily discoloured
and/or kaolinized end the fault conteins, apart from a little quartz, tour-
meline, traces of cassiterite and other minerels occurring in the lode,
substantial amounts of calcite and quartz which, from their microscopic
examination, appcar to have becn introduced during end after the main horizon-
tal movements.

Slickensides in the faults indicate not only a horizontel movement, but
also an earlier vertical displacement, the evidence of which has becn almost
completely erascd by successive reactivation. mocen movement in the faults

initiatcd subsidiery fractures along which o slight displacement, often
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undisturbed by later movements, occurred. L8 successive displacements in the
lode fissures graduclly became confined to e centrel fissure, so the later
horizontel movemcnts in the faults beceme concentreted into less plancs then
the cerlier verticel displeccments.

Jlthough the identity of cn individual lode 1is rc;ognizablc on either
side of a mejor feault, there are significent differences, not so much in the

width, put in the mincralogy of the lode on ecach side.

(b) Fault Zones
"Ibout 270 feet to the West of the Wethered Shaft & ncarly vertical
'zulde ' or group of 'guides' runs through the country witn & course
ebout 5° to 10° to the & of N (ilagnetic); .... This is not however
a simple cross-course, but apparently consists of e sort of shear-
zone traversing the country ...."
Collins (1920).
Inere arc two mejor feult zones in the mine, each about 200 feet wide
and containing numerous minor feaults. The two most continuous are FZl and
FZ,, the positions of which are indicated in Jig. (103), =nd with a N-S strike
they mey be traccd over a lesser distance than the megor faults. Within
each zone minor faults strike betwecn N-5 and NL-ST with large local veriations
and different directions of dip. Some -ppear to be no more than enlarged
joints along which movement has taken place but others arc inconsistcnt with
the preveiling joint dircction. The dip of the zoneés 1s not easily discerned
but is most probably towards the east, and the extcnt of their formetion is
more veriable than that of the mejor faults.
The western fault zone FZ, has been disclosed, as shown in Fig. (64),
on Levcl 12 at the western end of the liorth Lode from whence it mey be traced

with diminishing intensity through the Footwall Branch Lode. It is prcsent

in the Lodes to the north as a few crossing fractures causing no apparent
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displecement or as 2 zone of slight dislocation of the lode fissure surrounded
by heavy kaolinization of the granite as, for instance, on the No. 3 Branch
Lode,

For details regarding the other mejor fault zone, FZZ, one is more dependant
upon the accounts of Collins (1920) and Leggett (1920), on which subject the
latter write:

"Going West of the Shaft (Wethcred) on the 6th and 7th levels, there

is a zone of 'shrinkege and shear joints'...."
FZg is also apparently characterizcd by a zone in which movement, mainly horizon-
tal, hes occurred along pre-existing joints. In similarity with the mejor
faults, there is evidencc in the zones of both vertical and horizontal movement
in the plane of the individual faults, and although attended by considerable
doubt, there is an indication that the vertical displacements were the earliest.
here there is substantial faulting the lodes of'ten exhibit pronounced changes
in their minor structure and mineralogy, e€specially between the more prominent
faults, in an individual feult zone.

Despite their continuity throughout the mine with an individually constant
strike and dip, the effect of the mejor faults and fault zones upon the lodes
differs. Ine horizontel displacements cxerted upon the lodes are inconsistent
in direction and extent, not only from one rzult to anothecr but also on differ-
ent lodes along the same feoult. rFor insteuce,onc lode may be sinistrally
displaced for several fcct by a mojor feoult, whilst an adjacent, similarly
disposed, lode along the strike of the same fault mey be displaced only a few
inches and sometiies in the opposite direction. This more often occurs in the
case of the major feults, F5 and F6, occurring in the Eastern unit of the mine.
Individual faults in the fault zones cannot be correlated between neighbouring

lodes, even over distances of the order of 100 feet, or from one level to
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anotver on the same lode,

(c) Minor Feaults

Minor faults ar¢ numcrous, and with meximum displacements of 2 feet they
do not usually fault the lode out of the drive if it is being maintained in
the centre of the development face,

The direction of movement on the minor faults is determined by slicken-
sides which indicate only post-mineralization displacement in a predominantly
horizontal direction, with very few signs of re-activation. They are distribu-
ted equally throughout the mine and their oricntation is indicated in Fig.
(38/2).  Unconnected with the granite joints, they strike NE-Si and MV-SE, as
demonstrated by the moxima of 64/76 SE and 159/74 Sil, and are respectively
divisible into sinistral and dextral faults. There is no =apperent change in
either the minor structure of mineralogy of the lodes in the vicinity of these

faults which usuelly contain a little gougc, eartny hematite and calcilte.

(d) Lode-Fault Relationships

There are many structural rclationships between the lodes and the verious
forms of faulting, and considering cach group seperately:-
The major faults:
(1) are concentrated towards the two limits of the mine;
three in the west and two in the east.
(2) in the west are more strongly developed and more coumposite in
nature than those in the east along which movement tends to have
been concentrated in one main fissure.
(5) would normally be classified as post-mineralization in age with a
predominant horizontal displacement, but detailed studies indicate

that this movement was preceded by an earlier displacement which
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itself presaged and/or accompaniecd the economic mineralization
phases.

(4) frequently coincide with the line of termination of parallel,
neighbouring, W/W-striking znd curved lodes such as the No. 3
Branch, Coronation and No. 2 Branch Lodes in the west, and the
#ethered and North (East) Lodes in the east.,  If ¥, and Fy are
projccted to the south they merk the lines of terminetion of the
Caunter, New and iundic Lodes.

(5) often coincide in plan with a region of change in the major
structure of the lodes; such as a junction between two lode
fissures which arc collectively known as one lode.

(6) appear to bear no such relation, as dctoiled above, with the
North Pig and Borehole Lodcs.

The fault zones:

(1) approximately divide the minc into three equal areas in plan
and bear no distribution relationship to the major faults.

(2) often coincide with the lines of termination of some of the
lodes.  For examplc, ¥Zy is thus related to the North (West),
No. 1 Branch, 'D', and North Pig Lodes, which may be classed
either as the relatively steep, Si-dipping lodes or those pos-
sessing o marked deviation in strike at their western ends.
Similerly, FZ2 coincides with the line of termination of the
Wethered (West) and New (North) lodes, and with the junction

between the Central and Zastern sections of thc North Lode and
with that bectween two separate lode fissures of the North Pig
Lode. It should be noted that the strike of FZ; in Fig. (103) is

incorrectly drawn and should be N-S, in agreement with ¥Z,.
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(3) coincide in location with junctions between, and the lines of
termination of, all forms of lodes and are hence comperzble with the
the Hanging-iiell Branch Lode which possesses the seme strike
direction.

(4) coincide with regions of change in structural attitude, and
terminations, of the stecp, overturning, complex lodes charac-
terized by the Sorehole Lode. The distance separating FZI
and F22 is about 1,500 fcet and at a similar distance to the
east of F22 therc is the =S line connecting the terminations
of the Borehole and North Pig Lodes. Similerly, et an equal
distence to the west of Fzy a Li-5 line marks the effective
termination of the lodes adjacent to the granite contact,
especially the No. 2 Branch and lio. 3 Branch Lodes.

The minor faults:
(1) bear no major structural rclation to the lodes, and are

indiscriminately distributed.
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6/7 Dykes

The distribution of dykes, of which there are two mein major ones, is
indicated in ¥ig. (31). The siain Central Dyke, shown in Fig. (31), is
situated a little to the east of Victory Shaft, and the Complex Dyke, shown
in Fig. (53), is located at the junction of the Prospects kast and South. 1
major dyke was intersected by the Wethered Lode, and another may be traced
through the No. 3 Branch and Coronation Lodes.

sround each, and for nearly 500 feet on each or one side, are clustered
several minor dykes which cannot be traced through adjacent lodes and are not
indicated in Fig., (31). There are three general spatial groupings of minor
dykes as follows:

(2) around Fy, F, and Fs,
(b) around the Hanging-Wzll Branch Lode,
(c) around, and for over 500 fect west of, Fg and F.

Whereas there is = distribution correlation between the major faults and
dykes of 211 forms, there is no such apparent association with the fault zones.
Some, especially the Main Central Dyke, flatten in depth, as shown in
Figs. (31) end (52). Nearly all the dykes, cspecially those striking N-S or
NE-S#, dip to the E or SE, and this allows & rapid evaluation of the direction
of movement within the lodes when no records, other than the apparent horizon-
tal deflections, remein concerning the displaced dykes in the older workings

of the mine.

The fact that small dykes are freguently cncountered on only one side
of a lode is often accounted for underground by the non-recognition of the
displaced portion, waich is understandable under some of the prevailing con-

ditions. However, dykes of'ten occur locally on only onec side of a lode.



This mey be interpreted as an impounding of the dyke magma by that of the lode
or a diletion of the dyke fissure on only one side of the lode fissure, the
early existence of which in some form 1s thercby indicated. When a dyke
branches close to a lod¢ an apparent discontinuity of one branch on both

s1des may be accounted for in the menncr illustrated as Stages 2 and 3 in

Fig. (101/4).
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i PETROLOGY
"The Cliffs from Pendeen to Cape Cornwall show the finest sections

of metamorphoseld rock in Cornwall ...."

... Reid & Flett (1907).

7/1 Killas

The killas exposel in the workinzs of Geevor Mine anl in the overlyins
cliffs conforms to that occurrinz throuzhout the Penleen-Botallack earea, and
the petrology of which was described in detail by Reid & Flett (1907) and
Begehi (1947). Orizinal bandel, silty, mudi-stoncs were transformed into a
low-grade metemorphic assemblage of hornfelses. With a characteristic banded,
spotted, and biotitic nature, they were classified by Bearchi (1947) as spotted
slates.

There are several varieties of spotting, the most prominent Jue to the
formation of biotite, sericite, and chlorite. Other fectures of comtact
metamorphisi cre visible nearcr the gsronite with the development of cordierit«.
staurolite and chiastolite in the underground workings. Asround the granite
contact the original texture of the killas is almost completely destroyed,
and although there are many metomorphic modificetions it is impossible to map
any distinct zones underground. On the surface the exposure width is too
smell and the area is complicated by the superposition of metasomatism upon
the general metamorphism.

Barclay (1959) observel silicification of the killas on the headlani of
Pendeen Watch and attributed it to soda matasomatism, To the same process
he ascribed the formation of the whitenel anld heavily silicified rocks of' the

Averack, and Lacy (1958) supzested that the latter may be complemertary to
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the desilicificated hornfelses close to the granite contact. Barclay (1959)
similarly accounted for the feldspathization of the killas, in which hé recog-
nized the existence of plagioclase (possibly oligoclase) porphyroblasts, west
of the silicified area.

Whenever the killas is interbedded with grecnstone sills on the eliffs

above Levant Mine the contact is marked by the formation of an adinole.
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7/2 Greenstone

The complex petrology and metamorphic history of the greenstone in the
Pendeen-Botallack area was Jdescribed by Reid & Flett (1907), Bagchi (1947),
Lacy (1958), Barclay (1959) and Hawkes (1958).  The latter remerked that
"the most widespread changes in the basic rocks (on the Ni flank of the Land's
End Granite) are the replacement of augite by hormblende, re-crystallization of
oligoclase crystals as granular andcsine, and the partial alteration of ilmenite
to granular sphene. Hornblende veining is common".

The present writer has merely mapped the coastal outcrops, as shown in
Fig, (H), employing only a little microscopic work to assist in the field
identification of the numerous rock types. The surface distribution of green-
stone, consisting of sheared pillow-lavas, south of the [Lvareck is indicated
in FPig. (H). Apart from a small occurrence in the Level 3 adit no greenstone
has been observed by the present writer in the workings of Geevor Mine.

Pillow laves ore continuous from ¢ point south of the fLvarack, through
Trewellard Zewn, ond along the cliffs above Levant Mine.  Usually the form
of the original pillows is still recognizable, as illustrated in Photo. (23),
and they are frequently outlined by actinolite which also develops as penetrat-
ing veins, shown in Photo. (24). In their less contact altecred state the pil-
low lavas contain albite or albitc-oligoclase, hornblende (green), sphene, and
iron-oxide, with accessory chlorite, calcite and epidote. fixinite and tourma-
line are often devecloped in numerous fissures.

According to Barclay (1959), the most common modification of these
spilitic rocks, which may be compared with those described by Reid & Dewcy

(1908), is the extensive formation of biotite by addative processes.
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Some altered dolerite sills cre interbedded with pillow lavas towards
the south while the majority of the greenstone cround Botallack Head consists,
as described by Robson (1953), of epidiorite. Some chemicael aznalyses and
early minerclogical details were provided by illport (1876) and Phillips (1878).

None of the well known greenstone hornfelscs, described by Reid & Flett
(1907), Tilley & Flett (1930), Tilley (1935), =nd Reynolds (1947), occur in the
vicinity of Geevor and Levont Mines. South of Botallack Mine anthrophyllite-
cordierite hornfelscs and other varieties conteining cumnmingtonite, plagioclase,
spinel, and diaspore outcrop in the cliffs, and « typical cordierite hornfels
is illustrated in Photo. (22). Slates at the same locality contain andclusite,
cordierite, biotite, and corundum.

The ebove rocks are very rich in Mg and Fe¢ and are believed by the
majority of workers to rcpresent o modified dolerite. Past writcrs have as-
sumed them to be characteristicelly situatcd near tc the granite and to be
formed from e locel re~distribution of Mg and Fe. Calcium is thought to have
migrated outwards te form calcium-hornfelses from which the silica has been
correspondingly ejected to form the overlying silica-hornfelses. The main
role of the granite intrusion was to cause o re-distribution of the elements
in the aureole rocks, and it is probable thet only potessiwa was introduced
from the granite.

Lacy (1958) postulated a genetic relationship between minerelization in
the St. Just area and the formation of the greenstone hornfelses, stating
".v.. is an areca traversed by a plexus of mineral veins that was, in the past,

a leading producer of tin, If it be held that fluorine is an important agent
in carrying tin, then it may be postulated thatthis clement greatly facilitated
the metasomatic processes or was the active agent involved".

Fluorspar occurs in the Geevor Lodes, which may be regerded as typical
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of those formed throughout the entirc Pendeen-Botallack area, but originated
during a relatively latec stage of the mineralization period as a sporadically
distributed accessory. It is not associated, as in many of the other mining
districts of the South-West, with the mnin cassiterite mineralization phase.
Future workers would probebly find it wmore rewarding to attempt a de-
terminetion of any possible spatial relationship of the greenstone hornfelses
with the configuration of the underlying granite surface, rather than with the

occurrence of intense mineralization.
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7/3 Granite

(a) Normal Geevor-type Granite

Apart from the fine- and coarse-grained granites of the Land's End Penin-
sula, described by Reid & Flett (190 ), several modifications exposed over
limited areas were distinguishcd by Bagehi (1947).  He confirmed that the
more usual granite occurring in Geevor Mine is the coarsc-grained Land's End
Granite, G1, and he described another type outcropping on Cern Eanes.

The present writcer has identified within Gy, hereafter known as the Geevor-
type, several modifications, the distributionsof which arc indicated in Fig.
(17).

The Geevor-type granite is potassic and chemical analyses are provided in
Teble (4), from which compcrisons may also be mole with the granite of New Mill
and Castle-an-Dinas Quoarries, the latter being situated in the fine-grained
granite, Go. It possesses a clean white appearence, as shown in Photos.
(85/D) & (86/L), =nd any alteration is easily detected by changes in the colour.
With coarse-grained, porphyritic, whitish feldspars, it contains visible
biotite, muscovite, quartz, and tourmaline. The feldspars frequently possess
ill-defined boundaries with the groundmess, and contoein inclusions of minute
quantities of biotite and quartz which form well-defined zones, as shown in
Photo. (85/D).

In thin section thc constituent minerals rarcly show a perfect developuent
of their crystal boundaries. Phenocrysts of perthitic orthoclase are easily
distinguisheble and oligoclase-albite occurs in the groundmass. The former
is always slightly terbid due to alteration and invarisbly possesses inclusions
of anhedral quertz, orthoclese, biotite and plagioclase. These are often ar-

ranged concentrically within the porphyritic feldspar laths, and other
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constituents comprise tourmaline, apatite, topaz, zircon, pinite, chlorite and
white mica. Carlsbad twinning is common, and the plagioclase is frequently
sericitised whilst maintaining o clear rim.

Variously-sized flekes of biotite are pleochroic from reddish-brown to
yellowish-brown, Zircon inclusions arc surrounded by pleochroic haloes and
the biotite is often chloritized, the alteration commencing along cleavages
and bounderies with the development of rutile needles. Primery muscovite occurs
in the granite but is often an alteration product of the fledspars. Bagchi
(1947) remarked that "it is doubtful whether any white mica of primary origin
occurs in the granite", but Reid & Flett (1907) reported its presence. It is
occasionally evident in localitics where it cannot be confused with alteration
products and mey be classed as a minor, accessory, primery constituent of the
Geevor-type granite.

Quartz rarely occurs as a porphyritic constituent, but forms irregularly
sized anhedral grains. With inclusions of feldspar and biotite, it usually
possesses very irregular and intergrown boundaries with other minerals.

Prinary tourmcline, existing throughout the fresh granite, is yellow,
orange, or brown in colour and strongly pleochroic, an example being provided
in Photo. (117). A blue alteration veriety sometimes veins and borders the
primary tourmaline, and both types were Jdescribed in detail by Brammall &
Harwood (1925), Scrivener (1903), and Wells (1946).

Fine-grained, greenish-blue tourmaline is produced by alteration of the
feldspars but, in commnon with the ebove verieties, is easily distinguished
from the tourmaline associated with mineralizotion, illustrated in Photos.
(117), (118), & (121). .ccessory minerels include cordierite, pinite,

andalusite, apatite, topaz, zircon, sphenc, rutile and chlorite.



(b) Fine-grained Granite

The fine-grained granite, G;, covering an arce of approximately 7 square
miles, is whitish-grey to grey in colour, and is illustrated in Photo. (87/C).
L chemical enalysis of this specimen is provided in Table (4).

In thin section the ground-mass compriscs an equigranular association of
quartz and feldspar, the latter being oligolcasc or albite-oligoclase. The
less common larger feldspers are euhedral or subhedral perthitic orthoclase
and are extensively kaclinized. They Jdiffer from their counterparts in the
coarse-grained granite by being less perthitic and centaining fewer inclusions,
although the grain boundaries arc equally indefinite. Smaller, anhedral
grains of albite arc present in both the quartz and the larger feldspars.
Orthoclase alters tc kaolin and fine-grained sericite, whereas the albite forms
only kaolin. Biotite with a little seccondary chlorite, interstitial orange
tourmaline, primary cnd secondary muscovite, and zircon are also present.

Chemical analyses of the Land's End Granite from different localities
werc provided by Phillips (1875 & 1880) and Davison (1927 & 1928).  The latter
attempted to correlate the mineralogical veriations in the Cornish granites with
the distribution of mineralizetion. He includcd a description of the Land's
End Granite and provided the following mineralogicel analyses of the rock from

different localities:

Locality Quartz & Feldspar Biotite Muscovite Tourmaline
New 1111 55.1% 7.5 1.2 nil%
Sheffield Quarry 58. 2 6.2 1.8 2. 3%
Lamornea 60.3 8.1 nil nil%

Geevor 61. 4 1.5 5.9 6.1
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(c) Carn Eones-type Granite

Fig. (17) indicates the distribution of the Carn Eanes-type granite.
It was otherwise known as the Pendeen type by Bagehi (19u7),who recorded its
trensitional boundary with the normel Geevor-type. Mediun~-grained and usuclly
porphyritic, it possesses a typical aream colourastion as shown in Photo. (85/4).
The Carn Eanes-type is very similer in composition to the Geevor-type
but contains more muscovite, and Bagehi (1947) rccorded the groundmass to be
richer in plagioclase than in orthoclase. A chemical analysis is reccorded
in Table (4), and although its distribution has been proved only around Cern
Eanes its more widespread occurrence in mine Jumps mey indicate a greater

surface area than is shown in Fig. (17).

(d) Boscaswell-type Granite.

The Boscaswell-type granite 1s exposed in the main Level 9 cross-cut
between Geevor and Boscaswell Downs lines, and at approximately 1,700 fee':
it possesses a gradational boundary over about 20 feet with the Geevor-typ-
dpart from its unusual reddish-brown colour, shown in Photo. (85/B), the Bos -
caswell-type is similar to the Geevor-type, and its potash and soda conteu
is given in Table (4). Meximum colouration occurs at the northern end of *he
cross-cut ond increases in intensity where the granite is more heavily Jjointed,
With well-developed porphyritic feldspars, the Boscaswell-type contains
Coarse-grained muscovite in excess of biotite, thereby differing from the
Geevor-type. Examinations of the dumps around Boscaswell Downs Mine indicate
that its distribution both in depth and laterally, is probably quite extensive.

Recent diamond drilling to the north of Grenfell Lode has disclosed many

local modifications of both the Geevor and Boscaswell-types.
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(e) Western-type Greanite

The inset of Fig. (17) indicates the distribution of the Western-type
granite near the contact where it is locally widesprezad. 4 determination
of its continuity to the south is prohibited by the inaccessibility of the
Coronation and No. 2 Branch Lodes in this aree.

The granite is illustrzted in Photo. (85/C), and shows a similarity, apart
from the slight greyish-brown colouration, to the Geevor-type. It is biotite-
rich, the only white mica arising from the alteration of feldspars, and has
a high topaz content. Potash and soda contents of the Western and Boscaswell-
type granites are indicrted in Table (4).

The Western-type is most probably a contact modification of the normel
Geevor-type. It is separated from the killas by simall patches of the latter,
with which it is gredational overa few fecct, and this feature probably indica-
tes the intermittent local intrusion of the Land's End Grenite in this erea.

L careful study of the underground workings of Geevor Mine would probably
reveal the existence of several aldditional granite varieties, on the basis
of both eppesrance and mineralogy. Several localized forms have been revealed
by diemond drilling and slight veriations arc always evident within the
Geevor-type. The modificetions originated before the commencement of
primary jointing, and do not affect the development or extent of the lode

fissures and mineralization.
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/L Xenoliths

Xenoliths formed by mogmatic stoping of the killes, shown in Photo. (16),
are feirly commen along the NV flank of the Lanl's End Granite.  Bagchi (1947)
based meny of his arguments regarding the latter's intrusive nature upon such
xenoliths, describing them in detail.

Smaller ones are fairly common in Geevor Mine and have been observed by
the present writcer to be equally distributed throuzhout the property, with no
apparent incrcase in ebundancc towards the zranite surfece. With an averege
diameter of less than 6 inches they ere typically rounded as shown by Photos.
(49), (65) & (75).

411 the xenoliths are fine-graincd and hornfelsic, containing minerals
8uch as cordierite, andalusite, silimanite, biotite and corundum. They are
conscquently similer in composition to the killas where immediately adjacent
to the granite in the metamorphic aureole. Mony different varieties were des-
cribed by Bagehi (1947), and some chemical analyses were provided by Phillips
(1876).

Their sedimentary pnarentage is mineralogically recognizable and there
have been two mojor processes in their transformation. fccording to Bagchi
(1947), the xenoliths were basified and subsequently granitized, with the
resulting formation of gralational zones as shown in Photos. (78) & (87/D).
The latter process is cheracterized by the development of feldspar porphyro-
blasts which either reflect the local trend of porphyritic feldspars in the
host grenite or are developed perallel to the surface of the xenolith,
Different workers consider that they are due to either mechanical incorporation

Or replacement.



7/5 Dykes

Numerous early veinlets and narrow dykes with o wide range of Jlirection
occur throughout the mine, They possess gradational boundaries indicative
of some replacement anl are very similar to exemples provided by Webb (1946 &
1947), several arc exposed on Level 12 of the No. 3 Branch Lodec where they
attein a width of four to six inches.

One, comprising nearly 40% quartz, conteins fine-grzined perthitic ortho-
clase and porphyritic albitec-oligoclase laths which ere aligned parellel to
the dyke walls. Both feldspars are altered to sericite, secondary white
mica, ond occasional blue-green tourmaline. The dyke is rich in biotite,
pleochroic from very pele brown to dark reddish-brown, which parallels the
alignment of the feldspars, end is frequently altered to secondary chlorite
and occasionally to brown tourmaline.

imother important Jdyke rock often present is fine-grained and greyish-
brown. It is non-porphyritic and saccharoidal in texture, containing fine-
grained, lath-shaped, sericitized orthoclase and albite. Biotite and muscovite
are absent, and apart from containing primary orange tourmaline which alters
to a blue-green variety, and accessory pyrite, the rock is similar to an
aplite.

Most of the dykes vary in width between one and ten feet, possessing
well-defined mergins with the host granite, and are dilational in origin
as defined by Goodspeed (1940).  Mony of the dyke-rocks are fine-grained and
aplitic in composition, possessing a cream colour shown in Photo. (86/E).
They are modified by varying smounts of tourmaline and occasioncl biotite,

anl usually consist of equigrenular, kaclinized, perthitic orthoclase with
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quartz, plagioclase, and accessory brown tourmeline and apatite.

With increesing amounts of primary tourmeline and biotite, the dyke rock
approximates to a fine to mediun-graincd granite, illustrated in Photo. (86/C).
The primery tourmeline shows no relationship to the proximity of mineraliza-
tion or any other structural features, and itis zoned in both brown and blue,
as shown in Photo. (82). The amount is often very variable and the tourmaline
is sometimes concentratel against the dyke walls, an example being provided by
the sills shown in Fhoto. (84).

In other cases the tourmaline results from nearby mineralizetion and
concentrations in the fine to mediun-greined original granite or aplite may
be related to either wall-rock alteration or structural features. The secon-
dary nature of this bluc-green variety is always rccognizeble and its sporadic
distribution is demonstrated by Photo. (86/B).

The secondery tourmnline content of some dykes often becomes intense,
as shown in Photo. (86/F), ond it is usually an indication, although exceptions
oceur, of the proximity of a mejor fissure which is not necessarily economical-
ly mineralized.

Whereas the aplite and granite dykes, and their tourmalinized modifications
normally occupy cross and longitudinal joints, 1a£er quartz-tourmaline veins,
such as that illustrated in Photo. (86/A4), occur only in the longitudinal
Joints and occasionally in the secondary joints. By attaining 2 meximun
width of three to four inches, they differ from the tourmaline-rich, fine-
grained granites, typified by Photo. (86/D), which often compose the larger
dykes,

Small dykes with o maxiimum width of 6 inches, and corresponding closely
in composition to the normal Geevor-type granite, are fairly frequent in the

aureole rocks.
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Teble (4/1)
The Land's knd Granites
Chemical Analyses
Western Boscaswéll Pendeen Geevor Castle- Newmnill
Type Type Type Type an Quarry
7 7 7 7 Dinas %
Querry %
Sample (a) (v) (e)  (4) (e) (£)
510, 13+.9 1.2 73.2 72.4
Ti0, 0.17 0.36 0.21 0.31
A1205 13.0 13.5 13.9 133
F6203 0.51 0. 34 0: 5% 0. 84
Fe0 0.96 2.48 0. 38 2.31
MnO 007 0.14 0.11 Q.15
MgO 0.24 0. 60 0. 34 0.51
Cal 0.45 0. 82 0.54 0.81
Nap0 2. 46 3.23 1.47 2.89 2.79 2.70
K0 6. 20 5.38 6.56  5.55  5.14  5.17
Py05 0.26  0.32  0.26 0.26
Hy0 (Total) 1.01 0.83 1.00 0.98
Lis0
Cl
F
S
B203
Total 98.63  99.43 99.42 99. 76%
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Teble (4/2) The Land's End Granites
Chemical Analyses
(Cont'd)
Botallack Chywoon Gready Lomorne Kaolinized Greizen
A Mo;?ah % % Gr?;ite %

Sample (2) (n) (1) (3) (x) (1)
510, 7454 70.65 69.64 7C.17 71: 15 69. 42
Ti0, 0.41 0.16 Trace
AlZO3 14. 86 16.16 17.35 15.07 19. 4 15,65
FeQO3 0.23 0.52 1.04 0. 88 1.32 1.25
FeO 2.55 1.%% 1.97 1.79 0.09 3.30
MnO Trace Trace Trace 0.12 0.09 0. 39
Mg0 Trace Trace 0.21 L 2 0.45 1,02
Cal 0.29 0.55 1.40 .13 0.21 063
Na 0 3.49 0.54 3.51 2.69 0.05 0.27
K-0 3.73 8.66  14.08 5.73 Loy 4.06
P205 0. 34 0.07 0.40
Hy0 (Total) 0.87 1.22 0.72 0.88 5. 25 0. 60
Lin0 Trace - Trace 0. 11 0.03 0.81
Cl 0.06 Trace Trace
F 0:15 0.11 3.36
S 0.04 - -
B03 Trace 0.33 0.59

100. 68 100. 16 101.75

Less for F and Cl 0.07 0.04 1.41

Total 100. 54 99.83 99.92  100. 61 100.12 100. 34
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Table (4/3) The Land's End Granites

Chemical Analyses (cont 'd)

Castle-
Nestern DBoscaswell Pendeen Geevor an Newmill
type type type type Dinas Querry
Quarry
Sample  (a) (b) (c) (d) (e) (£)
(Nap0 + K2O) 8. 66 8.61 8.05 8. 44 7.93 7.87
(Nas0 + Ko0) 0.62 0.61  0.57 0.59
A1203
(Ca0 + MgO) 0.69 0.74  0.88 1.32
(Ca0 + Mg0) 0.67 0.26 1.80 0.54
Total Fe
K50
/Ne,0 2.52 1.66 48 1,92 L84 191
Na20/ .
Cal 3.27 5.52 5l 3.33
S.G.

An=lyst/Ref. Geochem.
Dept. —rrmemmmmmmem e e e s e e e
Imp. Coll.



- 204 -

Table (4/4).
Tue Lend's End Grenites
Chemical Anelyses (Cont'd )
Botallack Chywoon Gready Lamorna Kaolinized Grelsen
Morvah Granite
Sample () (h) (1) (3) (k) (1)
(Nay0 + Kp0)  7.22 9,22 7.59 8.42 1. 49 4,33
(Na,0 + K50)  0.49 0.57 0. 44 0.56 0.08 0. 28
£1504
(Ca0 + Mg0) 0.29 0.55 1.61 2.2 0.66 1.65
Ca0 + MgO 0.11 0.27 0.53 0. 84 0.47 0.36
Total Fe
KZO/
Na,0 1.07 16.04 1.16 2,15 28.8 15.04
NaZO
/Cal 12.03 0.98 2.51 2.38 0.02 0.43
S.G. 2,66 2,62 2.72
Analyst/Ref. Phillips Fhillips Phillips Reid Reid Reid
(1875 (1875) (1880) and and and
Flett Flett Flett

(1907) (1907)  (1907)
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8. WiLL-ROCK [LTER.,TION

"The substances known in Cornwall and Devon as Capel may be deseribed
a highly altered and usuelly silicified and tourmalinized bands of
country-reck, bordering & more or less distinct fissure or fissure-
filling".

... Collins (1912).

8/1 Granite
(a) Introduction

The Geevor-type granite and the various wmndifications are equally subjected
to alteration arising from tin minerslization. The effects are always visible
underground, there being = zone of alteration varying in width from a few inches
to a maximum of about 3 feet. 4 characteristic colouration is imparted to the
granite and may be easily recognized even when the drive walls are extensively
slined over. Unaltered granite is visible on both the footwall and hanging-
wall in the drives, and the alteration is an asset in Jday-to-day underground
development.

L detailed description of the alteration of granite wall-rock adjacent to
tin lodes in the South-West of England was given by Webb (1947), who defined
the following forms:- chloritization, tourmnlinizetion, greisenization, serici-
tization, ond silicification. To this list he added the prominent reddening
of the granite.

Rao (1952) studied trace element varistions in granite wall-rock from
South Crofty Mine ond divided the progressive altceration into the following

zones:
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(1) outer zone of sericitization
(2) Felspathization
(3) Chloritization cnl inner sericitization
(4) Tourmalinizotion
(5) Late silicification which he related to the late quartz infilling,

termed the 'leader' by Webb (1947).

From published accounts it is possible to swmarize the mineralogical
changes cvident in an average Cornish granite with increasing proximity to = tin
lode.

(1) Soda feldspar decreases until it becomes non-existent in the sericite-
chlorite zone.

(2) Potash feldspar increases slightly and then gradually diminishes until
it is present in only accessory amounts adjacent to the lode.

(3) Quartz increases gradually, attaining o moximum in the chlorite zone,
and then diminishes suddenly.

(4) Biotite completely ldisappears in the outeruost zone.

(5) Chlorite increases ntealily until it becomes the major constituent of the
granite cdjacent to the lode.

(6) Muscovite increases slowly, attaining a maximum in the sericite-chlorite
zone, and is then ropidly distroyed.

(7) Knolin is an importent constituent only in the outermost zone.

(8) The accessory minerals increzse slizhtly.

(9) The porosity and density of the granite increases in proportion to the
alteration.

The above changes aredue to mony Jifferent factors and some forms of

alteration may be absent or only slightly represented. When several are



present they are superimposed uvon each other, comnliceting a Jdetermination of
the age relationships. in anelysils of the forms of wall-rock alteration provides
important indications of the history of lode formaotion and associatel ground
movements, anl of the chemical naturc of the contributing mineral solutions.

In Geevor Mine the most impressive alteration of the granite is associated
with the No. 3 Branch Lode, and typicel examples, indicating its full extent.
are provided by Photos. (88/4) & (90). The former demonstrates the perfect
developuent of every zone, with the cxception of the outermost cne of kaoliniz--

tion alenz which the specimen naturally broke.

(b) Mineralogical Changes.

The specimen shown in Fhoto. (88/4) was livilel into eleven equally spaced
sections approximately 1 inch long. Thin sections vere constructed from each
anl the remnants were utilized f'or chemical cnalyses. The lerge number of
different minerals present prohibited the use of a point counter for modal
analyses, anl the thin sections were consequently placel in a projector [1l%ed
with crossed nicols anl projectel upon o shect of white graph paper on whic™
the outlines of the indivilual minerals were praphically Zlepicted.

Total areas repreésentine each mineral variety were measured with a plani-
meter end the volume percentages calculatel. The results are presented in
Figs. (124) & (125/4). The portion between 2 and 7 inches in the latter
corresponds to part of the specimen shown in Photo. (88/4), for which molal
analyses cre presented in Figs. (122) and (123).

Mineralogical changes, appreciatel visually by the reader in the above
figures, arise meinly through the alteration of primary minerel constituerts

and the stages in the transformation of each are as follows:-



(1) The porphyritic potash fellspers, which are keolinized even in the un-
altered granite, are alterel in the outer zone to fine-grained white mica.

This process is concentrated especially along the albite veining, producing small
rafts of mica which interlace the feldspar anl comprise 50% of the whole.

Potash fellspars gain o characteristic red coloration from which their
existence in the zones may usually be determined, Soda fellspars are altered
in the outermost zonc to fine-grained sericite, impartinz a pale green colora-
tion which disappears with continuing alteration more rapidly than the red.

With progressive alteration sode feldspars arc replaced by quartz whereas
remnants of potash feldspar are replaced by chlorite, forming as fine-grained,
spherulitic growths, pleochroic from colourless to very pale green, Elsewhere,
potash feldspar remnants are progressively replacced by quartz and accessory
amounts of orange and blue tourmaline. They are finally evilent only as ghost
structures in which the outer rims of the original leths are still visible as
shown in Photo. (124).

(2) In the outermost zone primery biotite is completely transformed into
secondary chlorite, and small blades of iron-rich material ere formed along the
cleavege planes. The chlorite, in which the original haloes are preserved,
is pleochroic from off-white to greyish-green anl is associated with some wﬁite
mica.

With progressive alteration seconiéry chlorite is replaced by quartz and
a little orange tourmaline. Eventually only the blaldes of iron material remain
and provide a site within the quartz for the commencement of growth of addition-
al spherulitic chlorite. Shown in Fhoto. (113), it is the characteristic
variety arising from intense wall-rock alteration and is also closely associated,

as shown in Photo. (119), with the cassiterite minerslization phases.
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Dines (1956) lescribel sceondery chlorite after fellspar, and Webb (1947)
analysed chlorite from South Crofty Mine, concluling that it was daphnite. The
latter was also ildentified by Hellimond (1939) from the Tolzus Mine where it
occurs interstitislly to quartz. However, there erc numerous varieties of
chlorite in Geevor Mine deserving further cxtensive work before their true coa-
position mey be statel with any certainty.

(3) Primary, orange tourmaline is veineld by & sccondary, blue-green variety
even in the unaltered granite end this process continues in the wall-rock, as
shown in Photo. (117). With increasel alteration the central core of orange
tourmaline is replaceld by quartz. Only thc rims of the originel mineral remain
and provide a site for the eventual growth of parallel, acicular, blue, tourmaline
crystals which ere oriented normal to the rims. Orangec tourmaline, torether
with topaz, also forms after original biotite.

(4) In the innermost zone very littlc trace remecins of the perthite vein-
ing and originel feldsper. ~lbite veining which origineted during the early
stages of alteration, as reported by Dines (1956), is comnletely transformed
into secondary mica, fine-grained chlorite, and tourmeline.

No remnents of the original biotite or corresponding secondary chlorite
are present and its original occurrence may be inferred only from localized
concentrations of spherulitic chlorite. Primory oranze tourmeline remnants,
heavily overgrown with the blue variety, arc occasionally visible, idjacent
to the lode the quartz is frequently re-crystallized.

Dincs (1956) reported the late formation in the well-rock of arsenopyrite
which precedes tﬁe mejority of the infilling stegzes concentrated in the central

fissure. Ls shown in Figs. (88/4) and (90), the arsenopyrite is accompanied

by pyrite zni chalcopyrite, shown in greater detail in Photo. (100/B). In
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the specimen illustrated in Photo. (88/L), accessory cassiterite increases in
abundance in the sulphide impregnatel zone. Nuuerous cavities created by the

alteration are infillel with minute crystals of colourless calcite,

(c) Chemical Changes

The results of cheuical aznalyscs of the specimen illustrated in Photo.
(88/.), srec presented in Table (5) anl in Fizs. (126) & (127).  They may be
related to the mineralo iczl changes presented in Fig. (125) and are best ap-
preciated by a visual examination. Granitec alteration is characterized by
an increase in the hydrogenion content but very little overall change in the
cxygen ion,

Webb (1947) studicd the chemical changes taking place during wall-rock
alteration and from the results obtainel, together with thnse of a mineralogical
study, he presented the following conclusions regarding the nature of the
mineral solutions causing the alteration ani the physical requirements for the
latter:-

"1, The extent of fracturing even down to the microscopic scale has an
important bearing on wall-rock alteration. The extent of tourmalinization,
especially is largely controlled by this factor. Such fracturing determined
the nature of the channel-ways along which the incominyg solutions moved and
also made available encormous specific areas of wall-rock, promoting permeation,
reaction and replacement.

2. The wall-rock altcration may be divided into zones.

3. Tourmalinization is concentratel in a comparatively narrow zone ad-

jacent to the channel-way. Providing the other ingredients
(principally Fe") are availoble, boron was precipitated rapidly to

form tourmaline - it was given no chance to migrate far.

4., Fe" and (OH) are essential for chloritization, these mey migrate
further than beron before being 'fixed' in chlorite.

5. The formation of tourmaline or chlorite is not dependant on the
temperature, but on the presence or absence of boron.
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6. The responsible ore fluids must have containel B, Fe" and OH (and
probably 41) = B was precipitatel quickly in tourmaline: the remain-
ing Fe", (OH) and (.1?) micratcd further to form chlorite; excess
iron was deposited in the outer reddened ;ranite zone.

7. Chloritization and tourmalinization releasel potash which undoubtedly
caused sericitization in the cuter zone. This zone incorporates the
reddencd “ranite zone wherc iron was also available. It seems
probable that some of the potash was slso introlduced by the vein solu-
tions, but this is doubtful - the little potash feldspar that is found
in the vein proper may represent some liberated potash that migrated
back into the chennclway, instead of out into the wall-rock.

8. The zone furthest sway from the vein is characterized by a2 softening
of the rock by kaclinization anl sericitigzation, The final excess
of Hp0 with more or less potash was probably active in this zone.

9. The tin-bearing ore-fluid contained H20, Fe", B, #, possibly some K
and 41: Sn, anl small amounts of W, Cu, S, is. There is no Jdirect
evidence at this staze for the introduction of Si, but in view of
the nature of the ore-bearing sourcc and events leading up to the
formaticn of the ore-fluild, it is probablec that some silica was
present.,

10. PFe" in the ore-s-.lutions coulld not have been derived from adjacent
country rock. There is no cvilence of zones of leaching at the
present lovel. It must, thercfore, be assumed that it was derived
from the source, either (a) as an sriginal constituent of the ore-
residue, or (b) by Jeuteric rcaction at depth.

11. The bulk of the silica arrived with the later hydrothermel solutions
and caused restricted silicification »f the carlier altered rocks

enumerated above.!

(1) idditional Forms

Several supplementary forms of alteration may be considereld individually
as follows: -

(1) Greiscnization: Only a few inches of granite on either side of the
fissures arc affected by zreiscnization, as shown in Photos. (43), (56), & (84).
Feldspars are altered t» quartz anl secondary mice, and the process usually
affects a large number of joints adjacent to the lodes.

(2) Kaolinization: _.lthbugh one or two inches of granite in the outer-

most zone of the normel wall-rock alteration are kaolinized, thc process is
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somctiues intensely developed, its age of formetion verying considerably. Very

2

early tourmaline replacement messes are surrouniel by o little kaolinized zranite

but the most extreme kaolinization, coupled with e discoloration of the grenite,
often occurs in the vicinity of major faults and feult zones. Especially at

Junctions of the latter with lodes, the kaolinization covers wilths of up to

3 fest, ncecessitating somc ground support in the levels.

(3) Tourmelinization: The first tourmalinization of the wall-rock, with
the exception of tourmeline branches, comprised a slight replacement adjacent
tc mojor fissures and increased slightly in intensity with the continuance of
the mincralizetion stages. The original granite texture is normally preserved
and the tourmaline, charactecristicelly zonel in brown, orange, blue and green,
either replaces quartz or felilspar as shown in Photo. (93/B).

(4) Silicification: This is a widespread form of alteration and either
affects hitherto unaltered granite or is superimposed on the various other
forms which mey be previously existing. It usually affects cbout 6 inches of
ground on both sides of a fissure anl an example of the product is provided by
Photo. (93/C).

(5) OChloritizestion: Occasionally chloritization is the only form of
alteration, the orizinal granitc texture, as shown in Photo. (93/4), being
preserved.

(6) Discoloration: L process whereby c reddish-brown or grey coloretion
is imparted to the granite is evident to verying extents throughout the mine.
It sometimes results in an intense hematization over = few inches, as shown
in Photo. (55). Norianlly it is less intense, although more widespread, and
oceurs especially orounl mcjor faults end fault zones, anld their junctions

with lodes, es shown in Photos. (74) anl (77).
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(e) Distribution

The various forms of wall-rock alterction affect the major loles, prospects,
frectures and adjacent joints, In an cverage cross-cut about 500 feet long
there ey be up to 20 fractures surrounlel by alteration comperable with, or
even exceeding, that present around the nearest major lodes. Usually the
uneconomic, islocated joints and fissures show reddening with o little tourme-
linization and chloritization, as shown in Photos. (53) & (71). The lodes
possess, in addition, all the other forms, cither separately or superimposed
upon each other, but they are not normelly so strongly developed as around the
No. 3 Branch Lode where the altered zone characteristically merges into the
lode infilling.

Sometimes kaolinization cxists clone around less imnortant crossing
fractures, as shown in Photo. (70), and along ninor prospects, as illustrated
in Photo. (71). There is an increase in the intensity of all forms of wall-
rock alteration at junctions between lode fissures onld some mnejor joints.
Displecements of the crossing frecturcs anl their associantel wzll-rock altera-
tion are usuclly positive indications, although exceptions teo this rule o
occur, that alteration preceded the major movements on the lodes.

Only joints and major fissures lying within the strike range of the
lodes are substantially surrounded by wall-rock alteration. Some local and
regional cross-joints are bounded by belts of hematized, kaolinized and Jis-
coloured granite, but rorely show reddening, tourmelinizetion, end chloritiza-
tion,

Vhereas economic mineralizcetion is frequently termincted around hizh
angle (in plan) lode intersections, and junctions with mejor faults and fault

zones, elteration forms such as greisenization, reddening, chloritization,
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and some tourmalinization are continuous, with equal levelopunent, for a considera-
ble distance on both sides of such = feature. Other forms, including silici-
fication, major tourmalinization, kaolinizction, and some sulphide and cassiterite
rcplacement of the wall-rock, exist on only onc sile of such major features;

that occupied by the economic minerzlizotion.

The common fors of w:zll-rock alteration are listributel fairly equally
throughout the mine but tend to be more intensely developcd around the relative-
ly steep, NWW-striking lodes in the Western unit. Loles characterized by the
Coronation amBorehole Lodes are less affected, although clteration may some-
times be cxtensive, as evidenced by Photo. (80). Curved loldes charecterized
by the Wethered Lole show the least intense overall wall-rock alteration, as
shown in Photo. (79), npart from silicification.

The extent of alteration arounld some prospects and mejor fissures is
compereble with that surrouniing loles of the Coronetion and Wethereld Loles
groups.

,/1lthough areas of meximum well-rock clteration do not coincide with those
of highest lole value, the slteration, epert from that sround major junctions,
normally attains a maximun overall development midwoy between the lateral
limits of a lode. The intensity of alteration is very little indication of
the value of a lode or prospect, but, althouszh a lode of high value may often
be bordered by only a little silicified and reddenel granite, portions of the
lodes containing ecconomic mineralization generally possess a greater Jdegree
of wall-rock alteration than those which arc¢ uneconomic.

Various individual alteration forms may be mapped qualitatively and
quantitatively underground, The present writer adopted this procedure for

the No. 3% Branch Lode and the verictions in intensity of the differcnt forms,
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presented in Fiz. (141), mey be related to the mejor structural context and

dejzree of economic mineralization.

(f) Relative ..jes

Some alterstion preceded, accompanied, wnd followed mejor movements along
the lodes and faults, Deflections excrted unon one another by the lodes,
faults, and other features may be euployel to evaluate the relative ages of
completion of the different alterstion forms, They are superimposed upon each
other in a single lode and their aze relationships cennot be interpreted without
a Jdetailed study of the structural history,

Such an enalysis, 2ll the Jdeteils of which cennot be includel owing to the
lack of space, permits the various vrocesses of wall-rock alteration to be
listed as follows, coumaencing with the earlicst:

(1) Tourmalinization: This minor form was usually unaccompenied by any
relative movement of the ground.

(2) Kaolinization: £ little kaolinization was normally associated with the
ebove tourmelinization.

(3) Greisenization: This was unaccompaniel by any movcment of the ground.

(4) Reddeniny, chloritization, end tourmalinization:

In many cases these alteration forms 1ild not accompany any lisclecations

of the zround, but since their formation coverel an extensive time period

some major movements initiated o part of their creation.
(5) Cessiterite replaccment anl sulphile impregnsation: Some, althouch
relatively small, movements in the lodes accompenied these alteration

forms.
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(6) silicificetion: This process accomnenicd the major movements and infillins
phases of lode formation, end was supplementel by less intensive altero-
tion of the above types.

(7) Major kaolinization end discoloration: Each accompanied mejor, post-
cassiterite movements alon: the loles, mejor faults, and fault zones.

There are numerous exceptions to the cbove order, chiefly crisin: from

localized re enerction which results in apparent inversions.

(7) 4pnlication

Identification of the varieties of alteratinn intersectel during diamond
drillins permits a tentative interpretatinn of the structural history of the
associated fissures, It is never possible, for obvious reasons, to assess the
potential value of an interscctel lode from a petrolorical examination of the
associated wall-rock alteration.

Rao (1952) measured the distribution of trace elements in altered granite
wall-rock around tin lodes in South Crofty Mine. He Jemonstrated that although
the presence of tin is indiceted at a maxiaum distance of only 5 feet from a
lode, associatel increases or lecreases in other elements oy be detecteld at
greater distances.

The width of alteration around the Geevor Loles is less than that surround-
in., those of South Crofty Mine but a closer study of the associsted petrolosical
and trace element variations may have an important application in diamond
drilling ot Geevor Mine. in attempt should be made to determine the changces
in trece element distribution cround & renresentative tin lode and to discover
whether or not thecre is eny reletion between such chances and the locelized

velue or extent of the lode,
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8/2 Killas an’ Greenstone

Where the Gecvor lodes enter the killes they are uneconomic and in the
adjacent zranite they possess very little associated wall-rock alteretion;
merely a little kaolinized and reddened granite with accessory tourmsliniza-
tion, Within the killes there is little c<vilence of any substantial altera-
tion. The rock is simply tourmalinizeld and silicified, producinz a hard
hornfels which is richcr than normel in tourmaline.

In the Level 3 adit there is very little apparent alteration of the
greenstone and the 'lode' comprises a simple quartz vein, Elscwhere in the
Pendeen-Botallack area an indicetion of the manner of alteration of the
greenstone may be obtainel from various publisheld records. /xinite, fluorspar,
epidote, and narnet cre common alteration products and mey be observed at meny

localities in the cliff section.



Table 5/1

Geevor

98 -

Mine.

Wall-Rock fLlteration of Granite

No. 3 Branch Lode, No, 11 Level. Chemical Analyses
Sample Unaltered 5806 5807 5808 5809 5810
Numb er Granite '

% % % % % 70
510, 71.2 43.0 46.3 63. 9 61.5 56.8
T10, 0. 36 0.41 0.27 0.31 0.29  0.32
A1203 13.9 15.3 10. 3 11.8 12.9 14. 8
F()203 O- 5)'{» 5.6 2.6
22.4 22,53 8.5
Fe0 2.48 7.01 9.06
MnO 0.14 0. 39 0.33  0.11 0.20  0.26
Mg0 0. 60 1.3 0.7 0.9 0.9 1.1
Cal 0.82 0.5 0.5 0.4 0.5 0.5
Na, 0 2.89 0.41 0.12  0.17 0.23 0.18
K50 5.55 4.15 2.83 5.48 6.71 6. 48
505 0.32 0.4  0.28  0.26 0.26 0.3
Hy0 (Total) 0.83 3.94 3.24 1.52 2.00 2.86
Total 99. 43 92.24  87.17 98.35 96.10  97.26

Analyses by

the Departnent of Geochemistry, Imperial College.



Table (5/2)

Geevor Mine

Wall-Rock Alteration of Granite

No. 3 Branch Lode, No. 11 Level. Chemicel Analyses (Cont'd)

Sample 5811 5812 5813 5814 5815
Numb er % % % % %
si0,, 70.6 70.7 71.3 70.0 69. 8
Ti0, 0.32 0.30 0. 28 0.27 0.33
A1,05 141 13.8 13.8 15.1 L.
Fe 0, 0.9 0.7 0.5 0.7 0.8
Fe0 3.26 2. 77 2.49 1.71 2.05
MnO 0.09 0.09 0.11 0.0k 0.02 .
MgO 0.6 Ok 0.5 0.8 0.9
Ce0 0.5 0.5 0.5 0.6 0.7
Na 0 0.20 0.23 0.35 0.43 0.39
K,0 7.06 7.58 7.86 7.92 6.03
Py0; 0.29 0.28 0.26 0;25 0.28
Hy0  (Total) 1.35 1. 34 1.49 2,68 3.60
Total 99.27 98. 69 99. 44 100. 50 99. 30

Analyses by the Department of Geochemistry, Imperial College.
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Table§5£32

Geevor Mine

Wall-Rock Alteration of Granite

No. 3 Branch Lode, No. 11 Level., Chemical Analyses (Cont'd)

Sample Unaltered 5806 5807 5808 5809 5810
Number Granite
(Naj0 + Kp0) 8.4 4.56  2.95  5.65  6.9%  6.66
Na, O/

2"/ Ca0 3,52 0. 82 0.24  0.42 0.L46 0.36
K2O/Na20 1.92 10.1 23.6 52.2 29.2 36.0
(Ca0 + Mg0) 1.42 1.8 1.2 1.3 1.4 1.6
(Nepy0 + K50)  0.61 0.30  0.29  0.48  0.54  0.45

AL O

(Ca0 _+ Mg0) 0.50 0.08 0.05 0.15 0.13 0.17

Total Fe
Rb 150 120 300 40O 350  p.p.m.
Zr 100 50 80 50 80 p.p.m.

Y 50 - - - 30 p. p. M.



Teble (5/4
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Geevor hine

Wall-Rock Alteration of Granite

No. 3 Branch Lodc, No. 11 Level. Chemnical Afnalyses.
Sample 5811 5812 5613 5814 5815
Number
(Na,0  + KZO) 7. 26 7.81 8.21 3. 35 6. 42
Na,0 -

2°/Ca0 0. 40 0. 46 0.70 0. 54 0.43
K0 3 .
2" /Na,0 55:3 33.0 22.5 18.4 15.5
(Ca0 + 1g0) 1:1 0.9 1.0 1.4 1.6
NegO + K,0) 0.51 0.57 0.59 0.55 0.45
Al 2O 3
(Ca0 _+ 1ig0) 0.33 0.31 0.31 0.80 0.77
Total Fe
Rb 550 650 600 500 450
Zr 150 150 100 100 150
: 4 - L0 40 50 40

p.p. M.
p. p.m.

p. p. M.
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S. C.SSITERITL  DISTRIBUTION

9/1 Introduction

", ... For it should be porne in mind that the occurrence

of the useful metals in veins is not the effect of blind
chance, but hes been governed by great end general laws,
which cen only be approacnsd by long and careful research'.

.... ae la Beche (1839).

Sulphides in the Geevor lodes are eventually merketed as e by-product,
but exploration and development are directed towards the discovery of tin.
The latter, occurring only as cassiterite, resulted from several superimposed
mineralization phascs, separated in tilme, and which mey be represented accord-
ing to their characteristic mineral association; quartz-cassiterite, tourmaline-
cassiterite, chlorite-cassiterite, and sulphide-cassiterite. There are addi-
tional combinations, such as hematite-cassiterite, and the total tin content
of a lode depends upon the extent to wnich each phase is represented and upon
the cumulative effect.

The distribution of the wmineral associetions resulting from each phase 1s
irregular, and the Geevor lodes, in common with those of South-West England,
contain erratic quantities of cassiterite, with a tin content fluctuating both

above and below the pay limit,

9/2 Distribution Characteristics

"The mineral riches of the lodes are in gencral very unequally
distriouted, and the workings expose 'sterile' zones, as well
as others, which are productive in different degrees".

.... Collins (1912).
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(a) Width - Value Relationships

Channel samples are taken across the lode width at 5 foot intervals along
the back of all the development levels. The grade is determined from a
vaniing shovel assay and given as 'in' 1b. énOQ/ton, the total tin content of
the lode belng cexpressed as:

'i' 1b. Sn0,/ton over "' inches (lode width).

or Wi ft.1b. an2/ton.
12

N.B. The Sn0, 1s sometimes denoted by the term 'Black Tin' or the
abbreviation ‘B.T. .

In general the lode widtn and fissure width ere equal, but there are often
sections of constant fissure width in which the measured lode width is highly
inconsistent, unrelated increescs being due to two featurecs:

(a) localized, intensely altered wall-rock which sometimes
contains cassiteritec.

(b) the inclusion of horses of granite in the lode, resulting
from:

(1) fregmentation and the inclusion of wall-rock breccia not far
removed frox its source.

(2) the branching and probable re-uniting of the lode fissure, with
intense alteration of the intervening granite.

(3) the lode ey comprise several closely-spaced, parallel fissures.

(4) repeated dense veining of the wall-rock by quartz; as on parts
of' the North lode, for example.

Inconvenience prevents the use in 21l mzjor statistical studies of any
measurements oﬁ the lode width other then those made by the samplers, and

any possible errors thereby introduccd must be considered. No geological
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study mey ignore the implications arising from & statistical approach, and
simlarly the latter may not be divorced from an understending of the detailed
characteristics of each lode and individual component fissures.

To avoid a constant rcecoetition, the terms 1b. SnOz/ton and ft. 1b. Snoz/%on
w11l hereafter be replaced respectively by 1b./ton and ft.1lb/ton. and/or lode
grede and lode value.

When the lode width is equivelent to toe fissure width there is a fairly

close overall agrecinent between increascs in the lode width and in the lode

value, In such cases the value results from a simple infilling of meterial
#ith a consictent or constantly verying grade. !1lthough the lack of space

prevents any illustrations, measurements of the lode width and corresponding
lode value figures for entire individual lodes have been plotted against each
other on two linear scales, thereby ceanonstrating the co-variation eand provid-
ing a mean lode grade figure.

Within the product of & singlc mineralization phase which 1s infilling &
lode fissure of constant widtn there 1s azn erratic distribution of cassiterite,
es illustrated by the lode grade figures in fig. (67). ¢« veriety of super-
imdosed infilling phases produces & complex relationshiv between the lode width
and the lode value. Lach phase, although increesing the fissure and lode
widths, msy possess an individusl tin content of between O and 1007 .

in early tourmelinc-cassiterite phase, shown in Photo. (59), considerably
incresses the lode value and grade while adding only a f'ew inches to the
fissure width. Conversely, a late quartz infilling, shown in Fhoto. (80),
excessively incresses the lode width and correspondingly decreascs the lode
grade without adding to the final value.

W1ith varying fissure widths, tne interference of several cassiterite-

bearing infilling phases, and the combined effect of structural and tempera-
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ture controls, it is not surprising that the Geevor lodes, like those of =211

Cornwall, are reputed to possess very fluctuating tin contents,

(b) Log-Normal Freguency Distribution

The writer has anelysed the distribution of cassiterite in several lodes
representing the different structural groups, but the lack of spesce permits
the presentation of only one limited example.

The Wetnered Lode is one of these most suited to a statistical study
since the fissurc width is almoct always equal to the lode width. As &
wide lode, any localized differences between the two widths are less effective
as a source& of crror.

Only a detailed underground study allows divergencies from the expected
results to be accounted for correctly, and the present writer found it neces-
sary to map the majority of the Wethered Lode to a scale of 1 inch to 5 feet,
noting the distribution of the several phascs of mineralization.

The results presented below are based upon a total of 1,805 individual
development semples taken for the full lateral extent of all the levels of
the Wethered Lode. No stope or raisec samples have been used.

Frequency histograns of the lode width and lode value (ft.lb.SnOQ/ton)
semple measurements were plotted as described by Moroney (1951). From the
histogram a corresponding lode valuc frequency curve, presented as Fig. (69/L),
wes constructed with the following characteristics:

Standard deviation ...... 97.99
Arithmetic mean. . ... ..... 6L, 77
MOAE vevevevvoneonnnaanss 8.5
N.B. In Figs. (69/.) & (69/D), the term 'medion' should read 'mode’.

The correct median (not shown) lies between the mode and the
mncan,



This monomodal frequency curve is aliost identical to the curves pro-
duced by Ross (1950) and Sichel (1947 & 1952) from sampling of the Witwaters-
rand gold reef's, oichel termed this curve log-normal, since by plotting
the assey values to a logarithuic sczle, it becomes, as shown in Fig., (69/C),
a normal or Geausslan curve, The log. of the standard devietion, 1.99, is
comparable with the velues of 2.0 % 0.4 whica were quoted by Sichel (1952).

In common with the frequency curves computed for the Witwatersrand
deposits, the Geevor curves show a wide discrepancy between the mode, arithme-
tic mean and median, is Falini (1956) demonstrated, the disparity may be
related to the metel under consideration and to the origin of the deposit,
therc being & marked difference in the curves, for instence, between hydro-
thermel gold veins and lerpge, low-grade copver deposits.

Watermeyer (1919) considered that in the estimation of the mean of any
values each sample should be weighted according to its frequency, but Truscott
(1930 & 1947) demonstrated this assertion to be incorrect, end eventually
Sichel (1952, presented a simplified method for the computation of the mean,

The overall value of any Geevor Lode is determined by a minority éf
high-grade samples which are evident in the long drawn-out 'tail' of the
frequency curve. Their relative peuclty is indicated by the cumulative
frequency curve, shown in Fig. (69/B).  Froa the latter, constructed from
Fig. (69/4), the following facts emerge:

(a) about 4% of the samples excced 300 ft.1b, SnOZ/ton

(b) nearly 70% of the samples are less than the arithmetic

mean,
(¢) over 509 of the samples are less than the pay-limit figure.
(a) the arithnetic mean is very sensitive to changes in the

frequency of samples, numbering 8% of the total, in excess of
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200 f't.1b.5n0,/ton.
Veriations in the lode width may be similarly represented, and a corres-
ponding frequency curve with the following characteristics is illustrated in
Fig. (69/D):

Standard devistion ...... 13.9

N \O

Arithmetic mean ......... 26.5
MOAE o0 mmisinis s s smmannpesi S2:0

The monomodal, lode width frequency curve, being neither normel nor log-
normel, is most apntly described as skew-normsl with less discrepancy between
the mode, mcan and median, compared with the lode value curve.

Llthough the individual lodes differ in meny structural =snd mineralogica
respects their various frequency curves are remerkadly similer in form. Lode
value frequency aurves for the Wethered and No. 3 Branch Lodes, for instance,
are¢ in many ways identical

The curves shown in Fiy. (69) wcre based upon samples taken over the full
developed extent of thc lode, regardless of value. The samé statistical
procedure was adopted by the writer, employing only developinent samples taken
along portions of the drives sbove wnich the lode wes cventually stoped.
Comperable results werc obtained and, as expected, the frequency curves (not
shown) possess a less definite mode, un increased mean, and a decreascd height

when constructed to the same scale.

(c) 4pplication to Valuation

4t Geevor Mine it is current procedure to reduce what are regarded as
rzndom, unusually high values according to & 'system' which is highly individ-
tal and non-systemetic, The subject of cutting random high samples, which
should be approached from the view-point of "why are they cut" rather than

"it is good practice to cut them", was discussed theorctically by #atermeyer
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(1919), Truscott (1930), 3ath (1943) =nd Palini (1956). The latter concluded:
"In mine semple interprctation there is the ratnsr common practice,

which is regarded as prudent, of ‘'cutting away' or rcducing the frequencies

of the very high grades ... Provided that thisz danger (errors in the under-

ground sampling) can be excluded, in otncr words, provided it can be assumed

that the sampling was honestly carried out, then obviously the striking off

(or arbitrary cutting) of the higher grade frequencies cannot lead to results

which are satisfectory in the long run. The very cxistence of the high

grade sazmples demonstrates, indeed, tunat in relation to the sample volume

adopted, high grade portions do exist in the deposit and these portions ....
can contribute appreciably to the general averags grade".

Sichel (1952) considered the problem of over-sampling and remerked that
errors may result from loss in mining, tonnagec left underground, waste, and
various other factors. He referred to the practice, which he deplored, of
cutting high values in order to rcucdy eppsrent over-sampling. Sichel (1952)
correctly pointed out that if such practice is founded upon the surmise that
isoleted high-velues are the result of over-saiapling, then over-sampling must
be assumed to apply to all the samplcs teken underground which should be cor-
related accordingly.

Ls pointed out by Sichel (1952), there is = statistical justificetion for
cutting an isolated hignh value if it is suspected that the sampling operation
during its cutting was in error. /lternatively, it may be reduced if the
valuec is considered to be a freak with a chance of occurrence of less than
one in ten thousand.

At Geevor Mine the underground sampling is reasonably efficient and any
errors locally introduced by variations in the rock frigbility, density, cassi-
terite grain size and many other factors, produce no overall bias. In
addition, any possible errors would be introduced in the sampling of both low
and high values. Losses of cassiterite and jains in other minerals during
the vanning shovel assay operation must also be taken into account, but the

general overall effect provides no Jjustification for the cutting of only high
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semplés.

Jackson (19&7), discussing gold valuation on the Witwatcrsrand, concluded
that only when there i1s a suspccted error in the sampling practice or the
assay technique should rendom high velucs be recuced, and that otherwise it is
bad policy.

Published literature on this subject concerns only the Witwestersrand but
valid comperisons may bc made betwoen Geevor Mine and the excmples quoted by
the verious writers. This is becausc, although concerning different minerals
and geologiccl contexts, tin distribution in Geevor Mine and that of gold in
the Witwatersrend posscss the samc statistical characteristics, upon which
comperisons may then be based.

About 4% of the total development samples in Geevor Mine are considered
to be exceptionally nigh and are consequently reduced. This figure, generally
constant for the¢ mine and, with certain reservations, over individual lodes,
cannot be considered as including only frcaks. This conclusion is substan-
ticted by Sichel (1952) who, in discussing the Witwatersrand deposits, stated
"If the number of high samples is month by month more or less the same - say
2% of thc total number of samples - then the first point (the probebility of
there being a freak occurrence) cannot be taken into consideration".

Jackson (1947) pointed out that the occurrence of high values may usually
be accounted for geologically on the Witwatersrand by the presence of o "pay
shoot" or "nerrow streak". Similarly, rondom high lode velucs at Gecvor
line usually result from the cxistcnce of a Vurtically—cléngatcd ore-shoot
arising from s number of mineralization phases which are normally localized at
fissure intersections.

.. recent cxample has been aiforded by development of Grenfell Lode in

which bunches of high value ore are elongeted in = highly inclined direction
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governed by the attitude of the lines of intcrsection of component lode
fissures. However random en isolated high velue on Grenfell Lode may appear,
its verticel extensions into the unworked, blocked-out ground sbove and below,
the estimated velus of which is based on level development samples, is

greater than its extent of influence alongz the level, as evidenced by adjacent
sample values wnich gy be only a fraction of the value of the high sample.
The indiscri dnate reduction of high valucs causes =z serious under-veluation
whilcn correspondingly increascs with the true lode value.

alternatively, random high valucs on the fcethered Lode are less important
since high value ore in the latter is localiged by changes in dip and bunches
of ore are elongatecd in a horizontal direct: :-.. Conscquently, isolated nigh
valucs are more justifiaoly reduced.

It is possible to recognize the major structural and ore distribution
characteristics of a lode under rapid development and to thereby forecast the
orientation of the major and localized ore-shoots and courses. The relative
importance of out-of-place high values may then be appreciated more accurstely
and an "a priori" knowledge applied.

\

Development samples are utilizea in the valuation of potential stoping
areas on all thc lodes. Since an cstimation of the tonnage and grade of ore
reserves should be as acccurate as possible with any given nunber of samples,
the decision whether or not to rcduce apparently random high values must be
considered seriously, and trial valuations should be made from both uncut
and cut values for compsrison. On the Witwatersrand, with which it has
been demonstratced that comparisons are valid, the practice of reducing values
has been discontinucd following theorcticul and practical investigations by

Sichel (1952) and nuinerous other writers listed in the latter's publication.
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Preliminery estimates of a mine call factor at Geevor iMine exceed 100%;

a figure of which the only virtue is its 'conservatism'. in effort should be

made to determine a realistic factor wihich will indicate losses incurred in the
mining and underground transport of the ore. The effect will be revealed of
such practices as the tipping of weste development rock down the ore-passes and
the leaving of ore on the stope walls when a convenlent parting plane cxists
within the lode. Otherwise the menagement will continue to delude itself by
the mathematical adjustment of the observed samples, and losses of ore which
would be brought to light will remain unrectified.

Jackson (1947) discussed the subject gencrally with reference to the
#itwatersrand, concluding:

"It follows that only under ccrtain conditions can the reduction of high
values really be justified. bome mining enginecrs will not allow high values
to be reduced under any circumstances whatever and there is much to be sald
for this. Such a policy mey rcsult in a greater discrepancy between the gold
'called for' and that 'accounted for', but it is far better to have such a
discrepancy basecd on actual results, than a closer comperison brought about by
adjustment”.

and finally:

"On some mincs reduction is allowed only in the case of exceptionally high
values in developuent sampling; on other mines values are cut to a considerable
extent end therein lies the denger of abuse. Some Mining Engineers favour a
systeim of cutting so-called high values mercly for the purpose of being conser-
vative; others use this system in an endeavour to make the gold 'called for' by
the sampling agree with the gold 'accounted for' by the Reduction works. This,
of course, is utter folly for in so doing they overlook the possibility of other
errors being hidden which could permit the loss of a certaln amount of gold to
pass unnoticed. In any casc, no cutting or discounting of values should be
permitted by enyone other than the person directly in charge of the sapling,
and quite definitely, the method adopted should by systematic and not haphazard".
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9/3 Ore Shoots and Courses

"Both these lodes (the North Pig snd South Pig) as a whole are
exceptionally remerkable for their consistency of. productiveness

over lengths of thousands cf feet, and average between 28 and 4 inches
in width".

.... Leggett (1920).

(a) Introduction

In most of the lodes there is a well defined demarcation between the
payable and non-peyable ground. Stoping sections indicete the major extent of
payeble ground and, to a limited degree, the effects of temperature and struc-
tural control upon tin distribution. For example, tnat of the North Pig Lode,
shown in Fig. (81), reflects the major zoning appsrent throughout the wmine.

W¥ithin any major course of payable ore, the form of which is indicated by
a completed stoping section, there arec well defined shoots of high valuc ore
seperated by patches of relatively low-value, although payable, zround. The
immediate recognition of these ore-shoots is imperative both during major lode
development and exploration, and in the interpretetion of the structural con-
trols which cause their localization.

No stoping scctions indicute the presence or location of high-value areas
cbove the pay-limit and o graphical distortion of the extent of ground in excess
of the latter is caused by blending different ore grades cnd the removal of
small patches of individually non-paycble ground to be added to high greadc ore.

i further disadvantege entailcd in the sole use of such sections is that
stoping of o particuler lodc must be completed before an interpretation of the
overall payoble ore distribution is possible. sny grephicel method of repre-
sentation of the cassiterite distribution must be based upon the level seamples

s soon as the development of o lodc coumences.



(b) Graphical Representstion

Variations in the lode grade or lode value of a blocked-out area mey be
grephicelly represented on & linear scale, the abscissa being providced by the
level drives on & longitudinzl lode section. This technigue is illustreted in
Fig. (85) which shows the 1b./ton figures from szmples over the developed por-
tions of the Wetuered Lode represented on o section of the latter,

Fluctuations in the cassiterite content are cleesrly visible, being
preserved in the revresentation, but &n overall visuel appreciction or measured
record of the orientaticn ond magnitude of any ore-shoots, courscs and bunches
is not easily obtained.

.n alternetive method (not illustreted, employed by the writer consists
of contouring, on = longitudinal lode section, the figures evaluated in the
estimotion of stoping blocks for the reserve calculations. ;lthough, by this
method, the form of ore-shoots sbove the poy-limit end the intervening relatively
low-value aress woy be approximately appreciated, minor veriations in velue
within localized arcas are no longer evident since the mern 1s based upon too
lerge an erea. .ny variations in the lode value which cre not naturally random
but duc to structural controls zre too effectively meaned out and almost com-
pletely disappeor,

Lttempts to contour the verious metel contents of fissure veins hove
been mrde by meny writers including iills (1950), Koch (1956), Koch & Link
(1960), eand Gross (1956). The only such atteupt to grephicelly represent tin
veriations was medeby Turnceure (1935) wno illustrated the distribution of
'high grade orc' and the 'linmits of ore' in onc of the Bolivian Llallegue tin

veins.,



Lode Contour Disgra.iis
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(2) Introduction
an attempt was originally made by the writer to contour the individusl
level development samples in conjunction with raise and stope semples, but this
technique was prevented by the high localized fluctumtions =nd by the lov num-

ber of stope development samples in relation to those taken s2long the levels
and raises. vor this same reason, and pucause of the nigh standsrd deviation,
it is impossible to correlate separate valuations based on level and reise
sampling or, alternatively, on stope seanpling.

I1lthough the tin content of =2 lode fluctuates conciderably the cassiter-
ite is not rondomly distributed throupghout the lode as a whole. If 2 small
nuwiber of srmples were token in order to estimete the average value they
would hove to be spoced at equnl intervsls throughout the whole lode ~nd not
systemctically concentrated over any portion of the lode. The stonderd
deviction and :rithuetic mecn of the lode value, determined froa sny nuwer
of' equelly spaced semples token over portions of o« lode, progressively vary.

. determination of the standerd of the mcen to indicete the mininum
number of samnles rcquired for = reansoncpble estiue tion of the lode value over
part of = loce must be vascd upon the stendard deviation over that portion,
and not upon the standird devistion over the whole lode, which includes both
stoped ond unstoped arces.

The average level intervel is about 100 feet and if only level develop-
ment samples are employed in lode value contouring the arithmetic mean must
be teken over o miniliaum development distance of 100 feet. When the ore-
shoots tend to be oriented in a verticel direction this interval may some-

timcs be reduced to 50 feet, but for the Wethered Lode, for instance, it
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mist be mrintained at 100 feet.

The arithmetic mean of 20 development semples over 100 feet is a feirly
relisble estimnte of the corrcct value. - lthough unsuiteble for v:=luction
purposes, it provides o sufficiently azccureste indication of’ the cverage vzlue
of ¢ length of zround for geologicel interpretation, for which purpose only

the contoured diagr-aas produced by the present writer were intended.

(b) Production

The following procedure has been evolved by the writer in order that
the distrioution of cassiterite in the lodes mny be graphicelly demonstrested
from zero to zbout 300 ft.lbs./ton. {1lthough the contour diagrams do not
indicate the extremely localized fluctuations in tin content (the standard
deviction over 100 feet sections) they cccuratcly define the orientation and
size of ore-shoots, courses and bunches.

for the more recently developed lodes records are mointeained of the 5 ft.
development samples before the random high values are reduced and where pos-
sible these figurcs have been employed in the determneation of the arithmetic
mean over 100 ft. level intervels. For some of the older lodes, such as the
North Pig «nd No. 2 Branch Lodcs, the 5 ft. development samplc records are
no longer resdily accessible, but longitudinal lode sections to a scale of
1 inch to 30 feet are available =nd show the extent of stoping ~nd the avera-
ges of pairs of 5 ft. samples s lode width and lode grade figures. These
incorporate reduced sumples but this fact is not of relative importznce since
the results are employed only for geological interpretations.

Development samples fron either the longitudinal lode sections or the
development sheets were utilized on ~ stondsrd calculating mechine to deter-
mine srithmetic menns of the lode width, grade, ~nd value over 100 ft. sections

The computed me-ns were superimposed upon longitudinal lode sections to 2
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scale of 1 inch to 100 feet, and contoured in the standerd m-nner. in
example of the graphical technique is provided by an original lode value
contour Jiagram of the Footwall Br:coch Lode illustrated in Text fig. (3).

Lode width, lode grade and lode value eontour diecrams have been presen-
ted in this thesis to 2 scale of 1" to JUO ft. for the following lodes and
lejor prospects:

The '.', Borehole, 'C', Coronation, 'D', Footwall Branch, Henging-Wall
Brench, New, North, North Pig, North West Branch, No. 1, No. 1 Branch, No. 2
Branch, Wethered, and Wethered No. 2 Brench Lodes, and the Prospects No. 1

East, and South.

(c) 4ipplication

Like those of many of the sbendoncd mines in the South-West, the lodes of
Geevor Mine become, in the minds of those persons who have been acquainted
with them progressively richer with time,

One of the most important imaediate applications of the contour diagrems
is to provide an over:1ll appreciation of the tin distribution througzhout the
mine, together with variations cbove the pay-limit, which cannot be obtained
from o diagremmatic or model representation of the stoped-out portions of
the lodes.

Parts of the lodes containing more than 100 ft.lb.SnOZ/ton are indiceted
in Fig. (68). Owing to their cither recent developmnent or very early ex-
ploitation the distribution of cassiterite in the South Pig, Caunter and
Footwall Branch Lodes is not included in Fig. (68). Distortion arises from
the flatter lodes exposing e greater aree in plen thean the steeper, near
vertical, ond overturning lodes. There 1s a fair distribution of higher
value ore througnout the nine and such notions that "the lodes are richer

nerr the contect" or that the "old Pig Lodes were the richest" arc shown to
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nave very little verification.

Compearisons between the major structurel characteristics of the lodes are
visually provided by Figs. (48), (49, & (97). .lthough the major ore-shoot on
the liorth (West) Lode i1s comparsble with mejor courses occurring in the No, 2
end No. 3 Brench Lodes, the relatively stecp WNMi-striking lodes, teking into
account the relative sizes, appeer to contain more cxtensive, consistent courses
or shoots of higher value ore than the structurelly, equally well developed,
flatter lodes.

Mejor faults and fault zones, indicated in Fig. (103;, coincide in plan
with lines connecting the terminations of high value areas. The higher value
mineralization of the No. Brench Loue is terminated against Fl, and that of
the Coronution (West) Lode against P,, whilst the latter, together with Fzs
marks the end of the high value mineralizetion on the No. 2 Branch Lode. The
southward continuation of F3 mey be correleated with the mineralization of the
No. 1 Lode, wnilst F5 loosely marks the terminations of higher velue ore on
the Wethered and North (Last) Lodes and may be similarly releted to the Pros—
pect South and North Fig Lode.

in even closer relationship is shown by the fault zone, FZj, which coin-
cides in plan with the terminetions of higher value ore on the No. 3 Branch,
'D', No. 2 Branch, and North (West) Lodes. Further east, the Hanging-Well
Brench Lode bears a similar relation to the high value mineralization on the
'C', Coronation (West), end North Lodes, but FZ, bears little immediately
visible association with the extent of high value mineralization.

Lode junctions are not generzlly the sites of widespresd cassiterite
enrichment, although there are often localized incresses which are not
visible in Fig. (68). Major higher value areas arc usually situated midway

between the lateral limits of a lode, or, when the mineralization is confined
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between another lode and & mejor fault, between the two features concerned.

L model of the Geevor Mine workings, shown in Text Figs. (1) & (2), has
recently been constructed. 1t is 1nveluable in the planning of underground
exploration and major developuent when a repid appreciation of the local
complexities of lode structure, which can never be adequately gained in a
comperable time from a mine plan alone, is necessary.

.. further supplementary model to ¢ suiteble scale (say 1 inch to 100 feet)
showing only the form of the lodes, and uncomplicated by the individual level
drives and cross=-cuts, would have en importent application. Chenges in the
extent of cassiterite mineralizstion, shown by the lode value contours presen-
tcd by the present writer, could be denmicted upon & materially continucus
form representing the deteiled attitude of the lodes. The correct effect
would not be jzained by superimposing any legend depicting the stoped areas or
variations in the tin content of the lodes upon the mine workings of the
existing model, or on another of the same design.

The practical application of the contour diagrams in the everyday develop-
ment of individual lodes is so obvious that 1t requires no further amplifica-
tion. Contour diagrams, such as that illustrated in Text Fig. (3), should be

meintained by the resident geologist for all the lodes under development.

(d) Interpretation

The contour diagrems allow & visual and graphical comparison between both
the lode widéh and tin content and also between the latter two features and the
structural variations, especially dip and strike, within the individual lodes.

Conolly (1936) provided a useful graphical technique for contouring the
minor structural characteristics of a fissure vein, combining both the dip

and strike into one diagram. The result resembles a topographical contour

map with respect to a fixed reference plane (comperasble with sea level) which
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is individually seclected for each vein.

This method has been applied by the present writer to the No. 3 Branch
and Wethered Lodes as shown in Figs., (84) & (85) respectively. The choice
of a correct reference planc is very important since slight changes in its
attitude greatly alter the amount of information obtzinable from the finel
diagramn, This is demonstrated by the three Conolly diagrams of the Hanging-
Wall Branch Lode constructed from different planes, as shown in Fig. (78).

Chenges in the major lode structure mey often be related to variations
in the tin content of the Geevor lodes, but within structurally favourable
portions changes in the supplementary minor structures equally affect the
valuc. For example, the economic ore on the Wethered Lode is meinly confined
to the relatively straight central portion, within which variations in the tin
content are susceptible to slight changes in the lode dip and strike. In
order to interpr : such small, but critical changes in the minor lode struc-
ture the present writer devised a technique for the production of a curved
(in plan) reference plane, but the method is so tedious that, except only for
the most detailed studies, its everyday use is quite impracticable.  Without
its occesional employment, however, overall mejor changes in the attitude of
a lode mask the less obviocus inflections.

Even when a lode is fairly constant in attitude and mey be interpreted
with a uniform reference plane, the choice of a correct plane is tedious.
The present writer has found it more convenient to first construct Lode Dip
and Lode Strike diagrams which individually demonstrete variations in each
of these features.

If indications of structural control are provided by these diagrams,

exemples of which are illustrated in Fig. (84), one moy then construct a
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Conolly diagram, the choice of reference plane being guided by the lode struc-
tural meximum obtsined as illustrated in Fig. (43), and by the preliminary
interpretations of the Lode Dip and Lode Strike diagrams.

The production and utilization of the contour diagrams makes possible =z
qorrect interpretation of the form =2nd attitude of the wmeny ore-shoots, courses
and bunches, together with any relation that they mey bear to lode and fissure

intersections, branches, faults, the granite contact, and nuuerous other features.
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9/5 Detailed Distribution

"iLpart from the difficulty experienccd in following them, owing to

the large nuwwer of branches thrown off, the two Fig Lodes, so far
worked, exhibit one very noticeable and favourable feature, namely a
remarkeble consistency or uniformity of productiveness which has allowed
their being stoped away continuously over lengths of many hundreds of
feet. Many lodes cerry paysble ore only in shoots, scparated from
each other by lengths of unproductive ground of greater or less extent,
which have to be 1lef't. On the Pig Lodes practically no such bars of
unproductive ground are met with, except where the lode is split up

and disordered".

.... Collins (1920).

Nc written description, however lengthy, replaces a detailed examination
of the contour diagrams themselves. The individual lodes are briefly described
below, but a couprehensive appreciation of the cassiterite distribution in each
nay be obtained only from the Jiagrams,

To ettein a more convenient brevity the terms iso-dips, iso-strikes, iso-
widths, iso-grades, and iso-values #ill be employed to denote respectively the
contour lines in the lode dip, lode strike, lode width, lode grade, and lode

valuc diagrems.

(a) The 'i' Lode - see fig. (72).

Most of the cassiterite manereslization is confined to the west of the inter-
section with the Hanging-iall Branch Lode although payeble ground also extends
to the east. L poorly-.iefincd ore-shoot pessesses the same inclination to the
SE as the line of intersection of the Hanging-7ell Brench end '.' Lodes. Its
attitude and dimensions are reflected by the lode width, grade and dip con-
tours, with an apparent agreement between the locelities of high lode value
end creeas of relatively low lode dip.

ComparedAwith the other Geevor lodes, the 'A' Lode is neither extensive

nor rich, with only onc small arce excecding a mcan valuc of 100 ft.1lb. SnOp/ton.



The lode width is varieble, with averages of 18 inches and 9 inches for the

upper and lower fissures respectively.

(b) Borehole Lodc - sec Fig., (73)

The lode width, grade, and value diagrams of the Borehole Lode indicate
a close agreement with the structure, which is illustrated by the Conolly
diagram. To the west a well defined ore-shoot is localized by the line of
intersection, inclined to the SE, of the individuel lode fissurcs comprising
the Borehole Lode. The base of this orc-shoot, which widens and increases in
value in depth, has not yet (1962) been located since it lies on, or below,
Level 14.

Elsewhere throughout the leode there is a pcor agreement between the
regions of high value and high width. Bunches of higher value ore are concen-
trated where there is a reversal of the direction of dip. The averaze lode
width is about 19 inches, but when the diaprams were constructed, the Borehole

Lode was not exceptionally rich, except in the lowest level.

(¢) The 'C' Lode - scc fig. (74).

Most of the cconoumic imineralization on the 'C’ Lode, of which the average
width is 18 inches, is confined to the west of the line of intersection of the
latter and the projection of the Hanging-Vall Branch Lode. The iso=-values
bear some relation to the lode structure which is indiceted by the Conolly
diagram, but it is impossible to stete categorically that the higher value ore
is confined to the relatively steeper or flatter portions of the lode.
Considering the extensive driving on the 'C' Lode it is not rich and only a small

percentage area maint2ins an average value in e¢xcess of 100 ft.lb.SnOz/ton.
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(d) Coronation Lode - sce Fig. (75).

Of the two mejor arces of relatively high veluc ore in the Western
section of the Coronation Lode, the less important is situated between, and
elongated in the same directicn as, the line of intersection (not shown) of
the upper and lower fissures and that of the Coronation Lode and Coronation
I'ootwall Branch.

The other high value area, with no well-defined elongation, is confined
between the lines of intersection (not snown) of the Coronetion Lode with the

'D' and Hanging-7all Branch Lodes, end particulerly, except in the upper
levels, to the west or' the letter. Lach area is reflected by corresponding
increases in the lode width and value.

The junction of the Western and Lastern sections of the Coronation Lode
is characterized by a widespread increace in the lode width but is not direct-
ly associated with a bunch of ore confined to the west of the junction. An
additional orcu-shoot, associated with = low lode width area, 1s situated
between, and with the same inclination as, the intersections of the Coronation
Lode with the Wethered and North Lodes.

The Western and Lastern sections are comperable in value, with approx-
imetely 15% of the totel lode area exceeding e mean vilue of 100 ft. 1b.

SnOz/ton, but with very few portions exceeding the figure of 200.

(e) The 'D' Lode - see Fig. (76).

i major course of ore, divisible into two sections, is confined to the
west of the intersection with the Henging-Wezll Branch Lode. The component
ore-courses are inclined at about 20° to the MV although the lower limit

of economic winerclization i1s roughly horizontal.
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The extent of mineralization is very scnsitive to changes in the structure
of the lode, but althouch the major course is situated in an area of constant
dip, hizh value ore is situated in areas of both reletively high and low dip.
In contrest to the Borehole Lode, chansecs in the direction of lode dip result
in the development of impoverished ereas. In the centre and lower portions
variations in the value are directly reflected by the width.

The lode possesses an extensive area of hich value, almost one third of the
lode area averazing a valuc in excess of 100 ft.lb.SnO2/ton, despite the rela-

tively low avers-e width of 16 inches.

(f) Footwall Braonch Lode - see Fij. (77) and Text Fiz. (3).

The Footwell Branch Lode lurin-s March 1961 end December 1961 is illustrated
in Fin. (77) and Text Fi~., (3) respectively. i lode value dasram in the
former, constructed from arithmetic means cvaluated over 100 ft. lengths,
demonstratcs the tendency of the ore to form bunches.  Only Text Fig. (3),
which employcd means over 50 ft. lenzths, demonstrates the formation of ore-
shoots, particularly alons the line of intersection of the Footwall Branch Lode
and Hanging-#all Vein.

This association with a lode Junction is the reverse of that ldemonstrated
by the smaller bunches of ore formei nearer the North Lole and which are situa-
ted mid-way between the lode junctions. .lthough the Footwall Branch Lode is
not yet fully developed, it appears comperable in overall value with the Coro-
nation Lole. Continued development west on the upper levels will, as shown in
Text Fit, (3), indicate the full extent of the ore-shoot localized around the
Junction with the Hengl nz-Vall Vein.

(g) Hanginz=Wall Branch Lole - see Fig. (78)

While the three Conolly liacrams illustrate the influence of lode struc-

ture upon the extent of mineralization, the stoped areas are generally
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confined to those of relatively high dip, en<d are situated between the '4L
and 'D' Lodes and between the South Pig and North Lodes. The upper limit
of economic mineralization is inclined to the north at about 1C°.
The Hanging-Wall Branch Lode is not comparable in extent with many other
loces, but for its size it contailns a large amount of well-defined stoped
TR

ground. The average lode width, except over = section between the 'L' and 'D!

Lodes, is comparable with that of the New Lodle.

(h) lew Lode - sce Fig. (79).

Higher value areas in the New Lode occur as bunches which constitute
a course of ore inclined to the NN at about 15°.

The projection (not shown) of the North Pig Lode fissure (west of the
North-Vest Branch Lode) Jivides the New Lode into two sections. In the
Southefn section high values, which are reflected by an increased lode width
are concentrated in the arcas possessing a high lode dip. To the north,
regions of relatively low lode dip are wmore favourable to economic mineraliza-
tion. The intersection between the New Lodce fissure and thet of the Western
section of the North Pig Lode i1s characterized by the occurrencc of higher
values.

Beearing in mind the different extent, the New Lode is comperable with
the Coronation Lode in value, but is nerrower with a mean width of only 101

inches over the whole developed area.

(1) ©North Lode - see Fig. (80).
In the Western section of the North Lode a major, centrally-situated
ore-shoot is confined between the North Pig and tootwall Branch Lodes above

Level 10, and localized around the junction with the South Pig Lode, as shown
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in Text Fig. (3). It is inclined to the SE at the same angle as the lines of
intersection between the North Lode and the immediately adjacent lodes, and is
situated in a region of relatively high lode dip.

4n additional, equally important ore-shoot in the Western section is
associated with, and asswies the seme inclination as, the lines of intersection
of the North Lode with the llorth Pig and Hanging-iall Branch Lodes. It is not
directly related to any areas of relatively high lode dip but, in common with
the other ore-shoot, its upper limit is situated beneath a point at which the
lode dip decreases.

Both mejor ore-shoots are reflected by corresponding increases in the lode
width and lode grade, With a high averuge width of esbout 23} inches, the
North (West) Lode has bcen one of the mzjor producing sections of the mine,
comparable with only the No. 2 Branch and lo. > Branch Lodes.

. relatively smell, horizontally-elongated, bunch of ore in the Central
section is not situated in a region of relatively high lode dip, but beneath,
at a point where the dip decreases below the average. It is not reflected
by any pronounced increase in lode width, although the average width of the
Central section is 19% inches.

The lode strﬁcture and mineralization distribution of the North (ZEast)
Lode, of which the average width is 22 inches, are very similar to those of the
Wethered Lode. L major, horizontally-eloncated course of ore is confined bet-
ween the junction with the Coronation Lode and the major fault to the east.

Its length is more than twice its verticel extent, and whilst the lower and
middle economic portions of the lode are situated in en area of relatively
high lode dip the upper limit of the ore-course coincides with = sudden decrease

in the dip, again in similerity with the Wethered Lode.
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(§) North Pig Lode - see Fig. (81).

Afccording to both mejor structure end mineralization distribution, the
Nerth Pig Lode is divisible into four sections:-

(a) between the No. 2 Branch and North Lodes;

(p) between the North Lode and North-¥est Branch Lode;

(c) between the North-icst Branch and New Lodes;

(d) to the east of the New Lode.

4Llthough each section 1s different, the North Pig Lode as a whole, pos-
sesses some general characteristics of mejor ore distribution. Courses of
ore, corresponding with each of the major structural divisions of the lode,
comprise bunches end shoots of higher value which tend to be elongated in a
ddrection which is more or lcess verticel but inclined slightly to the SE.

They correspond only partially, but more perfectly in the west, to the aress
of high lode width and grade.

There i1s usually no incresse in the lode value at a junction of two
component lode fissures, except at the intersection of the North Pig Lode and
North-West Branch Lode, wherc the latter is o structural continuation of one of
the component North Loue fissures. In the Eastern section, to the east of
the junction with the New Lole, ercas of high Lode value, which are not always
reflected by increases in the width, are situeted in the regions of relatively

high lode dip.

(k) North-West Branch Lode - see Fig. (82).

Between the junctions with the North and North Pig Lodes, there is a
siall bunch of ore, reflected in corresponding increases in the lode width and

grade.,
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(1) No. 1 Lode - see Fig. (70).
L. small ore-shoot, with a corresponding increase in the lode width, is
inclined at a high angle to the SZ, and its situation is related only to changes

in the lode strike.

(m) No. 1 Branch Lode - sec Fig. (82).

In an area of relatively high lode dip a small bunch of ore is confined,
with the exception of the upper levels, to the west of the junction with the

North Pig Lode.

(n) No. 2 Branch Lode - see iig. (83)

In common with the 'D' Lode, the No. 2 Branch Lode contains a major course
of ore, with subsidiary bunches, which is inclined at about 20° NI in the same
direction as the granite contact. 3oth the upper and lower limits of the
ore-course possess a similar inclination but the superimposcd bunches are
slightly elongated to the SE and pzrallel with the line of intersection of the
No. 2 Branch ond North Pig Lodes.

Most areas of high lode value are associated with increases in the lode
grade, but there are several unrelated lode width anomalies. Most of the
high value arees coincide in position with those of relatively low lode dip,
but there is a closer correlation with the two mojor faults and with variations
in the strike, as indicated by the plan of the workings. The effcet of a
change in the direction of dip upon the extent of mincralization is inconsistent,
and the average lode width is low, being abcut 14 inches over the completely
developed area,  The No. 2 Brench Lode was zn importent producer with almost
one third of the¢ lode possessing an average tin content in excess of 100

ft.lb.SnOZ/ton, and several areas exceeding a figure of 250.
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(o) No. 3 Branch Lole - see Fig. (84).

The No. 3 Branch Lode is characterized by a v jor course of ore inclined,
in the western half, tc the NV in common with the granite contact but at an
angle of only 20°. The lower limit of economic mineralizetion is inclined
at & less angle than the upper one. Zconomic mineralization is terminated
abruptly at the granite contact in the west, zs indicated by the stoping
section (not shown), and to the east by the projecticn of the Hanzing-Wall
Branch Lodec.

Within the major ore-course therec are three bunches, reflected in corres-
ponding increases in the lode width and grade, ~lthough there are some znomalies
in the latter near the granite contect. The bunches cre confined, as shown
in Fig. (141), between the major faults, the North Pig Lode, the mejor fault
zone FZp, and the Hanging-Wall Branch Lode. They are lccalized in the inter-
vening arcas by intersecting fissures making = small angle in plan with the
1nde.

‘There is zn ill-defined agreement between the major lode structure, the
cassiterite distribution, and changes in lode width, soae of the latter being
due to intensive wall-rock alteration.

The No. 3 Branch Loae deserves its reputation as the richest lode in
the mine, since over 40% of the blocked out area possesses an averasge value in

excess of 100 ft. lb.Snoz/ton with some parts exceeding e figure of 300.

(p) Prospect Lest - see Fig. (70).

The Prospect Bast is not sufficiently extensive to present any deductions
but it is noticeazble that the highest values are localized around the Complex

Dyke.
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(q) Prospect No. 1 - see Fig. (71).

The lode is very similar to the Grenfell Lode when the latter was first
contoured on Levels 8 and 9, and for several other ressons development mey prove

to be rewarding, although limitcd, in Jdepth.

(r) Prospect South - see Fig. (70).

Areas of high values, reflected by increases in the lode width, ere mainly
concentrated where the dip is relatively high anu arc possibly limited in the

upper levels by a decrease in the lode dip.

(s) Wethered Lode - see Fig. (385).

In common with the North {Lest) Lodé, which is structurally similar to the
Wethered Lode, the latter contains e mejor ore-course with & horizontal extent
over twice that in the vertical direction. It is limited between the junction
with the Coronation Lode in the west and the mojor faults F5 and F6 to the east,
alfhough most of the economic ore is confined to the east of the junction with
the Wethcered No. 2 Branch Lode.

The coincidence between the hizh value, which is reflected by the lode
grade and width, and relatively high dip zreas may be apprecizted from the Lode
Dip and Conolly diagroms. Subsiliary, verticuzlly-elongated, minor ore-shoots,
also essociated with regions of reletively high dip, occur in the lower pert of the
the lode. The overage lode width over the developed area at the time of con-
structton of the diagram is 253 inches, and, in common with the North (East)
Lode, the ore-course is terminated more rapidly in the upper than in the lower

portions of the lode.



(t) Wethered No. 2 Brench Lode - sec Fig., (71).

The upper limit of the only bunch of ore, which is terminated to the south
ageinst the North Lode, is inclined to the north at zbout 10°.  Despite the
mejor structural differences between the Hanging=iall Branch and the Wethered

No. 2 Branch Lodes, the ore in both is concentrated in areas of relatively high

lode dip, and each has yiclded ore of a comparable grade «nd value.
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lccording to their major and mnor structure, overall movements, minera-
lization distribution, end mineraslogy, the Geevor Lodes may be divided into
six groups, signified by their most typical member:
(2) 'D' Lode group, including the No. 2 Branch and No. 3 Branch Lodes.
(b) Coronation (West) Lode group, incluiing the Footwall Branch,
North (West), and 'C' Lodes.
(¢) New Lo.c group, including the North (Central), South Pig (Central),
and Coronation (Zast) Lodes.
(d) Borehole Lode group, incluling the FNorth Pig and Grenfell Lodes.
(¢) Wethered Lode group, including the North (Zzst), Soutk Pig (Zast),
and Caunter Lodes.
(f) North-Soutk sroup, com-risin: the Heanging-Well Branch and Wethered
No. 2 Brench Lodgs.
Meny smeller lodes and prospects mey be anssigned to the above groups,
but often with little certcinty since they possess conflicting characteristics,
often due to the smell extent over which they are at present exposed or economi-
cally formed. Nevertheless, a structurally similar, subsidiary class, consis-
ting of the 'L' (Lower) Lode, the Trospect No. 1, the Prospect between the 'D'
and Coronation Lodes, and the South Pig (West) Lode, could be added to the 'D’

group.

(2) 'D' Lode Group

This group of lodes, characterized by the rclatively high SV dip and fairly
constant NW-strike, possess umajor ore-courses inclined at about 20° to the N

under the structural and tcempereture zoning influence of the granite contact.



Within these courses bunches of ore ere localized at low angle (in plen) inter-
sections, and zre situeted midway bctween the junctions with other lodes and with
major faults and fault zcnes.

411 the lodes of this group, which zre the most consistently rich in the
mine, have becn subjected to movements equiv: lent to an overeall reverse faulting
through about 5 to 10 fcet, in a direction possessin,; e high SE inclination.
However, the high valuc orc is concentrzted in ercas of’ both relatively high and
low lodedip, and may often be related to changes in the strike. Each lode
oceasionally reverses its dip direction, to the detriment of the veluc in the NE-
dipping section. The bunches are penerally terminated below the point of dip
inversion. Ore-shoots are neither common nor associated with lode junctions and
similer structural features.

Wall-rock alteration is very veriable and often intense, In the latter
case it constitutes a major proportion of the lode width and grades intc the
infilling of a very narrow central fissure. The value of the loaes is highly
susceptible to the presence of mejor faults, fault zones, =nd lode junctions,
between pairs of which the hijgher value bunches are usually situated mid-way.

The lodes have becn subjected to several mineralization phases, and although
sulphides earc fairly coumon, the later pheses in which quertz predominates are
not well reprcsented.

The 'D' Lode group exists mainly in the Western unit of the mine. It is
only partizlly represented in the Central Unit by such minor lodes and Prospects
&s the '4' Lode (lower), 'D' Lode (Eest of the Hanging-Wall Branch Lode),
Prospect No. 1, Prospect between the 'D' Lode and the Coronation, and South Pig
(Wcst) Lode. The sbove are structurally similer to the major group, end, like
the 'D', No. 2 Branch, and No. 3 Branch Lodes, their horizontal developed extent

(not their associated ore-courscs and bunches) is greater than their vertical
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extent, but they are of relatively low production importance and are small

in size.

(b) Coronation (West) Lode Group.

The lodes of this group cre similar in strike to those of the 'D' Lode
group, but possess a relatively low SV dip. Their strike range is greater and

the lodes are more curved in plan. Zach hes been subjected to movements cor-
responding to normel feulting through azbout 10 to 20 feet. The direction of
movement is inclined to the SE and equivalent to iwost of the lines of inter-
section between other lodes and members of this group.

With the exception of the North (West) Lodc, the lodes are not so productive
es thosc of the 'D' Lode group although they are approximetely 1% times the
average width of the latter and their fissure width constitutes 2 hizh percen-
tage of the lode width. Stoping is necessarily more selective and the ore
occurs more often as elongated bunches or mejor shoots, in which increases in
the lode value are reflected by corresponding rises in the grade and width.
They are inclined in the same direction as the overall reletive movement
of the lode walls.

In each lode the horizontal extent of major economic mineralization is
greater than that in depth and the effect of temperature zoning is obvious.
Major ore-shoots with a larye vertical extent are confined between adjacent
high angle intersections (in plan) with other lodes, and ere often localized
along the line of Jjunction with additional lodes which make a relatively small
angle of intersection. The vertical extent of economic mineralization in each
lode is usually grester at the western end.

Their localized value is not very suscentible to changes in strike, and
the higher valuecs are usually located in arees of relatively high lode dip, the

ore shoots being tcrmineted directly below points at which the dip substentially
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decreases, The productive capacity of this group of lodes, with the exception
of the individual ore-shoots, is not comparable with the 'D' Lode group in waich
the values are more consistently high.

With less intense wall-rock alteration than around the lodes of the 'D'

Lode group, the values are concentrated, with a few exceptions such as that
illustrated in Photo. (80), in the lode infilling. Post-cassiterite mineraliza-
tion phases, resulting in the formetion of qucrtz, calcite, siderite and fluorsper
are Colmon.

Most members of the Coronation (West) Lode group are situated in the Western
unit, but are slizhtly in evidence in the Central unit. In comnon with the
lodes of the 'D' Lode group, the extent of economic imaneralization is releted to
the presence of the Hanging-Wall Braach Lode. Owing to its low value the 'C'
Lode is an exception in this group, but the possibility should be entertained
that the mzjor producin,; area of the lode, possibly at depth, has not yet been

located.

(¢) New Lode Group

With a SV and S dip, the lodes of the New Lode group possess a wide strike
varietion between nearly N-S and nearly E-V, and for the latter reason the North
(West) Lode could probebly be included.  Their dip is variable but at times is
relatively flat and is comparable with thet of the Wethered Lode group. However,
the strike is very irregulsr over short distances and the lodes often tend to be
predominantly curved towards their castern and western limits. Strike changes,
in contrast to those on the Borehole Lole, are continuously visible from one
level to another in plan and are due to the combined effect of the component
lode fissures possessing the same overall variations in strike as the couplete
lodes. Lines of intersection of component lode fissures, ond the junctions

between individual lode sections, sre clways inclined to the S.E.



- 336 -

The group is normally levelopel in the Central unit an! the western part
of the Eastern unit, ani the membcrs show very little evi.ence of zoning in
value alony their strike. Despite their laorge extent when fully levelopel,
their overall value, although economic, is low.

Possessing numerous branches, the lo.es are normally faultel through about
5 to 20 feet in & drection inclined to the LE ot the same angle as the lines
of component fissure intersections. The ore occurs us bunches which are some-
times, although equally often not, relatel to increases in the lole and fissure
widths.

High angle intersections (in plan), un’ler which category junctions between
loles of the same group may be place !, usually terminate the higher values which
mey exist in either lole on one side of the intersection.

The ore-bunches, with no Jlominant elongation lirection, are confinel between
pairs of intersections anl in arees of both relatively steep and low lole dip.
They show a preference for areas of consistent lode strike, 2nl tend to be ter-
minatel below points at which the Jip increases or lecreases rapidly.

The lolecs ere continuous into the meubers of the Coronation (West) and
Wetherel Lo.e groups existing in other units, anl with which for practical
mining purposes they are continuous. They ere charecterized by the presence
of post-cassiterite, quartz-rich, mincralization phases, and those typical of

the North Levant Lode are very much in evidence.

(4) Borehole Lode Group

The lodes of the Borehole Lode group are structurally more complex and
composite than any others in the mine, and each comprises several lode fissures
which may be reduced to four planes of movement. Unon dividing a lode into

its integral fissurcs it becomes apparent that the vertical ‘and horizontal
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dimensions of the extent of economic mineralization are of the same order.
The higher value ore occurs either as irregularly shaped bunches in the

centre of the individual component lode fissures, or as cre-shoots localized

along the lines of intersection of the latter. Bunches are situated in areas
of either relatively flat or stecp dip. Several ore-shoots are reflected in

increases in the lode width but the bunches, which sre sometimes located at the
points of inversion of lode dip on the Borchole Lode, may be associated with
either local increases or decrcases in lode width. {. widespread increase in
lode width is consequ ntly not always indicctive of a rise in the lode value.

Whereas the lodes of other groups are paralleled in their attitude by the
surrounding joints, those of the Borehole Loie group are usually steecper than
the joints which are, nevertheless, always present, as shown in Photo. (84).

Zoning effects are very conspicuous along the overall strike of the lodes,
which havé been subjected to several pheses of infilling, with the general
exception of the later quartz-rich phases. Well-rock alteration is very changea-
ble in intensity and form, verying from widespread alteration to only a little
kaolinization of the walls.

Wherever there is a marked chenge in the lode strike there is often a
continuation beyond the point of inflection of several joints and fissures along
the original strike direction, The componcnt fissurcs lead naturally into
one another and each should be thoroughly investigeted during development.

Fig. (119) shows the important overall continuity of this group of lodes, and
the importance of their persistent levelopment is immediately evident to even
the most casual observer. ilthough .the component fissures are not exceptional-
ly high in valué their combined extent contributes to their overall productive

importance.
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(e¢) Wethered Lode Group

With a very curved outline and a relatively very flat SV dip, the members
of the Wethered Lode group possess an average WIW-ESE strike, and are convex in
plan to either the SV or NE. High value ore always occurs as a major horizon-
tally-€longated course, thc length of which is more than twice its vertical
extent. Sincc the ore-courses, which show no effects of zoning, always possess
a 'root' the final fully developed length of the lodes is only 1 times their
total depth.

Bach lode is normally faulted through sbout 10 fect, and the high values,
including the root of the ore-course, are localized in areas of relatively
high dip, the upper limit being situated beneath an area of decreased dip.

Courses arc limited between high engle lode intersections (in plan) and
major faults, such as F5 and F6. Within such limits the lode strike is
slightly more constant, although still convex, but the localization of the high
value arcas shows no prefcrence for any particular strike direction, as in the
casc of the lodes of the 'D' Lode group.

The lolde strike shows a constant rate of change but on a very minor scale
the lodes tend to comprise, as notcd by Collins (1920), numerous short, various-
ly-striking sections which together result in the curved outline.

Each contains the results of scveral mineralization phases and quartz is
a mejor constituent, to a srecter extent than in any other lodes. Calcite,
siderite, fluorspar, and many different forms of low-temperature quartz are
common, with numerous vughs and relatively little wall-rock alteration.

Occurring only in the Eastern unit of the mine, the Wethered group lodes
are comperable in productivencss with those of the Coronation (West) Lode

group, but are not so extensively developed latcrally. The ore is always
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concentratcd into one msjor course, and the width of the lodes of the former
group, when fully developed, 1s about 23 inches and among the hizhest in the

mine.

(f) North-South Lode group

The Hanging-Wall Branch and Wcthered No. 2 Branch Lodes, despite their
major structural differences, possess comparsble production records, with very
variable widths and valucs. Their economic portions arc confined between, and
terminated against, high angle lode interscctions.

Each lode excrts a strong influcnce upon the extent of mineralizetion in
the lodes of other group with which it junctions, with no enrichment along the
line of intersection of any of the loles concernecd. Like the other lodes of
the mine the Henging-Wall Brench and Wethered No. 2 Branch Lodes have been
subjected to several pceriods of movement, resulting in each case in an overall
downward displacement of the hanging-wall,

Zoning effects cause the inclination of the uppcr zone of economic minera-
lization to the north. The lode vealue and wall-rock alteration are extremely
variable, ond the two lodes are among the least productive in Geevor Mine,

Numerous prospects and crossing fractures coull be included on structural
grounds in this group, but do not qualify because of their lack of economic

mineralization.

(g) Application

The lodes of the Pendeen-Botallack area have been grouped in Figs. (18)
and (119) according to their averaze dip and strike respectively.  With the
use of plans and available stope sections of the relevant mine workings, and

appreciating that some lodes may not have been fully developed, further
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structurzl classifications may be made,
By employin; publishel ecccounts of the rineralogical cheracteristics of
the some lodes the present writer has placed them in the sroups outline? a
above. In this way it is possible to provile a clear portrayal of the lode
Y 18 b E y bde
(=

characteristics in tho Penleen-Botalleck area thereby utilizing an "a priori"

knowledpe in all exploration and Jlevelopnment,
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10, MINERALIZ,ATION

"With respect to the external appearance of St. Just, nothing can present
a more fcrebidding and discoureging aspect to a stranger, than the barren
and rocky country on which he will enter at the distance of 3 miles from
lenzance, and which will accompany him all the way to St. Just; and if,
on his arrival there, he shall expect, from the description which I havc
given, to find any of the mincrals so prominently situated as to salute
his eyes at oncc; or if he shall suppose that those objects which are
especially worthy of notice in a geologicel point of view, are to be
Jiscovered and examined in the space of a few hours; he will be greatly
mistaken and disappointed; for very few, either of the minerals or
the veins, are to be fournd in situ, but by diligent, patient, and
persevering search ...."

.... J. Carne (1822).

10/1 Introduction
Cronshaw (1921) concluded that the complete mineralization of the lodes
of the Camborne-Redrush district had resulted from several distinct phases.
He listed ten, comaencing with quartz, feldspar, wolfram, and arsenopyrite,
and concluding with calcite, Weston-Dunn (1923) prefe~ed to contemplate a
single mineralization phase but he was outnumbered in his views by the maj~ .-
who, like Lees (1914), concludsd that the complete formation of the lodes
arose from several phases, cach accompanied by movenents of Jdiffering exter”
and form.
is stated by Dines (1956), the Jdetailed mineralization sequence may var;
in the individnal lodcs and mines of South-West IEnglend, but the order
of deposition of the compoaent minerals is similar to the vertical order of
arrangement of the mineral zones. He concluded that:
"Wolfram, cassiterite, and mispickel precede chalcopyrite which is
followed by blendc and galena, while the later metallic minerals
are siderite, haematite and pyrite. The gangue minerals show a
similar correspondence with the Jepth zones, being formed in the
order; tourmaline, feldspar, chlorite, fluorspar, barite, and

cerbonates; quartz persists through nearly all the stages of mineral
deposition. Fluorspar, though occasionally present as a primary
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constituent along with cassiterite and chalcopyrite, occurs also as veins

filling the last opening of the fissure, its usual position in the depth

zones beinz in the upper part of the copper zone and in the leald-zinc
zone,"

Hosking (1951) outlined the main mineral components of the Cornish tin
lodes and concluded that their entire infilling and associated wall-rock
alteration crose from a series of mineralization surzes, accompanied by chang-
ing temperature conditions.

The complete formation of the Geevor lodes similarly resulted from a series
of well-defined phases. 'The first affected several parallel fissures and
Joints around the potential lole fissures. Succeeding phases, cach accom-
panied by dislocation and movement, were incrcasingly concentrated in a central
fissure which is now regardel as the lode. Displacements associated with
each phase reveal the complex apge relationships and a detailed study indicates
that the Gecvor lodes resulted from the following main mineralization stages,

each comprising several component phases:
(a) {reliminary phases, mainly comprising wall-rock alteration.
(b) Economic phases, producing cassiterite and associated minerals.
(c¢) Supplementary phases, coaprising the main sulphide, quertz, and
succeeding phases.
Each phase possesses differcnt spacial, mineralogical, and depositional
are
characteristics, which/governed by the individual prevailing temperature

anl structural conditions.

10/2 Ireliminary ihases

The rise in vapour pressure of the accumulating mineral solutions at
depth in the St. Just area initiated the ascension of boron-rich gases. The

consequent stages of wall-rock alteration were continuous into the first
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infilling stages which gradually became Jominant.

(a) Tourmzline Branches

Ground Movements were not a pre-requisite for the ascent of the boron-rich
gases. They produced, especially at low anzle (in plan) intersections between
mejor fractures and potential lode fissures, intense tourmalinization of the
granite which retains its origzinal tcxture although the feldspars are completely
replaced.

Such tourmaline branches, shown in Thotos. (75) & (76), are common on the
No. 3 Branch Lode, where they attein a vertical extent of the order of hundreds
of feet and a horizontal one of only about 20 fect. They occur especially
on the Wethered and Borehole Lodes where they provide, owing to their higher
porosity, a site adjacent to the lode for the deposition of later cassiterite
and sulphides. Otherwise, the tourmaline branches contain only trace amounts
of cassiterite and do not justify any development. ewns (1905) reported
their occurrence in North Levant iline where they were surrounded by a little

kaolinized granite.

(b) Main Wall-Rock ilteration

lThase 1 in Fig. (140) eibraces the majority of the wall-rock alteration
forms previously listed, with the exception of heavy keolinigzation, and
discolouration. Innumerable fracturecs, of which the lole fissures are only
e small percentaze, were affected by some, or zll, of the main forms including
tourmalinization, chloritization, anl reddening of the granite, Silicifica~-
tion is widespread but resulted mainly from the later economic mineral phases.

The main alteration phases were eccompanied by some movements but these

were so small as to prevent their evaluation at the present day.
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(c) Sulphide and Cassiterite Impregnation

The order of occurrence of the cassiterite replacement and sulphide im-
pregnation phases, shown in Fiz. (140), is uncertain anl at times is reversed.
The effects of the sulphile impreznation process are illustrated in Thotos.
(41) & (42). Comprising arsenopyrite, chalcopyrite, and pyrite, the sulphides
arc formed as replaccment prolucts and by the infilling of cavities, often
creating a sponzy form shown in thotos. (88/i) & (100/B).  This process is
most comnon on the No. 3 Branch Lode anl, clthougzh it occurs on the North
Pig (West) and Borehole Loles, it is rarely scen elsewhere in comperable and
equally consistent quantities. |

In its most intense form the sulphide impregnation affects only a few
inches of wall-rock anl issuperimposed upon the inneriost zones of wall-rock
alteration. /rsenopyrite formed first in the wall-rock, mainly as a replace-
ment product of feldspar remnants. It was succeeded by pyrite and chalco-
pyrite which increasingly tended to vein the rock and infill small cavities,
in lieu of replacing the pre-existing minerals. With the exception of
occasional pyrite, the sulphides are anhedral anl the chalcopyrite invariably
contains accessory tetrahedritc, enargite, and sphalerite.

In contrast to thosc resulting from the later phases, sulphides im-
pregnating the wall-rock are not cextensively altereld to chalcocite and bornite,
although there is frequently a secondery green colouration unler conditions
of more than avera.,e water flow. irsenopyrite is somctimes altered to
hematite, creating a characteristic hematization of the wall-rock.

The cassiterite originating by replacement of the wall-rock is extremely
fine-grained and zoned in brown anl white, as shown in Thoto. (114). /Lt
its maxiaun ldevelopment it affects only a few inches of granite and forms

& very inconsistent boundary with the cassiterite-free rock, the degree of
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frocturing of which is an important factor in the locelization of this process.

Cassiterite may replace earlicr arsenopyrite whencver its introduction
is superimposed upon sulvnhile impregnatel wall-rock. Chaleopyrite and pyrite,
however, are usually later than the cassiterite grains rounl which they are
moulded,

Dines (1956) reportel a specimen of wall-rock from Level 11 of the North
Lode to contain 17% by weizht of cassiterite. 4n adiitional specimen, shown
in Thoto. (104/L), possesses, apart from albite veining, a substantiel cassiter-
ite content resulting from the replaceaent of feldspar.

This type of cassiterite mincralization, althouzh scometimes causing a
local high lole value, rarely produces consistently cconomic ground, but provides

occasional high assay values which encourage continued level developinent,

(d) Tourmaline Infilling

Very slight novements accompanying the main alteration ond impregnation
phases rarely resulted in any significent cavity formation, As the disleca-
tions continued slight openings were created in the uajor fissures and surroun-
ding joints. These were imnediately infilled with fine-grained tourmaline,
constituting the first mineral infilling phase, and bordered by some tourma-
linization of the granite,

With an increasinz influx, the tourmaline attainel a maximum infilling
wilth, gradingz into altered wall-rock, of six inches. The tourmaline was fine-
to medium-grained, zoned in brown, orange, green and blue, and set in a matrix

of quartz, an example being provided by Thoto. (104/C).
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10/3 Economic :thases

Fig. (IAO) shows a grouping under economic, of ‘hases 5 to 9 inclusive.
With the exception of the first anl the allition of early wall-rock replace-

ment, these have contributel the entire tin content of the Geevor lodes.

(a) Feldspar-irsenopyrite

The first najor novements and dislocation of the potential lole fissures,
and the surroundin;; joints, permitted the formation of openings with a maximum
width of about 6 inches. ‘rsenopyritec anl saluon-pink feldspar immediately
infilled the cavities. .8 indiceted in Fig. (128/4i.), this mineral assemblage
more normally accompanies o pegmatite association, and according to Hosking
(1951) it Jemonstrates that the process of nineralizction is the "concluding
phases of igneous activity". He noted that fcldspar-arsenopyrite-quartz veins,
which are fairly common in Cornwall, often pass at less depths into hydro-
thermal lodes, or that the two forms arc tclescopel verticelly and/or laterally.

No wolfrem is associated with Lhase 5, or any other mineralization
phases in Geevor Mine, but important comparisons are valid between this early,
deep infillinz and some of the feldspar-quartz-arsenopyrite assembleges of
South Crofty liine.

The composition of the feldspar, which is occasionally massive, as
shown in thoto. (54), is uncertain owing to its eventual, almost complete
replacement by quartz and sometimes by cassiterite, ireliminery work indi-
cates orthoclasc, end it cither forms as laths, shown in Lhoto. (116), or
possesses an adularia hebit. Larlier tourmaline was brecciated and re-
cemented, as illustrated in thotos. (76) & (102/D), by the feldspar-arsenopy-

rite association. The arscnopyrite often succeeds the feldspar, as shown
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in Thoto. (38), and partially repleces 1it.
The infilling exists not only in the lode fissurcs, where it attains
its meximum developuent, but also in several parallel veinlets which are
1

common around most of the lodes. Feldspar and arsenopyrite are a characteris-

tic mineral association in the lower limits of the tin zone.

(b) Quartz-Cassitcrite

Further relative movements of the lode fissure walls initiated the
introduction of the first major cassiterite phasc; a fairly simple infilling
of quertz and cassitcrite, shown in Lhoto. (101/C).  Cassiterite is sporadical-
ly distributed as bunches in the quartz, which attains a maximum width of
about 6 inches.

The quartz-cassiteritc phase was sometimes preceded by barren quertz
which fragzmentel the pre-existin: tourwaline and altered wall-rock in a
similar manner to that shown in Lhoto. (63). Upon this earlier structure
quartz and cassiterite are superimposel in conjunction with shearing in the
manner shown in thoto. (81), althouch the latter is not an illustration of
the exact case in question.

When the quartz-cassiterite phase of infilling is superimposel upon
an carlier feldsper-arsenopyrite association, both the quartz and cassiterite
replace the feldspar, an exmaple being provided by rhotos. (105) & (106).
Such cassiterite is very fine-grained and tends to streak and mottle the
feldspar, the orizinal nature of which is nevertheless recornizable in hand
specimen despite its almost entire cventual replaccment by quarta.

The quartz-cassiterite phase introduces a finc-grained cassiterite,

shown in Thoto. (115), which often renlaces earlier euhelral arscnopyrite,
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as illustratel in Thoto. (123). f.8 evilenced recently by development on the
Hanj;ing=Wall Vein =nd parts of the Grenfell Lole, this early cassiterite phase
is often sufficiently developed to alone result in economic mineralization.
WWhen superimposed upon the fellspar-rich phase 1t occasionally provides
localized payasble zround, as demonstratcl recently by the Yrospect between the
'D' and Coronation Loles on Level 10 and by the itrospect No. 1 on Level 13.

The arsenopyrite of the feldspar-rich phase often forms, by decomposition
Jue to the action of the quartz-cassiterite phase, an carthy reddish-brown
henmatite, providing: the quite common hematite-cassiterite association,
illustrated in lhotos. (94/.), (103/E) & (125).

(¢) Tourmcolinc-Cassiterite

Continucd movements along the loles, concentrated into a single central
fissure enl its branches, initiatel the introduction of a tourmaline-cassiterite
phase, an example of the product being illustrated in Lhoto. (58). Both
mineral constituents are typically fine-grained, the former occurring as
bluish-green, acicular crystals illustrated in ‘hoto. (117). In the occa-
sional abscnce of the preceding infilling phase the assoclation is superim-
posed upon the earlier mediwa-grained tourmaline infilling and wall-rock
replacenent, as shown in ihoto. (118).

The tourneline-cassiterite combination is cconomically important and
often forms a banded, altcrnating structure in the loles with other cassiter-
ite associations. i visuel undersround estimation of a lode's potential
must inclule a thorough ilentification of the aze of the tourmaline which is
invericbly present, since thc prolucts of ldifferent tourmaline-bearing
phases have a wider vertical cxtent of Jistribution than those of the

tourialinc-cassiteritc phase.
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(d) Chlorite-Cassiterite

The economically most important infillin; phase is that representel by
the succeedin: chlorite-cassiterite association, examnles of which are provided
by Thotos. (94/8), (103/4i), (104/B), & (104/F). Cassiterite constitutes a
large proportion of the association by volume, as shown in Thoto. (119), and is
set with chlorite in a motrix of quertz.

The chlorite is spherulitic, fine-;raineld, anl pleochroic from cnlourless
to green, with an cppearance anl composition very similar to the variety formed
during intense wall-rock alteration of the sranite. Hoskin: (1951) suggested
that chlorite occurrinz in the Cornish wall-rocks is pro-chlorite whereas Webb
(1947) concluled its identity tc be laphnite.,  lMeny varieties are associated
with tin mineralizetion in Cornwall from individual localitiecs alone and a
larpe amount of laboratory work is necessary before their thorough identifica-
tion may be completed. ..1ditionel varieties occurring in Geevor Mine, the
first associntel with cassiterite, are shown in [hotos. (120) & (126).

Zecessory sulphides, comprising chalcopyrite and pyrite, accompanied the
tourmaline-cassiterite and chlorite-cassiterite infilling phases, and were
frequently replaced durin: leter mineralizetion sta; es, now being visible only
as rim relics shown in Thoto. (121).

The chlorite-cassiterite phase is econordcally more dmportant than the
preeceding associations but of for greater value than any single mineral
associction is the more common tourmaline-chlorite-cossiterite phase shown in
Photo. (122). This results either from the cumulstive effect of intermittent,
alterneting tourmaline-cassiterite end chlorite-cassiterite phases, or from

o composlte phase in which the cassiterite is equally ossociated with both

tourmeline and chlorite.
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(e) Sulphide-Cassiterite

The last, major, cassiterite minerzlization phese comprised an association
with chalcopyrite and some pyrite. ilthough not so productive and more sporadi-
cally distributed than the tourmaline-cassiterite and chlorite-cassiterite
associations, the sulphide-cassiterite ph:ase produces localized, important
incresses 1n the lode value since the cassiterite contributes a high percentage
by volume to the total assemblage.

This association occurs on all the lodes, zlthough the most notable locality
comprises the lower levels of the Borehole Lode, from which a typical chalco-
pyrite-cassiterite infilling is illustrated in Photos. (92) & (95). It must
not be confuscd with the mineral assemblage which results when cassiterite is
superimposed upon the sulphide impregnotion phese; this 1s sometimes similar
when observed underground.

Chalcopyrite ond pyrite of the sulphide-cassiterite phase are deposited
eround subhedral or ecuhedral cassiterite. {. 1little accessory, pale green
fluorspar sometimes moulds around both the cassiterite and primary sulphides.

The chalcopyrite, frequently replaced successively by bornitec and chalcocite,
contains ex-solution sphalerite, bornite, ¢nargite, tetrahedrite and chalco-
cite. The lotter often completely recplaces cholcopyrite, forming a characteris-
tic chalcocite-cassiteritc association. Finec-grained cassiterite is set in

o chalcocite matrix and the whole forms veins two or three inches wide in

158

many of the lodes between the surface and level 15.
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10/4 Supplementary Thases

"ficcording to Henwood the Narrow or Crowns Lodec veries in width from
2 to 12 fect, but the other lodes arc small. The mincrals occurring
in them arc¢ limonitc, quartz, vitrcous copper orc, oxide of tin,
arsenic, antimony, amcthyst, atacamite, oragonite, bismuthinite,
pharmacosiderite, blende, black and purple copper ore, blue carbonate
of copper, cobalt, cobaltitc, chaleybite, malachite, native copper,
cuprite, diallogite, manganite, magnetite, mispickel, crythrite,
fahlerz, galena, gothite, netive silver (mentioned by Borlase as
having been found in 1753), specular iron orc, smeltite, stannite,
Josper, vivianite, end pyrrhotitc.

.... Reid and Flett (1907).

(a) Sulphidec Phase

The cessation of the cassiterite-bearing phoses wes morked by = period
of relative quiescence, cofter which extensive relative movement of the lode
fissure walls again commenced.  The sulphide phase, Phasc 10 in Fig. (140),
resulted in the introduction of massive chalcopyrite and pyrite, followed by
primary chalcocite, as shown in Photo. (51).

The chalcopyrite, illustrated in Photos. (99) & (100/4), exhibits a large
nunber and veriety of ex-solution and replacement textures. ox-solution
bodies of sphalerite, bornite, enargite, tetrahedrite, and chalcocite are fre-
quent, together with accessory covellite and mercasite. Fametinite has been
identified from the No. 3 Branch Lodc and the presence of wittichenite is sus-
pected,

Pale green or grey fluorspar is often closely associated with the sulphide
phase and may be rélatively ecarlier or later than the chalcopyrite and pyrite.
Examples arc provided by Photos. (107/B) & (107/D), and pale grecen fluorspar
1s shown in visipole assoclation with chalcopyritc =nd cessiterite in Photo.
(95).

Chalcopyrite 1s altered to bornite and chalcocite, many of the textures

being described in detail by Heummond (1958). Numerous other supcrgene minerals
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originating from the components of the sulphide and sulphide-ccssiterite phascs
include melachite, chalcanthite, chrysocolla, langite, limonite, and hematite,

.. characteristic grcen staining, shown in Photos. (50), (51), (52), &

(65), originctes from the copper content of the lodes and is present throughout
the mine., Native copper occurs in the Borehole ond Grenfell Lodes and a bot-
riodal veriety of chalcopyritc is shown in Photo. (102/8). The latter's super-
gene noture has been confirmed by its occurrcnce as a coating on  large quartz
crystals originating during the latc quartz mineralization phases. Vell formed
covellitc crystals are present in the Borehole Lode, and most drives in all

thc lodes possess a coating of fine, aclcular gypsum,

Chalcopyrite and pyrite were succceded by a phase of primery chalcocite
mineralization, developing crystals up to %" long, as opposed to the more
massive variety forming as cn clteration product of carlier chalcopyrite. The
primery chalcocite contains cx-solution blebs of covellite which impert o
charecteristic blue colour, os described by Edwards (1954). Both hypogene
and supergene chalcocite arc of equal importence and the combined chalcocite
content of the CGecvor lodes is of the same order as the chalcopyrite content.
On the No. 3 Branch Lode primery chalcocite is set in o matrix of calcite, end
possesses some unusual replacement characteristics, being partly eltered to
bornite.

Sphalerite, o common cccessory mineral of the sulphide phese, becomes,
in the upper parts of the Wethered Lode, o dominant uineral of the same phase,
with an appearance illustratced in Photo. (101/B). .. later infilling, consis-
ting predominantly of sphalerite and shown in Photos. (61) & (100/B), also
occurs in the same aree,

Phase 10 is characterized by mcssive sulphides, with only grecn fluorspar

as a gangue constituent. It thereforc differs from the later quertz phases in
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which any sulphides occur only in accessory quantities.

Diamond drilling into the country rocks from Level 11 of the No. 3 Branch
Lode, as shown in Fig, (12), revesled small quantities of chalcopyrite, pyrite
and pyrrhotitc in quartz veinlets. These occurrences probably represent the
westerly structural continuations of the main No. 3 Branch Lode fissure.

. smell cube of galena has becn rcecorded from Level 7 of the North Pig
Lode (Victory Section), providing the only noted occurrcnce of this rineral in
the mine. Chemical analyses of the flotation residucs from the Geevor Mill,
presented in Fig. (129), indicate the cxistencc of bismuth, nickel, and cobalt,
but the corresponding minerals have not been identified by the present writer
in polished secctions of the ores.

Numerous sccondary iron variectics, like those of copper, deserve a systema-
tic analysis before their identity ey be stated with certainty. Encrustations
and stalactitic growths with the appearence of limonite are evident in many
of the lodes wherc they are sulphidc-rich and the watcr flow is excessive.

Like those of thc other mincs of the area confined to the granite, the
Geevor lodes do not possess a large varicty of minerals in comparison with the
lodes situated in the country. Details of minerals occurring in the Pendeen-
Botallack mines have becn provided by sevecral writers, being sumaarized by Dines
(1956).

The minerals of Levent Mine were listed by Reid & Flett (1907) as follows:-
"The lodes ore narrow in comperison with those of other districts, but
contain a variety of minerals such as bismuth, bismuthinite, carbonate
of bismuth, malachitc, native copper, fahlerz, arsenate of iron, argonite,
gothite, garnet, gypsum, netive silver, gold, scheelite, tetrahedrite,
cuprite, and mispickel".

No wolfram has been recorded from any of the mines in the Pendeen-Botal-
lack area, but Russell (1920) reported the occurrence of scheelite and phenacite,

from Wheal Cock. The present writer has identificd gilbertite from the dumps
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of Levant ifinc (confirmed by Sir .. Russell).

(b) Guartz-Phase

The previous phases, concluding with the sulphide phase, were initiated
through relative shear of the lole fissurc walls, with no appreeciable cavity
formation apart from that resulting from the rclative movement of the walls
of irrcguler fissure planes. Frou Phase 1l inclusive the succeeding infilling
phese, indicatcd in Fig. (140), were accompanicd by relative movement of the
fissure walls, or substantial stress relaxation with conscquent tensional
opening, or a combination of both effects.

Numcrous forms of infilling grouped under the quertz phase nay be defined
according to the accessory minerals associated with ecach. These mainly com-
prise sulphides (chalcopyritc anld pyrite) and purple fluorspar, of which an ex-
ample is provided in Photo. (107/4). Tourmeline, chlorite, cassiteritec, and the
preceding mineral associations erc alsc present but originate from the pre-
existing lode material.

Each phase 1s characterized by asbundant quartz, constituting over 90% of
the total infilling as shown in Fhotos. (62), (79), (80), & (82). It is either
massive with a meximum width of 2 feet, or banded as shown in Photos. (59) &
(60). 1In the latter casc, the final fissurc width arising from such an inter-
mittent quartz introduction is comparable with that precduced by a single massive
infilling.

Goethite and micaceous hematite (confirmed by X-ray analysis), the latter
possessing the underground appearance of gold paint, were introduced in the
final quartz phases. With the succeeding quartz phases vughs became more
numerous in the centre of the lodes and contain quartz with well-developed

rhombohedra., These sometimes attain a height of 2'inchcs, and are shown in

Photos. (58), (109),& (110/4).
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The only previous phasc conteining noticeable vughs, although small,
was that cheracterized by the carly fcldspar-arsenopyrite infilling in the lower
levels of the No. 3 Branch and North Pig (Wost) Lodes.

The quartz phases are wcell represcntcd throughout the lodes of the Coro-
nation (West), New, and Wethered groups in contrast to the lodes of the Borehole
and 'D' Lode groups which cxhibit o narrow infilling, as illustrated in Fhotos.
(41-47 inclusive). In the former groups of lodes there are numcrous forms of
late guartz mineralization, including jasper, chalcedony, opal and amethyst, as
shown in Photo. (109). The chelcedony is often botryoidal and alternations of
the different verietics produce zonecd quertz crystels similsr to thosc shown in

Fhoto. (109).

(d) Calcite-Sideritc Phase

The completion of the last quartz phases significd the discontinued formetion
of large openings in the lodc fissures. succeeding phases, although accompanied
by some movement, did not producc any substantial incrcase in the lode width,
Fine-grained calcite and siderite werc deposited in cxisting vughs in the flatter
lodes, and frequently coated quartz crystals which show well developed prisms
illustrated in Photos. (108/B) & (108/D).

Calcite usually occurs as pale pink to white rhombohcdrons attaining a
maximun size of about & inch, They are occasionally thin and tzbular, when they
form a fibrous interlocking mass, shown in Photo. (108/L), charscteristic of
the St. Just area.

Calcite is less frecquent in the stecper lodes where it forms only small
veinlets through the pre-existing lode material in the manner illustrated in

Photo. (48). Otherwise, as shown in Photos. (49), (52) & (88/B), it is massive

and grey-brown in colour.
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Simall rhombohedrel crystals of siderite with curved faces and about
2 ma. long, shown in Photos. (88/D) & (96), coat free surfaces in the lodes.
Elscwhere, rhombohcdrons up to % inch in size occur only in the lodes of the

' Coronation (West), New and #cthered groups.

(d) 'North Levant Lode' Phase

Two phascs of infilling, cach visiblc in Photos. (68) & (69) and separately
in Photos. (66) & (67), produced thc complete North Levent Lode.  Frequent
vughs in the quarts of both gencrations arc infilled with jasper and carthy
hematite. The effect of this mincrelization phasc is cvident throughout the
mine in the lodes of the Coronation (West), New, and Wethered groups, examples
being provided by Photo. (58) and Fig. (66). Thc cheractcristic quartz-

jesper association is illustrated in greator detail in Photos. (110) & (128).

(¢) Uranium Mineralization

Pitohblende in Geevor Minec wes first described by Ostle (1951) who
related it to "an incrcase in the sulphide content of the siliccous leaders '.
He placed the pitchblende with bornite and chalcopyrite 1n a paragenetic
sequence, and provided details of its occurrence in the No. 1 Branch, North
Pig, Coronation, 'C' and No. 3 Branch Lodes. The distribution of uranium
mineralization in the western part of the mine is indicated in Fig. (139),
end it is noticcablc that the 'uranium-shoots' differ in inclination from
those of the cassiterite-bearing mineralization, In the No. 3 Branch Lode,
however, it agrecs to some cxtent with the trend of lode infilling indicated
in Fig. (141).

Recently Darnley (1959 & 1960) completed an age determination upon
uraninite which he collected from the Gecvor Mill.. The results of 290 £

7 m.y. agrec fairly well with estimates of the age of the tin-copper mineralize-



tion.

Uraninite has since been observed on the Footwall Branch and Borehole Lodes,
not only indicating a more extenslve distribution than wes previously considered
but also demonstrating its occurrcnce in the lodes of all groups. In a
specinen from the North Pig Lode, Dernley (privete ccmmunication, 1961) hes
recently identified coffinite, thereby ~aising some intercesting questions
regarding its age relationships with the main tin-copper infilling. It is
not improbable that there were at lcast two phases of uranium mincralization,
differing in form, associations, extent and age in the diffcrent lodes. One
example is provided by Photo. (106); a specimen obtainced from the No, 3

Branch Lodc ot the locality shown in Photo. (48).
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10/5 Conclusions
(a) Paragenesis

The successive mineralizati~n phases have been llagramnmnatically presented
in their chronolegical order from Fhases 1 t» 13 in Fig. (140). ilthough this
is a simplification of the sequence of events it proviles 2 zeneral picture of
the chanzing characteristics of mineralization.

There is a merked lack of uniformity in the Jevelopuent of each phase
throughout both the mine and individual lodes. Their incomplete representa-
tion, coupled with merging and repetition, results in locealized overlapping
in their distribution and a reversal of the usual order of initiation.

Standard paragenesis tables for Geevor iMine are quite imislealing unless
their construction is basel on a far more extensive imineralogical stuly than
that completed by the present writer in the time available. Paragenesis
tables were originally preperel for the individual lodes, but continued under-
ground and laeborectory examinations invariably indicated that all the phases
are represented to some extent, however saell, in each lode, Paragenetic
sequences are .iore adventageously evaluated, especially for Phases 9 and 10
in which arsenopyrite is followed by cassiterite, then by the remaining
sulphides, and eventually by the supergene products in a stanlard sequence.

While the mejor faults and fault zones exhibit only a minor developnent
of the early forms of wall-rock alteration, and contain trace aunounts of
cassiterite except in the imnediate vicinlty of the lodes, they commonly
contain calcitc and a little siderite. The Hangins-Vall Branch and Wethered
No. 2 Branch Lodes possess the developuent of the same mineralization phases,
but on a less extensive and more veried scale, as the other lodes. The

Wethered No. 2 Branch Lole is less variable than the Hanging-iall Brench
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Lode, probebly owing to its inoomperablc underground development, and contains

a largec amount of specular hematite.

(b) Temperature of Formation

For practical purposes it is convenient to definc the various phases of
cassiterite mineralization according tc their individual mineral associations
as oppesed to distinguishing between pneumatolytic and hydrotherael ore. If
such a discriminztion is necessary, the cassiterite originating through rcplace-
ment of the granite wall-rock should be placed in the pnewnstolytic category,
whereas the succeeding cessiterite phascs may be classed as hydrothermal.

Little (1960) determined the apparent foriation temperature of Cornish
cassiterite from inclusion techniques, but provided no specific locality or
mineralizotion details. He arrived at o result of between 300° and 500° C,
over which temperature range he defined hydrothermal rineralization.

Gavelin, Parwcll & Ryhage (1960) ascertained the isetopic composition of
several sulphides from Cornwall, demonstrating a wide range of formation
temperature, They allotted a specimen of "chalcopyrite from Geevor Mine"
to the "high tenmperature zone". Considering the wide variecty of sulphide
mineralization in Geevor Minc very little emphasis may be placed on this
analysis alone, although it may be vicwcd in perspective against the rcsults
of further analyses of sulphides from Cornwell and other localities.

It may be concluded that most of the cassiterite in Geevor Mine arose
from high temperature hydrothermal mineralization, and thet the lodes
demonstrate a temperaturc range of mincralizetion from Phases 5 to 13 of

between 500° and 100° C.
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(c) lMode of Cassiteritc Transportation

Hosking (1951) outlined the numcrous past suggestions regarding the
nature of the ascending, tin-bearing, orc-fluid. Cassiterite has becn
suggested, on the basis of its mineral associctions in differcnt localities,
to have been transportcd as a starnde fluoride, halide, berate (due to the
association with tourmaline), arscnide, sulphide, stannate, thiostannate, and
as a combination with silicic acid.

4.8 cach suggcstion is made on localized evidence by one writer it is
refuted by others beccause the particular cassiterite mineral nssociation which
is quoted differs from chet at the locality with which they are individually
acquainted.

The fact thet cassitcritc occurs in closc association with quartz,
tourmaline, chloritec, and sulphidecs is undisputcd. Whether it ascended in
a form of combination comon to all phasecs, possibly as stannate soiutions,
or as different forims for each main cassiterite phase, is debatable. iny
further discussions without the nccessary laboratory work would be based upon

only a healthy imagination.

(d) Cassiterite Variations

Scrivenor (1919) described pleochroisa in cassiterite and numerous
other writcrs, such as Bond (1930), have noted colour variations between
cassiterites of different origin. Gotman (1938) particularized the
diverse physical, optical and spectrographic characteristics of cassitcrite
from several separate localities, whilst Venugopel (1952) end Borovisk &
Gotman,(1959) measured veriations in the trace clement content of the mineral.
Both approaches werc combined by Kun (1959) who studied cassiterites from the

Congo and related their physical properties to thelr trace element content.
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The present writcer originelly intended to devote some time to the applica-
tion of the latter techniques upon Geevor cassiterite. Jlccordingly, the No, 3
Branch and Wethered Lodes were systematically channel sampled and the remaining
lodes selectively sanpled, a 1009 purec cassiteritc concentrate being produced
in cach cuase. Unfortunctely the progroane could not be completed but it
permitted a study of colour changes in the mineral throughout the lodes.

Prisms and pyramids are equally developed in the normally transparent
cassiterite. It developed as equi-dimensional grains in which some of the
crystal forms are apparent, and the charactecristic twinnin: is often present.
Inclusions, comprising tourmaline, sometines impart a cloudiness to the cas-
siterite.

As a concentrate, the iineral possesses a colour range from very pale
grey to transparent stecl-grey with several shades of brown. In thin section
it varies from colourless, through grey, yellow and pale brown, to dark brown,
No colour shows any predominance in a particular lode or lode group but the
variations may be related to the individual cassiterite mineralization phases,

being swmmarized as follows:

(a) Cassiterite replacement of the wall-rock: Very fine-grained and
mottled, with colours varying between pale brown and white.

(b) Quartz-cassiterite phase: Very finc-graincd and mottled, with a pale
brown colour.

(c) Cassiterite replacing hydrotheramal feldspar: Sinllar to that originating
from the quartz-cassiterite phasc.

(d) Tourmaline-cassiterite phase: Mediwa-grained ani coloured in combinotions
of white, brown and yellow, the latter always in the centre of the cas-

siterite grain,



(f)

(2)
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Chlorite-cassiterite phase: Relatively large-grained (maximum size of

1 m2. ), and zoned in white, brown and yellow,
Tourmeline~chlorite-cassiterite phase: Relatively large-grained and
always zoned in whitc, grey, brown and very bright yellow (in the centre).
Sulphide-cassiterite phase: Relatively ucdiun-grained, with a very
variable colour range.

N.B. The terms fine~, mediwm-, and large-grained sre relative and do not

denote any particular grain size. [n apprcecilation of the size range
may be geinel from Photos. (111-128).

Where the No. 3 Branch Lode traverses the killes the associated cassiterite

is relatively fine-graincd, mottled, and whitc to brown in colour, showing

an indication of originating during the quartz-cassiterite phase.
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10/6 Mineral Zoning

(2) Introduction

Dewey (1922, 1925) recognized the cxistence in both plan and scction of
tin, copper, lead-zinc anl iron zones in South-West England, and he provided
the first comprchensive description, outlining their correletion with depth
changes. The rclation of the zoncs to the upper surface of the major granites
was outlined Rastall (1923), further information being summeriscd by Davison
(1927).

The history of many mincs proves that not only werc the differcent mineral
zones never complctely represented but also that they were not necessarily
parallel to the granite surface. Dines (1933) consequently postulated both
vertical and lateral migration of the ore fluids from certain restricted
emanative centres, resulting in the upper zone possessing o wider leteral Jdis-

tribution than thc lower one.

Dines (1933) belicved that the form of the mineral zones was controlled
by the isogeothermal surfaces. He considercd that during the intrusion period
they were parecllel to the granite surfacc, but with time and the advent of
mineralization they increasingly tended to flatten out.  Ls pointed out by
Hosking (1951), the form of the isogeothermal contours derived by Dines (1933)
agreed very closely with the theoretical derivation by Schneiderholn (1934).

Weston~Dunn (1923) preferrcd to explain the vertical and lateral mineral
zoning in the South-West by differentiation of the ore-fluid during its
single asccnt of the lodes under the cffect of temperature.

Some writers, such as Barncs (1956), still work upon the basic assump-
tion of a single¢ mineralization phase, with separation of the components under
the influence of temperature, pressure, and several other physical and chermical

factors.
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4s described by Hosking (1951), who concluded that the minceralization
resulted from several surges, the cffcet of the isogeotheris must be considered
upon the individual phases. The upper and lower limits of wineralization would
be controlleld by the form of the isogeotherms and within the range of deposition
of a single phase therc would be only a little supplementery zoning. The prob-
lem of zoning must be approached with a prior recognition of the occurrence
of several mincralization phases, such as outlined by Cronshaw (1921), employing
the methods adopted by Kutina (1957).

Hosking (1951) Jemonstrateld that under o chenging tcmperaturc gradient
and other factors, the time interval between successive phoses is critical in
deciding their spatial distribution., Under differing conditions various effects
such =s telescoping of the accepted zoncs and the inversion of their usual
vertical order are thereby explained.

In the opinion of Webb (19&7), however, a corbination is possible in
practice of the two effects favoured by the Jdifferent schools of thought. He
considered that not only was the ore-fluid at any one time "undergoing extra
nagmatic differentiation during the course of 1ts ascent up the lode fissure",
but also that "the cre-forming fluid leaving the source was not identicel
throughout the period of lode formetion".

In an idcelised case the order of crrivel of the minerals %s equivalent
to their order of occurrence with decreasing depth of deposition. The earliest
minerals are located at the deepest horizons and the youngest arc situated in
the upper regions. By this meens generalized representations of the mineral
zones were constructed by Mac..lister (1906), Cronshaw (1921), Dewey (1922),
and Davison (1936).  The latter writer (1927) swimariscd all the current views,

his conclusions being reproduccd as Fig. (126C).
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Webb (1947) constructed a scheme of zonal distribution, reproduced as
Fig. (128B). Hosking & Trounson (1959) modified and addeld to the former's
earlier (1951) schematic illustration presenting the table reproduced as Fig.

(1281).

(b) Mineral Zoning in Geevor iline

The complete mineralization of the Geevor lodes resulted froa several
phases, diegramaatically outlined in Fiz. (140), to which the ileas of Dines
(1933) and Schneiderholn (1934) imst be individually applied.  The main MV -SE
crests in the now-eroded grenite surface in the Pendeen-Botallack area are
reflected in the attitude of the plunging arch of the tin zone, shown in Fig,
(118).

With the completion of lode fissure formation and the mein wall-rock altera-
tion phascs the introduction cf the infilling mineral asscociations demonstrate
the following fcatures:-—

(1) With the mean temperaturc and tomperature gradient of the grenite
slowly decreasing with time the vertical range of distribution
incrcased.

(2) The cessitcritc-bearing phases followel closely upon one another
and were at times mineralogically gradational. When unaffeccted
by local structural controls, the horizon of meximum mineralization
of thc individual phases slowly decreascd in depth.

(3) During the last cassiterite-beering phascs the balance between
decreasing tcemperature and tiie duration was such that the position
with respect to the granite surface, of the horizons of maxinum
mineralization were static in the approxinate centre of the present

ceconomic tin zone.
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(4) ifter the completion of the cconomic phascs greater time intervals
separatud the successive phases, the cduration of which increased.
The diminished temperaturc gradiant and overall temperature of the
granite allowed the greatest vertical range of distribution.

Although the cconomic phascs commenced their introduction with a theoreti-
cally correct depth distribution with age this effect was slowly decreased
and from Phase 9 onwards they became telescoped and reversed in distribution
with respect to the earlier pheases.

L combination of time duration anl rate of tcmperature decrecase coauscd
most of the sulphides to be deposited within the tin zone, the maximum sulphide
content sometimes occurring in the lowest horizons of the lodes.  The copper
content of a lode therefore provides no criterion by which to judge whether the

lode in question is being developed in its upper or leower horizons.

(¢) Individuael Lode Zoning

For the asbove reasons care must be exerciscd in evaluating the upper
and lower regions of a lode. In every-day devclopment it is important to
distingzuish the 'tops' and 'bottoms' of the lodes. In so Jdoing one rmust
distinguish between meumbers of particular lode groups and consider the position
of the lodes upon the flanks of the arched tin gone.

For the purposes of distingulshing between the tops and bottoias one
may consider the threc most diffcrent groups of lodes; neaanely, the DY,
Coronation (West), and Borehole Lode, groups which may be considered individuelly
as follows: =

1. 'D' Group

(1) The bottom of a lode is indicated by o common association
of feldspar and arscnopyrite or afscnopyrite alonc, brec-

ciating earlier tourmaline.
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(i1) The tops possess o greater mineralogical variation,
containing tourialine, quartz and sulphides.
2. Coronation (West) Group
(1) The bottom is indicated by the presence of nassive
finc- to medilun-graincd tourmaline, supplemented by
tourmalinized wall rock. Massive feldspar and the
later quartz phascs mey elso be represented.

(41)  The tops demonstrate a general decrcese in the mineral
assembleages normally occurring in the most procluctive
parts of the lodes.

3. Borchole Group
(i) The bottom may be indicated by a minor Jevelopment of

the feldsper-arsenopyrite phose or by the presence of

o simple quartz-cassiterite phase surrounded by large-
scalc reddened and hematized grenite,

(11) The tops arc usually indicated by the occurrence of
nediun-greined tourmaline or quartz-tournaline,
often surrounded by a narrow zone of heavily
hematized well rock.

The above generalizetions are necessarily based upon a study of the
lodes at present accessible or under development.  They may be influenced
by local factors and would probably vary if an overall view of the lodes
were possible.

Not only do the ganguc and cconomic minerals illustrate a temperature
zoning throughout the individual lodes but the wall-rock alteration also

possesses morkeld variations. Evidence has recently been provided by a



detailed study of the No. 3 Branch Lode, the results of which are grephically
presented in Fig, (141).

. more accurate appreciation of the mineralogical characteristics of the
tops and bottoms of the lodes must in futurc be obtained, providing a very
important application in underground developaent and in the interpretation

of damond-drill intersections.
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11, LODE FORM..TION

"The vein-fissures of the tin- and copper-bearing lodes of Cornwall

were generally the result of forces acting subsequently to the
solidification of the elvans, but opcrating in the same general lirection
as those which caused those rocks to be erupted".

Phillips (1875).

11/1 Introduction

The followinz sunmary of the history of formation of the lodes and post-
mineralization features Jdepends upon a close study of the structures in con-
junction with the order of introduction of the mineralization phases. Numerous
results, gatherel from surface outcrops and underground exposures, have been
correlated but the space available prohibits the inclusion of all the details,

soime of which have been briefly mentionel in previous sections.

(a) Coincidence in /ttitude of the Loles and Joints

".... and it is therefore probable that the lodes of this district
have been formed on lines of joints enlerged by dislocation'....

.. lWhitley (1865).

There is a constant siailarity in structural attitude between the
Geevor lodes and the granitc joints of both primery and secondary origin.
This inay be visually appreciated in all the underground workings where the
lodes are enlarged and Jilated joints, as shown in Photo. (56).

On Carn LEanes the various Jjoints, the attitudes of which are zraphically
illustrated in Fig. (36), have been dilatel and subjected to slight movements
allowing the selective introduction, demonstrated by Fig. (39), of quartsz
and tourmaline. Most of the infilled Jjoints strike WM and NW and dip SW.
They are supplemented by others striking between E-W and N-S. The agreement

in attitule between these joints and the lodes, rcpresented in Fig. (43), 1s
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further demonstrated by the coincidence of the two respective principal mexima
in each case in the first quadrant.

Interpretations cannot be based entirely upon stereographic representations
of the joints ani lodes, and must be supnlemented by direct underground observa-
tinns. Stereograms indicnte only the very stronz asrecitent in structural
attitude between a majority of the two festures. i study of the infilling
and dislocation of joints at scnarate localities may be usefully employed in
an evaluation of the structural anl mineralosical history of formetion of the
Geevor lodes.

From a combination of statistical and underground studies it is apparent
that most of the Geevor loles were formgd by moveument along, and enlargement
of, primary and secondary granite joints. The attitude of the lodes has been
substantially controllei by thet of the joints and their existence in the
present form is Jepentaent to o very large extent upcn the heavily jointed
nature of the gramite before the onset of the wall-rock alteration phases.

The intense jointing sufficed to accommodate the increasing stresses during
the mineralization period and the foriiation of new fissures was not necessita-

ted.

(b) Individual Lode Groups

Liaediate comparisons are possible between the attitude of the granite

joints and the separate lodes, and may be summarised as follows:-

(a) 'D' Lode Group:

The lodes coincide in attitude with the longitudinal primary

joints.
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(e)
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Coronation (West) Lode Group:
The lodes also agree in attitude, with greater variations
than those of the 'D' Group, with the longitudinal joints.

New Lode Group:
The lodes coincide in strike direction anl range with the
secondery granite joints, and in some cases with the
longitudinal joints.

Borehole Lode Group:
Parts of the lodes agree with all varieties of the longitudinal
and secondary joints. Other sections snow a merked variation
in attitude from the surrounding joints.

Wethered Lode Group:
Sections of the ledes agree in strike witﬁ the secondary joints
and occasionally with other forms.

North-South Lode Group:
The Hanging-Wall Branch and Wethered No. 2 Branch Lodes lie
within the wide range of strike and dip of the local cross-

joints.

Similar compearisons are also valid between the attitude of the main

faults and fault zones and the granite joints:

(2)

(b)

Main Faults:
These coilncide in attitude with the regional cross-joints.
Fault Zones:
The overall attitude of the fault zones is similar to that
of the North-South group of lodes but.the individual zones

do not agree in attitude with the surrounding local cross-joints.
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Within the zones the separate component faults agree in

strike with the surroundinz local and rczional cross-joints.

With the exception of some sections of the lodes included in the Borehole
and Wetherel groups, the Geevor lodes may always be rclated to the localized
prevailing attitude of the surrounding joints. Their origin, together with
that of the wajor faults and fault zones, lies in the primery and secondary
joints of the zranite. By large-scale movciaents and dislocation of the
ground in the Geevor liine arca the Jjoints becoine enlerged end subjected to
mneralization to such an extent that they now constitute the economic tin

lodes.
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11/2 Stage 1

(2) Stress distribution changes

The major and minor structures in the Geevor Mine area upon the counletion
of the granite consnlidation stage are sumierized in Section 5/5. ~fter the
formetion of the secondary sranite Joints, the vapour pressure of the accumuls-
ted mineral solutions at depth increased and became a Jdominant stress, eventually
constituting the mexinum principsl stress, By The latter was directed upwards
in a predominantly vertical direction, with = high SE inclinetion towards the
centre of the granite mass.

The previous NI-SE meximun principal stress gradually decreased in relative
intensity becoming subordinate to P, end equivalent to an intermediate stress,
P2‘ The earlier mini.aun stress, Pj’ meintained its relative intensity, directed
in a NE-SV direction.

With originally very little difference in relative intensity between Pl
and Py, and each fluctuating, the consequent small moveaents were in all
dircctions. Cnly minor dislocations of the joints were initiated, the stresses
being accomnodated by moveient along the pre-existing joints instead of by
the initistion of new fractures. These displacements perinitted the comnence-
ment of the pneunctolytic mineralization phases, previously listed as the
preliminary rhases.

The various forms of alteration affected those joints which were not
only the most numerous but also the better developed. These included the
longitudinal and secondary Jjoints. The regional and local cross-joints,
more directly under the compressive influence of PZ, were, with few exceptions,
unaffected by alteration. The increasing vapour pressure initiated slight

movement of the order of a few inches. This amounted to a jostling of the
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nunerous blocks of ground which was confined between those joints along which

movement occurred.

(b) Granite Surface Irregulerities.

In the relatively flst-topped portions of the granite, at a distance of
about one mile from the present graﬁitc surface exposure, the continued increase
in P1 was accomodated by a zeneral dislocation of all the joints, creating an
irrezular pattern of movemnent, unless a particular set was locally excessively
developed.

The two major granite crests, which localized the cmanative centre in
the Pendeen-Botallack area, were supplemented by subsidlery undulations on thelr
flanks, possessing the same NE-S§ and NJ-SE Jirections. ~aditional N-S
undulations were localized along the main Ni. flank and their direction is
reflected by wminor folding in the country rocks and by the attitude in plan
of the granite contact, shown in Fig. (H).

The relative extent of local development of the N-5 and NE-SV undulations
is probably reflected at the present day by the strike of the adjacent granmite
contact along the coastline. For instance, south of Spearn Consols Mine the
N-S undulations, reflected by the 17°- trending minor folds shown in Fig. (34),
are better developed. In contrast, in the Geevor Mine area both sets of
unlulations are equally well developed.

Localized variations in the stress Jdistribution attained their maximum

intensity around, and below, the surface undulations.

(¢) First Displacements )

The increase in thc vertical stress due to the confined mineral
solutions eventually became so intensive rclative to P2 that major movements

oceurred throughout the arca. Owing to the vertical orientation of Pl, the
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direotion of movement was prelominantly verticel but was controlled by the pre
veiling relative intensities of the principal stresses, and the dip of the
longitudinal and seconlary joints, Movements were concentrated beneath the
unlulations and occurred along whichever joints most closely approximeted in
strike to the trend of the undulations, anl were sufficiently well-formed

to allow displacement, With the diminishing presence of an undulation the
associated displacements were similarly diminished and termineted against
longitudinal and secondary joints.

Movements associated with the NE-SW undulations occurred alcng regional
cross-joints whereas those assoclated with the N-S undulations were meinly
along local cross-joints, which show less agreement in attitude with the as-
sociated belt of movement.

The undulations were concentrated along the NV flank of the Land's End
granite within a distance of about onc mile from the present line of outcrop
of the granite contact.  With increasing nroximity to the latter they increa-
sed in intensity and developrent.

In the NE-SW belts of dislocation the movenent was localized along a
maximum of two or three regicnal cross-joints, with a belt of movement
attaining a moximum width of about thirty feet.  Within the N-S belts,
becausc the movement was not so easily accomaodated among the diversity of
Jjoints, regions of ground developed with a width of 200 to 300 feet, in which
displacement occurred along a wmultitude of assorted plancs, eventually
constituting an overall movement similar to that localized along the NE-SW
belts.

Each major plane of dislocation was inclined to the SE, and especially

in the western part of Geevor Mine they underwent reverse faulting through
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about 10 to 15 feet, eveolucted from deflections exerted upon the granite con-
tact. The direction of movement is indicated by slickensides which are
diegrammatically illustrated in Fig. (L6/2).

Since the belts of movement sustained post-mineralization movements they
are now represented in Geevor Mine by the major faults and fault zones, the
attitude of the former being indiceted in Figs. (38/1) & (40/6).  The locations
of the major faults and fault zones are shown in Fig. (103), and they form the
boundaries between which block-faulting occurred. i major block of ground
bounded to the west by Fl’ F2 and F3’ and to the east by F5 and F6’ was
thrust upwards through o distence of about 10 tc 15 feet. The processes
is illustratcd as Stage 1 in Fig. (10Ll.).

Similar movements also affected the better-developed cross-joints thereby
providing a continuation of the process by which some of them were initially
created. Nuwncrous plancs were subjected to similar, although less extcnsive,
movements, but they are now not sc evident having been unaffected by the
mineralization and post-mineralization steges.

The cxtent of movement wos most intense ot the eastern and western extremi-
ties of the present Jeveloped arca of the mine, those displacements in the
centre being less extensive, although in the same direction.

Minor horsts and garben were developed betwecn Fl and F6, and the inclina-
tions of the varicus planes of movenent resulted in both normal and reverse
faulting. The direction of movement is now frequently difficult to decipher
since ost of the planes have been subjected to later movements which tended
to oblitcratc the previous evidence.

Such movement planes are apparent throughout the whole of the granite of

the Pendeen-Botallack arca, with both N-5 and NE-SV directions. Only those



- 3FF =

with the latter direcction, originating from the rcgionael cross-joints, are
evident in the country rocks and are reflected in the occurrence of both guides
and joint distributions, which arc¢ illustrated in Figs. (40/1-5).  The N-S
planes are not present owing to the non-existence of the local cross-joints

in the country rocks.

The blocks of movenent confined between adjacent nlancs of movenent were
not approximately rectznguler owing to interference between the N-5 and NE-SW
belts of dislocation. The blocks possessed s triangular shape in plan, the
third side being provided by well-developed longitudinal or secondary granite
joints. The blocks were irrcgular in both volume and area (in plan), and
either remained rclatively static or were subjected to a downward or upward

overall displacement.
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"Whether these lodes are formed alony simple joints, or whether
along lines of fracture accompenied by dislocation of the walls,
is not always clear, but probably both meodes of forimation are
represented".
.... Reid & Flett (1907).
(a) Introduction
Continued block faulting movements could eventually no longer sustain
the renewed build-up of vepour pressure, which had been initially released by
the feaulting, with thc production of wall-rock alteration. The trianguler
blocks of jround created duringz Stage 1 were confined between planes of
movement trending N-S and NE-SV, thereby being elongated in the same dircctions.
4 continued increase in the vertically-oriented meximum principal stress,
Py, decreascd the length of the meximum axis in plan of the blocks of further
faulting along planes, within thc range of attitude of the longitudinel and
secondary Jjoints.
The form of these second faults depended upon the scale and frequency
of development of the joints, a feature which varied throughout the mine with
respect to the distance from the stceply inclined contact. It is convenient
to describe separately the movements during Stagc 2 in the three wine units.

ilthough apperently artificial, these divisions are based upon structural

factors.

(b) #cstern Unit
To accoimodate the almost vertical stress, Pqp, directed frowm the SE,
movement took place along thosc joints waich had already been subjected to

well-rock alteretion and complied with the requirements of suitable attitude.
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Llthough the secondary joints were present in the Western unit, movement
occurred most easily along the longitudinel joints, which werc better developed
than any others owing to the proximity of the steeply dipping granitc contact.
ibout 10% of the joints possessing wall-rock alteration were subjected to somc
movement.,

Slight, intermittent movement, as a preliminary to the later dislocations,
permitted the entry of tourmaline into the major joints. The more important
displacements, sufficiently extcnsive to allow infilling, comnenccd in the
relatively stecp fissures now represcnted by the lodes of the 'D' Group. The
feldspar-arsenopyrite association tended to selectively affect the steeper
lodes, along which movemcnt proceeded first owlng to the local inclination of
the granite surface, shown in Fig. (91). The lodes of the 'D' Group therefore
possess a higher average, final value than those of the Corcnation (West)

Greup which were equally affectel by only the later cassiterite phases.

«.8 shown in Fig. (94), the displecements constituted the movement of
wedges of ground Jefined by the planes of the lodes. Individual wedges attained
a meximun width at their base of 500 feet, the apex indicatingy the direction
of movement through sbout 10 or 15 feet.

Cavities werc created by relative movement of the irregular fissure walls,
as described by Emmons (1943) and illustrated in Fig. (105), thereby providing
a path for the ascent of the mineral solutions and a locality for their
deposition.

By wedge faulting the trianguler blocks of ground were divided into
furthcer sections, roughly elongated in an E-i direction, perallel in plan,
and possessing an epproximately equal width. Relatively steep and flat

lodes were alternately subjected to rcverse and normal faulting, as shown
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in Figs., (91) & (94). To the east and west the wedges of ground were tcrmina-
ted against the previous planes of ovement during block faulting in Stage 1,
2s shown diagramiaticelly in Figs. (100), (101), and Stage 2 of Fig. (10L.).

ilong an individual lode the extent of relative displacement varied

of

because some was often accounted for by movemcnt/the regional and local cross-
joints. :n example is provided by the No. 3 Branch Lode, shown in Fig. (141),
along which the amount of relative movement in the lode, accounted for by wedge
faulting, varied between the limits now defined by the major faults, the
North Pig Lode, and the Henging-/ell Branch Lode.

Some of these terinnating planes are now casily distinguished owing to
the effect of later movements but meny are cvident as only small fractures
which have sometimes not been subjected to any further displacement. They
are surrounded by a little reddencd granite, or more often by 'rotten' and
kaolinized ground. Despite their present nondescript appesrance they were
of critical importance during the mineralization phases, since the overall
value of a lode is proportional to the rclative displacement of its walls.

This fact should be rccognized in all under xound devclopment, and the mapping
of such features is of equel, if not greatcr, importance than the customary
mapping of the lodes.

Ore-shoots and bunches were usually localized mid-way between the
termination planes which form & high anglc (in plan) intersection, greater
than 45°, with the lodes.

Depending upon whether the individual lodes were subjectcd to reverse
or normal faulting, the velues are generally confined to regions of relative
incresse or decrease in the lode dip, as diagremraatically illustreted in

Figs. (106) & (108). Tipounding of the ascending solutions in the lodes of
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the Coronation (Vest) Group occurred beneath points at which dip substantially
decreased., The same effect is illustrated by those of the 'D' Group in which
solutions were lmpounded below points of chanpge in the dip direction from

S7 to NE .

Occasionelly slight enrichment occurrec up to 5 or 10 feet on either side
of a termineting plene, but of sreater economic ilmportance are the intersec-
tions, now apparent as lode branches, which make a siall angle (in plan)
intersection with the lodes, By creating greater brecciation and cavity
formation along the line of intersection, which follows the direction of Py
and plunges SE, large-scele cnrichient formed a vertically-elongated ore-
shoot.

The solutions ascended along the lincs of intersection, the attitude of
which was controlled by the original direction of P, during the period cf
formation of the secondary joints, by the inclination of the terminating
plancs, and by the direction of the prevailing maximan stress, Pq.

Temperature control of the extent of mineralization caused the cassiterite
and associated gangue minerals to be deposited within the vertical limits of
the wedges. Consequently, intersections between lodes of the two different
groups at the welze apices have not been investigated by underground develop-
areas of the mine it 1s likely that the

ment. By comparison with other

intersections comprise a belt of heavily jointed and dislocated ground, the

major novements being Jdissipateld along several joints and fractures.

(¢) Central Unit

In the Centrel unit the longitudinal joints were less well developed
and were subsidiary to the secondery forms. The latter possessed a

greater strike range which produced a more complex variety of ground movements
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then in the Western unit. Triangular blocks, formed during Stage 1, were
further dissected into smaller blocks with the same three-gided form, now
confined betwecn the lodes and the previous terminating planes, one of which
is indicated by the Hanging-7all Branch Lode.

Movements along the sct of flatter sccondary joints formed the Coronation
and North Lodes of the New Lode Greoup by normel faulting. Complimentary
reverse faulting occurred along any sufficicntly-developed longitudinal
Joints. Movement alon; two or three fissures was necessary to compensatc for
the extensive displacement along the North and Coronation Lodes, which com-
prised about ten to fifteen feet. Snmall intervening lodes thereby formed
from the longitudinal joints and include the Prospect No. 1, the 'D' Lode
(West of the Hanging=iall Branch Lode), the i (lower) Lode, and the Frospect
between the 'D' and Coronation Lodes. There wes also some moveiment along
fissures which now constitute parts of the North Pig and South Pig Lodes.
Fig. (92) illustratcs the directions of relative displaccaent along the lodes
defining the morc complex wedse faulting shown in Fig. (95).

The initial movements creating the lodes of the Central unit occurred
sumultaneously to the equivalent displacements in the Yestern unit. In
similarity, thc earlier economic phases are predominantly rcpresentcd on the
small steeper lodes. The major phases ocre predominantly represented on the
small steeper lodes. The mejor phases are concentrated, with the exception
of the 'C' Lode, along the major lodes of the New Group. The degree of
econonmic mincralization is dependent upon the vertical and lateral extent
of relative displacement within the lode fissures.

‘In the Western and Central units the relative displacements of the

lode fissure walls during 8tage 2 are evidenced by carly slickensides, the
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orientation of which is illustrated in Fig. (46/1). .~lthough they were
usually distortcd and substantially obliterated by later movement they
are apparent on a detailed exeamination,

In common with those of the Jestern unit the cxtent of mineralizzstion
in each lode 1s subjcctcd to structural and tcmperature controls and confined
between the apices of the wedges within the ares sofar developed. Future
exploration and development at depth cround the Prospect No. 1 and the 'D!
Lode may disclose cconomic mineralization eround a wedge apex.

The usual structural controls of mineralization are coimmon to the lodes
of both the Central and Western units. Widespread temperature control
is evident to an equal extent, but the localized effect of the granite contact,
apparent in the ecarly mineralization and final cxtent of payable ground in
the lodes of the 'D' Group, 1s not compareblec.

Bunches of orc arc localized between lode intersccticns, and major
ore-shoots confined between such junctions, arc formed zlong the lines of
intersection betwcen lodes and branchecs which possess a small crossing angle
(in plan). Impounding of the solutions was also an important factor in ore
localizotion on both the lodes of the New Lode Group and the steeper lodes
comurising the subsidiary cless of the 'D' Lode Group.

Individual lodes and sowme couponent sections of others reflect the
development of the secondery jgranite joints. Their attitude may be cmployed
in & graphical Jetermination of thc stress distribution originally creating
the secondary joints, as shown in Fig. (4h4/1-1). oSuch determinations yield
the results illustratcd in Fig. (45/&) which show a pood asgrccment with those
bzged upon an analysis of joirting in the country rocks and in the granite,

and upon the minor folding in the former. Further deteriinations, illustrated
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in Fig, (AA/S—ll), are¢ not valid since, although producing similar results
as shown in Fig. (45/5), they are based upon loles derived from a variety of
joints in addition to the sccondery forms.

Mejor blocks of ground created during Stage 1 ore confined to the east
and west of the Hanging=iall Branch Lode which, unlike the majority of the
termineting planes, was selectively mineralized simultaneously with the adjacent
lodes. Its low dip and conscquent different relation to the prevailing stress
distribution allowed its preferential mincralization as opposed to the major
faults and foult zones, Complex :mutual interference and structural control
of the extent of iidneralization between the Henging-well Branch Lode and the
lodes with which it junctions was initiated, to be further complicated during
Stege 3 by selective movements along the separate lodes. Scveral additional
terminction planes were sinultaneously :dneralizeld to such cn extent that

they now rank s unpayable prospccts.

(d) ELastern Unit

Neither the longitulinal nor the secondary joints were well developed in
the Eastern unit compared with those in the other units, and the meximun
stress, Py, could not be adequatcly accommodated by movement along the pre-
existing joint planes.

The Eastern unit thercfore, demonstrates o slmilarity in this respect
1o the remainler of South-Vest England, throughout which new fissures were
initiated under the inercasing stress distribution, according to the principles
outlined by .nderson (1942) and illustrated in Fig. (41). .4 conjugate sct
of Si and NE dipping fractures, possessing different dips from the jolnts, was
created, and the prevailing stress distribution, pertly reflected by the

detailed attitude of the Borehole Lode, may be gfaphically analysed as shown
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in Fig. (h?). The results are in close agreemcnt with previous estimates of
the stress distribution and indicate the high SE plunge of 2K

The formation of this major supplementary fracture systen allowed
movement under the dominant vertical stress to be accomplished more casily,
with displacement along a combination of the new conjugate fractures and
the earlier longitudinal and sccondery granite joints. The consequent
formation of the Borehole Lode, as demonstrated in Fig. (104), was repeatcd
forming the other lodes of the Borehole Group including the Grenfell Lode,
parts of the North Pig Lode, end some Prospects in the rastern unit.,

The formation of major lines of dislocation, now indicated by the lodes
of the Borehole group, was assisted by both the pre-existing joints and by
undulations in the new-eroded granite surface. The latter trended NW-SE
parallel to the main granite crest which extends through fhe vicinity of
Spearn Consols Mine.

By this means the extensive, Ni-trending, steep and overturning lodes,
illustrated in Fig. (18) and complying with the characteristics of the
Borchole Lole Group, were localized and propagated by incorporating sections
of previously-formcd lode fissures and original granite joints, thereby
extending with economic contents for considerable distances. Their discovery
and persistent developument during the 19th century was a major factor in the
exploitation of the Pendeen-Botallack area. The importance of pursuing the
western extensions of such loles occurring in the Eastern unit of Geevor
Mine should be recognized.

Junctions between component lode fissures dipping S§ and NE in the lodes
of the¢ Borehole Group often create intense fracturing and a consequent increase

in the lo.le value. #ithin the individual fissures the usual structural
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controls of minerclization are evident, especially these arising from the
steeply plungin: intersections of major fissures and branches,

The complete formetion ¢f the Borehole Lode slightly post-dated the
first displaocements alony the potentiel lode fissures in the western and
Central units, as evidenced by the different mineralogy over the localized
sections.  Overall movement along the Borehole Lode, shown in Fig. (93),
is reflected in a tendency -towards the occurrence of wedge faulting and verious
other complex forms, as indicated in Fi . (96)

One set of the conjugate fissures is partly reflected in the dip of
the Wethered and North (East) Lodes, but the lodes of the Wethered Group, which
are rcpresentel only in the Eastern unit, were not completely created until

the comnencement of Stage 3.
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11/4 Stage 3

(a) Introduction
The initial stages of formation and mineralization of the lode fissures,
were followed by further intermittent increases in the compression, and changes

in the stress distribution caused continued movements alcng the fissures. The

o

consequent surgzes of mineralization produce&/repetitivc infilling and localized
complex louae structures, bearing signs of the various movements.

. gradational change from Stage 2 to Stege 3 was marked by the introduc-
tion of the chlorite-cassitcrite and sulphide-cassiterite phases. Successive
moveiients in the individusl lodes were not always identical in direction to
the original displacemcnts,either norimal or reversed,  Cassiterite of the
successive phases was not localized in thc same areas of the lodes since
normal faulting was sometimes superimposed on reverse faulting, as shown
in Figs. (107) & (109). Some of the loles thercfore demonstrate a localiza-
tion of cassiterite in areas of both high anl low lodedip within an individual
lode fissure.

The planes of termination of successive movements frequently altered,
and throuzhout Stages 2 and 3 most of the lodes were subjccted to about five
periods of movement.

Following the introduction of most of the sulphides, late quartz phases,
indicated in Fig. (140), were comaenced through a relaxation of the all-round
stress, especially of P3' The effect of gravity was sometines compareble
in intensity with Pl, and the general lines of movement and termination planes
were approximately the same as those of Stage 2.  The relaxation and assocla-
ted effects sometimes influecnced a greater strike length but the maintenance

of an effective horizontal stress, P2, was sufficient to prevent the infilling
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of the termination planes by the late quartz phases or any regenerated earlier
pheses.
The stress relaxation constituted ctage 3, and the resulting effects may

be considered in cach of the mine units as followss: -~

(b) Western Unit

411 the lodes of the Western unit suffered a downward movement of their
hanging-wall, constituting normal faulting. The overall relative displacement
of the walls of the 1lodes of the 'D' Group was consequently reduced from
about 10 to 5 feet, and throughout the lodes of the Coronation (West) Group
it was increased from 10 or 15 feet to nearly 20 feet.

Slickensides and quartz infilling indicate that all the lodes were
affected but only those of the Coronation (West) Group Jdemonstrate the substan-
tial Jdevelopment of late quartz infilling. The nature of the movements
is 1llustrated in Figz. (98) which indicates the initial wedgse faulting being
followed under stress relexation by all-round normal faulting, as is smilarly
illustrated in Figs. (100/C) & (101/C).

(c) Central Unit

Stress relaxation, the introduction of late quartz phases, and some
regeneration of the earlier cconomic mineral associations, affected most of
the lcdes of the Central unit. The econcmically snall, steep lodes were

subjected to only minor amounts of movement and infilling in contrast to

the lodes of the New Group.

Normal faulting tenled, as in the Western unit, to erase the effects
of the earlier reverse faulting in thc smaller lodes. They consequently dem-

onstrete a small, final, overall rcverse movement varying between zero and
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five feet. In contrast, the New Lodce Group of lodes indicate an overall

norinal faulting throush about 15 to 20 feet.

(1) Eastern Unit

During the transition period betwecen Stages 2 and 3 the lodes of the
Wethered Group were created, reflectlng the tensional relaxation in their
overall strike. They were infilled by the late economic phases in the
absence of any ecarly main wall-rock alteration effects. Continued inter-
mittent relaxation had the pronounceld effect of considerably widening the
lode fissures and allowing the entry of the late quartz mineral associations.

No predominantly new fracturcs were created during this stage of
formation of the Wethered Group lodes, apart from some possessing a very low
dip. Wwhenever possible the lode fissures were propagated along the flatter
members of the longitudinal and secondary Jjoints, and along some fissures
created during the formation of the Borehole Group lodes during Stage 2.

Their relatively late infilling is evidenced by the lack of localized
zoning in a NV-SE direction. The main structural control ccmprised
o localization of the wanlues between high angle (in plan) structural intersec-
tions anl in areas of relatively high dip, being terminated below those of
decreased inclination.

Late quartz phases originating during Stage 3 are very rarely represented
on the lodes of the Borchole Group. Throuzhout ell three mine units the
extent of representation of the late quartz phases 1is indirectly proportional

to the mean dip of the individual lodes.
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11/5 Post-Mineralization Movements

(a) Shear Movements

The conclusion of the latc quartz phases, marked by the deposition of a
little calcite and siderite, was followed by a major period of quiescence, of
an unknewn time daration, dJduring which no movement or mineralization took
place.

As the stresscs diminished the vertically directed maximum principal

stress together with P eeassd to operate and a major principal stress
s 2 E P

Bl’ 5!
was instituted in e NE-SV direction, that previously occupied by Fs.

Horizontal movements along the previous planes of termination displaced
the lodes, creating the major faults ani fault zones. Some of the lodes
experienced relative shearin:: of their walls whenever their strike allowed
movement to take place. For this rcason cassiterite on the No. 3 Branch
Lode is sheared, and horizontal slickensides are formed in the centre of
the lode. Such signs of post-mineralization movement are present in many
of the lodes and the orientation of the slickensides is illustrated in Fig.
(46/3).

Similar horizontal slickensides, obliterating mosttraces of the previous
vertical sets, were also created on the planes of termination (major faults
and fault zones) as shown in Fig. (46/4). 1In general the whole of the
Geevor Mine area underwent slight horizontal movement along all possible
major fractures and lodes as the ground readjusted itsclf to the changing
stress conditions.

Ls shown in Figs. (61) & (62), movements along the major faults in

the Western unit produced =« sinistral displacement of the lodes whilst
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in the Eastern unit the latter underwent a less cxtensive dextral displacement.
In each case the total movement varied between zero and a maximum of 20

feet, The Hanging-iWall Branch Lode and many of the other less econouically
important termination planes produced similar results, and the latter are now
evident as small crossing fractures cxerting a very small horizontal dis-

placement upon the loles,

(b) Guides

This disercpancy in displacement and the shearing action to which the
granite was subjected between the castern and western limits of the mine
created major tensional fractures. By intermittent infilling with the
mineral associations now characterized by the North Levant Lode, the tensional
fractures formed characteristically bended, quartz~filled fissures with
nunerous vughs and no cassiterite.

They arec equivalent to the guides of the Pendeen-Botallack area and are
represented in Geevor Mine by the North Levant Lole, shown in Fig, (102).
Their sizmoilal outline complies with the theoretical conlditions for the
production of tension fissures under shear stress. Whenever possible the
tensional opening was created by dilation of the existing lode fissures.

For this reason the North Levant Lode intersects, and continues with, the
Footwall Branch Lode to the west until the latter changes its strike as
shown in Text Fig. (3).

Tensional dilation and infilling frequently affected the planes of
termination created Jduring the carlier stages and the zuildes erroneously
appcar to have exertel a structural control upon the extent of mineralization.
Possible controls ey have been exerted by the fracture in question before it

was subjected to enlargement and infilling to become a guide.
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(c) Minor Faults

The late NE-SV stress was also accowsodateld by the creation of small
post-mineralization faults inflicting a horizontal displacement upon the
lodes. They form a conjugate set, as domonstrated in Fig. (38/1-2), and
mey be utilized in a graphical deternination, as shown in Fig. (38/3), of
the stress distribution operating ot the time of their formation.

They differ from small branches and crossing fractures, along which post-
mineralization movements mey have occurred, in excrting no control upon the
extent of minerslization and are not associated with any local increases
in the value or width of the lodes which are identical in appearance on both
sides of the faults.

The processes horizontal displacement along the main faults and the for-

mation of the conjugate minor faults are shown diagremmatically in Fig.

(100) & (101) anl as Stage 3 in Fig. (101.).
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11/6 Control of Mineralization

"as far as 1s known, all the ores are conncctel with joints or fissurcs
of some sort, and the variety of forms the bolies of ore may assune
is mainly dependant on the nature or form of.the fissuring".

.... Reid & Flett (1907).

(a) Structural Control

The main effects of Structural control upon the c¢xtent of mineralization
have been outlined in previous sections. iMlajor ore-courses end bunches are
confined between high-angle (in plan) intersections between the lodes and
numerous other structural features. They are frcqﬁbntly localized along the
steeply plungzing lines of low-angle (in plan) intersections as shown in
Fig, (112/B).

Slicht changes in the dip within an individual lode are critical and,
depending upon the phase of mineralization represented and the group of
which the lode is a member, may cause either enrichment or impoverishment, or
both, in the local value.

In the lodes of the Wethered Group the control of mincralization by the
lode dip is most obvious, prolucing horizontally elongated ore-courses as shown
in Fig. (112/C). Once their full extent within a lode has been determined
by underground exploitation further developuent should be directed towards
locating the 'rrot' of the ore-course.

The major forms of structural control in Geevor Mine are diagraumatically
swmarized in Fig. (111). The principles involved apply equally well to the
remainder of the Pendeen-Botallack area. Structural control in Geevor and
Levant Mines by termination planes, now evident as guides and major faults,
is illustrated in Fig. (113) and was outlined in a previous publication

(Garnett, 1961), which is included in sppendix 11 of this thesis.
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Intersecting lodes exert an iaportant, mutual, structural control upon
the extent of mineralization in ecach. The original, major, seccondary
fissures were often Jdissipated in the Western unit during the formation by
developinz a marked curvature and finally asswalng a N-S or E-i strike. Such
portions act as planes of teriiination to lodes situated immediately to the
west,

In the country rocks the cquivalent of the major faults in the granite
form through carly movements alon;; the primary regional cross-joints. The
fissures were eventually infilled with quartz and wall-rock fragments, and are
also known locally as guides - not to be confusel with the tensional forms
confined to the granite. The latter forms werc not created in the country
rocks owing to their less brittle nature compared with the granite.

4 correct recognition of the complex structural controls is vital in
every aspect of explorationend development in the imine. Changes in the
structure of the lodes and their association with other fectures, with the
exception of the post-mineralization minor faults, exert a well-defined struc-
tural control upon the values.

This fact should be teken into account in all day-to-day development.
Llthough the controls may not be recognized by those directly concerned
in development they nevertheless exist, and the possibility of their occur- .
rence should not be disregarded, but should be investizated on every occasion.

The basic fact should be apprecieted that in every case the mineral
solutions, contributing to the final value of a lode ascended the paths which
offered the least physical resistance to their passage. Such phenomena
as the apparent faulting of the Coronation Lode by the Complex Dyke, as
shown in Fiz. (65), ere hence explained by the simultaneous mineralization

of the dyke fissure which acted as a plane of termination to the Coronation
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Lode and the rrospects to the east.

(b) Temperature Control

Geevor Mine lies on the flank of the NN—plunging,‘arched tin zone shown
in Fig. (118), and the local attitude of the zrch is reflected by the extent
of minermlizotion, indiceted by Fiz. (81), and in the several transverse
sections.

Comparisons between the horizons of maximum mineralization in neighbouring
lodes should be based upon a recognition of the extent to which the several
cassiterite phases are represented, Jetailed coumparisons being valid between
only meubers of the sane lode groups.

Localized temperature control effects cre more evident in the individual
lodes near the granite contact, as shown in Fig. (112/&). ‘n overall
temperature zoning effect in Gecvor and Levant Mines is reprcsented in Fig.

(114).

(¢) Petrological Control

"These phenomena seem to me capable of explanation by the fact that
a lode deposit is not determined so iwuch by the nature of the ad-
jacent rock masses as by the structures displayed by those rock

INeSSES v.o.."

J. B. Hill (1902).

The workings of Geevor Mine are confined to the granite, the local
modifications of which exerted no petrological controls upon the extent of
mineralization. ihere the killas has been penetrated in the west by the
No. 3 Branch Lode the latter has been proved to be uneconomic owing to
the following factors:

(1) With the exception of a minor repréescntation of the quartz-cassiter-

ite mineralization phase, the majorityvof the lode values in
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the limediately adjacent granite are the immediately adjacent granite are
derived from the replacement of wall-rock and carlier hylrothermel feldspar.
The former process cannot take place in the killes, and the ascent of the
hydrothermal feldspar was impeded by the planes of termination which are
now evident as major faults.

(2) Movement along the main No. 3 Branch Lode fissure is partly dissipated in
the killas alongy mejor fractures and the lode is less well-defined. The
petreloszical influence may be reduced uore accurately to a structural
contrel.

(3) Several planes of termination operating during Stages 1, 2 and 3, and
now i1ndicated by the existence of major faults and zuides, shown in
Figs. (115) & (141), occur on both sides of the contact. Movements in
the planc of the lode were terminated by these features, thereby progres-
sively reducing the extent of mineralization upon approaching the contact
from both sides. The plenes of termination are not due to the presence of
the country rocks but were caused by the sudden increase in the inclina-

tion of the granite surface Jduring consolidation.

Fig. (115) indicatcs a possible petrolegicel control of mineralization
in Levant Mine by the greenstone series. If no sympathetic uparching of the
country rocks occurred during the intrusion of the granite the series will
appear in section with the form X-Y. If the more likely uparching may be
assuned, the distortion would be greatest near the granite and the series would
possess a form similer to that indicated by X-Z.

In the latter case the upper limlt of stopingz on the Levant North Lode
shows a strong relation to the attitude of the greenstone series. Whether

the greecnstone exerted a chealcal cffect upon the ascending solutions, or
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whether the final effect was a structural one arisin: from the non-propagation
of fissures in the greenstone, will be decided in future only by Jetailed
underground work.

The cessation of mineralization in the Geevor loles at the granite
contact 1s not in any way associated with greenstcne which is reletively
absent. The major lodes of the Western unit occupy enlarged longitudinal
joints which zre not present in the country rocks. The continuance of the
'same lodes' to the west of the several major faults is governed by the likeli-
hood of the propagation of a similarly-oriented fissure as a suitable
continuation, Only 1loles of the Borehole group will be directly continuous

through the contact.
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11/7 Conclusions

"Different Judgements serve but to declare
that Truth lies somewhere, if we knew but where!"

The preceding analysis of the history of formation of the Geevor loles
provides an indication of the structural complexity of the St. Just mining
alstrict. Webb (1947) was the first to put forward a comprehensive account

of the area and he sumnarized his views as follows:-—

"Furthernore the St. Just lodes are narrower, steeper and not as
sheeted as the E-i fractures; they also appear to follow the local joint
trend. On the assumption that here, as elsewhere, a vertical force was
built up by the ore fluid, the writer explains the St. Just fracture pattern
as being due to a retarded relaxation of the Hercynian compression. In
other words, when the ore fluids bencath £t. Just were seeking to escape, there
was still in operation an effective Hercynian compression. These forces,
though perhaps nct greatly exceedin;; the directive force behind the ore
solutions, must have been slightly zreater during the initial formation of
the fracturc system, Because 1little actual listortion occurred, the lodes
would be essentially joint planes which have been widened, especially in
the later stages, by the pressure of the solutions, dissolution of the wall-
rock, etc. With continued relaxation of the horizontal compression, it is
possible that the vertical pressure from below became dominant, but by this
time fractures had already formed anl any further movenent would take place
largely alon; these earlier planes, Finzl settling under ravity may be
assumed, The essential absence both of pronounced shceting and of re-opening
of thc¢ vein, implies a less complex sequence of upheavals and 1s in accordance
with the ideas put forward above. Therc is no reason (o assume any age
difference between these loles and the E- lodes of St. Ives and Carnmenellis.
The Hercynian compression relaxed unequelly alon; the E-V belt",

As one of the major mining fields of the world, relatively nothing is
known about the economic enlogy of Cornwall, apart from the first-hand
accounts of men such as Henwood (1843) who was a century in advance of his
time. with regard to the structural aspects of mineralization toc little
is known and too many conclusions have been arrived at.

The various lode tin deposits of Cornwall are siimilar in es ruch as
they are a source of tin and copper anil the localization of the mincra-

lization is controlled by structural, temperrture and petrological factors.
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They originete from a common source and bear a mineralogicel reseublence to
one another.

Each mining district of Cornwall should be considerc individually and
accepted views should be approached with a prior assumption of their factual

nature, Tach conclusion arrivel at by pecst workers should be re-considercd

in the light of new evidence anl one can Jo no better than to quote the words

of Francis Bacon:

"If a man will begin with certainties hc shall end in doubts;
but if he will be content to begin with doubts he shall end in
certainties".
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Geevor Mine wmclel

\gfacolour, 1/30th, , 11,

Ag ,
@ 8 ft., with 4 x 200 Watt and

2 x 80%att bulbs, and one V.F, 1,

4
blue bulb (G.No.d5).

/11 fthe development levels and cross-cuts between Cern Shaft and the
granite contact in Geevor Mine are represented to a scalc of 1:600 by their
outline on 3/16" hardboard., Most of the workings, which are brought up to
date at regular intervals, are supported by 3 sets: of 3/16" perspex strips
with depths equivalent to the corresponding level intervals These arc fixed
ss uprizhts, and the devclo
i" perspex arms.

ment ends arc supported by z" diameter

by six %" bra

perspex rods and
5 a white hardboard base with grids

The oomplete model is mounted upon
individual lodes and the

at 600 f't. intervals. Different colours indicate the
cross~cuts arc paintcd yellow. Faults anl dykes arc depicted on the model and
21l diamond drill holes, with their interscctions, are represented by suitably

painted 1/16" ddamcter mctal rods.
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ext Fig. (2)

Geevor Iine Model

4 Section of the Jorkings

<

- 1 pn s g 1
hAgfecolour, 1 sec, fli @ 55 ft., with 4 x 200 Watt and 2 x 80 Watt bulbs.

Part of the workings of Geevor lMine arc viewcl towards the 3SH from above
the 'C' Lode. The method of support of the numerous level drives is visible,
and faults and dykes erc Jdiagrammatically represented on o white backsround.

The relationship of the 'D' Lode (dark green) and No. 3 Branch Lode (white)
to the Hanping-Vall Breanch Lode (purplc) is demonstrated. To the East of the
latter the junction of the Western onl Eestern sections cof the Coronation Lode
(rcl) nlunges SE. The main level 9 cross-cut is terminsted north of the 'C!
Lode, down the dip of which the forezround vicw is inclined.
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Qff-Shore Mineral Exploration

Apoendix 1

"Perhaps when the veins arc exhausted, which lie within
the boundary of our sea-girt neninsular, we shall turn
our attention to those that extend in the same
direction beneath the bed of the ocean.”

....... J. Hawkins (1818).

During July 1960, two square miles of the sea-bed between
St. Agnes Head and Cligga Head on the north coast of Cornwall,
as shown in Fig.(llk), was geologically explored using aqua-lungs.
Depth soundings for the area were compiled into a bathymetric
chart to which further detail was added as required, by the use
of a small portable echo-sounder. The chart shown in Fig.(147),
indicated the existence of several major rock outcrops on the
sea-bed.

When weather conditions were suitable spot dives were made
to selected parts of the sea-bed which were located by means of
the sextant chart shown in Figs.(l45) & (146). The divers
worked in pairs obtaining a samole of each outcrop located.

With a mean diving depth of 55 feet it required an average of
104 minutes underwater at each location to comolete all the
necessary work. To facilitate the detection of outcrops an
aqua-plane was also used and a diver towed underwater for
distances of up to & mile by this means. A1l the information
was logged on the sheets illustrated in Fig.(149).

The bedrock outcropped over approximately 4L0% of the
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sea-bed in the area examined. The coastline was bordered by a
belt 1/3 of a mile wide in which all the bedrock was coverad by
sand as shown in Fig.(148). Beyond this belt the outcrop

samples were of the Gramscatho division of the Devonian.
Variations were detected in the degree of alteration of the killas
and the aureole of metamorphism, shown in Fig.(150), was

successfully traced out to sea.

Although no lodes were detected on the sea-bed the coastal
area lies within the belt of tin-copper mineralization which is
associated with the Cligga and St. Agnes granites, as shown in
Fig.(143), and has been extensively worked for these metals in
the past.

The work was conducted in order to indicate the potential
of a geologist fitted with underwater diving equipment in the
prosnecting of potentially mineralized off-shore areas in South-
West England and other narts of the world. The techniques have
an important practical application in limited areas, and also over
larger extents if emnloyed in conjunction with geophysics and
other off-shore prospecting methods.

The initial investigation of the '40 Backs' in Levant Mine
was conducted in 1960 by the team engaged in the St. Agnes area
work, and an account of the results is included as a reprint in
this Appendix. A reprint is also provided of an account of the

work in the St. Agnes district described above.
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The following paper was presented at a gene ral meeting of niining surveyors held in Nottingham
on Saturday, 26th November, 1960.

INTRODUCTION

Apart from a few notable exceptions, the majority of the
mineral deposits at present being worked throughout the
world were discovered as outcrops at the surface during the
early part of the 20th century. The likelihood of a prospector
discovering further outcropping deposits decreases  with
each succeeding year if such areas as the Arctic lands and
equally inaccessible regions be excluded. The days of ihp
old-time prospector are quickly departing and his place is
now being taken by another new mining specialist—the
mineral exploration engineer. D, Williams states that ™ §hc
finding of new deposits, mostly concealed beneath a thick
mantle of overburden, is becoming ever more d»ifﬂcul(
without recourse to scientific prospecting based on imaginative
geological reasoning, aided by aerial photography and qucrfl.
techniques of geochemical and geophysical exploration.
This is the rol¢ of the prospecting engineer who brings into
the industry entirely new techniques and new ideas. Such
a man must not allow his imagination to be !imit;d by
existing conceptions. L'or instance, prospecting engineers
have, in the past, thought of overburden as a mantle of rf)ck
overlying the mineral deposit. It is better thought of as
a covering through which the deposit is detected and which
must be penetrated in the majority of cases before recovery
of the deposit may commence. On this basis, overburden
may refer either to the land surface or to the oceans and if
the discovery of further mineral deposits is to continue at
a pace demanded by ever-increasing world mineral con-
sumption then the prospecting engineer must regard both the
land and the seas as potential exploration areas.

The first major advance comes with the realization of this
fact and with the first attempts to probe beneath the waters
which cover 70.8 per cent. of the earth’s surface. A growing
interest in the potential of the sea has been aroused through
the science of oceanography. Although the latter is not
a new subject, it is only now that its importlancc is being
fully recognized and several internationai bodies are at I;N‘
being created to foster research. The primary interest of
such organisations is the fauna and flora of the sea from
which man may one day reap his harvests of food. Little
thought has so far been given to the mineral potential of the
sea 5 in solution, as sediments, or beneath the sea floor.

One of the first indications of the scale of the so far
unexploited deposits came with the off-shore oil drilling
around the coast of the U.S.A. and in 1945 the President of
the United States claimed as additional national territory an
area four times the size of Texas ; the sea-bed, subsoil, and
waters of the continental shelf as far as the drop-off line
which is defined as a depth of 600 feet where the shelf com-
mences to decline into the depths. The distance to the
drop-off line is variable but in the off-shore oil producing
areas is as great as 200 miles. Since that time, offshore
activity in the mining industry has increased considerably
and many countries have laid claim to the waters and deposits
of their continental shelves.

Off-shore deposits, with the exception of minerals held in
solution, may be classed as existing in the form of either
sediments on the sea-bed or deposits beneath the latter.
In both cases the exploration and development may be the
result of continuing development beyvond the coast of
deposits that have been proved and worked on land. On the
other hand, eveantual production may be the result of
prospecting in virgin off-shore areas when no signs of
mineralisation exist upon the adjacent shore. Whatever the
history the engineer must develop a prospecting technique
and a method of recovery.

PAST AND PRESENT OFF-SHORE MINING
ACTIVITY

The mineral potentialities of the sea are now being
recognised for the first time although records of off-shore
activity are provided by both Pausanius and Aristotle, who
mention the existence of small mines for gold and copper
which penetrated for a distance under the sea, the former
being eventually flooded by the gods as an act of revenge
upon man for his impudence in trespassing. In that once
great mining field of the south-west of England are to be
found the disused tin-copper mines of Botallack and Levant
in the St. Just field. The workings of the latter extended
5,000 feet out to sea from shafts on the cliffs and to a depth
below the sea-bed of over 2,000 feet. The Wherry Mine at
Penzance 1s another example. Here small veins of tin
exposed in a dyke at low water were first worked around 1700.
After several attempts a shaft was sunk to a depth of 26 feet
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and surrounded by timber walls above the sea-bed to prevent
the entry of the water at the high tide when the collar of the
shaft was 20 feet below the water surface. This enterprising
mine. however, was finally brought to a standstill in 1792
when a vessel broke loose from its moorings during a storm
and smashed into the headframe of the shaft.

Such attempts at submarine mining did not pass unnoticed.
In 1818 Hawkins wrote * Perhaps w hen the veins are
which lie within the boundary of our sea-girt
\all turn our attention to those that extend in
the same direction beneath the bed of the ocean ¢ nor, when
we consider the increasing depth of our nines, can that
period be very distant. Our submarine works will then
form a new epoch in the history of mining, and by calling
forth still greater exertions of skill and industry, demonstrate
in a more striking manner, the powers of the human
intellect. Outside the mining region of the South-
West of Cornwall it has not been uncommon for secams of
coal 1o be worked well beneath the sea and when Hawkins
in 1818 coal mines in Whitchaven had long

exhausted,
peninsula, we sk

was writing
extended their workings bevond the coast.

The first major advance was made in 1922 when off-shore
drilling for oil commenced m Venezuela and by 1929 wells
were being sunk in 60 feet of water. Ofi-shore exploration
for oil, as opposed to drilling, was commenced on the
Louisiana continental shelf in 1938 and by 1947 the first
off-shore oil was being produced. Ten years later the
number of off-shore wells drilled and completed was 665,
according to Crosthwaite, and up 1o 1959 there were
75 companics engaged in off-shore oil exploration in the
U.S.A. alone with a total investment of £714 million.  Else-
where. oil companies have been equally active with the result
that the oil was first struck in the Persian Gulf in 1951,
Off-shore drilling commenced in Borneo in 1954, and in
Trinidad in 1955,

In 1949 the Humble Oil Company were drilling for oil in
50 feet of water and at a distance of 7 miles from the coast of
Louisiana when 200 feet of sulphur-bearing limestone were
intersected.  On the basis of eight drill intersections of the
deposit at an average depth of approximately 2000 feet
recovery of the sulphur is planned by the Frasch process at
4 cost of 30 million dollars.  Although the boundaries of the
deposit have not yet been delineated on two sides, the
proved deposit is already the third largest in the United States.

For many vears now the existence of manganese nodules
on the ocean floors has been known, but has caused little
industrial interest owing to the fact that land supplies fulfil
all requirements.  However, it has recently been found that
such nodules contain, in addition to 20 per cent. manganese,
an average of 0.5 per cent. of nickel, cobalt, and copper.
1. L. Mero has evaluated the cost of dredging operations in
depths in the region of 4,000 feet and concludes that a deep-
sea hydraulic dredge would lead to mining costs of the order
of 3 to § dollars per ton.

Sand and gravel has not. until recently, been recovered in
any tonnage from beyond the low water mark, but in 1955
thousands of tons of sandfill for a highway were pumped from
the floor of New York Harbour, and in Toulon cement for
naval bases has been mixed with sand dredged from the
sea-bed following the direction of divers. In the Bristol
Channel 11 million tons of sand and gravel were taken from
the sea bed during 1959, Dredging is by suction pump to
a maximum depth of 50 feet of water and up to a distance of
12 miles from the shore. At other localities around the
coasts of Britain large tonnages arc being recovered from
the sea-bed annually.

T

in a similar manner the attention of the tin dredging
companies is now being focused upon the potsmialitieg of
the sea-bed sediments. In Indonesia off-shore surveys in
conjunction with the drilling of bedrock and the (x\‘cflving
strata have been conducted to facilitate the exploration ‘and
recovery of submarine tin-placers. According to  van
Overeem the bulk of the tin in this field s found in the
submerged valley floors where sediment thickness varies
between 0 and 150 feet bencath a water depth of from
10 to 90 feet.  As the world’s alluvial deposits are gradually
exhausted companies must consider not only the p@wsibé!iﬁ
of prospecting for the original tin lodes from which the
alluvial tin was derived but also of investigating the off-shore
sediments.

fron ore exposed on Bell Island in Eastern Canada is now
being worked {rom below the sea. and production is coming
from points approximately 3 miles off-shore and 2,000 fcc\l
below sea-level following the development of the bedded
deposit in that direction. 1. C. Pierce states that production
has now attained the tigure of 2.800.000 tons annually, and
that the same company is working coal in Nova Scotia
4 miles off-shore and 2.000 feet below sea-ievel.  Recent
papers have also stressed the need for off-shore exploration
in the United Kingdom by the National Coal Board. In the
past the seawards exploration of coal seams worked upon the
land and dipping under the sea has always been by under-
ground driving and boring, but recent off-shore n;;crzuions
in the coaliields of Northumberland and Durham. and the
Lothians and Fife have been very successful. They have
shown that there is only one reliable method of pmv—im; the
off-shore extensions of coal seams : by drilling throug?; the
sea-bed combined with geophysical devices. '

An ever-increasing number of organisations are conducting
research upon sea-bed geology and the improvement of
techniques whereby the necessary information is made
available. Extensive studies by a number of the American
Universities are being made in many branches of marine
geology, especially off the Californian coast. Marine
geology is now taking its rightful place in British Universities,
especially Bristol, Liverpool, and Imperial College (London),
and recent. work upon the projected Channel Tunnel has
been followed by complete geological studies of the English
and Bristol Channel sea-beds.

OFF-SHORE EXPLORATION

In the exploration of off-shore deposits it is essential that
the amount of information obtained concerning all aspects of
the deposit should not be less than the information required
concerning a land deposit before its development is com-
menced. Apart from economic factors, the majority of the
decisions regarding the eventual working of a deposit are
based upon geological knowledge and it therefore follows
that it is necessary to obtain the maximum possible geological
information before proceeding further.

With respect to sea-bed sediments, the geophysical methods
of exploration will provide information regarding the depth
‘}f overlying water, the depth of the sediment, and the con-
hgur;nions of the bed-rock. Details of the tonnage, distribu-
tion, grade, and positioning of the economic mineral within
the sediments can be obtained only by drilling, coring,
dredging and diving. Also to be considered are the distance
of the deposit from the nearest land, the mining and dressing
methods, transportation costs, and the market potential.

Lode and seam deposits present more serious problems
but in a ke manner such factors as the depth of water to the
bed-rock, the depth of the deposit below the bed-rock, and
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the major geological structures may be investigated by
geophysical methods. The above, and additional informa-
tion such as the nature of the deposit, the nature of the
bed-rock, the configuration and limits of the deposit, the
minor geological structures, and the expected tonnage and
grade (where applicable) may be derived from a combination
of methods involving geophysics, drilling, coring and diving.
In addition to the economic factors that have to be considered
when examining sediment deposits the problem of under-
ground exploitation of the mineral fodes from the adjoining
land must be examined. The iron ore deposit mentioned
earlier is worked by room-and-pillar methods and a minimum
cover of 200 feat exists between the workings and the sea-tloor
bed-rock. Depending of course upon the nature of the
overlying strata, it would appear that 200 to 250 feet should
be the minimum cover allowed for undersea mining. A recent
case of workings close to the sea-bed has been investigated
by the writer in Cornwall. The workings of the Levant
Mine were known to have approached to within only 30 feet
of the sea-bed during production and it was feared that since
the closure of the mine in 1930 the sea had entered into the
workings causing the flooding. A team of divers under the
direction of the writer made a detailed examination of the
sea-bed. Guided by fluoresceine which had been introduced
into the workings through one of the mine shafts, the divers
discovered a breach in the sea-bed coinciding exactly with
abandoned stopes located from old mine plans. It is evident
that the fermation of a cavity in the sea-bed was assisted by the
percolation of water through the overlying rock and by the

pressure differences existing between the once air-filled work-

ings and the sea-bed at a depth of 45 feet below water surface.

GEOPHYSICAL METHODS OF EXPLORATION

For all off-shore work it is necessary to know the depth of
water at all points. Depth soundings were originally made
with a weighted line or wire until the development of the
echo-sounder. An impulse is beamed from the boat on the
surface, is reflected by the sea-bed, and is received again by
the boat, the time interval being proportional to the depth of
water. The instrument exists in many forms but the most
important is the continuous recording type in which all
depth measurements are automatically recorded on a con-
tinuous sheet which eventually takes the form of a profile,
often exaggerated, of the sea-bed.

A development of the latter is the inclined echo-sounder
which, by the same principle, permits the beaming of the
energy to the sea-bed at a pre-determined angle. Small
scarps on the sea-bed therefore provide a strong reflection as
opposed. to surfaces sloping away from the beam which give
very little reflection. The results, when continuously
recorded, take the form of an inclined view of the sea-bed
enabling the observer, in the absence of any sand covering,
to interpret within limits the characteristics of the sea-bed
outcrops located. This instrument has been used with
success recently in both the English and Bristol Channels,

By replacing the intermittent, high-frequency source of the
echo-sounder with a low-frequency sound source under water
a penetration of the sediments and bed-rock has been
achieved.  Such an instrument, known as the sparker,
continuously records echoes reflected from a large number of
structures and produces a record of both the sea-bed profile
and the major geological structures underlying the bed-rock.
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The sparker has achieved results in water depths of 2,400 feet
and sea-bed penetrations of 1.500 feet in lesser depths.

Major geological structures are also revealed by the use of
the gravimeter by which precise measurements are made of
the variations in the force of gravity at fixed points throughout
an arca and interpretations based upon the resulting gravity
contour map. An investigation of this nature was made in
the Persian Gulf by Cousteau on behalf of an oil exploration
company by lowering the gravimeter to the sea-floor and
recording the measurements in the boat above. In a similar
manner measurements may be made of the vertical and
horizontal components of the carth’s magnetic field and
since rocks of differing types possess varying magnetic
susceptibilities, indications may be obtained of the changes
in rock type at depth. The magnetometer may be employed
for off-shore purposes in cither an airborne survey or a sed
survey m which the instrument s selectively towed behind
4 boat or installed upon the sea-bed.

Upon the principle of the different speeds of energy
through varying rock types a charge of explosive may be
detonated upon the sea surface and the echoes from structures
beneath the sea-bed received at a series of equally-spaced
recorders on the surface, with the time interval between
initiation of the cnergy and its receipt being measured.
This technigque has a wide application in all forms of off-shore
exploration.

SEA-BED SAMPLING METHODS

All off-shore geophysical methods are incomplete if the
necessary petrological and mineral grade information cannot
be supplied.  Off=shore drilling furnishes sub-sea bed details
and. although a costly operation, it has been used extensively
in the oil industry.  The National Coal Board have employed
drilling in their off-shore work and it will in the future be
utilised to a far greater extent in the search for metalliferous
deposits,  However, it is at the moment limited to the
region 100 to 150 feet of water depending upon the conditions.

Samples of sea-bed sediments may be obtained by the use
of various coring devices.  First developed in 1876, the
modern corer takes the form of core tubes of lengths of
10 to 30 feet and a diameter of a few inches. Weights are
fitted to the corer and it is dropped vertically through the
water so that upon impact with the sea-bed a sample of the
sediment is forced into the tube.  The corer is then brought
1o the surface and the sediment core retrieved. By this
means cores of lengths of up to 17 feet have been obtained.
To obtain a greater penetration of the sea-floor use may be
made of water pressure and explosives. In this manner cores
of 70 feet have been taken. Corers have been adapted for
any depth of water and are chiefly designed to provide
samples of the sediments, but cores and samples can also be
obtained from the bed-rock if it is sufficiently soft.  The
method fails when the hardness of the bed-rock prevents the
entry of the cutting edge of the corer.

Dredging of sediment and bed-rock samples is possible
from all depths.  Extremely strong equipment is necessary
and by measuring the pull exerted upon the dredge winch it
is possible to predict the nature of the sea-bed ; whether
there is rock outcrop or sand. By dislodging pieces of rock
from outjutting ledges, the dredge obtains a sample of the
bed-rock and by a series of traverses the operator may
determine the boundaries of a sea-bed outcrop. During
work conducted by the writer in Cornwall the same principle
was applied by trailing a small grappling iron behind the
diving boat. By the use of the above technigues sea-bed
samples were dredged from a depth of 19,900 feet in as early

as 1901. The deepest bottom samples so far obtained are
from a depth 34,000 feet in the Phillipine Deep.

Closely allied with bottom sampling are techniques of
underwater photography.  The first underwater photographs
were obtained in 1893 and since that date it has become
possible to take sea-floor photographs by remote control.
The camera may be lowered to the sea-bed upon a device by
which it is triggered off at a certain distance from the bmmrﬁ.
depending upon the expected underwater visibility.  The
apparatus may inciude artificial lighting, a compass, and a
current direction recorder. 25000 fect is the maximum
depth from which a photograph of the sea-bed has so far
been obtained.  Underwater television is now a practical
proposition and was used with success when locating the
wreck of the Comet airliner off Elba and in searching for the
cubmarine Affrav in 1951, It is capable of being used in
«everal hundreds of feet of water and appears to have a better
definition than the human eye.

THE USE OF DIVERS

During a voyage of the research ship Calypso in 1954 the
corer was dropped in 40 feet of water in order to obtain a
sample of the bed-rock.  When the line was hoisted aboard
the corer was missing.  Ht happened that the boat was
equipped with divers who decided to retrieve the corer from
the sea-floor. A dive was accordingly made and it was
found that the corer was bent into a Z-shape.  To discover
the reason the divers dug into the shallow covering of sand
and found that the bed-rock was composed of granite.  They
returned to the surface and dived again fully equipped with
hammers and chisels. and it was not long before samples of
the rock were handed to the geologist on board the boat.
This simple story illustrates the weakness of all corers and
the way in which diving geologists may be integrated into
a programme of off-shore geological exploration.

The oil companies rapidly appreciated the possibilities
afforded by this new sampling technique and in the Persian
Gulf an extensive geological survey of the sea-bed was
carried out with a ten-man diving team in combination with
a marine gravimeter, samples of the bed-rock being taken
from the floor in water depths of 200 feet. The Humble
Oil Company established a diving team for underwater
geological work off’ Texas.

All the methods employing geophysics. drilling. coring and
dredging are remote-controlled means of obtaining informa-
tion and samples. In any science the direct method of
observation is always desirable where there is no danger of
injury to the observer. Apart from sinking and cross-cutting
out to an arca beneath the sea the geologist has no method of
direct observation of the petrology and structures. The
sea-bed. however, is accessible to man in the form of divers,
but the latter have only very rarely been employed in the
past owing to their extremely limited mobility under water
and the art of diving has been very much confined to profes-
sionals.  Since the development of the aqua-lung in 1943 by
1. Y. Cousteau, the diver is no longer dependent upon the
surface for his air supply and also possesses complete mobility
when in the water since his natural positive buoyancy is
neutralised by the use of suitable weights. The aqua-lung
provides the equipment which enables man to make a safe
examination of the sea-bed, provided that there is a complete
understanding of the possible dangers involved. The limit
to which a dive may be made with an aqua-lung is 300 feet
and a geologist can be quickly-trained inits use to a workable
depth of 150 feet.

This means that where the sea conditions permit, a geologist



may make a series of dives and conduct a complete study of
the sea-bed in situ. 1t is now possible to collect samples of
sediment by auger, sample the bed-rock where exposed or
covered by only a thin mantle of sediment, and make any neces-
sary observations upon the minor geological structuresexposed.

Already several extensive surveys have been completed by
diving geologists. During 1953 diving teams mapped
2 square miles of the sea-bed of part of the continental shelf
on the north side of San Nicolas Island, California. With
the geologists diving in pairs it was found possible to obtain
all the necessary information and samples from a depth of
50 feet with a dive of an average duration of 14 minutes.
In France. a geological survey of the sea-bed of the Bay of
Mont-Saint-Michel was completed during 1955. The work
was undertaken to supply information for future harbour
constructions and a team of divers was employed. The
method may also be applied to inland waters and part of the
bed of Lake Norra Dellen in Sweden has been mapped by
a diving geologist and the information gained correlated
with mapping already conducted on the surrounding land.
Depths of 60 feet were exceeded in this work.

Meanwhile work has continued in the U.S.A. and geologists
are now diving to study sediment formation, the mechanism
of underwater erosion, and to carry out extensive under-
water mapping. Dugan refers to the existence of the
Geological Diving Consultants Inc., who, by 1956, had made
approximately 5,000 dives with the specific purpose of
obtaining geological information. Records show that the
average duration of a dive is 15 minutes to a mean depth of
55 feet.  The team of divers, which consists of three geologists,
makes an average of nine dives a day.

In the United Kingdom the aqua-lung’s usefulness was
quickly appreciated by the marine scientists and it is now
regularly used for the study of marine biology and related
subjects.  The aqua-tung  was first used for geological
purposes in the English Channel. but the work suffered from
the fact that personnel, untrained tn geology., were employed.
During 1959 an expedition from Imperial College, London,
spent two months in the Azores Islands and the writer, as
a member of this expedition, devoted the time to developing
a technique of wnderwater geological mapping with an
aqua-lung in conjunction with echo-sounding and surveying
methods. This work was continued in Cornwall during 1960
when the writer was assisted by five divers in making asurvey
of the geology of the sea-bed for an area of 2 square miles off
the coast between St, Agnes and Perranporth. :

The same principles apply to geological mapping under-
water as to mapping on the land surface, but the technique
varies according to the prevailing conditions.  With good
underwater visibility the geologist may swim along the
exposed rock contacts or the boundaries of the sea-bed
outcrop with the diving boat following his movements. In
the conditions usually existing in. the United Kingdom the
visibility is the limiting factor in all the work and it is possible
for the diver to make only a series of spot dives. The under-
water geological map is therefore compiled by interpolation
from a large number of spot samples and observations of the
structure. The diver is also limited in his work by physio-
logical factors, Owing to his susceptibility to pressure the
maximum depth to which he may dive is 300 feet using
present equipment.  This means that a rock sample may be
obtained by a geologist from a maximum depth of 300 feet
but a more realistic figure of 150 feet should be regarded as
the maximum routine working depth.

In areas of good underwater visibility it is advantageous
to provide the diver with a means of rapid preliminary

exploration of the sea-bed.  This is best undertaken with an
aqua-plane which can also satisfy the further requirements of
precise posi!ion‘ control and communication between the
diver and the diving boat. Towed by the diving boat, the
aqua-plane is simply a small underwater glider upon x;hicla
the diver lies full-length.  The general depth and direction of
movement are decided by, the speed and course of the diving
boat, but a lesser amount of control is also possible by the
diver. For physiological reasons the maximum gl.iding
depth for long durations is limited to 30 feet. Several
unsatisfactory attempts have been made by amateurs to
dcv_eiop a successful agua-plane, but it rcquire;‘ a professional
engineer, possibly a specialist in aeronautics, to solve the
serious design problems.

in common with other branches of geology, it is essential

to record immediately the vast amount of observed detail, for
obs_o:rvations concerning a studied and sampled outcro;; le"C
easily erased from the diver’'s mind during his ascent to the
surface. It has therefore been found advisable to supply the
diver with an underwater writing pad and this method works
successfully. However. there are times when physical
discomforts or dangers distract the diver from the larbo‘r‘ious
recording of ali the detail.  In such cases some form of simp‘lr}
throat microphone adapted for underwater use could be
f:mploy;cd to advantage. The diver would be able to register
immediately through a tape-recorder all the observed dctéils
Such an aid would also reduce the effect of the dangers té
human life that may be encountered during diving.
’ Where the bed-rock is covered by sediment it is frequently
|rppossiblc for the geologist to obtain a rock sample bif
digging through the sediment. The development of a small
drill which could be lowered to the sea-bed from the diving
boat and be controlled by the diver would provide a great
advance in the efficiency of sampling. The drill should be
capable of penetrating the sediments and of obtaining a short
core of the bed-rock. A further application of an under-
water drill would be in the sampling of economic sediments
since the present estimation of the grade of sea-bed sedimenig
is very liable to errors.

Alth_ough the aqua-lung diver is at present limited to
a maximum depth of 300 feet a large proportion of the
comn}emai shelf may be explored by this means. Further
experiments on gaseous breathing mixtures and increased
knowledge of the long-term physiological effects of diving
may in future extend the range.

A diver surfaces following the completion of the sampling

The cliffs of Cligga Head are shown in the

operation.
¢ background
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UNDERWATER MAPPING IN CORNWALL

In July, 1960, a team of divers devoted three weeks to
underwater geological mapping in the south-west of England.
The method of mapping by means of the aqua-lung was
perfected and, under the direction of the writer, a detailed
geological examination of part of the sea-bed was completed.
A total of six divers operated from a small boat and mapped
2 square miles between St. Agnes Head and Cligga Head.
The divers worked on the sea-bed in pairs, obtaining a sample
and a photograph of each outcrop located. The detection
of areas of possible outcrop was effected by interpretation of
an Admiralty bathymetric chart illustrating the ** topography
of the sea-bed.”” Greater detail was obtained by traversing
with a small portable echo-sounder. An aqua-plane was
also used and a diver was towed underwater for distances
of up to half-a-mile noting the occurrence of sea-bed outcrops.

Where samples of the sea-bed and photographs were to be
obtained two geologists always dived together. With a
mean diving depth of 35 feet it required an average of only
10} minutes underwater to complete all the necessary work.

The bed-rock was found to outcrop over approximately
40 per cent. of the sea-bed examined. This figure varied
and was influenced by the weather conditions.  The coastline
was bordered by a belt one-guarter of a mile wide in which all
the bed-rock was covered with sand. Nevertheless, the
overall frequency of outcrops in the prospected area was
greater than that on land.  Apart from the cliff section, very
few exposures exist inland.

All the outcrops located on the sea-bed were of schists or
“killas * as 1t is commonly referred to in the south-west of
England.  Variations were detected in the degrez of alteration
of the ** killas  and the aureole of metamorphism, as mapped
on the land, was successfully traced out to sea for a distance
of 1 mile.

SURVEYING TECHNIQUES

When the boat from which operations are being conducted
is within sight of land its position may be fixed by intersection
from survey stations upon the coast. Although accurate,
this method suffers from the disadvantages that at least two
observers are required upon the land, and the engineers on
the boat, unless equipped with radio, are ignorant of their
exact positions until they return to their shore base. A less
accurate method which eliminates these difficulties consists
of taking bearings to survey stations on the coast and plotting
the position of the boat on board by graphical methods.

In all off-shore work, the geologist must know the position
of the boat as accurately and as quickly as possible. Where
the land features can be seen clearly the best method is the
use of sextant charts. These are based on the principle that
any point on a circle passing through two other points
subtends a constant angle 6 at those points which may
represent survey stations erected upon the coast. A series
of circles of varying diameter representing different values of ¢
are constructed through the two survey stations, From the
diving boat, the observed angle f, is measured by a sextant
and the position of the boat is then known to be somewhere
on a given circle passing through the two survey stations.
In the same manner thé angle 8, to two further stations, one
of which may be common to the first pair, is measured. The
position of the boat is therefore fixed by the intersection of
the two circles.

In practice, mutually and easily visible coastal survey
stations are first erected. For pairs of selected stations sets
of circles corresponding to varying values of 8 are plotted
on a plan.  This constitutes the sextant chart from which the

i

position of the boat may be determined in any part of the
exploration area. At any position a minimum of two pairs
of survey stations must be visible from the boat. On board
the boat readings are taken of 6, and §, with the sextant
and the position of the boat is immediately determined by
the intersection of the corresponding circles or by interpola-
tion between them when necessary.
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The principle of the sextant chart

For the exploration work in Cornwall during 1960 such
a sextant chart was constructed. To cover the total diving
area of 2 square miles seven survey stations were established
by triangulation and resection from the existing ordnance
survey stations. From the seven stations eight sets of circles
were constructed for variations in 6 of i-degree between
30-degrees and 150-degrees. The maximum distance between
any two survey stations from which a set of circles was
constructed was approximately one mile.

At the limit of the diving area, one mile from the shore,
the distance between the circles represented 150 feet. At any
point in the area a minimum of three sets of circles could be
utilised for the position fixing. A distance of one mile from
the shore was the greatest distance at which the position of
the boat could be determined with sufficient accuracy. This
limit was imposed by the prevailing visibility and sea con-
ditions which prevented a reliable reading of 6. The effects
of the sea swell upon the 14-foot boat which was used
throughout the work were found to be considerable. With
a larger diving boat the limit of 1 mile could be extended.

For off-shore exploration when easily visible points on the
coast may be fixed, the sextant chart technique is recom-
mended. 1t may be adapted for rapid work by determining ¢
from compass bearings to the survey stations, but more
accurate fixes will be obtained by using a sextant. The
sextant chart method is now used for harbour construction
work where there is land-locked water. Although it can be
employed on a straight coastline it is more applicable to use
on water surrounded on two or three sides by the Jand, such
as an estuary. The method is widely employed by the
Admiralty,

When the boat is out of the sight of land the difficuities
encountered in fixing the position of the boat become more
numerous and less easily overcome. The methods employed
include dead reckoning, astronomical fixes, radar, and Decca.
In the past a large amount of scientific work has been com-
pleted without accurate positioning. This work is of little
value without an accurate and readily available positioning
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technigue. Recently the situation has improved with the
development of many electronic devices now in use for
maritime navigation.

The above methods supply the operator with the position
of only the boat, and it is then the responsibility of the
surveyor to determine the position of the diver relative to the
latter, The importance of the positioning of the diver
depends upon the accuracy with which the position of the
boat is being determined at the time and upon the area of
the sea-bed covered by the geologist in a single dive from the
anchored boat. During the work conducted in Cornwall
the position of the boat was fixed to the nearest 100 feet.
Owing to poor underwater visibility of less than 10 feet and
the dangerous sea conditions the geologist descended down
either the anchor line or a vertical shot-line beneath the boat.
When a descent was made down the anchor line the surveyor
knew the length of the anchor line in use and the depth of the
water was measured with the echo-sounder. The bearing
along the anchor line was taken with a compass and an
estimate of its inclination was provided by the diver as
a check. The surveyor was therefore able to calculate the
position of the diver relative to the boat provided the former
did not leave the immediate vicinity of the bottom of the line.
With improved underwater visibility the writer has employed
a further method. Sea-bed sampling points at distances of
up to 50 feet from the line have been fixed by taping from it
and reading the bearing to the line with an underwater
compass. This method is important in underwater archaeo-
logical investigations where extreme accuracy is necessary.
One may imagine in the future, under conditions of suitable
underwater visibility, adaptations of standard surface
surveying techniques in the form of underwater plane-tabling,
chaining and offsetting.

When the diving conditions are sufficiently favourable to
allow the diver to be completely independent of the diving
boat, as opposed to making use of a safety line, full use
cannot be made of the diver in geological mapping, for no
device has yet been developed which accurately tracks the
diver underwater from the diving boat. The ideal method
would provide a continuous record of the diver’s position
combined with the automatic recording of all his observations
by an underwater microphone and would greatly increase
his efficiency.

EXPLORATION IN THE UNITED KINGDOM

The writer is particularly concerned with the exploitation
of tin-copper mineralisation in the south-west of England.
For centuries deposits have been worked from the land in
this region and to a very limited extent from beneath the sea
during the 18th and 19th centuries. The mineralisation is
closely related to the intruded granite and in plan shows
a marked association with the land exposures of the granite.
The land surface and the ground beneath has been extensively
explored with the result that many hundreds of mines have
been opened. At one time Cornwall was the world’s major
producer of both tin and copper. Exploration has never
extended beyond the low water mark and the mines that have
been worked beyond this limit, such as Botallack and Levant,
have been developed by underground exploration in the
direction of the sea from already active mines on the land.
Workings in the remainder of the mining areas in this region
of England have ceased abruptly below the low water mark.
This was a result of the limitations of the mining methods in
use during the times when the mines were in production. [t
is most unlikely that mining areas which have yielded large
tonnages during the 19th century when worked beneath the

land should suddenly become uneconomic below the coastline.
Rearing in mind all the factors influencing the formation of
such mineral_ deposits, it may be assumed that areas of
ecanomic‘ mineralisation as proved from the land will
continue in area and in depth irrespective of the existence of
the sea. They may be expecied to continue in the same
manner as their counterparts, the boundaries of which have
been determined as existing entirely beneath the lar@l surface.

The limit to which divers may be employed for off-shore
geological exploration around the Cornish coasts ca}x ‘be
represented by a line drawn around the coast at a distance
of about 2 miles from the low water mark. The area of
Cornwall is approximately 1,390 square miles and the
.f;dditio_ﬂ&l area included by the 2-mile limit is 440 square miles
increasing l‘he total area of Cornwall by 32 per cent. ()nh;'
part of_ this area is worthy of mineral exploration since
th-_c majority is well outside the present known area of
mineralisation. The area to the west of a line drawn through
Newquay and Truro and extended to the south coast muét
be considered as worthy of off-shore investigation. The
area of the land surface to the west of this line, excluding the
Scilly Isles, is approximately 440 square miles. Enclosed
between the low-water mark and the 2-mile line is a total area
of 240 square miles. Thus, by including the off-shore areas
the total prospecting ground in West Cornwall is increased
by 55 per cent.

S e e )

THE COUNTY OF CORNWALL i

A GENERALIZED MAP SHOWING THE .
GRANITE EXPOSURES AND DISTRIBUTION i
OF PROVED TIN-COPPER MINERALITATION, ,‘

LEGEND. |

GRANITE l

LAMIT OF MEYAMOR L i

AUREOLE

PROVED ARLA OF |

TiN-COPPER

e WONERALITAY ION !
!

The inc.ream in prospecting ground in Cornwall produced
by the inclusion of the off-shore areas to a distance of 2 miles

The aim of preliminary exploration in the south-west of
England is to determine the configurations of the granite
batholith at depth ; a factor which is important in the
localisation of mineralisation. Geophysical surveys will be
necessary, supported by detailed geological mapping of the
sea-bed, to determine the petrology, minor structures, and
degrc':c of metamorphism of the country rocks into which the
granite has been intruded. This combination necessitates
a survey boat capable of being fitted with the required
geophysical equipment and of carrying a geological diving
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team. The boat would operate within the 2-mile limit
but would venture further out to sea as required.

The selection of suitable areas is only one of the problems
confronting any mining company wishing to prospect in this
country. Companies are deterred from exploring or opening
new mines by both the capital risks and the system of taxation
of metalliferous mines which can be unfavourable compared
with taxation in other countries. Nevertheless, efforts must
be made by those concerned in all branches of the industry to
develop further the methods of off-shore mineral exploration
not only for application in the United Kingdom but for use
in all countries with an interest in the future of their mining

industries.
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Divers Investigate

the Levant Mine

R. H. T. Garnett, Bsc, ARSM, DIC.

e employed in a successiul
the undersea
The point

Abstract—-Divers wer
examination of the sea-bed above
workings of the Levant Mine, Cornwall.
was located at which the sca had tlooded into the
abandoned mine.

Introduction

The Levant mine is situated on the north-
western flank of the Land’s End Granite in
the mining district of St. Just, Cornwall. One
of the most famous mines in this region, 1t
has been worked for tin, copper, and arsenic
since the beginning of the 18th Century. The
abandoned mine workings extend for a total
distance of 7,000 ft_in both country rock and
granite, the lodes having been followed for
5,000 {t. out to sea and to a depth of approxi-
mately 2,000 ft. below sca-level.

T'he bottom levels of the Levant mi{w, from
which the majority of the pmducno’n was
being won, became inaccessible in 1919 after
the failure of the man engine and the conse-
quent disaster.  Mining of the upper levels

continued until 1930 when the mine finally
closed. The mine development prior to 1919
was directed in depth and in a seawards
direction. If production from this‘rv;zmn had
not been brought to a standstill by the

A successful attempt
to locate the point
of ingress of sea-

water is described

disaster and the flooding of the lower levels
there is a distinet possibility that continued
development in depth and exploration along
the granite contact would have proved
further areas of mineralization.

some recent underground development in
the adjoining Geevor mine has been in the
direction of the abandoned workings of the
Levant sett. For this reason it was essential
to know the exact source of the water with
which the Levant mine is flooded. The possi-
bility existed that the water was the result
ot either rainfall or the entry of the sea into
the workings.  Even when the mine was in
production it was considered bv some
engineers that part of the levels close to
the sea-bed, known as the “ 40 Backs,” were
dangerous and doubt had existed as to
whether or not the sea had broken through
to the workings at this point since the mine's
abandonment.

The first mention of the 10 Backs” is
made in 1818 by Hawkins (1) ! who states
that—

" The first level of the mine is 17 fathoms below
the high-water mark and is extended 40 fathoms.

! References are given at the end of the article.

Levant

from the Sea.
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As the shore declines very rapidly there can scarcely
be more than 10 fathoms between the end of the
level and the sea. In one part of it workmen,
tempted by a bunch of copper, followed it to the
height of 3 fathoms above the level but feared to
proceed further. Not only the roaring of the sea in
stormyv weather but the ordinary breaking of the
waves on the beach is distinctly heard by the
miners. The water is salt but there is so little of
it that, although the depth is 42 fathoms, the whole
is drawn to the adit in a bucket by the labour of
two men.”

Bv June, 1869 (2) some concern was felt
about the safety of this level and an inde-
P(‘nd(’l]t referee was vngzigt*d to !'L‘P(’)!‘t upon
the ground in question. The referce, Captain
J. Vivian, reported as follows (3) :

“In conformity to vour request 1 have carefuily
examined the 40 level under the sea and the backs
worked over the same. I consider the workings
perfectly secure and, had 1 the supervision of the
property as Manager of the Mine, or Lords Agent,
I think it quite unnecessary to take any further
precautions to render the mine safe from the sea.
I should not, however, stope any more ground in
the back of the 40 nor drive the level further.”

Memoirs and first-hand verbal witnesses (4
and 5) report that the 40 Backs " caused
considerable concern to the management
during the vears immediately prior to the
final closure of the mine and the various
statements are summarized in correspondence
between Major B. Llewellyn and Mr. J. H.
Trounson (6). The latter writes :

“ It is at this place {the " 40 Backs "} that the
greater part of the water making in the mine enters
through the lode at a place where it was unwisely
stoped too near to the ocean floor many years ago.
The lode here is apparently of a somewhat friable
and soft nature, and it has always been regarded as
somewhat of a danger area. To make matters worse
the worked out stopes or * gunnies ' at this point are
unusually wide for Levant. A few years before, this
area collapsed and an effort was then made to fill
the gunnies by stoping adjacent country rock. This,
however, failed by reason of the large volume of the
old stopes that it was necessary to fill, and sub-
sequently heavy timbers were put in to support the
danger area.

According to my information, however, this
precautionary work was never satisfactorily com-
pleted and it would seem to be a matter of con-
siderable urgency that if ever the mine were
re-opened this relatively small yet dangerous area
in the back of the 40 fathom level stopes should be
reinforced by cementation and, possibly, by means
of a masonry arch or some other form of support
more permanent than timber.”

By examination of the underground plans
of the Levant mine it was discovered that the
“ 10 Backs " area is directly connected with
the entire remaining levels of the mine.
Therefore if access was to be gained by un-
watering to any part of the mine workings
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below sea-level it was necessary to determine
whether or not the sea had gained entrv to
the mine through the sea-bed in the region
of the *“ 40 Backs " or in any other part.

Preliminary Investigation

During the carly part of 1960 the use of
fluoresceine was suggested for the detection
of any breach between the Levant workings
and the sea. Already widely used in air-sea
rescue and spelaeology, this chemical is said
to be capable of being detected when as little
as one part of fluoresceine is present in
10,000,000 parts of water—a quality attribut-
able to the brilliant green fluorescence of its
alkaline solution. ’

The adit above high-water mark whiclh
connected to the Levant skip shaft had
previously been cleared during 1959. Obser-
vations on the water level in the latter showed
that there existed a variation in the water
level which could be correlated with the rise
and fall of the tides. A plan was devised
whereby a quantity of fluoresceine was
introduced into the workings through this
adit during March, 1960, imparting to the
water in the mine an intense green colora-
tion. Two days later during an ebb tide
there could be observed a patch of water
well beyond the low-water mark possessing
a distinct green appearance in contrast to the
remainder of the sea.

This was due to the fluoresceine which was
again visible at the same spot on the following
day. Taking advantage of the excellent sea
conditions a boat put out from Sennen Cove
and the fisherman, after sailing directly over
the area, reported that he had seen “ a funnel-
shaped mass of green water bubbling up
from the sea-bed at a depth of about
5 fathoms below the boat.” In addition, the
position of the green coloration was cal-
culated from theodolite intersections and
plotted in relation to the known Levant
mine workings. The fixed position agreed
to within 10 ft. with the most probable
position of the “ 40 Backs.” This, together
with the fisherman’s evidence, appeared to
prove beyond reasonable doubt that the sea
had gained entry to the workings of the mine
in the region of the ‘* 40 Backs.”

. The use of the fluoresceine gave no indica-
tion as to the exact nature and extent of the
breach. In order to supply this necessary
information the writer proposed the employ-
ment of self-contained aqua-lung divers who
would be capable of exploring the sea-bec
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in detail and observing the flow of Huoresceine-
charged water from the flooded mine at the
point of the breach.

Use of Divers

A team of divers from the Imperial College,
London, under the direction of the writer,
were engaged in a programme of underwatsr
geological exploration in the St. Agnes area (7)
during July and it was agreed with the
manager of Geevor mine that upon the arrival
of suitable weather and sea conditions the
Levant mine water would be charged with
fluoresceine. The divers would then make
an examination of the sea-bed upon the
appearance of the coloration which was
calculated to be approximately two days
after the introduction of the chemical into
the mine.
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Diver
over the
Sea Lodes.

Unfortunately a long period of inclement
weather followed. The divers were available
for only a limited time and it became neces-
sary to start the investigation before the
arrival of suitably calm weather. A further
quantity of fluoresceine was introduced into
the shaft on the morning of July 26. On
July 28, when the first signs of its appearance
in the sea were to be expected, diving was
impossible owing to the heavy swell running
against the base of the cliffs. On the morning
of July 29, the last day on which the divers
were available, the sea was again very rough,
but the captain of the 28-ft. motor-powered
boat, from which the dives were to be made
was persuaded to put out from Sennen
Cove.

Owing to the high seas the fluoresceine
was not visible from the shore and the boat
had to be manoeuvred into position by the
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captain, taking his instructions from two
observers who, equipped with theodolites
on the overlooking clitfs, signalled with the
use of flags. The heavy swell allowed the boat
to anchor only at a known position relative
to the 40 Backs " and not directly over the
breach. Despite the adverse conditions two
divers entered the water at 2.5 p.m. With
the boat anchored securely in 43 ft. of water
the descent was made down a shot-line from
the boat.

The divers were roped together by a life-
line, the other end of which was tended by
a person in the boat. With the extra precau-
tion of a safctv-line connected to the base
of the shot-line, they proceeded to swim in
a south-easterly direction, guided by under-
water compasses. The sea-bed was composed
of greenstone outcrops and the breach, with
the green-coloured water issuing from it, was
located immediately at a distance of about
75 ft. from the boat and in visibility of 5 ft.
Upon their return to the surface at 2.35 p.m.
all information was recorded and a further
solo dive was commenced at 2.40 pan. in an
attempt to gain a sample of the fluoresceine-
charged water for laboratory as well as
visual confirmation. ~ This proved to be
impossible sinee the heavy swell experienced
underwater prevented the diver from em-
ploving both his hands for the sampling
operation and he surfaced at 2.55 p.m. The
boat « weighed anchor and returned to
Sennen Cove.

The diving equipment consisted of standard
twin aqua-lungs with dry- and wet-suits, as
described ina previous paper (8).

Conclusions

The fluoresceine was found to be issuing
from an area of the sea-bed measuring 2 {t. by
2 {t. in one corner of a large trench filled with
coarse sand. With a length of 20 ft. and a
width of 10 ft. the trench appeared to be a
continuation of the Levant Zawn. This is
a feature of the cliff erosion along a
mineralized fracture and the Levant skip
shaft is situated at one end of the Zawn.
The trench was surrounded on three sides
by rocks reaching a height of 5 ft. above the
sand level, the fourth side being bounded by
low rocks pf a maximum height of 1 ft. The
fluoresceine flowed strongly from the trench
but was quickly dispersed by the swell, which
also caused the flow to be intermittent. The
rise and fall of the tides was later found to
control the appearance of the fluoresceine
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since the water flowed from the mine workings
only when the tide was falling. .

From the dimensions of the trench on the
sea-bed and the rate of flow of the water it
would appear that the stope in the
40 Backs " has been broken into by the
sea. This has been caused by the continual
fritting away of the lode material, aided by
its tubrication by percolating sea water, and
by the constant pressure difference existing
between the mine workings and the sea-bed
prior to flooding.

The investigation of the Levant mine
provides yet another example of the uscful-
ness of the aqua-lung diver in the field of
engineering and exploration.  Work in the
south-west of England during 1960  has
shown that any programme of off-shore
mineral exploration in this region must
include a diving team in conjunction with
the established prospecting techniques.
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Carnelloe Mine, Zennor

It has been announced that a Local
Inquiry into proposed mining development
at the Carnelloe mine, near Zennor, is to be
held in Penzance on May 10. Worked in the
1870’s as Carnellow Consols, a small tonnage
of black tin was produced. The working was
abandoned in 1876.
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Exnloration and Development in the Geevor Mine Area

"And here I must express the rcgret which I feel, in common
with so many others, that no records are preserved of all
those natural phenomena which occur to the notice of our
miners in the progress of their operations. I regret it

not only on account of the loss which the science of geology

sustains by its omission, but because I believe it has
materially affectecd the stability of our whole mining
systemy for if it be true, that old mines are often re-
onened, in reliance of some vague traditional reports of
their former vroductiveness, which generally prove
fallacious; how desirable it would be to prevent all this
wasteof capital, and to preserve it far less hazardous
speculations ... reis

oiviate e O Hawkins s(1 8189

As Dr. K.F.G. Hosking has said recently, such sayings as

"Tin is where you find it" and "Where itidsitheredi bl syl have

done the utmost harm to the mining industry. This investigation

into the geology and mineralization of Geevor Mine has led to a
better realization of the complexity of the structural controls
of minerclization. Although it is noét suggested that the
conclusions apply equally to other mining districts of Cormwall
their possible structural complexity is demonstrated.

The most important aspect is the practical application; a
subject in itself, which unfortunately cannot be discussed in
this thesis. The work at Geevor Mine has indicated the
necessity of maintaining detailed day-to-day geological records
which should be comparable in importance with the underground

swrveying. Every aspecct of exploration and development on all
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scales should be based upon geological reasoning which in turn
should be aided by experience and the study of past records.,

The above statements do not apply only to Geevor Mine, but
have been repcated with respect to every mining field. They
will continuc to be repeated until i% is eventually realized by
the mining industry as a whole that geology is the very core of
the mining operation, especially in the exploitation of a metal
such as tin. It 1s not a luxury, speciallst serviece to be
called in if the company financies allow and usually just
before the mine is closed.

The shortcomings of this approach were first realized in
Cornwall, as evidenced by the remarks of Hawkins (1818) above.
Until there is a major change in the whole mining industry past
errors will be continually repeated and properties will close

unnecessarily, espeeially in the event of a revival of the

Cornish mining industry.
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The plan of the mine workings in the Pendeen-Botallack area
included as Fig.(H) in Volume III was originally compiled by
H.G. Dines and J.A. Robbie to a scale of 25"/mile.  The present
writer has added certain details such as the surface geology,
and the workings of Geevor Mine have been brought up to date
(1960).

An application was made on llth August for permission to
reproduce the plan in this thesis. The reply to this
application is presented overleaf. Acknowledgements to the two
officers of the Geological Survey has nevertheless been given

since it is not the intention of the present writer to imply that

the work has been entirely his own.
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GEOLOGICAL SURVEY AND MUSEUM
Exhibition Road, South Kensington, LONDON S.W.7
Telephone: KENsington 9441/5

Please address any reply to
THE DIRECTOR
oL/2/4J 16th August, 1961

and quote:
Your reference:

Dear 8ir,

Thank you for your letter of 11th August. We have no
knowledge of the plan you mention which is said to have been
produced by H. G. Dines and J. A. Robbie. It is certainly
not an official plan and we do not take responsibility for
it., No mention of H.M. Geological Survey should be made in
relation to the presentation of this plan.

The Geological Survey's mining work in Cornwall is
published in 'The Metalliferous Mining Region of South-West
England', and this, together with the six-inch and one-inch
sheets and explanatory sheet lenoirs: aveilable in our Library
are the only official Geological Survey publications to which
references attributed to the Geological Survey may be made.

* and also memoirs which are

BopOnt8e8T ot 8 MR E e tn, Yours faithfully,

%.’/zu {Q’Ef

(F. M. Trotter)
Assistant Director

R. H. T. Garnett, Esq.,
Geevor Tin Mines, Limited,
Pendseen,

PENZANCE,

Cornwall.

EMP/EL



Structural Control
of Mineralization

in South-West England

R. H. T. Garnett, ARrSM, B.Sc., D.IC.

With the present high level of the price of
tin, and the favourable long-term prospects,
interest is being revived in  south-west
England, particularly in (._fon}\\'uil, as a
potentially more important tin-producing
arca. Several exploration programmes are
being commenced both in the neighbourhood
of abandoned mines and in districts which
have been relatively unexplored in the past.

Cornwall is one of the major mineralized
fields of the world, possessing a very high con-
centration of tin and copper lodes within o
relatively small area, but there is a sur-
prising lack of knowledge concerning  the
economic geology of the deposits. For detailed
information on the majority of the mines and
districts it is necessary to rely upon local
hearsay, old plans and sections, and private
reports.  The Memoirs of the Geological
Survey and a number of other publications
during the 20th Century, including that of
Dines (1956), are very dependent for any
details of the economic geology upon the work
of 19th-Century geologists-—such as, Henwood
{1843) and the publications dealing with indi-
vidual mines in the Transactions of the Royal
Geological Society of Cornwall.

A regional control of mineralization in the
area by structure, temperature, and sit:qm»
graphy has always been recognized. The
effect of a localized structural control, which
is of paramount importance, has not always
been established, however, although many
writers have observed that the tin and copper
content of the lodes was affected by changes
in their dip and strike. 2

Approximately normal to the tin-copper
lodes, the majority of which strike between
E.-W.and N.E.-S.W., isaseries of apparently
less frequent N.-S. fissures. When infilled
with quartz they are known as cross-courses
and were often referred to in old reports as
“ cross-bars,”’ ! cross-gossans,” " cross-
lodes,”” and “* cross-veins.” Alternatively the
terms “‘ trawns  and ** gossans,” the latter

_not to be confused with a lode outcrop, were
3

3

P

The author stresses
the important
influence of

the cross-courses

emploved to-denote a quartz-fitled cross-
course in the St. Ives and St. Agnes districts,
respectively. - In the St Just area the lodes
trend, with' a wide variation, N.W.-SE.
Numerous steeply-inclined faults strike be-
tween N.-5. and N.E.-SW. and when
infilled with quartz are known as ** guides.”
Clay-filled fractures, or faults, are termed
“ flucans 7’ and are not to be confused with
“ shdes,” which are generally parallel in strike
to the lodes.

Hosking (1949 outlined the more im-
portant theories concerning the origin of the
lode fissures.  They were considered by the
majority of the writers on the area to have
been formed by the enlargement of a pre-
existing: regional fracture system  which
enveloped both the granite and the country
rocks of *“ killas "’ and ' greenstone ” and the
formation of new fractures with an orienta-
tion controlled by the earlier set. Similarly
the origin of the cross-courses has been con-
sidered in conjunction with a regional set of
roughly N.~S. fractures. On the evidence of
their quartz and mesothermal mineral in-
filling and the fact that they fault the lodes,
cross-courses have been regarded as having
been formed after the lodes.  Hill and
MacAlister (1906) and Dines ({1956} con-
sidered that they were Tertiary and strati-
graphic evidence in east Cornwall and Devon
supports this view.  However, a major
fracture is easilv propagated in overlying
strata as a continuation in strike of a pre-
existing fracture at depth. Such evidence
dates the age of enlargement and infilling of
the fracture and not its age of original
formation in older rocks in the vicinity of
mineralization.

Especially in eastern Cornwall and Devon,
major cross-courses sometimes provided an
economic source of lead, zinc, and iron.
Otherwise they aroused little interest and by
deflecting the lodes they were more of a
hindrance to underground development.
Tabulated observations on the distance
9 :
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through which they faulted a lode were
provided by Henwood, who demonstrated
that the differing horizontal components of
movement of the lodes and dykes could not
be accounted for by simple normal and reverse
faulting. He considered that only the accept-
ance of oblique, and in some cases rotational,
faulting could adequately explain some of his
observations. The maximum horizontal com-
ponent of movement of one cross-course has
been recorded to exceed 400 ft., although an
average value is of the order of a few fathoms.
Many of the cross-courses extended for severa
miles, whilst others apparently ceased to
exist between adjacent lodes.

Because of the undisputed view that the
cross-courses  post-dated the lodes it was
assumed that they could not have exerted
any structural influence upon the extent and
degree of mineralization within the lodes.
However, despite the lack of an explanation
many of the early writers noted that some of
the cross-courses appeared to influence the
tin and copper values. Variations were
observed in the lodes as they converged
with a cross-course and Henwood recorded
that the Malkin lode in Ding Dong mine
changed in structure and mineralogy upon
approaching a * trawn.” : ;

Many lodes proved to be enriched along the
line  of their junction with a cross-course.
According to Carne (1822} there were two
instances in Botallack and Parknoweth mines
where ““wery rich courses of tin have been
the result of such intersections.” : Henwood
remarked that *‘ not a few of the larger and
richer bunches, both of tin and copper ores,
have occurred in the immediate vicinity of
cross-courses and flucans.”  Despite these
increases in value at intersections the miners
were frequently unable, despite widespread
trials, to locate the faulted extension of the
lode under development. If the extension was
found it was often with disappointing results
for, as Henwood stated, * frequently has

the produce been exclusively found on one

side of these intersections, whilst on the
opposite side the same lode has been entirely
worthless.” Notable examples were provided
by Wheal Friendship, Wheal Jewel, and
Wheal Vor, near Woolf’s cross-course.

When contemplating the examination of an
old property which has most probably been

closed for more than 50 years it is unlikely
that any first-hand information may be avail-

able. The possible reasons for the cessation of

operations and abandonment of the mine and
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the factors outlined by Trounson (1959) must
be considered in detail.

Geophysical and geochemical methods mav
on occasions in Cornwall be employed to
advantage to guide later work, but diamond
drillings, from either the surface or under-
ground = after unwatering, is the most
important exploration technique in Cornwall.
Even drilling, as a result of the low core
recovery that is obtained in penetrating many
of the lodes and the very sporadic distribution
of tin values throughout them, provides no
basis on which to determine the grade and
value of a lode. Under ideal circumstances
diamond drilling will indicate no more than a
lode’s presence and any possible further con-
clusions may be based only upon geological
evidence extracted from the core, :

When investigating an old propertv dia-
mond drilling may be employed to examine
proved lodes in depth, to locate their possible
extensions, or to search for adjacent parallel
lodes.  ‘Available plans and sections often
indicate that development on a lode worthy of
investigation terminated in the vicinity of a
cross-course, the stoped-out ground extending
up to the feature but not beyond. An obvious

-attraction to the exploration engineer is to

drill on the other side of the cross-course for
the lode extension which may be expected to
carry economic  values. ~ By employing
examples from Geevor mine in the St. Just
district the writer stresses that such a pro-
cedure should be attempted with caution,
since a lode cannot always be expected to
exist on both sides of a cross-course.

At Geevor mine the lodes and cross-
courses (guides) occupy regional fractures
which were originally formed before the first
phase of tin-copper mineralization, Infilling
of the lode fissures and cross-course fissures
was completed in several stages, each accom-
panied and separated by periods of stress
change which resulted in movement along
and enlargement of the pre-existing fissures,
Complete infilling of the lode fissures was

‘usually completed before the commencement

of the infilling of the cross-course fissures. In
the following discussion a fissure, which when
infilled qualifies for the term lode, is a
potential lode prior to infilling and is there-.
fore termed a lode fissure. The same form of
nomenclature is applied to the cross-courses.

. Between successive pairs of steeply-

inclined cross-course fissures which extended
throughout the granite and country rocks
blocks of ground moved alternately up and
down relative to one another. Individual
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blocks possessed a width, defined by the
spacing of the cross-course fissures, varying
between 1,000 ft. and 5,000 ft., the longer
horizontal axes of the blocks coineciding in

direction with the strike of the fissures, The .

oblique movement of the order of 10 {t. to
20 ft. resulted in a horst and graben structure,
as shown diagrammatically in Stage 1 of
Fig. 1.  Cross-course fissures are mainly
vertical and were subjected to normal
faulting. When steeply inclined in the same
direction alternate fissures were subjected to
reverse and normal faulting.

Within the uplifted blocks,
movement took place along the lode fissures
through 10 ft. to 20 ft. in the manner shown
in Stage 2 (Fig. 1). It was accompanied by
mineralization and those lode fissures along
which movement took place were infilled to
form lodes. When those with the same strike
dip in opposite directions normal faulting
took place on each. Conjugate lode systems
were formed as described by Webb (1947),
although sufficient movement to permit
mineralization frequently took place on only
one set of the system. In Geevor mine the
majority of the lodes dip steeply to the south-
west and alternate ones were subjected to
reverse and normal faulting, enabling the
dislocation of wedges of ground to accom-
modate the maximum stress directed from
below.

The direction of movement of the blocks
between the cross-course fissures was deter-
mined by the same stress distribution as
governed the final development of the lode
fissures. Those lode fissures—such as, Ly—
possessing a_line of intersection with the
cross-course fissure coinciding with the direc-
tion of displacement of the blocks between
the cross-course fissures suffered no apparent
horizontal displacement. In such a case
movement was more easily activated in the
graben on the other side of the cross-course
fissure and the lode fissure became mineralized
in both directions.

The main tin-copper lode mineralization
phase did not affect the cross-course fissures
during Stage 2 (Fig. 1), since the alignment
of the minimum principal stress normal to the
lode fissures allowed only the latter to be
opened for mineral deposition. Nevertheless
mineralization has been observed to extend
for a few feet along a cross-course on either
side of a lode. Referring again to Fig. 1, there
was a tendency for the cross-course fissure
C, to impound the mineralizing solutions
ascending in lodes L, and Ly since the relative

or horsts,
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Fig. 1.—Diagrammatic Representation of the
Sfmctma! History of the Cross-Courses and
Tin-Copper Lodes, :

mavgment of the lode fissure walls was
terminated against C4. A narrow zone of high
yajues was sometimes created in a lode at the
intersection with a cross-course fissure and to

~ one side only of the latter. In the case of these
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Fig. 2.—Longitudinal Section through the Workings of Geevor Tin Mine.

lodes their line of intersection with the cross-
course fissure did not correspond with the
direction of movement of the blocks.
Subsequent displacements along both the
lodes and cross-course fissures under the same
stress distribution resulted in further phases
of mineralization. The final phase, consisting
of quartz, calcite, and siderite, etc., occurred
in conjunction with a relaxation of the
stresses. A subsidence of the uplifted blocks

between the lodes ‘marked the termination of

the tin-copper phases.

After a long period of quiescence a

maximum horizontal stress initiated tear
faulting along the cross-course fissures and
post-mineralization conjugate faglts; :,donfg
newly-formed fractures as shown in Stage 3
of Fig.1. Relaxation of the same stress
caused infilling of the cross-course fissures

with quartz and low-temperature mineral

assemblages, especially where the local strike
direction deviated from the average. Some of
the dodes were also affected by this final
mineralization phase normally associated
with the cross-courses. . )

In Geevor mine late horizontal slickensides
were superimposed on the lode constituents
during the period of formation of the tear
faults. In both the lodes and the cross-
courses horizontal slickensides tended to erase
earlier vertical slickensides originating during
Stage 2 (Fig. 1). Even later disturbances, with

no associated mineralization, produced move-
ments in the planes of the lodes and cross-
courses, which sometimes resulted in the
deflection of a cross-course by a lode.

In the St. Just district cross-course fissures
were usually not infilled unless their strike
varied extensively, like that of the North
Levant Lode, from the average. Thev appear
as major faults or fault zones about 10 ft. wide.
Mineralization in Geevor mine was terminated
between two major faults which now give
a first impression of being major post-
mineralization tear faults with a horizontal
throw up to 10 ft. These denote the limits of
the original horst formed during Stage 1
{Fig. 1), when the block now containing the
economically-mineralized lodes was uplifted
through a height of the order of 10 ft. A longi-
tudinal section through the mine, provided in
Fig. 2, illustrates the extent of the workings
and the value of the ground blocked out on
the No.2 Branch, North Pig, and North
Lodes.

The first phase of tin mineralization in the
mine was associated with intense wall-rock
alteration, including tourmalinization and
reddening of the granite. Deposition of
cassiterite: was extremely sporadic and
occurred throughout the majority of the lodes
in the western half of the property. An
carlier or simultaneous relative movement of
the walls of a lode was not necessary for
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deposition to take place and, considered alone,
the first phase rarely resulted in economic
ground. Insome circumstances the first phase
of tin mineralization and the early wall-rock
alteration took place before any movement
between the cross-course fissures.  Con-
sequently the located extensions of any
lodes in the usually unmineralized graben
structures often contain traces of cassiterite
and possess substantial wall-rock alteration.

In the western part of the mine the first
phase of tin mineralization in the No.2
branch lode was not impounded by the most
westerly of the two faults, F,, and formed a
small patch of values around level 12 and in
line with the skip shaft of Levant mine.
A second tin mineralization phase, indicated
Joosely by the 50-it.Ib. contour line, was con-
fined by I, as a result of movement having
already taken place in the plane of the latter.
The 150-ft.Ib. contour line indicates a third
phase terminated by the fault F, The
fissure resulting in F, was in existence before
the commencement of the second phase of
mineralization. ~ Movement along it took
place after the termination of the second
phase, upon which it therefore exerted no
structural control, and before the third phase.

Both the second and third phases were
subjected to a local control by the granite
surface through a combination of temperature
and structural effects. Extensive tin and
copper mineralization was exploited until
1930 in Levant mine to the west, where the
lodes were situated almost entirely in the
country rocks of “* greenstone ’ and ** killas.”’
The cessation of economic tin mineralization
in Geevor mine in the vicinity of the granite
contact was due more to the existence of the
two major faults, one of which terminated the
mineralization on three othér parallel lodes,

rather than to any direct effect resulting from

the situation of the granite contact or the
presence of “ greenstone” in the adjacent
country rocks. A limit of economic tin
mineralization in the eastern part of Levant
mine is marked by a well-developed cross-
course, there being a relatively barren block of
ground between the latter and the major
fault F, of Geevor mine.

In the eastern part of Geevor the first phase
of mineralization is not evident, since it was
locally developed near the granite contact.
Vertical movement took place on the major
eastern fault, F, before the second tin
mineralization phase commenced and both
the second and third phases, indicated loosely
by the 50-ft.Ib. and 150-ft.Ib. contour lines

2
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respectively, were confined to the west as a
result.

With the exception of the first, the main tin
mineralization phases were executed for the
most part under prevailing conditions of
variable compression from all directions and
were impounded by the cross-course fissures
or faults. During the latter part of Stage 2
the influx of quartz, calcite, and siderite was
accompanied by an all-round stress relaxation
and the partial subsidence of the uplifted
portions of ground between adjacent lodes.
In the Geevor mine there are only small varia-
tions in the dip of the lodes where adjacent to
the cross-course fissures. Since the direction
of relative movement of the horsts and graben
was in the same direction as the mean line of
intersection of the cross-course fissures and the
lode fissures there was little apparent hori-
zontal displacement of the latter during
Stage 1. Throughout the relaxation phase
many of the lode fissures on the relatively
unmineralized side of the cross-course fissures
which had hitherto been subjected to the first
sporadic tin mineralization and early wall-
rock alteration only were infilled With the
quartz, calcite, and siderite, etc.

In many of the mining districts there is a
wide variation in the strike of the lodes. To
many the term ‘ caunter lodes "' was applied
with conflicting estimations of their age
relative to those lodes possessing what was
regarded as the predominant strike. Examples
have been provided by many writers of the
faulting of one lode by another and of the
mineral infilling of one passing continuously
through that of the other. The relative age of
infilling of two separate intersecting fractures
is not conclusive evidence of their relative age
of fracture formation, nor is it indicated con-
clusively by any deflection imposed upon one
by the other. The majority of lodes were sub-
jected to two or more phases of infilling, each
accompanied by movement. When two lodes
intersected and the periods of mineralization
in one were out of phase with those in the
other, mutual interference with the extent of
mineralization in each took place, especially
when the strike differences between the two
were large. = '

The simplest case of two intersecting lodes,
each subjected to only one phase of mineraliza-
tion coincident with movement, can be con-
sidered. If mineralization took place in both
lodes simultaneously enrichment resulted at’
the intersection due to increased fracturing
and the lodes are continuous on both sides
of the junction. If each lode underwent



THE MINING

MAGAZINE

334
i
2% N.
Level 5
6 e : 1
PROSPECT :
s —-._., 100 O 100 200
/ : Scale in—Fee.t”‘
SOUTH FIG 8
LODE . E l
] Stoped Ground
NORTH PIG g
LODE i
1o :
NORTH LODE— / I
5 i _LONGiTUDINAL
At SECTION
Shaft e el
1960

Fig. 3.—Longitudinal Section through the Hanging-Wall Branch Lode, Geevor.

mineralization at different times and on each
occasion no influence was exerted by one lode
upon the other there will be no appreciable
change in the tin values that may be attri-
buted solely to the influence of the intersec-
tion. Both lodes would tend to be continuous
beyond the intersection on each side. When
mineralization occurred on the two inter-
secting l6des at different times and structural
interference took place, more usually only one
lode proves to contain economic values on the
other side of the intersection. Complications
arise through the occurrence of more than one
phase of mineralization and movement on
each lode.

Some of the effects of mutual interferences
at lode intersections in Geevor mine are indi-
cated in Fig. 3, which shows the stoped ground
on the easterly-dipping Hanging-wall Branch
lode ; the latter makes an angle in plan of
about 70° with the majority of the lodes.
Although it approximates towards the strike
of the local cross-courses it does not possess
any of the mineral assemblages associated
with them and has been locally stoped on the
upper levels. Five major south-dipping lodes
were intersected by the Hanging-wall Branch
lode. The tin mineralization of the ** D’ lode
wasdimpounded by and confined to the west of
the Hangmg-wall Branch lode. That of the
“ A" lode and the North lode. was enriched
in the upper levels. There was no control
exerted upon the mineralization of the North
Pig lode, while that of the South Pig lode in

the Victory section was impounded and
stoping confined to the west.

Selective movement on the Hanging-wall
Branch lode enabled the controls described to
operate. The extent of the mineralization on
the latter was influenced by the various lodes
and the majority was confined, as indicated
by the stoping, between the “D" and
“"A ” Jodes and between the South Pig and
North lodes. Some effects of temperature
zoning are apparent in the stoping pattern.
Mineralization of the Hanging-wall Branch
lode between the “ D" and “ A" lodes was
associated with a downward relative move-
ment of the hanging-wall for a few feet, which
resulted in the highest tin values being con-
fined to the steepest parts of the lode. The
values which might be expected between
levels 6/7 and 10 are absent, owing to the
low lode dip in this region below level 6/7.

The more important aspects of this work
are the practical applications. When old plans
and sections of abandoned mines indicate that
the “ blocked out ”’ or stoped portions of a
lode terminate at a major cross-course or fault
caution should be applied in any scheme to
search for what may be thought to be the
simple faulted extensions of the economic
lodes already exploited on the other side of
the cross-course. Resort should not be had
completely to exhaustive diamond drilling.

It was not common practice to indicate all
the cross-courses and major faults encountered
in a mine on the plans and sections of the
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underground workings. Since cross-courses
provided easier-breaking ground and were
usually normal in direction to the average
lodes they were frequently employed as a site
for cross-cuts. The exact position of a cross-
course is often therefore indicated by cross-
cuts possessing sinuous outlines in plan. If
the presence of a cross-course at the extremity
of a lode is proved or indicated by the presence
of a cross-cut from one of the development
ends it is likely that it has exerted a local
structural control upon the extent of minera-
lization within the lode in question. After an
initial investigation by diamond drilling
either from the surfacé or adjacent under-
ground workings the second stage of the
exploration ~ should concentrate  more
thoroughly upon a search for undiscovered
parallel lodes, which may also be subjected
to a control by the same: cross-course.

A majority of Cornish mine plans indicate a
profound lack of exploratory cross-cuts and
non-outcropping parallel lodes were fre-
quently found only when they existed as
branches of those that were being developed.

If a structural control by cross-courses is
suspected or confirmed they should always be
considered in pairs, each demarcating the
limits of successive horsts and graben. If a
block of ground is encountered in which
strongly-developed sub-economic lode fissures
occur a search should be conducted for an
adjacent block, indicated by a further cross-
course along the strike of the lode fissures in
which movement and consequent mineraliza-
tion has taken place. ;

A very strongly-developed and long lode
fissure often terminated the movement of the
blocks between, and along the strike of, cross-
course fissures, The movement of blocks on



opposite sides of the lode fissure could take
place at different times. A result of this rather
complicated process may be appreciated more
readily if the reader imagines a chess-board
as representing a mineralized area in Cornwall.
The lines running N.-S. on the board denote
the cross-course fissures and those running
E.-W. represent the more numerous lode
fissures. As a result of stress distributions
before and during the mineralization period,
irregular blocks of ground represented by the
black squares rose relative to the white
squares. In the black squares further move-
ment occurred which initiated the mineraliza-
tion of the lode fissures to form lodes.

When a cross-course fissure exerted a
structural control upon the tin mineralization
within an intersecting lode the values do not
decrease suddenly. Occasional rich portions
are located at the intersections, but more
usually the values diminish gradually over a
distance of the order of 100 ft. Wall-rock
alteration phenomena and late gangue mineral
infillings were not always controlled by the
cross-course. Therefore the lode, at an inter-
section with a cross-course, although being
subjected to a structural control, may not
demonstrate any change in its appearance
over a short distance and is often identical in
outward character on both sides of the cross-
course during an underground examination.
Only a detailed mineralogical and structural
study, cenducted in conjunction with syste-
matic sampling, over a distance of about 100
ft. on each side of the cross-course on one level
indicates whether or not the lode is worthy
of major development on additional levels.
The value and character of a lode at the
intersection with a cross-course are no criterion
for judging its overall production potential.

If, during development of a productive
lode on several levels, a cross-course or major
fault is encountered development should pro-
ceed beyond the cross-course on only one
level—that most * likely to disclose high
values, judging by those on the already-
developed side. If the first phase of mineraliza-
tion was not impounded by the cross-course
fissure then the tin values encountered are
usually of a grade sufficient to encourage con-
tinued _ development, but rarely result in
stoping ground. '

No exploratory cross-cuts or diamond-drill
holes should be sited on, or in the immediate
vicinity of, cross-courses or major faults when
the direction of the contemplated cross-cut or
hole is approximately the same as the strike of
the cross-course or fault. They should, where
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possilbe, be sited equidistant between two
such features, against the centres of fully-
developed lodes or against the richest portions
of the lodes; a rule which was applied to
advantage in Cornwall before 1850,

Cross-courses and major faults are usually
normal to the mean-strike direction of the
lodes. When this is not the case the explora-
tion cross-cuts and diamond-drill holes should,
within reason, be aligned in the same direction
as the cross-courses and major faults and not
necessarily normal to the lodes. A rapid
scrutinv of mining records produces many
examples of districts in which the above
principles may be applied with advantage.
One such area, illustrated in Fig. 4, is that to
the north of Breage, on the north-eastern
flank of the Godolphin granite, and in which is
situated the celebrated Wheal Vor,

Proof that the controls outlined above have
operated in one district should not be regarded
as a guarantee that the same effect has
occurred throughout the south-west, or even
throughout Cornwall. Each mining district
possesses individual characteristics of minera-
lization and structure and should be con-
sidered on its own merits. It should also be
remembered that any mine plan shows only
the lodes that have been discovered and not
all those that actually exist. Nevertheless it
is anticipated that this brief outline of one of
the many forms of local structural control of
mineralization in the south-west, the know-
ledge of which is utilized in all underground
exploration at the Geevor tin mine, may be
applied profitably at additional properties in
the future. Indiscriminate diamond drilling
and exploration resulting from the re-opening
of old properties will only result in a repetition
of past errors. Exploration, which can only be
directed by a geologist provided with the
necessary appreciation of the mining prob-
lems .involved, must be conducted with a
complete awareness of all the features of
localized structural control of the tin-copper
mineralization.

Acknowledgment.

The writer wishes to thank Mr. D. J.
Shearman, of the Imperial College of Science
and Technology, London, for encouraging
discussions on the matters discussed in this
article and on closely-related topics.

Heferences
Car~E, J. “ On the Mineral Productions and
the Geology of the Parish of St. Just.” Transac-
tions of the Royal Geological Society of Cornwall,
Vol. I1, No. XC, 182z2.



(26)

DECEMBER,

Dines, H. G.  “ The Metalliferous Mining
Region of South-West England.” Memoir of the
Geological Survey of Great Britain, 1956.

Henwoon, W. J. ** The Metalliferous Deposits
of Cornwall and Devon.” Transactions of the
Royal Geological Society of Cornwall, Vol. V',
1843.

Hosking, K. F. G * Fissure Systems and
Mineralization in Cornwall.””  Transactions of
the Roval Geological Society of Cornwall,
Vol. XVIII, part 1, 1949.

1961 337

Hirr, J. B, and MACALISTER, D. A. “ The
Geology of Falmouth and Truro and of the
Mining District of Camborne and Redruth.”
Memoir of the Geological Survey of Great
Britain, 1go6. T 48

Trounsoxn, J. H. “ Practical Considerations
in Developing Old Cornish Mines.”” Future of
Non-Ferrous Mining in Gt. Britain and Ireland.
Proceedings of the .M. M. Symposium, 1959,

Wess, J. S. “ The Origin of the Tin Lodes of
Cornwall.”  Unpublished Ph.D. Thesis of the
University of London, 1947.



Vocabulary

(27)

Appendix T

of Cornish Place Naames in the 5t. Just district

Bal

Balleswidden

Bartinney
Bre or Brea
Bryn

Bollowal
Bojewyan
Bosavern
Boscaswell
Bosean
Bosorne
Bostraze
posvargus
Boswedden
Sosworlas
Botallack
Buscriggen
Calartha
Carrallack
Carn

Carn Bean (Carnyorth

Carn Brea
Carnglaze
Carnyorth
Carn Vres
Chycarne
Chyrose
Chywoore
Cock
Dowran
Gews
Genver
Gurland
Hal

Halgalour, Hal-gol-luir,
- old, €.g.,
- Hendre, the old town.

Hen
Hendra
Huel

Innis or knys

Joul

Keigwin or Chyg

Kelynack

a amine or place of digging.
the white mine
the hill of the sacred fires.

gL

a hill or cliff, vide:

cliff,

'Zawn Brinney' a creek in

Bos-owel, the house on the cliff.
the Jew's dwelling.

Busea verran, the old house.
fortified house.

Boshen,

sunner house.

the earthy house.
opposite house or house beyond.

house above the wood.
the wnite house.

soswellas,

the lower house.

or Botalac, the dwelling of the serpent god.
the house by the water.

the wood of the bear.

the rock of the serpent god.

a heap of rocks.

) - the rock of the little bear.

the rocky hill.

the grey rock.

the rock of the bear.
the rock of Jjudgement.
the house by the rock.
the house in the velley.
the house on the comnmon.
purple, €.g., iheal Cock.
on or near the water.
Guew, a plain field.

the river's mouth.

the rocky enclosure.

(=8

o .00or or down.
the down of the holy moon.

- Wheal, a mine.
- an island.
devil, €.g., otanps and Jowl Zawn.

- the

win - the white house.
- the wood of the serpent

Kenidjack or Kenijack - the ridge or head of the flying serpent
- a plough. 5

LOrTrow

the

Huel Hen Zawn, the creek of the old mine.



Iidden or Ledan

Lefrowda
Leswidden
Letcha
Nancherrow
Nanjulian
Nanpean
Nanquidno
Numphra
Owel
Parknoweth
Pendeen
Porth
Portheiras,
Roscommon
Spearn
Tornoon
Trease
Tregeseal
Tregiffian
Trevedra

Trevegean
Trewellard
Vean-Vean
Veor-Veor
Woon Gumpus
Zawn

(28)

Broad, large, e.g., ledenpol - the large pool

and Porthledden - the broad entrance or harbour.

the place of fun or recreation,

the white place.

the flat rock.

rough or hard valley.

stronger fortified valley.

Nans-pedn - the head of the valley.

happy valley.

shady valley.

a cIiff or hill, e.g., Huel Owels, a mine on the hill.
Parc-an-noath, the bare field.

Pen, the head, and Din, a man, - the head mans place.
a harbour or gate.

Portheras - a woman porter.

Ros-crag-gon, a valley of shells.

a thorn.

hill of the common.

Tre, a town, and res, a valley; the town by the valley.
Tre, a town, and gass, dirty; dirty town.

the town of forgiveness.

tre and vidren or vyalran; town by a brambly river,
or more likely, tre a town, bedh, a grave, and row,
rocky; the town of the rocky grave.

the town of the giant's grave.

the town, or dwelling, among thc¢ mines.

little as Trevean, little town.

great; Treveor - a great town.

the plain or level downs.

a creek.

For further information on words of celtic origin, the reader

is recommended to consult:- "A Guide to Cornish Place Names"

by R.

&

Morton Nance, Worden (Printers) Ltd., Marazion, Cornwall.

~1ossary of local zeological terms is provilel in

"Geolosical Terins uscl in S.¥. Ensland", by J. Robson

anl R. Morton-Nance, T.R.G.S.C., Vol. XIX, Part 1, 1955-56.



Ldam J. W. H.

ibbott H. 4.

Afanas'yev G.

Ds

hger D, V.

ildrich L. T. and

Wetherill G. W. ¢t al,

Lllen T, D.

{1lport S.

inderson E. M.

Inderson O.

Badgley P. C.

Bagchi T. C.

BalChin .\l;'[. G.

Balk R.

1960

1920

1955

1961

1960

- 1961

1876

1942

1905

1931

1959

1947

1937

1936
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