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ABSTRACT

The Keel zinc/Eadmium prospect occurs in Lower Carboniferous
cléstic sediments, on the down-faulted southern flank of a north»east/
south-west trending Lower Palaesczoic inlier. The wallrocks of the
deposit are predominantly siliceous clastics which are overlain by reef
and bioclastic limestones. Mineralization is closely associated with
south~easterly dipping normal faults of late Hercynian age with an east-

west Caledonian strike, and occurs predominantly in the clastic sequences.

Investigation into the distribution of Cu, Pb, Zn, Ag, Cd and
Hg in the prospect area confirmed the absence of any primary dispersion
pattern for these elemenfé. The distribution of Ca, Mg, Na and K also
gave no indication of even minor wallrock alteration or redistribution of

these slements associated with the mineralizing processes.

Chemical analysis of sphalerite, galena and pyrite indicated
certain trace element associations. These however were proven to be
mainly due to inclusions of chalcopyrite, tetrahedrite and gangue minerals

such as quartz and dolomite.

Intensive investigation into the geochemistry and dispersion
pattern for mercury in the Keel prospect area ultimately led to the
development of an analytical technique whereby identification of mercury

compounds in rock material was made possible.

The analysis was carried out by measurement of the atomic
absorption of mercury, evolved during controlled heating of samples, in
a continuocus air flow system. Evolved mercury peaks in natural rock
samples were identified af approximately, 17D°C, 220°C, SOUOC, 52008,

- 450°C and 600°C, correlating with artificially prepared standards of



IT

mercurous chloride, mercuric chloride, mercuric sulphide and mercuric
oxide respectively. The 450°c and 600°% peaks correspond to msrcury
‘released from pyrite and sphalerite lattices respectively. Elemental
" mercury gave a releass peak at 80°C and mercuric sulphate gave a triple
release peak at SSUOC, 420% and 510°C; however these twe phases did

not attain major significance in the Keel area.

Mercuric sulphide was found to be concentrated in the vicinity
of base metal sulphides, while mercuric chloride wae the predominant
phase in rocks more remote from sulphide ore. These main zones are

separated by a mixed zone of mercuric chloride and mercuric sulphide.

Exploration in this area, using rock analysis could thus be
aided by identification of the sulphide zone in mercury trace analysis,
as the total mercury content does not always appear to be directly

' releated to the proximity of sulphide ore.
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CHAPTER 1

INTRODUCTION

lel.  LOCATION OF THE KEEL PROSPECT.

The Keel zinc-cadmium prospect is located, Fige lel.,
towafds the north of the Central Irish Plain at longitudes 7° 44t v,
latitude 53° 39¢ Ney some 70 miles west of Dublin and 7 miles south
of Longford town. The surrounding countrysids of Keel is low lying
agricultural and grazing landywith generally high water table. The
Keel prospect,howsversis sited on the southern flank of an slevated
guartzitic and conglomeratic inlier with folded and faulted lower
Palasozoic rocks at its core and consequently the water-table hers is
much lowsr. This allows migration of watser through the fractured

giliceous wallrocks of the deposit.

1.2. HISTORY OF THE KEEL PROSPECT.

In 1962 reconnaisance parties of Rio Tinto Finance and
Exploration Ltd. detected high values of lead and zinc in soils and
stream sediments in the Longford area. Geophysical and geological
work followedsleading to a diamond drilling programme which outlined
a zinc/badmium deposit. In the light of information obtained from
the first twenty-sight drillholes, the control of mineralization
at Keel was considered stratigraphic with an unknown amount of
lateral metal migration into the fault zones. In 1965 an exploratien
shaft was sunk to expose the minsralization, Some 4,500 ft. of
underground workings were excavated, As a result of this;s definite
structural control of mineralization was established, Fig. 1.2. The

Kesl prospect was put on a care and maintenance basis in 1968,
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In late 1970 American Smelting and Refining Company
(ReS.R.R:C.0.) agread with Rio Tinto Zinc (R.T.Z.) to carry out
further drilling in the arez in order to investigate the poseible
lateral extensions of the known mineralization. In August 1971¢
after leaving submersible pumps underground, pumping stopped and
the water-table was left to find its own level. In December 1971
A.S.A.R:C.0. ceased drilling activities in the Kesl area and no

exploration activity has occurred subsequently.

1.3, SCOPE OF THE PRESENT STUDY.

This study forms part of an interdisciplinary research
programme on the Ksel zins/hadmium deposit by the Royal School of
Mines. The part;cular aspect of the research programme coversed by
this study is the investigation of the trace element gsochemistry of
 ths primary environment surrounding the Keel prospect. It was also
hoped, by analysing selscted trace elements and minerals,to discover
something ebout the mechanism of ore emplacement and the effects of
mineralization on the surrounding rocks. As the importance of
mercury as a geochemical pathfinder element for potential areas of
base metal mineralization has increased enormously in recent yearss
(Fursov, 1958., Ozerova, 1959., Hawkes and Williston, 1962,
Frederick and Hawkes, 1961., James, 1964., and Barringer, 1965), due
to new analytical techniques and a better understanding of its
geochemistry, this element has tended to assume predominance in this

study.

In the latter part of the research, a technique which enabled

trace amounte of various mercury compounds to be identified and



measured in rock material was developed, and using this technique,
the distribution of mercury compounds around the Keel deposit was
worked out. An explanation of the genesis of the deposit on the

basis of the mercury compounds distributicn has besen put forward.

Other elements investigated during the course of this

study were as follous:-

In whole rock material: Cu, Pb, Zn, Cd, Fs, Mn, Na, K,

Ca, Mg.

In the ore minsrals, sphalsrite, pyrite and galena:
(zn), (Fe), (Pb), Cu, Cd, Mn, Na, K, Ca, Mg, As, Sb, Bi, Ba, Co,

Ni, Cl‘, Sn’ No, Si’ V, Ga, 89’ In, Tie

l.4. MERCURY AS A GEOCHEMICAL EXPLORATION TOOL.

Many authors have discussed the use of the mercury halo
mathod of geochemical exploration for base metal doposits. James (1962)
states "Broad patterns of primary diéparsion are frequently formed
by mercury around both mercury and polymetallic deposits. These
halos are beliesved to reflect predominantly gassous dispersion and
may bé expected to be most marked where the rocks are most porous
or where fracturing has occurred prior to, or simultansous with

mineralization®.

Although the writer is not in complste agresment with this
view,with respect to the Keel deposits ths above statoment admirably
summarizes the reasons for using mercury as a geochemical prospscting

guide.



Techniquss for mercury analysis have now vastly incrsased
in sophistication and many of the initial preblems of interferences
from sulphur and orpanic matsrial have been overcomes Consequently
the use of mercury as a geochemical pathfinder technique has become

far mors dependable.

Airborne detection of mercury gas is at present being
carried out by Barringer Research Ltd. using a helicopter mounted
mercury spesctrometer. This technique enables vast areas of some-
times comparatively inaccessible terrain to be covered quickly,
accurately and chsaply, and the mineralization potential to be assessed
before the expence of a ground survey. The results of the research
described in this thesis provide a possibls follow-up technique to

investigate target areas identified by such reconnaissancs surveys.
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CHAPTER 2.

GEOLODGY AND MINERALIZATION OF THE KEEL DEPGSIT.

2.1, INTRODUCTION

This chapter is bassd primarily on a recent Ph.D. thesis
(1971) in Mining Geology at the Royal School of Mines by J.M. Patterson
entitled, "Goology and Mineralization of the Kesl Area, Cs. Longford,

Republic of Ireland".

2.2. GEOLOGY OF THE LONGFORD AREA.

Longford is a shelf arsa situated between the Lower Palaseozoic
Longford Down Massif to the north and a deep water facies to the south.

Consequently it is in the zone of maximum sedimentary variation.

The stratigraphy of the érea was surveysd in great detail by
Patterson (1971) and is here only briefly reviswed. Fige 2.1+ shouws
a simplified stratigraphic section at Kesl. The'Silurian at the basse
is in excess of 250' thick and overlying this with strong unconformity
is the microconglomsrate, which varies in thickness from 0-50'. The
Lower Quartz Sandstone overlises this and is regarded as being of Lower
Carboniferous age by Patterson; ths microconglomerate is conssquently
the only possible Devonian in the arsa. The Quartz Pebble Conglomsrate,
-a very distinctive lithological unit with rounded pebbles of quartzite
in a siliceous matrixsoccurs next in the stratigraphic sequence and is
exposed in both the Kesl and Longford inliers. In the undarground
workings of the prospect, it is well represented on both the 400!

and 500" lsvels.
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A transitional conglomesratic sandstone passas up into the
overlying Upper Quartz Sandstone which in turn passes transitionally
up into the Mixed Beds.

This last unit consists of eome 400 feet of interbedded and
intercalatsed muddy sandstones, sandy mudstones, mudstones, sandstones,
shales and ;imastanes, comnonly dolemitic and bioclastic. Overlying
the Mixed Beds is a Bioclastic Limestons unit with a maximum thickness
of some 350 feet, This unit is a fossiliferous muddy limestone
exhibiting many sedimentary features including slumping and brecciation.
A definite relationship exiets between this fossilifercus limestone and
the overlying resf limestons, a dense, fine grained, highly organic
limestone with chert nodulss and calcite or delomite vugs. Further
physical characteristics of the sedimentary rock units are summarised
below.

"{a) &ilurian
The Silurian crops out in the core of the Keel inlier and
is represented by a sequence of dark grey, grean'and red
sﬁalay mudstones and interbedded coarser grits. Numerous
tight folds are common and incipient shaley cleavage is
present. The rock is fissile and bresaks up easily into
small fragments and it is cut by later quartz filled

fractures which,in some instances,have a carbonate core.

t1

Metamorphic grads is low, as evidenced by the sericitization

of the mica and the presence of small quantities of

chlorite which appear to have grown in place.
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(b) ﬁicrnconglcmerata
This distinctive rock typs is seon by Patterson as a basal
Carboniferous conglomerate on both sides of the Keel Inlier. Its
rapid variation in thickness indicatss that it was initially a
transgressive infilling in an uneven Silurian sea floor. One
interssting characteristic is that it cbntains reworked fragments

of gilurian grits which in some cases contain galsna.

(c¢) Lower Quartz Sandstone
The basal contact with the microconglomsrate is usually
of transitional naturs with thin stringers of microconglomerate
and green shale. The sandstone is well beddsd and of medium grain-

gize and although cross-bedding is present it is far from common.

(d) Quartz Pebble Conglomerats
The resistant naturs of this rock is the main reason for
the Kesl inlier forming a topographic high. The base is wsll defined
and shows both<fau1tad and sedimentary contact with the underlying
Lower Quartz Sandstone. Pebble size varies from 8% x 6" to 1" x 1"
with smaller and more angular pebbles in the matrix. The unit is
well jointed with sphalerite along joint planes and its extremsly

hard nature allows many fracturas to develop,

(e) Upper Quartz Sandstons

The top member of the Basal Clastic Group comprises an
interbedded series of clean quartzitic, feldspathic, white end grey

sandstones and green and black shales. The sandstone is a well

jointed competent rocke.



(f) Nixed Beds

These bsds are interpreted as representing a transition
betwsen the clean higher ensrgy clastics below and the cverlying
muddy lowsr energy chemical sediments. The Mixed Beds are re~
presented by an interbeddsd series of sandstones, mudstones and
limestones with both dolomitic and silicsous cement. The Uppear
and Lower Mixed Beds are split by a Bioclastic Dolomite ssquences
the rocks of which exhibit a distinctive vugoy appsarance and are
characteristically very porous. The unit is well badded with
abundant fossils, vugs and fractures and small solution and tensional
breccias filled with secondary dolomite. UWeathsring is very much
in evidence along esast-west and north-south joints with complete

decomposition of the beds when intense weathering is encountered.

(a) Bioclastic Limestons
These bads mark the Tournaisian/ﬂisaan boundary and consist
of a series of black fine-grained mudstones and dark grey, medium to
course-grained limestonss. Slump features are common and fossils

abound.

() Reef Limestone
This is a pale grey fine-grained calc-mudstone with abundant
fractures , joints and bryozoan debris. It passes transitionally into

the Bioclastic Limestone.

(1) calp Limsstone
The €alp Limestone shows abundant slumping and folding which
may reflect Nassauian  earth movements. There is howsver, no
indication of Calp Limestone sub-outcrop in the Keel area although
excellent exposures are found at Ardagh village to the east and near

Kenagh to the west.

13
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2.3, STRUCTURAL GEOLOGY OF THE LONGFORD AREA.

2.3a.  FOLDING.
(1) Caledonian Orageny

Tﬁe Caledonian orogenysuwith its predominantly northeast-~
southuwest trend, initiated the inliers of the Central Irish Plain. 1In
the Longford arsa, the anticlinal = crests which had bsen left as
pogitive features after the orogeny, wers quickly covered by a
transgressive Lower Carboniferous eea. At Keegl, the cccurrencs of
a microconglomerate on both sides of the inlier is evidence, according

to Patterson, that this was a very low topographic featurs.

(ii) Nassauian Earth Movements
The qucynian orogeny is heralded in Mid-Dinantian timas
by minor sarth movements. In the Longford area the sffects of these
movements are minor and consist of only slumping and wedging of beds

of Calp Limestone age.

(11i) Hercynian (Variscan) Orogeny
The main effects of this orogeny in the Longford area
were to rejuvenate the old Caledonian folds and raise them once more

to predaominance.

2.3b.  FAULTING.

Patterson has been abls to recognise three major fault systems
in the Kesl area, which he subdivides as:-

(1) Low angle, very tight, normal faults dipping at

25-30° to the north, striking more or less east-uest,
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(ii) High engle east-west normal faults dipping south-
sast;with the associated conjugate joint systam

dipping north with minor throws.

(iii) Northesouth faults and asscciated joint systems
throwing both east and wsst. These are post-orse

faults.

2.4. MINERALOGY AND MINERALIZATION AT KEEL.

2.4a. CONTROLS OF MINERALIZATION.

A close structural correlation between faults of class (11)
of Patterson and mineralization sxists at Kesl. Some lithological
control is also apparent in that the ore is predominantly confined to
the clastic sediments. The faults,along which the ore solutions
. wers introducad;are post-depositional in age and the contact betwsesn
the Mixed Beds and Bioclastic Limestons is also faulted. At the
base of the Bioclastic Limestone, a fault gwuge, up to thrse feet
thick, has provided an impermeable barrier to any mineralizing solutions
and consequently very minor dispersion of zinc and lead occurs across
this barrier. This clay gaugs is well developed on the 200' level
of the prospect where high grade mineralization is completely
truncated by the fault. The main ore control at Keel is consequently
structural, the ors being introduced and emplaced along faults,

Fige 1.2, Although disseminated mineralization does occur, this
can also be shown to be controlled by structure. Thus the concept

of remobilization of originally sedimentary sulphides is an

unacceptable hypothesis for ore genesis at Keel.
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2.4b. MINERALOGY.

Sphalerite is the predominant ore mineral in the Keel
deposit although galena and pyrite do attain local significance.
The sphalerite varies in colour from trus honey-coloured "honeyblends"
to black, and in texture from fine, disseminated intergranular inter-
growths to coarse, wsll terminated crystals in vugs. Colour
variation can be attributed in part to variation in iron content
from 0.7% Fe in the light sphalerites to 3.0% Fe in the dark sphalerites.
This information is based on atomic absorption and optical speciro-

graph analysis of 113 sphalerite crystals, Chapter 6.

Galena, as already statedsattains local significance in the
deposit occurring as disseminated intergrowths, vein deposits or well
formed crystals in vugs associated with sphalerite. The trace

element assemblage of galena is discussed in Chapter 6.

Tetrahadrite is widely distributed throughout ths deposit
as inclusions in both galena and sphalerite. Patterson concludes on
the basis of electron-probe microanalysis that the tetrahedrite
contains Cu, Fe, Zn, Ag, Sb and S. Chalcopyrite occurs as inclusions
in the sphalerite but nowhere reaches economic importance and, as
with tetrahedrite,chalcopyrite was not present in large enough quantities

to be separated for chemical analysis. Jalpaite, (Cuo.45 Agl.ES 5)

and Bournonite (Pb. Cu Sb 83 ) are alsoc reported to occur at Keel

2
by Patterson but again,no large enocugh quantitises could be found for

analysis in this study.

Pyrite, as already stated, attains local significance and

its trace slement assemblage is also discussed in Chapter 6.
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Calcite, dolomite, baryte and quartz are the pradominant gangus
- minerals occurring as fracture and breccis fillings, joint coatings

and terminated crystals in vugs.

2.5. ORE GENESIS AT KEEL,

After the Hercynisn orogeny, ore solutions invadsd ths
sast-wast trending faults and dapositad basse metél sulphidas,
apparently with marked rapidity, as the total available space for

mineralization was not used.

On the 500% level the hanging wall of the orebody passes
out from a high grade brecciasby gradual stages,into unminsralized
ground. Evidence suggests that ths ore soluticns wers originally
hypersaline bfines (Patterson, 1971) carrying metals in the form of

complex ions and chloridss.

Patterson concludes that the source of the ore solutions
at Keel is conjectural. However,on the basis of information
obtained during the course of this study, it is considered that the
metals were gathered by scavenging brine solutions from the surround-
ing rocks and deposited in an area of high sulphur activity in the
fault zones. These brines probably originated in the Silurian
(Chapter 8) and migrated into and along the fault zones,depositing
base metals as they went. This would - give rise to a structurally
controlled orsbody, together with arsas of disseminated minerslization
spread over great distances but nonethelass associated with the minor
fractures and fissurss in ths rocke, a set of parameters which are

found in the Keel prospect area.
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CHAPTER 3

PRIMARY DISPERSION OF SELECTED ELEMENTS IN THE KEEL AREA.

(An interpretation of drill core information)

3ele INTRODUETION

This chapfar deals with the information gained from the analysis
of eight hundred samples of drill core materisl for Cu, Pb, Zn, Ag, Cd,
Hg, Fe, Mn, Na, K, Ca and Mg, by ths atomic absorption technigques described
in Appendix A. Additional information was gained from the analysis of
one hundred and fifty samples of drillcore by optical spectrograph for
Pb, Sn, Ga, V, Mo, Cuy, Zn, Ti, Ag, Ni, Co, Mn, Cr and Ba. It was hoped
that this analytical programme would yield information about the primary
dispersion of these elsments in the rocks in the vicinity of ths Kesl

prospect. The distribution of drill holes sampled is shown in Fig. 3.1.

The approach to the problem of investigating primary dispersion
in the Keel area was twofold, Stage one was the collection of samples
" from positions where the drill core itéelf interzected the elevations of
thé 1o00ft., 200ft., 300ft., 400ft., and 500ft. levels of the prospsct.
Stagse two was to collect samples at close intervals from selected drill
cores in order to investigate changes in trace element content over much
smaller distances. Thus a large and small scale picture of the primary

dispersion in this area could be built up.

32, INITIAL RESULTS AND SAMPLE PREPARATION
All analytical work was carried out at the Royal School of Mines
and initially consisted of evaluation of sample preparation methods. This

work was carried out on two kilogramme samples of rock material which were
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reduced to - 1550 pm in a manganesa»sﬁeel jaw~crusher. The samples
ware then homogenised and split into twe equal halQas. One half was
then reduced to - 53.5 pym in a Tema grinding mill and reserved for
analysis; this is known throughout the text as the "true"total sample.
The remaining half was then sieved intc thrae size fractions, = 210 pime,
- 494 pme. + 210 pm. and - 1550 pm. + 494 ume. Thess three size fractions
and the pulverised half were then analysed separately for Cu, Pb, Zn,
Ag, Cd; Hg, Fe, Mn, K, Na, Ca and Mg as described in Appendix A. The
results obtained are summarized in Appendix 8. A graphical interpreta-

tion of some of these results is shown in Fig. 3.2.

From this information it can be sean that Nay; K, Ca and Mg show
only very minor variations in concentration between different size
fractions. Copper shows a slight increase in concentration with
dscreasing size fraction, the - 1550 pm. + 494 pm. fraction being lower
 than ths "true" whole rock value indicating a possible depletion in
copper from this fraction. Iron shows a similar trend and here again
thé - 1550 pm. + 494 pm fraction haaklower iron valuss than the "true"
total, The manganess results show é different series of curves, Fig. 3.2E.%
both the - 494 pm. + 210 pm. and - 1550 pm. + 494 pm. fractions exhibit
lower manganese values than the "true" total,while the - 210 pm. fraction
switches from having a concentration greater than the "true" total to

values lower than it at approximately 0.55% Mn.

Zinc and lead show considerable increases in concentration
with decreasing size fraction, although here toe the - 1550 pm. +
494 pm. fraction appsars to show values lower than those obtained from
the pulverised half. This increase in zinc and lead content with

decreasing particle sizs is probably dus to the fact that in the Keel
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area, both sphalerite and galena are friable minerals and conssquently
will easily concentrate, on crushing,in the finer fractions. As copper
is concentrated in the sphalerite as chalcopyrite inclusions, it also

fellows this trend.

This increase in the zinc and lsad content of the finer fractions
of the sieved, crushed roek material poses two problems. The first is
that unrepresentative results will be obteined by analysis of thess
fractions. The second is that mercury, bhsing cnncgntratéd primarily
in the lattices of the sulphide minerals, can also be expected to incrsase
in concentration with decreasing particle size. Table 3.,1A. for crushed
material from the underground workings of the mine shows the relationship
quite clearly; however Table 3.1B and Fig. 3.49 Iindicate that tha
epposite relaﬁicnship is true for material from drill corss. The com-
plexities suggestéd by these figures ars fully dealt with in Chapter 8,

but do not form part of this present study.

Resulting upon this initial survey of sample preparation
techniques, it was decided that an homogsnised, ground - 53.5 um. size

?raction would be used for general trace analysis.

From the results shown in Tables 3,18 and 3.1B. it was decided
to use the - 494 pm. + 210 um. fraction for mercury analysis. This
fraction also sths the smallest enrichment factor of the other metals
and therefors interuelam@nt/harcury correlations will still be valid,

although different sample preparation techniques were used for both.

3.3, PRIMARY DISPERSION OF METALS IN THE KEEL AREA
Previous work by Patterson (1970) in conjunction with
Rio Tinto Finance and Exploration Company indicated a marked degree of

" lateral metal zonation for the Keel prospect, Fig. 3.3. This picturs,
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MERCURY CONTENT IN DIFFERENT SIZE FRACTIONS OF ROCK SAMPLES
A) FTROM UNDERGROUND WORKINGS

SAMPLE - 210 p - 494 p+ 210 p - 1550 p + 494 p
K1 ‘ 665 152 90
K 2 2575 280 A 174
K 3 12420 144 ‘ 84
K 4 300 140 A 106
KS 525 206 16
K 6 240 170 130
K7 2855 1180 720
K 8 1330 160 80
K9 705 184 116
K 10 2460 : 390 49
K11 1075 216 139

B) FROM DRILLCORE

K 12 998 1560 1020
K13 28 48 28
K 14 22 32 36
K 15 35 96 14
K 16 - 166 210 110
K 17 70 85 50
K 18 14 42 15
K 19 103 310 80
K 20 60 130 / 52
K 21 219 560 27
K 22 169 700 150
K 23 318 496 130
K 24 44 210 | 27
K 25 49 326 20
K26 160 172 110
K 27 1675 2593 1020
K 28 66 74 30
K 29 44 236 25
K 30 33 57 14
K 31 141 280 ‘ 100

RESULTS EXPRESSED AS p p b
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as will be indicated throughout this chapter, is oversimplified and
sugoests a primary dispersion pattern for lead and zinc at least of
reasonable simplicity. UWhen locked at in detail houwever, broad
dispearsion of base metals in the Keel area is n0£ apparent. Such
dispersion as there is,is closely essocilated with Faultipg, snd lateral
migration of cations into wallrocks, during, or subsequent to mineraliza-

tion at Keelsdid not take place to any merked degros.

3.3A., CALCIUM, NAGNESIUM, SODIUM AND POTASSIUM

Rock types in the Keel area consist of carbonate and clastic
sediments, with mineralization occurring predominantly in the latter.
An investigation into the wallrocks was carried out to discover if

dolomitization was in any way associated with mineralization.

The Reef and Bioclastic Limestones show little evidence,
chemically, of dolomitization, although dolomite is present in both thin
and polished sections of these unitsj usually the Mg/Ca ratic is <0.1 : L.
Thé clastic sediments, in which mineralization occursyhave much higher
mg/ba ratios although, in these lithologies, both magnesium and calcium
are generally present in quantities < 1,000 p pm. The fact that in
some cases high Mg/ba ratios occur in association with bass metal build-
up is, in the author's opinion, purely fortuitous. Figs. 3.4, 3.5 and
3.7, show the relationship of the Ng/ta ratio to the.extant of known
mineralization in the Keel area and from this it can be ssen that the
highest Mg/ba ratios correspond to the Upper Mixed Beds and Bioclastic
Dolomite. When looked at in detail, Fig. 3.6, it can be seen that
this initial asscciation of high Ng/ba ratio with rock typs does not
always hold trus and low values do occur in the Upper Mixed Beds, even

in direct association with 5,000 p p m zinc. The correlation of high
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,Ng/ta ratio with build up of base metal sulphides that is.indicated in
Figs. 3.4. and 3.5, represents only a very broad association with rock

type and cannot be said to be directly associated with mineralization.

The K)Na ratio in Keel rocks isy in many casesy >10:1, values
of 2% K being common in both carbonate and clastic sequences. However,
only a haphazard distribution of high K/Na valuss becomes apparent when
these ratios are plotted graphically. Fig. 3.8, displays this lack
of relationship betwsen high K/Na ratio and mineralization. When
looked at in greater detail, Fig. 3.6, it can be seen that, even when
exact fiqures are used,there is still no rélationship between the K/Na

ratio and build up of base metal sulphides.

3.38. IRON AND MANGANESE
Rankama ‘and Sahama, (1950) suggest that the average concentra-

tion of iron and manganese in sediments is as follows:-

Mn ~ Fe
Sandstone Trace | 1.41%
Limestone 1.86% 0.54%
Shale 0.85% 6.73%

The relation of iron to manganese at Keel is shown in
Fige 3.9, and varies between 10:1 and 500:1, Fe:ln. For manganess
values below 1,000 p.p m,a completely random relationship between Mn
and Fe exists and it is not until manganese values of above 5,000 p p m.
that any definite relationship can be ssen. These values suggest that
there has possibly been a remobilization and enrichment of manganésa
and to some extent a remobilization of iron with precipitation from a
ﬁanganese enriched solution in association with constant iron values.

As can be seen from Figs. 3.10 to 3.19, high iron and manganese values
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occur in the Upper Mixed Beds somewhat in association with mineralization
and faulting and low valuss occur in the limestones where no mineraliza-

tion is usually found.

Fig. 3.20 shows a histogram plot of the manganess and iron
concentrations in the Mixed Beds and Reef Limestone. Figures correspond’
to the concentration ranges on Figs. 3.10 - 3.19., The highest con-
centrations of iron occur in the Mixed Beds, the predominant concentration
interval being from 1% - 5%. In the Upper Mixed Beds some 7% of tha
samples have iron concentrations :>10%,while no values greater than this

occur in the limestones.

Manganese shous a far more striking concentration in the Mixed
Beds with 60% of the samples having manganese concentrations > 1,000 p pm 4

whereas only 30% of the samples show this range in the Reef Limestone.

Rankama and Sahama suggest that in carbonate sediments manganese
may become enriched with respect to iron. At Keel, the reverse is trus,
Fig. 3.204 her; manganese enrichment is in the clastic sediments.

This could be due to the fact that under the influence of migrating
ground waters, which in the Keel area would be rich in dissolved CU2 and
organic acids, manganese could be taken into solution as the bicarbonata,
while pyrite and iron oxides could not be attacked in this way. Another
process which may lead to the solution and mobilization of manganese
takes place by the action of solutions containing ferrous and ferric

sulphate derived from the weathering of iron sulphides. The process may

be represented by the following equation.

6FaS0, + 3Mn0, + 6H,0 = Fe, (so

4 o + 6Hy + 4Fe (OH), + 3MnSO

4)3 4
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*

If the manganese content of sphalarite is examined it is
usuvally below 100 p p m and thus direct co-precipitation of manganese
end zinc from ore solutions does not appear to have taken place.
ﬂanganese values greater than 1% occur primarily in the Mixed Beds‘
and Decomposed Zone. This latter has been extensively dealt with by

Evans, (1971).

Sporadic bodies of pyrite_occur throughout the Reef Limestone,
Fig. 3.21, and these can contain up to 5% zinc and 0.7% lead. These
bodies are responsibles for the high Mn and Fe values in the Reef Limestone.
Trace element analysis of this pyrite has been carried out and the results

are discussed in Chapter 6.

3.3C. LEAD AND ZINC

The Keel prospect is regarded as primarily a zinc-cadmium
- deposit, with lead of overall minor importance. The conclusions reached
in this section are based on analyses of one thousand samples for lead
and zinc and the interpretation takes into account both lithological and
structural controls. Analytical information obtained by Rio Tinto Zinc
Corporation and American Smelting and Refining Company was made available

to the author and,where relevants this is included in the chapter.

Fige 3.3. shouws Pattersons interpretation of lateral metal
zoning as indicated by diamond drillhole intersections. Patterson
states that in the central part of the area mineralization extends over
a greater vertical extent with good grade interssctions down into the
Silurian. The K .orebody extsnds to the east and is sesn to bs higher
in lsad than the other orsbodies with a Zn:Pb ratio of 3:1. (Paéterson

1971). -
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To further investigate Pattersont!s statement, mineralized drill
core samples from ths C, Dy Gy H and K faults were taken and analysed
for zincy lead and silvery the results are sxpressed graphically in

Fig. 3.22. The Zn:Pb ratio for each orsbody is expressed belouw:

Orebody ~ Number of Values Mean Zn/bb Standard
' Deviation
c 84 39,95 52.54
D 44 34.50 49,35
G 52 32.81 . 36,95
H 44 31.77 44,24
K '62 ‘ 33,87 29.23

From these results it can be seen that the variation of the Zn:Pb
ratio between orebodies is negligible, the only significant difference
being a smaller standard deviation for the K orebody, implying that the
. ratio of 33.87:1 for Zn:Pb is more consistent than for other orebodies.
Tha figure of 3:1 for Zn:Pb obtained by Patterson for the K orebody is
not corroborated. Nonetheless a significant increase in lead values
east of the shaft was detected and is represented in Figs. 3.23 and
3.24.

Freqﬁency diagrams for lead and zinc concentrations east and west
of the shaft were constructed on the basis of drill core analyses
carried out by ﬁ.T.Z. and A.S.A.R.C.D. and the author to illustrate
the variation of metal concentration,‘ Figs. 3.23A and 3.23B, and
3.24R and 3.248. As some 43% of total drilling was in the Mixed Bed
lithology,selected drill holes only were taken so as not to bias results,
Fig. 3.25 shows the footage and lithology of beds intersscted and used

in this study.
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From Figs., 3.23 and 3.24 it can be sesn that there is a
definite enrichment of laa& to the east of the shaft. Ths lower’
quartz sandstone shows an extreme difference Frqm west to sast, with
a Zn:Pb ratio in the sast in many cases « 1:1. The microconglomerate
also increases in lsad sastwards,so too does the Silurian,being minsral-

ized in some cases to depths of 200 feet.

Mineralization in thes limestones is coﬁfined to isolated
pyrite bodies with associated galena and sphalerite, Fig. 3.36 and
to occasional ZnS grains. Sporadic high grade mineralization occurs
throughout the bioclastic dolomite to the west of the shaft; to the sasts
grade is lower, but intersections far more frequent. 185.5! of
decomposed zone to the east of the shaft was examined and found to assay
83% of its length between 0.1% and 1.0% Pb and 35% of its length between

0.1% and 1.0% Zn and 62% betwesn 1.1% and 2.1% Zn.

Figs. 3.26 -’3.35 show the horizontal distribution of zinc
and lead on the 100!, 200!, 300', 400' and 500! levels of Keel and
from these a close association of metal distribution and faulting is
very apparent. Figs. 3.36 and 3.21 also show this fault association
to an even greater extent; the occurrence of pyritic bodies throughout

the limestone is also shown in Fig. 3.21.

Broad primary dispersion patterns of lead and zinc in fhis
despoit are really non-existant; mineralization is confined to faults
and faulted zones. Fragments of barren wallrock surrounded by high
grade mineralization contain <25 ppm Znand <10 ppm Pb, It
is true that Zn:Pb ratio decreases with depth, but this is due to an
increase in lead with depth rather than a corresponding decrease in
zinc. In the author's opinion the Keel deposit does not represent

a situation where migration of ore fluids led to a precipitation of
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lead near the soufce and a more distant migration and precipitation
of zinc. The fluctuations in metal ratioc ars purely due to local
increases and decrease in lead concentration. Thus mineralization
in the Keel area is confined to faults and fracture and chemical

dispersion of zinc and lead throughout the Keel wallrocks is negligible.

3.30. CADMIUM AND COPPER

The content of cadmium in the Keel sphalerite varies betueen
0.5% and 2.1% and as such,is extremsly high for the Irish Deposits.
Trace eiement content of the sphalerite is discussed in chapter.lﬁ.
Both cadmium and copper follow the zinc pattern as they are predominantly
associated with sphalerite Figs. 3.37 - 3,41, illustrate the horizontal
distribution of cadmium on the ip0t, 200', 300!, 400' and 500' levels
and Figs. 3442 and 3.43 illustrate the horizontal distribution of copper
on the 200' and 500! levels. Thseir association with the C, D, G, H and K

orsbodies can be clearly seen.

Figs. 3.44 and 3.45 show zinc cadmium relationships for the
C and F orsbodies, for material from drillcore and from the underground
workings of the prospect. Thé straight line represents an association
of cadmium and zinc in which 1% cadmium is containsd in ths sphalerites
lattics and the sphalerite has 62% zinc, this figure is an averags from
fifty sphalerite samples analyssd for a variety of trace elements. A
distinct association of cadmium and zinc can be seen, but a variation
between orebodies is not apparent. One very important fact does
emerge however, and is illustrated in both the C and F orebodies in the
underground workings. Very high values of cadmium to zinc occur, as

much as 10:1 for Zn:Cd, when sphalerites from these ore horizones are
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separated and analysed they contain a haximum of 2% cadmium for 62%
zinc and an average of approximately 1% cadmium. This indicated the
presence of a cadmium phase in the wallrocks immsdiately surrounding
mineralization and the possible existence aof gresnockite in the
underground workings. A cadmium bloom on the C fault plans on

the 200' level adds further weight teo this conclusion.

Figs. 3.46. shows the vertical distribution of éu, Pb, Zn
and Mg down drillholes. K&0 and K6l. The high values of Zn and Pb
are completely assocciated with the clastic lithologies. This being
especially apparent in drillhole KG6l. and mercury too shows high Qalues
in the clastic sediments although in K50 very high concentrations of
mercury occur at ths base of the bioclastic dolomite with only minor
- lead and zinc concentrations. Copper attains only minor importance.
The relationship between zinc and lead is sesn in these diagrams to be
beth sympathetic and antipathsetic. This point is an example of the
complex trace element associations that exist throughout this prospect

area.

3.3E.  SILVER

The asseciation of zinc and silver is apparent in Fig. 3.47b,
however, in Fig. 3.47a when the same diagram is drawn using drillcore
material the relationship breaks doun. The far superior correlation of
zinc with silver in samples from the underground workings is discussed

in detail in Chapter 4.

Patterson states that the majority of the silver in the Kesl .
sphalerite is held in solid solution inside minute inclusions of
tetrahedrite. The theoretical formula of tetrahedrite is

R b ) where R is (Cu, Ag, Fgy, Zn). To test

3 .40 - 1.5 %

the possibility that the silver is contained predominantly in the
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tetrahedrite, aﬁtimony/silvar relationships for 57 sphalerites were
plotted, Fig. 3.48a. This figurs to some extent confirms Patterson's

opinion.

It is concluded that in the case of silver, it is known ‘
from mineral studies on selected samples,that the concentration in
sphalerite is usually < 100 p pm and in the césé of'galana > 1000 ppm
As no increase in correlation between zinc and silver in the driilcore
material was found by plotting the pb/Ag ¢ Zn ratio, there must, as
for mercury in Chapter B8, exist the possibility of compounds or complexes
outside the area of high base metal build upewhich have besn ?em6ved

and redeposited to give riss to the picture indicated in Fig. 3.47a.

The lead:silver relationship is shown in Fig. 3.48B and from

this no readily discernible association is present.

3.3F.  MERCURY

The distribution of mercury in the primary environment has
been discussed at length in the literaturse. It_has been suggested
that in permeable rocks such as sandétone and limestone or dolomite,
mercury can move rather great distances from its source as a vapour
or soluble mercuric chloride (Hawkes and Webb, 1962). It would
therefore be reasonable to exbect a broad halo of dispersed mercury in
wallrocks of lead and zinc ores in these environments. On the basis
of this hypoéhesis it could be assumed that the shape of the resulting
mercury anomaly wili depend upon such physical characteristics of the

rocks as fracturing, faulting and permeability.

Initial studies on the analysis of mercury in the Keel rocks
have been described at the beginning of this chapter. Fig. 3.49 shous
vertical sections down drillholes K50 and K61 and the effect of fraction

size on mercury content. This should be compared with Fig.4.23 for the
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corresponding effect of fraction size on rocks from the underground
workings of the prospect. The initial investigation has lad to the

use of the -~ 494 p 4+ 210 p fraction in mercury analysis.

The initial mercury analyses were carried out by Barringer
Ressarch Ltd. in Toronto. Duplicate analyses gave the following

information on the precision of the method. Table 3;2.

From these results it must be concluded that no importance
can be placed on the accuracy of the analyses or on any inter-element

relationships.

Total mercury analyses have been used to compile Fiés. 3.50 -
3.54. Here there can be seen to-be only a vague relationship of
mercury and the proximity of ore. Figes 3055 shows Zn:Hg in drill
core and underground workings and Fig. 3.46., the relationship of total
mercury to baée metal minsralization down drill holes K.50 and K.61
>énd here again there is absolutely no specific relationship of mercury
to lead and zinc, both sympathetic and antipathetic associations being

shown.

Figs. 3.56 - 3.62 give combined histogram interpretations
of Mn, Zn, Cdy, Fe, Pb and Hg on each of the five level elesvations at
Keel. From these there can be seen to be no marked zonation in metal
distribution sither, although they do help to clarify the element

relationships discussed in the text.

It is impoSSible to say at Keel that there is any wide primary
dispersion associated with the base metal build up of the arsa; nor
is there any broad primary dispersion halo of total mercury around the
deposit. The investigation has led to the conclusion that dispersion

patterns of any major significance do not exist.
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TABLE ... 3.2

w

COMPARISON OF DUPLICATE MERCURY ANALYSES .

SAMPLENUMBER FIRST RESULT SECOND RESULT % DIFFERENCE:

CK 1 945 200 - 80
CK 2 665 1300 +97
CK 3 6550 2405 o - 63
CK 4 6400 3325 - 48
CK 5 665 1605 +141
CK 6 485 360 - 26
CK 7 4850 2208 - 54
Ck 8 5000 - 2880 - 42
CK 9 - 4550 2585 - 43
CK 10 . - 6550 9725 + 48
CK 11 6000 5625 - 6
CK 12 190 220 +16
. CK13 320 . 432 : + 35
CK 14 450 240 - 47
CK 15 235 | 1345 + 472
CK 16 1576 ' 2695 + 71
CK 17 6025 11525 T +091
CK 18 300 395 | + 32
CK 19 6150 750 - 88

Results expressed in parts per billion .,
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CHAPTER 4

PRIMARY DISPERSION STUDIES IN THE UNDERGROUND WORKINGS OF THE
KEEL PROSPECT

4.1, INTRODUCTION

Thres hundred and five rock samples, each weighing in excess
of one kilogramme, were collected from the underground workings of the
Keel prospect. The eample distribution was as follows:-
101 samples from the 500' level, 142 sémples from the 200° level and
62 samples from the 400°' level. Figs. 4.1 - 4.3 show the position
of these samples on the plans of the underground workings. The
samples were stored separataiy in sealed polythene bags and an effort
was made to keep obviously mineralized and unmineralized samples apart,

in ordsr to avoid inter-contamination.

Each sample was analysed for Cu, Pb, Zn, Cd, Hg, Ag, Fe, Mn,
Ca, Mg, Na and K, using atomic absorption techniques. Initial work
consisted of an interlaboratory study on 37 samples for Cu, Pb, and
Zn, and comparative studies of optical spectogreph and polarograph

with atomic absorption wsre also carried out.

4,2, INTERLABORATORY COMPARISON OF Cu, Pb, and Zn ANALYSES

Thirty seven samples of ground, ~53.5umrock material were
sent to Loughrea, County Galway, Irsland, for analysis of Cu, Pb and
Zn. Half of each ground sample was retained and analysed in tﬁe
Roysal School of Nipes.laboratoriea by the procedure outlined in
Appendix A. The results are summarized in Figs. 4.4a, 4.4b and
Fig. 4.5a. Samples were carsfully chosaﬁ so as to be relatively low
in base metals, thus negating the need for laboratory dilution and

hence overcoming a major source of imprecision.
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As can be sesn from the lead values in Fig; 4,4a, there
appears to bevno correlation whatsoever baetwesn results. The
commercial analysees appear toc be low with respect to those carried
out at R.S.M.y the diasgonal 45° 1ine represeﬁtiﬁg an idea} 1:1
ratio of reeults in all cases. Copper appsars to be svenly distributed
either side of this line, although correlation is alsc poor. Zinc,
howsver, appsars to be almost uniférmly high with respect to the
equivalent analyses carried out at R.S5.M.y, in soms casss fifteen times
'highsr. This is an extremely bad correslation and does not reflect
any inhomogeneity of samplg, but rather inaccuracies in analytical
technique at ons of the labdratnriea. It must be noted herg that the
‘author has taken inte account interferences such ae Ca, Mg, Na and K,
and also viscosity effects. This was accomplished by analysing the
Ca, Mg, Na and K content of the rocks and ueing Cu, Pb and Zn standards
made up in equivalent concentrations to obtain calibration curves
epecific for sach rock typs. A commercial laboratory would not take

thesse precautions.

To further check the accuracy of the analytical technique it

was decided to run two other series of comparative tests.

4,3, COMPARISON OF POLAROGRAPH AND ATOMIC ABSORPTION FOR LEAD AND

CADMIUM ANALYSIS

One hundred samples of mine rock were ground to - 53.5 pnm
and taken into solution after a complete acid digestion (Appendix A).
The residue was then taken up in IM HC1 and then split into two
halves. One half was analysed by polarography, and the other half

by atomic absorption spectrophotomstry.
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For the polarographic analyses a Cambridge Polarograph was
used, and was fitted with aunivector accessory unit. This enables
. a pure A.C. voltage to be superimposed on the standard D.C. voltage
applied to the dropping mercury system, thus producing polarograms

“of much graatef sensitivity, which are simpler to resolve. (Fig. 4.6.).

For polarographic analyses a very small quantity of sclution
was required which, since it is practically unaffected, could be used
for repeated tests. The method ueed was that largely developed by
Heyrovsky and his co-workers, (Heyrovsky, 1935) and is described in

Appandix C.

Comparative anélytical results obtained by atomic absorption
and polarograph are shoun in Figs. 4.7 and 4.5b. It can be seen
from these figures that there is a very good correlation between
thaga results. However the results obtained by atomic absorption
| are usually higher than from the polarograph. 1f the best line
thfaugh these points is drawn it would be very nearly parallel to the
45° 1ine already drawn. This indicates that there is a more logical
explanation than just interference or viscosity increaeing readings on
atomic absorption. A normal/hor&al plot of results, Fig. 4.5b,
shows more clearly that there appears to be a greater relative increase
in atomic absorption over polarograph results with increasing concentra-
tion. This suggests that the discrepancy may be due simply to a
standard error in dilution of the atomic absorption samples. The
polarographic semples were not.diluted, but the readout signal reduced
by variable resistors with a tolerance of ¥ 2%, and hence the

reduction in amplitude of the readout signal is very accurate.
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An extremely interesting point is apparent on ths lead graph,
Fig. 4.7a. At lead values over 10,000ppm in the sample, i.e.,
'100ppm in solution, (dilution factor in solution is 1:100) the tie
up between the two methods is extremely poor; Aat'ZGU pg/hl, the
correlation breaks down completsly. Here it must be stressed that

the solutions are made up in 1N HCl and the solubility of Pb Cl, in

2
IN HEl becomes highly suspect after 100 ug/bl (3. &ngus, perss comm. )
with chloride complexes, complex ions and suspensions of the salt. If
solutions of PbCl2 with lead potentially in excess of 100 pg/bl mere‘
sprayed intc an atomic absorption flame, the flame temperaturs would

be sufficient to break dows'any colleoid or suspension pressnt and

allow this to be read as ionic lead, However polarographic techniquee
are non destructive and only the lead in true solution would be read.
Thus it appears that the limiting solubility of PbCl2 in IN HC1 is |
approximately 200 pg per ml,. One conclusion from this is that solutions
!of lead in the form of chloride, with concentrations greater than 100 pg/

ml, should not be analysed or diluted and subsequently analysed for fear

of incorrect results.

Cadmium suffers from none of these sffects and ths correspon-
dence of the two tschniques for cadmium analysis is very good. Cadmium,
however, appears higher on atomic absorption than polarograph and the

sams explanation for this discrepancy as for the lead results is envisaged.
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4,3. COMPARISON OF OPTICAL SPECTROGRAPH AND ATOMIC ABSORPTION

FOR COPPER, LEAD, ZINC AND MANGANESE ANALYSIS

A Hilger large quartz spectrograph E.742, was used to determine
Cu, Pb, Zn and Mn in 150 samples of mine rock. The method of analysis
i; briefly describéd as follows: 100 milligrammes of the finely ground
sample was added to an equal weight of high purity carbon in a plastic
vial and shakert with two small plastic balls for 1 min.30 secs. This
mixture was then pressed into a carbon electrode and burnt to completion
at a current of 9 amp. Spectra were recorded on Kodak N40 plates and

a seven step sector was used.

Working curves were conetructed by burning standards of mixes
of specpure slemental oxides and specpure silica. The precision of
the method was calculated as within z 15% relative.
| The resulte,shown in Figs. 4.8 and 4.9, indicate mandaness to
have good correlation betwesn methods. Zinc, lead and copper, although
showing a general relationship,have no cloee correspondsence betwesen
methods, This lack of correlation could be due to incompatibility of
matrices betwesn standards, which are predominantly oxides, and samples,

in which the copper, lead and zinc are predominantly in the form of

sulphides.

These comparative studies indicate two things:

(1) The analyses obtained by atomic absorption in the
Roya; School of Mines laboratories can be expected
to be of reasonable accuracy. Thereforse conclusicﬁs

drawn from them can be made with reasonabls confidsnce.
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(2) The standarde for optical spectrograph, although
predominantly oxides, can be used in the quantitative
determination of trace elements in Keel rocks. These
standards cannot be used in determination of the
trace slement content of high grade ore dues to

incompatibility of matrices.

4.4, GEOLOGY AND MINERALIZATION OF THE UNDERGROUND WORKINGS

KEEL MINE, COUNTY LONGFORD, EIRE.

In 1965 a decision was taken to eink a 16 diamster, concrete
lined shaft at Keel to evaluate the controls of mineralization within
the depoeit. The shaft wae eunk to 535! and a total of 4500 feet
of exploratory tunnelling carried out predominantly on the 200' and

500* lsvele with only minor work on the 400' level.

The 200' level at Keel is predominantly cut in two rock units,
the Upper Mixed Beds and the Bioclastic Limestone. Minaralization on
this level is solely confined to the Upper Mixed Beds. Main are
zones occur in breccias along the southerly dipping normal faults,
trending east north east to west south weet. The contact between the
Upper Mixed Beds and the Bioclaetic Limestone is faulted and at the base
of the Bioclastic Limestone is a fault gouge, up to two feet thick, which
according to Patterson, provided an impermeable barrier to any ore
‘solutions. Primary dispersion of lead, zinc, silver, copper and
mercury across this fault is negligible.,as is convincingly exhibited
‘in Fig. 4.10.

Stratigraphic control exists to some extent, in that mineralized

fractures in sandstone die out almost entirely on penstrating a shaley
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horizon. From the primary dispersion maps in this chaptser, it is
possible to sees the structural control of the deposit, the ore obviously
having been emplaced along fault planes. Figs. 4.11 - 4,15 show the

distribution of Cu, Pb, Zn, Ag and Hg on the 200' level.

The C orsbody is excellently exposed on both the 200' and
500! lsvels., On the 500! level the foot wall of this orsbody is fault-
controlled. The reverse situation is seen on the 200! level, whers
the hanging wall is fault-controlled with high grade breccia ere dammed
up against bamen bioclastic limestone. The C and D orebodies come
very close together on the 200' levsl, both orebodiss pinching and

swelling along strike.

The 500! level is more complex with Upper Mixed Beds,
Bioclastic Dolomite, Upper Quartz Sandstone, Quartz Pebble Conglomerate
and Lower Quartz Sandstons being repressnted . Mineralization occurs
" in all units although evidence of mineralization in the Lower Quartz

Sandstone could not bs found, owing to lack of exposure.

In Chapter 3 it has been ssen that primary dispersion is not
very much in svidence in the Keel areaj; maps of the primary dispersion
of selected elements on various levels have done little to clarify the
overall picturs. In Chapter 4 the primary dispersion of coppsr, lead,
zinc, silver and mercury on the 500', 400' and 200! levels will be

discusssed.
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4.5. PRIMARY DISPERSION IN THE UNDERGROUND WORKINGS

KEEL PROSPECT, COUNTY LONGFORD, EIRE.,

The 500' level is the dsepset level of the Keel Proepect.
Primary diepersion studies are complicated cn thie, as in ali other
levels, by the abundance of different lithologies,and thus a simple
pattern is extremely difficult to interpret. Fig. 4.16. represents
the distribution of Hg, Zn, Cu, Pb and Ag along a traveres from south
to north on the main croes cut,south of the 500! level. The position

of the traveree is marked on Fig. 4.3.

A broad eympath;tic relationship between all the base metals
-is indicated in Fige. 4;&7 - 4,21 and when plotted Qraphically this
relationship ie confirmed in Fig. 4.16. Zinc values vary from a feuw
hundred p p m to 50% over very small distances and mercury values
from 400 ppb (4x 1077 8. /a. ) to 20 p pm. Primary dispereion,
.however,appears to be very limited and ore-grade minsralization drops
to background in distancee lees than one inch. Mercury also appeare
to have had little mobility and values of 50 p p b occur in fragments
of wallrock, completely surrcunded by massive sphalerite with a msicury
content of 100 p p m Isolated crystals of galena are not much in
esvidence on the 500' level and eilver ie eeen to follow zinc to an

appreciable extent, Fig. 3.47B.

A marked variation in Zn/Pb, Zn/Cd and Zn/Ag in Table 4.1l.
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TABLE 4.1. 2Zn/Pb, Zn/Cd and Zn/Ag Ratios in the F, E, D and C Faults, Kesl Prospect, County Longford,
Eire.
Zn/Pb Zn/cd Zn/Ag
Fault Mean Standard Mean Standard Mean Standard Number of
' ’ Deviation Deviation Deviation Samples
F 10,92 13.98 95.0 71.18 : 4003 ‘ 2527 15
E 19.91 20,33 25.48 3.27 4745 3624 12
D 418.6 125.3 57.07 67.33 3277 2854 16
c 221.2 265.8 " 94,63 60.81 3223 2600 12 -

021
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From this it can be sesn that the Zn/Pb ratio decreases
northuwards towards the Silurian inlier and that the Zn/Cd ratio for
the E and D faults is much lower than the 62.0 indicated from the
optical spectrograph enalysis of sphalerite in Chapter 6. This
suggeste the presence of greenockite as a distinct mineral phase
in the rocks of the 500 ft. level.lhen analyses of bulk samples
from the F and C orebodies were taken and plotted graphically,
their cadmium values show the same relationship as the F and C

orebodies in Figs. 3.44 and 3.45.

| When the distribution of Hg, Zn, Cu, Pb and Aé are plotted
on plans of the 500° level,a distinct relationship to the extent of
faulting can be seen, Figs. 4,17 - 4,21. Zinc mineralization is
predominantly associated with the F, E, D and C faults, Fig. 4.17;
eo too is lead,although it increases in concentration dramatically in
the € and F faults, Fig. 4.21. Mercury, Fig. 4.18, shous a
sympathetic relationship to zinc and lead, although,unless mineraliza-
tion is actually present in the sample analysed,msrcury levels are

very low, suggesting only minor lateral migration of this element.

Silver distribution on the 500 level, Fig. 4.20, appears
to be somewhat the reverss of lead, the Zn/'Ag ratio decreasing
southwards. Copper distribution is also fault associated, Fig. 4.19
although its specific relationship to zinc ﬁoncsntratiun is extremaely
tenuous, Fige. 4.22b. The mainly clastic sediments of the 500!
level do not really appear to have any marked effect on the distribu-

tion of ore.

Experiments were carrried out on each level of the prospect,

using rock samples which had been crushed and sieved into three mash
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sizes to ascertain the effect of fraction size on the distribution
of trace slements in the rock. The three mesh sizeé used were as
followss - 210 pm, = 494 pm + 210 pm and - 1550 pm 4 494 pm,

A ground, - 53.5 pm sample of the same rock was analysed as a
standard againet which sach mesh size was compared. The results of

this survey have been discusssd in Chaptsr 3.

flercury however, displayed differences between the rssults
obtained respectively from drill core and underground samples. The

resylts are tabulated in Table 4.2.

TRBLE 4.2. Variation of mercury content with fraction size of

rock from the underground workings, Keel prospsct.

128

Sample - 210 pm - 494 4 210 pm -1550 + 494 pm
DK1 665 152 : 90
DK2 .~ 2575 280 174
DK3 - 2420 144 84
DK4 300 140 106
DKS 525 206 16
~ DK6 240 . 170 130
DK? 2855 1180 720
DK8 1330 160 80
DK9 705 184 116
DK10 2460 390 49
DK11 1075 216 139

Results expressed as p p b
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From these results it can be seen that,unlike the drillcore
material, there is a definite incrsase in mercury cnnfent with decrsasing
fraction size. This obsservation was attributed to the increase in
zinc and lead with decreasing fraction size. Uhen & series.of samples
from the 500°' level wers analysed in this way, the picturs illustrated
in Fige 4.23 emerged. Sample numbers correspond to samples on
Fig. 4.3, the horizontal scale being entirely arbitrary. Hers it
can bs seen that generally the - 210um mesh size has higher mercury
values than the -~ 4394 pm+ 210pm, howsver occasionally very high values
for the - 494um + 210pm mesh size swamp lowsr values for the equivalent
- 210pm mesh. It was concluded that the main cause of this discrep-
ancy was because mercury must be held in a different way in these
samples than in the others from the underground workings. These
samples wers thought to contain a predominance of pore and fracture
‘held mercury gas which was released on crushing. Tbe validity of this

conclusion is discussed in Chapter 8.

If the 200' lsvsl is now considered, the main feature on this
level is the € fault at the southern end of the main cross-cut south.
This is a normal fault down thrown to the south bringing Bioclastic
limestone against the Upper Mixed Beds and separating the two by a
thick fault gouge. Patterson (1970) suggests that mineralization
was dammed up against this fault, a conclusien corroborated by the

distribution of zinc on the traverse, Fig. 4.10b.

A traverse, Fig. 4.10, was taken from west to east along
the undsrground workings on the 200' level and the distribution of
Hgy Zn, Cu, Pb and Ag along it plotted. Again there eppsars to be a
reascnable sympathetic relationship betwsen all bass metals although

when plotted graphically no close correlation is obtained. Zine shows
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major fluctuations in concentration and abundant evidence of a

build-up towards the € fault is present,together with a sharp fall
off of concentration in the Bioclastic Limestons, Fig. 4.l0b.

‘ Lead, toos exhibits these changes, but to a lesser degree, Fig. 4.10d.
Copper, while.diminishing in concentration in the fault gouge,reaches
average values again some 20' inte the Bioclastic Limestone, Fig. 4.10c.
Silver and mercury can alsc be seen to follow fhe copper trend,

Figs. 4.10b and 4.10a respectively.

When maps of the distribution of Cu, Pb, Zn, Hg and Ag on
the underground workings of the 200" level are plotted, a similar
. picture emerges, Figs, 4,11 - 4.15. Zinc is predominantly associated
with the Fy E, D and C faults and the 2°/Pb, “"/td and 2"/ag
relationships of these faults are shown in Table 4.3 for the 200!

level.,



TABLE 4.3. Zn/Pb, 2Zn/Cd and Zn/Ag Ratios in the F, E, D and C Faults, Keel Prospect, County Longford,

Eire.
Zn/Pb Zn/cd
Fault Mean Standard Mean Standard Mean Standard Number of
Deviation ~ Deviation Deviation Samples
F 51.83 71.94 162,8 122.9 573.0 906.5 11
E 59,54 86,10 185.3 141.1 573.0 1021.7 13
D 784.4 981.56 447,.0 1136.0 4597.0 8776.0 9
C 53,56 73.84 186.3 60.58 2861.0 1945.0 16

ctl
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The z?/Pb ratio nowhere attains the low.values of the
F and £ faults on the 500' level and generally, there appears to be
far more lead on the 500' level than the 200' level. Cadmium
also appears to be more abundant on the 500' level than the .200!
lsvel although cadmium bloom is seen on the fault plane of the
6 and D faults on  the 200%' lesvel. This bloom is.probably not due,
on the 200' level;to solution of greenockite from the wallrocks, but
to solution of cadmium from the sphalerite by the abundant circulating
groundwater doun the C and D faults. Ths “"/Ag ratio of the 200!
level appears to be lower for the F and E faults by nearly an order
of magnitude over anything on the 500' level, suggesting that either
silver~rich sphalerite is more sbundant in this region or that aA

separate silver phase exists in the wallrocks.

The plans of the trace slement distribution on the 200!
' levél indicate that lead is far less abundant here than ths 500!
level. Mercury £uq appears to be in lower concentration on the 200¢
level, Fig. 4.14,although the sphalerite contains approximately the

same amount of mercury in its lattice (Chapter 6).

Comparisons of mercury content of various fractions were also
carried out on this level and the results are shown in Fig. 4.23a,
Here thers is illustrated a far mors uniform result, the finer mesh
size almost invariably containing more mercury. This suggests that,
if pore and fracture held mercury is the reason for periodic increases
in mercury content with increasing particle size, then there is less
pore and Fracturelheld mercury on the 200' level than on the 500! lsvel.

The validity of this statement is discussed in Chapter 8.

The underground workings on the 400' level have by far the

smallest extent. They are mainly cut in Upper Quartz Sandstone and



mineralization is abundant with high grade lead mineralization to the
north of the shaft. Lead appears to be more abundant on the 400!
and 500°' levels than on the 200' level and this further suggests

a greater relative concentration of lead te zinc with depth;‘

Fig. 4.24 shows the distribution of Hg, Zn, Cu, Pb and Ag on a
éravarse aleng the 400' lsvel from south to north. Here again a
good sympathstic relationship bstween base metals is ssen, although
an area of very high lead valuss and very low silver values just

west of the shaft preeents an anomaly to this pattern. However,
zinc values are low here and as the silver-zinc relationship is

relatively good,then this low silver could bs a function of low zinc.

Figs. 4.25 - 4.29, show the distribution of Hg, Zn, Cu,
Pb and Ag on.the 400 level. Relationships are the same as with the
500t and 200° lesvels; mercury showe closer association with zinc than
lead and so does silver. Copper is fairly uniform although it toco
shows closer association with zinc than lead. Fig. 4.30 shous a
histegram plot of the distributien ef Cu, Pb, Zn, Ag and Hg on the
200%, 400' and 500' levels and it too indicates an increasing

abundance of base metals with depth.

4.6. CONCLUSION

In conclusion it can be eaid that little clear cut primary
dispersion is in evidence on the underground workings of the Kesl
prospect, and really only very broad, gensral trends can be inferred
from a study of the geochemistry of the primary snvironment of this |

deposit.

134



135

'

COUNTY LONGFORD ,
" IRELAND ..

RELATIONSHIP OF
Cu/Pb/Ag/Zn/Hy.
KEEL PROSPECT ,

PIG LR N J 4.24
ON THE 400° LEVEL

NORTR

= = m m .
m M w ] 8 .
3 B
= — 2
- — ——— — e ot o e 4 o e o e - oo o m " - -
e e o e = - - o
..
—— ——— - - ——t— — ———— - - m—— e ——— 3
T e e = e - e e T o e i -ty - ——— - : -
———— ) =
=
S
- S
-
X:H
P
T e e e e i Ay - ——— —— - -t .2
-— - S S — - =
o - —_ — - ———— - i e e 2
- - P ——— o ———————— T e e o — -
—————— —— . J :
. a
Ty
p4
— T et
- - oty = e = B e e e e e ] e e e e -
- [ Y e e o e e 2 = )
—— —— ..
e ——— e e = = ———————— = = - Z
= o e e o s - e o o - - -
T o e i o e il T I L . e e —— e e o e e AT s e e e e a e = —— i o = T ll..
. —— — —— —
e o Lo ——— —— — e —
Ry~ PPN —— — ~ - =
e e e e ot e o e o g, [ -
o — e n mn - — s — — — — — e e ——— e o e o — o St T o T— - g
- - [ - — ————————— =S 5
" ~
§ . g ! H
2 5 : [ L ot 2 . ! N VPP P a L .
[~ 1 ! Leara Snd <} 3 . o} q w A . . 23
¢ ] t ot 2 L, 3 2 L w Y m . 3 ‘ :
€ E 1 & & a a
4 £ & s 2 g & a - - P ° - ah
4 4 8 a 4 a ‘a o - g ] g 2 8 e 2
2 1 3 : s s : 2 : s 3 2 g g g g
2 -
2 g 3 2 8 g g = s s 5 2 LA
< < - a L) - " g m g
] ; ® o £ ° En
sk - 2 a 2 8 gy
N 2 3 8 A = S
- 3
g - & 53
= N
£ .

899
909
20

893
296

II§

&b 98

ST
8
[EE00 I 0
i 507
817 :

SAMPLE NUMBERS
& POSITION ON

TRAVLRSE



136
| ] 1
5700 - —
N
5600 —
5500
FAULT
....... . GEOLOGICAL
* BOUNDARY
>1,000 ppm
500 - 1,000 ppm
5400 100 - 500 ppm
50 - 100 ppm
10 - 50 ppm
<10 ppm
5300 e
i ! 1
5300 5400 5500
COPPER DISTRIBUTION ON 0 50 100
FIG ... 4.25 et

THE 400’ LEVEL , KEEL.

SCALE IN FEET




5700

5600

5500

5400

5300

137

FAULT

GEOLOGICAL

* BOUNDARY

>10,000 ppm

5,000 ~-10,000 ppm
1,000 -5,000 ppm
500 - 1,000 ppm
100 -~ 500 ppm

<100 ppm

9300

5400

FIG ... 4.26

LEAD DISTRIBUTION ON THE
400’ LEVEL, KEEL,




138

1 | i
5700 _
/V
.\/
/ )
5600~ —
5500 = -
FAULT
""" s, GEOLOGICAL
BOUNDARY
[  >10,000 ppb
5,000 -~ 10,000 ppb
5400 — 1,000 - 5,000 ppb
® 500 - 1,000 ppb
O 100 - 500 ppb
<100 ppb
5360~ ‘ el
! ! i
5300 5400 5500
MERCURY DISTRIBUTION ON 0 5|0 100
[ 1.
FIG ... 4.27 THE 400‘ LEVEL, KEEL. e el e e St

SCALE IN FEET




139

. (_‘ ) I i :
5700 ~
&
/
/
S~
/ )
5600 —
GROG ™ y
-~ FAULT
------- , GEOLOGICAL
"BOUNDARY
[:'J‘ >50,000 ppm
10,000 - 50,000 ppm
5400 @ 5,000 ~-10,000 ppm
® 1,000 -~ 5,000 ppm
O 500 - 1,000 ppm
QO <500 ppm
Mo
53060 o
) | s u
5300 5400 5500
ZINC DISTRIBUTION ON THE (') 5,0 100
Vo] 1.

400° LEVEL, KEEL.

T e e
SCALE IN FEET

e




140

1 ‘ ! |
5700 )
N
5600 )
5500 B
FAULT
/7
-, GEOLOGICAL
* BOUNDARY
/
E]  >500 ppm
100 ~ 500 ppm
i “"l@®  50-100ppm
10 - 50 ppm
0] 5 ~10 ppm
O <5 ppm
5300 )
] ' !
5300 5400 Sy

FIG ... 4,29

SILVER DISTRIBUTION ON THE
400 LEVEL, KEEL.




Numbers Indicating Class Distribution of the Various Elements Correspond to Concentration Levels on Fig...4.11 = Fig...4.15
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- CHAPTER 5

>

PRIMARY DISPERSION OF FLUORINE AND CHLORINE IN WALL ROCKS SURROUNDING

THE KEEL ZINC-CADMIUM PROSPECT.

5.1. INTRODUCTION

Mineralization at Ksel, as already statsd, ié epigenstic
and hydrothermally intreoduced along southerly dipping sast-wasst fault
planes. The primary dispsrsion halo of copper, lead, zinc, silver,
mercury and other sslected trace elemsnts has already been shown in
Chapters 3 and 4 to be almost negligible. Bscause of this lack of
primary dispersion it was decided to investigate the primary disparsian
of fluorine and chlorine. These elements were chosen for investigation
because of their possible importance as constituents of the hydro-

thermal soclutions carrying the base metals in the Kesel area.

A considerable amount of research has been carried ocut on
hydrothermal solutions and brines and their relationship to base metal
sulphide mineralization, Barnes and Czamanske (1967), Dunham (1966),
Follingshes (1967) etc. Here therefore, it is necessary to first
consider the cycls of fluorine and chlorine before commenting on the

distribution of these elements in the Keel area.

5.2, CYCLE OF FLUORINE AND CHLORINE.

An interesting feature of the halogens is that they form few
insoluble salts, therefore they are not easily precipitated and

consequently have great mobility.

Fluorite is the most common fluorine mineral and is very

resistant to weathering processes. Howsver the fluorite which does
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. dissolve, can be transportsd as alkali flucrides intq both seas and
rivers,where it can be deposited as calcium fluoride or in evaporate
sediments. Calcium fluoride may be removed by co-precipitation with
barium sulphate, calcium carbonate and calcium phosphate and con-
sequently may bs pressent in many marine sediments. Fluoride can be
sfrongly adsorbed onto clay minerals and up to 8,000 p p m fluorine

in bentonite has been reported (Robinson and Edgington, 1946).

Shépherd (1935) found 1,200 p p m fluorine in a bottom mud from the
Pacific Ocean,while Barth and Brunn (1945) reported 280 p p m

fluorine in Ordovician limestones and 540 p pm fluorine in Ordovician

and Cambrian shales.

Chlorine is associated with volcanic activity and hydrogen

chloride is a common constituent of volcanic gases.

Chlorine goes readil; into solution on weathering as alkali
and alkaline earth chlorides. Rankama and Sahama suggest that when
chloride solutions ere brought into contact with heavy metals,
particularly mercury, silvsr, copper and lead in the surficial parts
of orebodies, insoluble, or sparingly soluble chlorides of these
metals will be precipitated, e.g., chlorargyrite, Ag Cl; cotunnite,
PbClz; nantokite, CuCl; calomel, HQZCIZ.
On weathering, however, the majority of chloride is carried

into the sea and only a minute fraction of that found in the ocesans

will sver crystallize as halite, NaCl.
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5.3. METHOD OF ANALYSIS
Ten grammes of —53.5 pm ground rock material were placed
in a 500 ml. plastic screw-top jar and fifty ml, of dsionised water
addede The jar was continuously agitated at rgom temperature for
thirty six h;ufs to remove water-soluble fluoride and chlorids.
After this time the suspension was allowed to settls for four hours
and then the supernatant water was filtered,under pressuresthrough a
0.45 u Millipore filter into a Buchner collscting flask and used
for the following determinations:
(a) Colourimstric Determination of Fluorine
Tenmillilitres of the filtersd solution was placed in
a small diffusion bottle and § ml.of analar perchloric
acid addsd to it,. A filter-paper wick,meistened with
one drop of 0.5N sodium hydroxide solution,was then
suspended above the liquid and the bottls sealed.
Diffusion was allowed to proceed for twenty four hours
at 50°C.
At the end of the diffusioen period the papser absorber
was removed to a beaker and leached with 10 ml of 0.1M
sodium succinate solution. After allowing this to
stand for about five minutes, ten millilitres of a mixture
of 2 x 10™°M Lanthanum nitrate and 2.2 x 10°°M alizarin
fluorine blue were added to ths beaker and the mixture
transferred to a 50 ml. volumetric flask and diluted to
the mark with deionised water. The optical density of the
solution was measursed at 625 np. in lcm. quartz cells,
The ecalibration curve for quantitative determination of

fluorine is shown in Fig. 5.la.
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(b) Turbidimetric Determination of Chlorids.

0.2 ml of 0.,05N silver nitrats solution and 1lml. of

1IN HNG3 were transferred to a lem. quértz spectro=-

photometer cell and S ml. of the filteraed rock solution
" ‘addad. A slight turbidity formed and the optical
density of this was measursed at 400 np. The calibration

curve for the quantitativs determination of chloride

is shown in Fig. b5.lb.

5.4. DISCUSSION OF THE METHOD OF ANALYSIS.

Experiments wers carried out to ascertain the sffects of
time and light on the optical densities of the standard solutions of
fluoride and suspensions of chlorids. It was discovered that,once the
fluoride colour complex had formeds.the solution could be left for period
“of dp to five days without any change. After this period some deteriora-
tion was noted and the optical densities of the standards fell,relative
to fresh standards. However the chloride standards proved more
unstable. A series of chloride standards wers made up and analysed
every minute for eight minutes. The calibration graphs obtained are
illustrated in Fig. 5.2. This graph change from the normal convex
to concave outline when the standard solution is left for periods
longer than one minute is probably due to the formation of flocculated
colloidal masses in suspension. A plot of relative changes in optical
density of the standards with time, Fig. 5.3. indicates this
possible flocculéting sffect to a much greatsr extent. During a four
minute standing period, a 10 p p m chloride suspension gradually
increases in optical density and then,after some six minutesssettles

down to a standard level. It appears that for periods of up to four
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minutes standing,a gradual increase in Ag Cl2 in suspension is taking
place until a maximum level of optical density for the solution is
obtained. The optical density then falls quite dramatically as if
precipitation is taking place and then settles out to a uniform level,
indicating a possible equilibrium condition. Ths lower concentration

standards also show this effect but to a much more supressed level.

On the basis of this evidence it was decided to analyse all
solutions-individually, imnedistely after the addition of all reagents,
and to run a standard solution with each unknown to further eliminate

the possibility of error.

For complete standardization of the chloride method, rock

standards G.l and W.l. were also analysed for chloride.

5.5. ANALYSIS OF G.l1 and W.1 FOR CHLORIDE.

Two Hundred milligrammes of G.1l and W.l wsere first boiled with
25 ml. of conc. nitric acide The sclution was then centrifuged
to precipitate all suspended rock material and split into two, one
hal% being used as a reference blank. 0.2 ml of 0.05N. AgN03 solution
was added to a quartz spectrographic cell and 5 ml. of the nitric
acid rock leach added to this. The optical density of the suspension

was read at 400 np, taking cars that less than one minute had elapsed

after the addition of all reagents.

The following results were obteined for duplicate analyses

of Gel and W.l.
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G.l. -  Chloride content , W.l. Chloride contsnt
109 ppm 256 p.p m
103 ppm 245 p p-m

Cloride content of G.l1 and W.l. had bsen carried aut'by neutron
activation analysis and recorded in the literature (Fleischer). The

analyses obtainedwere as follows:-

G.l. Chloride content Wels Chloride analysis
SOppam 181 ppm
63ppm 87 ppm

130 ppm _ 270 ppm
19ppm ; 256 ppm
) 206 ppm

As can be seen, agreement in the literature is poor, nonetheless a
reasonable correlation between literature results and the present

study does exist.

5.6, ANALYSIS OF ROCK MATERIAL FROM KEEL FOR FLUORINE AND CHLORINE.

Eighty nine samples of drillcore, from nine different drill-
holes,were prepared and analysed for fluorins, chlorins, sodium
potassium, calcium and magnesium. The results obtained are summarized
for D.D.H.K.le and D.D.H.K.14. in Fig. 5.4. Here,thers can be seen
to be a reasonably sympathetic relationship Eetwean sodium and chlorine,
which would be expected in marine sediments; the chloride values are
however much lower than the sodium valués. There does not appear to
be any other inter-slement relationship. Sodium, potassium, calcium
and magnesium concentrations are very high,relative to fluorine and

chlorine,and the presence of soluble carbonates and bicarbonates of
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these elements is suspscted in the drillcore materisl.

Absolutsly no relationship between fluorine and chlorins,
Fig. 5.5bs;or betwesn fluorine, chlorins and the extent of base
metal mineralization, Fig. 5.4, can be found. Specific element
relationship in the lesach from ground drillcors were plotted to try
and make more sense of the results. Fig. 5.5b shows a plot of
fluorine against chlorins and Fig. 5.5a,a plot of calcium against
magnesiume. As can be sesn from both these diagrams, absolutsly no
relationship exists. Fluorine to zinc and chloride to zinc,
Fig. S5.4., also show no sensible relationship. An investigation
into the total reck mercury and its relationship to chloride was elso
carried out. This experiment it was hoped, would further determine
the existence of HgCl, and HgCl in the drillcore material (Chapter 8). Hou-
sver it was not really expscted to yield any information,as the
relative amounts of chloride would be vastly in excess of mercury and any
mercury to chloride relationship that did exist coulﬁ not be picked up
in a method with such high detection limits. No relationship was

found between mercury and chlorins.

Complete Fiuoride analysis was not undertaken as fluorite,
unrelated to the mineralizing phase in the Kesl area, was almost
ubiquitously present in small amounts in Keel sediments, as indeed
it is present in most marine sedimants. These amounts, howesver, would
be enough to mask any fluoride introduced with the mineralization by
circulating connate or hydrothermal waters and would easily mask any
primary dispersed fluoride halo. Original rock chloride in the
sadiments would also be enough to mask any chloride introduced with

mineralization and therefore total chloride analyeis was not undertaken.
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Considsring that the area afound Keal iaJpredominantly one
of carbonate and clastic marine sedimentsgall the levels of fluorine
and chlorine cbtained during this study, can quite easily be explained
as being criginal constitusnts of the host rocks and no intr?duction
by hot,circulating hydrothermal waters is needed to explain their
existence. It can therefore be concluded that primary dispersion of
fluorine and chlorine in ths wallrecks surrounding the Keel prospect

is non existent and no relationship to base metals can be sesn.

154




i55

CHAPTER 6.

TRACE ELEMENT DISTRIBUTION IN SPHALERITE, GALENA AND

- PYRITE, FROM THE KEEL PROSPECT.

6.1, INTRODUCTION.

The preceding chapters have dealt primarily with primary
dispersidn of trace elements and major slements in the wallrocks
surraunding the Keel zinc-cadmium praspect. This study has not
proved a particularly rewarding line of research. During the
investigation however, it'Mas found that sphalerite contained
- anomalously high concent;ations of certain trace elements, cadmium
' being one example. Because of this, it was decided to investigate
the trace elsment distribution in the three main sulphide minerals,
sphalerite, galena and pyrite at Keel in much greater dstail and,as
a consequence, possibly provide paramstsrs on which a theory of o¥9-

genesis could be based.

Patterson (1970) has already carried out an investigation
inte the distribution of Cd, Fe, Mn, Cu, Ag, Sb, Ti and V in nine
sphalerite, two galsnaand four pyrite samples. This analytical
.programme however, was not comprehensive enough to draw anything but

broad conclusions from.

6.2. ANALYTICAL METHOD.
(a) Sample Preparation
Approximately 200 g .. samples of minsralized rock
were crushed in a manganese-steel jaw-crusher and the
-210 um 4+ 494 um fraction sieved out and reserved.
Several polished sections of this crushed materiasl were
prepared and carefully examined using a reflected light

microscope in an attempt to ascertain if any contamination
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from the jaw—cruaher could be founde The results wers
negative. Ths -~ 210 pym + 494 pm fraction was then
shaken with 200 ml. aliquots of dsionised watsr until

the latter was clear and free from suspsndad’material;
the residue was then dried bstween filter papers. Small
portions of this clean - 210 pm + 494 pm material were
then slowly poured into tstrabromoethane,spscific gravity
2,87 g./bc., and centrifuged. The lighter fraction,
consisting presdominantly of gangue minerals, was then
discarded and the heavy minerals rstained. The specific
gravities of various minsrals at Kesl are shown below and

compared to tsetrabromoethans.

MINERAL SPECIFIC GRAVITY g, /cc
TETRABROMOETHANE (T.B.E.) 2,97

SPHALERITE 4,102

GALENA 7.50

PYRITE | 5.00

QUARTZ 2.20

DOLOMITE 2.80

CALCITE 2.60

Approximately 5 g, of heavy mineral were ssparated from
each hand specimen in the above way. The minsrals were
then washed with acetone to remove any T.B.E. and allowsd
to dry. Each 5 g. sample was then transferred to a
100 ml. conicle flask and allowed to stand for 24 hours

at room tempsrature in 50 ml. of 0.01N. hydrochloric acid.
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This removed any adhering calcite on the grains,without
attacking the sulphides themselves} after this the grains
wers washed with deionised water to remove acid,and allowed
to dry. VWhen dry the solid was slowly fed into a Franz
magnetic separator and split into five fractions,depending
upon the magnetic propertiss of the minserals. The ssttings

on the magnetic separator used are shown below:-

TILT INCLINATION ANMPERE REMOVES

(1) 1° 18° 1.1 Quartz and Carbonate
: gangue

(2) 2° 16° 1.1 Iron rich gangue and
- - : pyrite

(3) - 3,5° 18° 1.1 Yellow sphalerite and
galena

(4) '5,5° 18° 1.1 Intermediate sphalarite

and galena

(5) 9.0 18 1.1 Dark iron rich sphalerite
After this, splits 2, 3, 4 and 5 were hand picked,using a
binocular microscope,to remove any visible contamination.

Galena and pyrite were also hand picked from each fraction.

* In this way, galena, pyrite and three colour varieties of

sphalerits were obtained.

6.4 ANALYSIS :
Each sample was thoroughly ground in an agate pestle and mortar.

Fifty milligramme portions of the ground mineral wsre then
mixed with an equal weight of high purity carbon pouder,
containing 0.04% palladium as an internal standard, and

burnt to completion at 9 amps. The complete burn took
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approximately 1 min., 30 seconds. The optical spsctrograph
used has bsen deseribed in Chapter 3. Spectra were recorded
on Kodak N;40 plates, é seven step sector (ratio 2:1) being
emﬁloyed for plate calibration. Line densitises were read

on an A.R.L. microphotomster and converted to relatiueA
intensities; the method is described in Ahrens and Taylor,

(1961). The spectral linss used are shown in Table 6.6.

Working curves were constructed by means of specpure*
mixes of the elements to be determined,diluted in zinc sulphide,
lead oxide and ferric oxide bases. The precision of the

method is within ¥ 15% relative.

Analytical results for sphalerite, galena and pyrite are

shoun in Tables 6.1 - 6.4 inclusive.

COMPARISON OF ATOMIC ABSORPTION AND OPTICAL SPECTROGRAPH.

In order to obtain information as to the accuracy of analysis
of these minerals by the optical spectrograph method, it was decided to
run .a test series of samples on atomic absorption and compare results.
Table 6.5. shous the results obtained after analysis of tmenty-tﬁo
samples of sphalerite. The reproducibility of cadmium and iron results
can be sesn to be excellent; silver, manganese and copper, gaod;
while lead, magnesium and calcium are not vefy good at all, However,
there is enougﬁ general agrégment with the important trace slements,and
a good indication that the values obtained on optical spectrograph are

quife acceptable and reproducible. by another analytical method. This

* Registered trade mark, Johnson Matthey Chemicals Ltd.




TABLE ... 6.1, :
SEMIQUANTITATIVE SPECTROGRAPHIC ANALYSIS OF SELECTED SPHALERITES FROM KEEL PROSPECT,

COUNTY LONGFORD, IRELAND

SAMPLE NUMBER Ccd Ga Ag Ni Co Sb Ba Cu Ca Ti In Ge Fe Si Pb Mg Mn
2116 10760 21.5 1 trace n,d, n.d. <1.0 53 35.0 n.,d, n.d., n.d. 3450 59 1090 10.5 32.0
2117 10640 86.0 157 11.0 15,0 640 7.5 650 n.d. 1.5 2.0 20.0 13800 10000 7170 3.3 37.0
2118 T 8900 100.0 310 4.0 24,0 786 3.5 780 trace 28,0 2,0 24,0 15500 4000 2650 49.0 43.5
2119 7900 42.5 15 2‘.(} 15.0 n.d. 6.5 150 142,0 3.S 5.0 9.0 6300 10000 3300 133.0 30.0
2120 7100 43.5 4 9.0 24.0 n.d. 0,1% 125 58.5 4.0 42,5 n.d. 7100 10000 6200 49.5 15.0
2121 8000 38.0 5 ‘trace n.d. n.d. .15.5 12 1870.0 2.0 n.d. n.d. 6300 750 590 790.0 123,0
2122 8800 3.5 13 trace trace n.d. 23.5 27 216,0 7.5 8.0 n.d. 7080 3750 267 100.0 32,5
2123 8810 trace 9 trace trace n.d. 8,0 19 492,0 7.0 n.d. n.d. 5700 970 4450 215.0 62,0
2124 7800 101.,0 230 trace 13.0 1220 2.0 620 n.d, " 1.5 2,0 18,0 15200 8700 2650 2.0 42.0
2125 ‘ 9300 7.0 10 trace 990 n.d. 5.5 18 56,0 3.0 n.d., n.d. 2950 95 i 50 26,5 105.0
2126 8900 54,3 300 23.0 4.0 1210 86.0 875 37.5 26.0 5.0 17,5 16200 4300 . 4200 255.0 105.0
2127 9150 30.0 103 31.5 trace 715 285.0 i 18 n.d. 36.5 n,d. 4.5 9600 10000 3200 34,0 61.5
2128 10000 59.5 95 17.5 trace 730 13.0 425 n.d, §0.0 2.0 8.5 10700 7700 10000 15,0 67.0
2129 7300 49,5 45 18,0 trace trace 87.0 160 n.d. 6.5 trace 2.0 8000 3500 820 12,0 52.0
2130 7600 60,0 330 10.0 trace 1320 40.0 760 n.d, 6.5 trace 40,0 16200 2070 3750  41.5 54.5
2131 6600 52.0 225 10.0 trace 1330 17.5 810 n.d, 13,0 6.0 39.0 15500 3400 4350 7.0 52,0
2132 8800 43,5 3 3.0 20,5 n.d. n.d. 42 n.d. 1.0 4,5 n.d. 5600 770 5050 9.0 48,0
2133 9100 1.0 2 trace trace n.d. trace 11 222,0 1,5 trace n.d, 4300 152 94 123,0 40,0
2134 10700 trace 5 trace trace n.d. trace 17 515.0 3.5 n.d, n.d. 4550 330 3650 200.0 78.0
2135 7300 s.4 1 5.5 3.0 n.d. 13.0 51 n.d. trace 4.0 n.d. 4660 33 162 3,0, 38,5
2137 11100 3.5 2 trace 17.5 n.d. trace 20 n.d. 3.5 4.0 n.d. 4950 49 2550 2,0 31.0
2138 8100 44.5 84 57.0 4,5 218 110.0 295 trace-11.5 7.0 n.d. 13500 2570 4306 84.0 76.0
2139 7700 60.0 265 7.5 5.5 860 trace 990 trace 3.5 r.d. 42,0 19000 940 30(_)0 trace 59.5
2140 11800 20.5 55 22.5 21.0 670 24,0 530 n,d. 17,0 4.0 11.5 9400 6700 10000 25.5 39.5
2141 12700 152,0 197 80.0 16.0 800 11.0 1042 n.d. 31,5 20.0 21.5 18400 4465 4150 193.0 49,5
2142 10600 90.0 252, 7.5 10.5 875 16.0 810 nd, 5.0 28.5 33.0 18500 2900 2350 22.0 57.0
2143 10000 47.0 192 7.6 - 16,0 710 ' 4.5 523 n.d, 5.0 trace 22.5 16200 2450 10000 8.0 44,5
2148 8070 25.0 162 2.5 10.5 684 16.5 682 n.d. 44.0 2.0 28,5 17500 4500 1490 14,0 51.0

({N.B. Results expressed as p.p.m. unless otherwise stated)

{n.d. Looked for in sample but not detected. trace. Detected in sample but not measureable))

651



TABLE...6.2. .
SEMIQUANTITATIVE SPECTROGRAPHIC ANALYSIS OF SELECTED SPHALERITES FROM
THE KEEL PROSPECT ;COUNTY LONGFORD , IRELAND

SAMPLE NUMBER cd Ga Ag Ni Co sSb Ba Cu Ca Ti In Ge Fe Si Pb Mg Mn
2146 8400 43,0 119 14.0 15,0 710 18.0 395 n.d. 24,0 7.0 17.0 12600 3200 1430 15.5 32,0
2147 6800 56.5 222 10,0 6.0 202 17.0 790 2470 47,5 3.5 32.5 19300 2220 2620 998.0 250.0
2148 8000 50.0 73 5.0 16,5 840 8.5 - 756 n.d, 1.5 n.d. 39.0 16400 2000 6100 5.0 48,0
2149 6800 51.0 264 10.5 5.0 720 107.0 880 n.d., 41.5 n.d, 34,0 17000 10000 8100 22,5 48.0
2150 6300 61.5 252 4.0 4.0 930 24.0 906 n.d. 5.5 n.d, 44.0 13600 3250 4650 1.0 57.0
2151 9200 65,0 252 2,5 6.0 900 12.5 620 n.d. 3.5 n.d, 33.0 16000 900 2600 1.0 44,0
2152 10800 - 11.5 21! 10.0 19,5 trace 52.0 218 n.d, 15.0 3.0 7.5 7900 8300 10000 20.0 26,5
2153 10700 42,5 112 11.0 16,0 325 14,0 750 n.d. 7.0 trace 24.0 15500 4400 4200 5.0 51.0
2154 10500 44,0 325 44,0 21,0 1150 15,0 1370 n.d, 4.5 trace 21.0 9600 5500 10000 27.0 33.0
2155 5950 47.0 180 23,5 6.0 700 64.0 1070 370 52.0 7.5 41,5 15700 5550 6600 395.0 310.0
2156 8750 31,0 170 20.5 17.0 430 6.5 490 n.d. 14.0 trace 17.0 12700 8300 10000 23,0 36.5
2157 8350 55.0 142 4.0 13,5 437 2,5 630 n.d. 1.5 trace 26,0 17600 480 2200 trace 49.0
2158 9800 66.5 292 2,0 11.5 920 23.0 700 92 12.0 12,0 31,0 15200 10000 6100 57.5 55.5
2159 3500 70,5 193 2,0 13,5 870 trace 675 n,d, trace trace 26,0 17600 162 10000 trace 53,0
2i60 7100 61.0 293 2,5 5,5 700 21.5 970 n.d, 8.0 trace 46.5 19300 3100 10000 trace §3.0
2161 6150 26.5 56 23.0 3.5 114 101.0 285 n,d. 12,0 n.d. n.d. 13200 6400 1140 20.0 84,0
2162 8750 22,0 56 21.0 16,5 185 25.0 855 n.d, 13.5 n.d. n.d. 8300 6100 10000 22.0 38,5
2163 8100 14,0 49 8,0 18.5 93 23.5 150 n.d, 30.0 n.,d. n.d. 8400 3250 10000 12.5 18.0
2164 10500 96,0 235 3.0 13.5 157 trace 790- n.d, 2.0 18,0 36,0 17600 3050 2800 8.5 55.0
2165 8700 59.0 228 2,0 9.0 860 11.5 630 76 13.0 9.0 21.5 13200 10000 5300 54.0 50,0
2166 8450 66.5 230 2.5 7.5 1050 11,5 690 n.d. 5.0 n.d, 33,5 15100 520 6300 2.0 38.5
2167 13600 88,0 247 3.0 13,5 547 trace 760 n.d. 8.5 17.5 24,0 16800 2880 4950 9.0 50.0
2168 7200 20,0 52 17.5 4.0 108 83.0 115 n.d. 8.0 trace trace 7900 3250 675 9.0 51.0
2169 8800 116,0 210 2,0 8.5 920 12,5 6390 65 13,5 11.0 28.5 14700 10000 2600 61.0 53,0
2170 10500 70.0 227 trace 12,0 622 n.d. 710 n.d, 4,5 17,5 34,5 18300 3200 2820 5.0 52,5
2171 8450 30,5 212 19.5 4,5 810 92.0 675 103 26.5 4,0 25.5 15400 3100 2960 22.5 95.0
2172 9650 60.0 230 4.5 6.0 880 11.0 600 n.d. 2.5 n.d. 29,5 14200 435 2630 2.5 356.5

(N.B. Results expressed as p.p.m. unless otherwise stated)

({(n.d, Looked for in sample but not detected. trace, Detected in sample but not measureablel)
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TABLE. ..

SEMIQUANTITATIVE
THE KEEL

6.3.

SAMPLE NUMRER Co
2241 10.5
2242 3.0
2243 8.5
2244 trace
2245 12,0
2246 4.0
2248 n.d,
2249 n.d.
2250 12,0
2251 33,0
2253 trace
2254 n.d.
2255 7.0
2256 8.5
2262 24,0
2263 n.d.
2264 trace
22695 trace
2267 15.5
2269 19.5
2270 32,0
2271 19,0
2272 30.0
2273 trace
2274 26.0
2275 8.0
2278 7.0
2281 12.5
(N,B.

{{n.d.

SPECTROGRAPHIC

PROSPECT , COUNTY

Ni Ag
5.0 180
trace 47
5.0 260
n.d. 390
5.0 190
6,5 210
10,0 22
n.d. n.d.
n.d. 7
12.0 120
47.0 350
trace 700
11.5 19
4.5 140
n.d. 9
12.0 62
trace 125
n.d. 550
trace 220
n.d. 70
210.0 250
5.5 800
130.0 275
trace 7
trace 11
16.5 82
n.d. 560
n.d. 82

Results expressed a

Looked for

in

sample

s

LONGFORD

Cu
260
99
540
999
200
235
44
n.d.
27
600
999
770
55
230
125
340
439
210
999
660
1000
1000
1000
40
51
680
1000
440

Ccd
9200
18500
11000
13750
16500
13500
16000
n.d.
16000
13000
12000
14500
7900
4600
10500
14500
7800
9200
20000
11000
14000
15000
11000
9000
10300
18700
13300
14000

p.p.m, unless

but

not

detected

r

Ti
7.5
3.5

11.5
8.5

10.5
3.5

trace

trace

n.d.

18.0

18.0

n.d,

n.d.

n.d.

25.0

36.0

10.5

trace

22.5

trace

n.d.

640.0

.

30,0
24,0
3.5
n.d.
8.5

trace

oth

ANALYSIS OF

SELECTED

IRELAND,.

Ge
n.d.
n.d.
9.0
23.5
20.0
30.0
n.d.
n.d.
n.d. .
trace
27.5
n.d.
9.0
n.d.
n.d.
n.d,
11.0
n.d.
n.d.
22.0
trace
n.d.
18.5
n.d.
n.d.
17.0
15.0
15.5

erwise

In Ga
175 245
n.d. 4
n.d, 21
n.d. 110
34 180
n.d. 120
n.d. 180
n.d, n.d,
31 4
n.d, 40
n.d. 72
n.d. 8
23 7
n.d, 25
15 26
10 33
n.d, 74
n.d. 30
190 245
n.d. 120
n.d. 250
n.d. 300
n.d, 65
31 trace
n.d. 6
23 58
n.d. 35
9.0 160
stated)

trace.Detected

SPHALERITES

Fe
12250
7800
11750
16500
16000
17000
31000
6000
10000
12500
20000
14000
5400
10000
5700
7000
12700
7800
15500
16700
40200
19000
21000
4700
6700
13700
15500
12500

in sample but

Sb
1150
trace
860
1350
1070
1300
n.d,
n.d,
n.d.
n.d,
980
1950
n.d,
600
n.d.
n.d.
590
395
1200
450
1230
2800
730
n.d,
n.d.
280
1250

not

Pb
530
90
890
780
1150
340
810
110
1650
2750
1150
155
580
540
680
310
370
140
870
1150
950
980
3300

110

2100
1450

measu

FROM

Mn
56.0
21,5
19.5
32,0
100,.0
76,0
90,0
95.0
50,0
20,0
53.0
78.0
14,5
22.0
115.0
11.5
85.0
46.0
37.0
60,0
79.0
42.0
25.5
15.5
11.0
23,0
31.0
77.0

reabilie))

19l



TABLE...6.4.

SEMIQUANTITATIVE
GALENAS

&

SAM

PLE NUMBER

SPHALERITE
2283

2285
2286
2288
2289
2230
2291
2293
2294

PYRITE
2144

2259
2261
2279

GALENA
2239

2240
2247
2252
2260
2276
2277
2280
2282
2284
2287
2292

(N.B.
{({n,d,.

"FR

Results
Looked

oM
Co

n.d.
5.0
13,0
trace
n.d.
n.d.
14,5
trace

27.5

18.0
n.d,
n.d.

n.d.

n.d.
n.d.
n,d.
n.d.
n.d.
n.d.
n.d,
n.d,
n.d,
n.d,
n.d.

n.d,

expressed

for

in

SPECTROGRAPHIC

THE PROSPECT

Ni
n.d.
9.0
6.5
135.0
trace
5.5
7.0
n.d.

14,0

111.0
98.0
n.d.

16,5

5.0
trace
n.d.
n.d,
n.d.
n.d,
n.d.
n.d,
n,d,
n.d.

6.5

n.d,

KEEL

Ag Cu
76 105
200 640
400 620
310 1000
72 110
15 24
10 34
260 1000
120 510
41 13
52 34

72 n.d.
64 230
1000 8
650 3
320 78
340 4
1000 17
470 5
230 8
1000 52
1000 12

1000 n.d.
500 13
1000 9

as p.p.Mm.,
not

sample but

Cd

13700
11500
12500
7100
14700
4850
6500
13500
14000

n.d.
trace
"n.d.

n.d.

trace
trace
trace
trace
trace
23
260
260
180
n.,d.
430

trace

unless

detected

ANALYSIS
, COUNTY

Ti

34.0
15,0
trace
trace
28,0
trace
trace
13,5
16.0

530.0
63,0
n.d,

76.0

3.0
trace
trace
15.0
trace

otherwise

., trace.Detected in

OF

Ge

n.d.
n.d.
n.d.
n.d.
n.d.
n.d,
n,d,
17.0
14,0

n.d.
n.d.
n.d.
n.d.

n.d,
n.d.
n.d.
n.d,
n.d.
n.d.
n.d,
19,0
25.0
n.d,
n.d,

n,d,

SELECTED
LONGFORD

In

n.d.
n.d.
n.d.
n.d.
n,d.
n.d.
n.d,
n.d.
n.d.

29.5
n.d,
n.d.

n.ds

n.d.
n.d.
n.d.
n.d.
n.d.
n.d,
n.d.
n.d.
n,d.
n,d,
n.d,

n.d,

stated)

Ga

18
100
110

29

14
n.d.
n,d.

71

36

9
n.d.
n.d,

n.d.

n,d.
n.d.
n.d.
n.d.
n.d,
n.d.
n.d,
n.d,
n.d.
n.d.,
n.d,

n,d.

sample but

SPHALERITES
, IRELAND

Fe

6700
11500
14000
37000
13060

3300

5400
11590
10750

trace
trace
trace
n.d,
tface
n.d,
n.d.
n.d.
370
n.d,
6200
n.d,

Sb

trace
960
1270
11700
trace
trace
trace
800
n.d,

n.d.
n.d.

960
n.d,

1700
1700
T 760

520
1850
1170

540

10500

1500
1370

930
2450

not

Pb

3600
1600
720
3700
285
460
1400
1400
2500

2500
1175
3500

980

, PYRITES

Mn

850.0
34,0
33.0
36,0

1000.0
54.0
28,0
75.0
21,0

1000,0 °

3.0
50.0
190.0

44,0
23.0
trace
n,.d.
17.5
13.0
3.5
trace
125.0
10,0
n.d,

39,0

measureable))

¢9l



TABLE...6.5.
COMPARISON
ELEMENTS IN

SAMPLE NUMBER

c1le
C 33
clo
c 18
C 25
C14
404 B
404 1
404 T
408 T
406 B
406 T
1038
1037
77 B
777
64T
64 B
83T
931
671
67 T

OF

SPECTROGRAPHIC

& ATOMIC

ABSORPTION

ANALYSES

FOR

SELECTED

{(N.B.
{n.d.

SPHALERITES FROM KEEL PROSPECT , COUNTY LONGFORD , IRELAND.
Ag Cd Pb Cu Mn Fe Mg Ca

A.A. 0.8, ALA, 0.8, ALA. 0.8, ALA. 0.8. A.A. o.s. A.A. 0.8. AA, o.s. ALA, o.8.
n.d, 5 8812 10700 81 36 5 17 107 78 4000 4550 |l1022 200 2325 515
315 230 8407 7800 1013 2650 850 620 50 42 17188 15200 2 16 625 n.d,
n.d. 2 8758 9100 75 94 S 11 39 40 2570 4300 lin.d, 123 35 222
292 162 6653 8200 288 265 8835 780 61 44 16122 15500 83 49 n.d. trace
n.d. 3 8866 8800 81 51 30 42 71 48 3750 5600 68 9 1015 n.d,
n.d, 10 9732 9540 75 68 98 138 34 40 4560 5500 56 43 668 346
113 103 6595 9130 394 320 245 155 57 62 7870 9600 20 33 n.d. n.d.
425 300 7678 8300 369 420 855 875 100 105 15256 16200 360 255 46 38
464 330 6541 7600 269 375 1008 760 46 55 17636 16200 41 42 35 n.d.
41] 225 6109 6600 469 435 1070 810 29 52 17528 15500 24 7 n.d. n.d.

62 52 7351 7300 100 82 120 160 32 52 6520 7400 22 20 n.d. n.d.
391 265 6788 . 7700 200 300 920 996 25 60 17960 18000 n.d, n.d. n.d. trace
319 210 7893 8800 594 260 895 690 24 53 13093 14700 95 61 65 65
375 252 5 9948 10600 225 235 845 810 29 51 18502 18500 26 22 50 n.d.

37 21 2000 10800 4519 5000 220 218 25 27 6370 7900 11 20 n.d. n.d.
102 49 7082 8100 681 1000 895 150 39 18 14716 8400 n.d. 13 n.d. n.d,
320 235 10380 10500 365 280 840 790 43 55 17528 17600 65 9 85 n.d.
166 119 8542 8400 781 590 450 385 21 32 9270 12600 ||n.d, 16 n.d, n.d.
388 192 10921 10000 3781 4000 610 523 132 45 17526 16200 16 - 8 50 n.d.
351 170 10000 8750 9985 6780 625 480 29 37 15797 12700 11 23 n.d. n.d,
179 112 9623 106700 431 420 875 750 28 51 15256 15500 18 5 n.d. n.d,
191 142 10165 8350 181 220 . 730 630 25 49 17528 17600 23 n.d, n.d, n.d.

Results expressed as pP.p.m.,)
Looked for in sample but not detected.trace.Detected 1in sampilie but not

measureable))

€91
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study further indicates that there is general matrix compatibility

betwesn the standard seriss and ths sphalerite samples.

The elements analysed for in Keel samples were:-
Cd’ Ga’ Agg Ni’ CO, Sb, Ba, V, CU, CI‘, Ca’ Sn’ NO, Tig Bi’ Ing GG,

Fe, Si, As, Ph, Mg, Mn and Ho.

Mercury was the only slement in the aforementioned series,
which was ﬁot analysed using the optical spectrograph. The techniques
for mercury analysis in sphalerite, galena and pyrite and the results
obtained ars therefore discussed prior to the main body of the optical

spectrograph analytical work.

6.4, MERCURY IN SPHALERITE, GALENA AND PYRITE.

Mercury has been reported as occurring in sphalerite from
ssvaral localities,some of which were compiled by Fleischer (1955L
in a paper on the minor elements in some sulphide minerals. Mercury
has been reported in sphalerite from Austria (Schroll, 1950-513 1953);
Bohemia (Kutina, 1953; Yak, 1951); France (Delauney and Urbain, 1910);
Spain (Pina de Rubies and Lopez de Azcona, 1937); Norway (Oftedal,
1940) and Sweeden (Gabrielson, 1945). Fryklund and Fletcher (1956),
reported sphalerite from the Coeur d'Alene district, Idaho, containing
up to 200 ppm mercury, Grip (1948),quotes a figure of 400 ppm
maximum for mercury in sphalerite from Boliden, N. Sweeden and James
(1962), also quotes several figures for mercury in sphalerite from
various temperature deposits. Saukov, 1946 and Fursov, 1958 have
reported mercury in sphalerite from the Sovist Union. The latter
author has described a mercury anomaly derived from the oxidation of

mercury rich sphalerite and pgalena. Ozevova, 1959, in the Karaty
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district,also reportéd mercury a&raoles around lead/zinc deposits
derived from mercury bearing sphalerite, galena, tetrahedrite and
baryte and concluded that mercury was probably present as a
"diadochic substitute" in these minerals, Jolly and Heyl 61968),
duscuss the analysis of seventy-six sphalerites from mineral districts
in the central and eastern U.S.A.,showing values ranging from 100 to
300,000 ppb mercury. They concludad that the presence of mercury as
an integral part of the sphalerite precludes the supposition that it
was the result of a more recent addition by replacement or by pore
space fitting. Mercury was probably deposited directly from the ore
soluytions, co-precipitating with zinc in the sphalerita lattice, this
precipitating zinc‘sulphide “"secavenging” (Hawkes, lQS?),traces of
certain other elements from solution and also incorporating them

into the crystal lattics.

The presence of mercury,as an integral paft of the sphalerite
lattice (Chaptér 8),suggesta that possibly Keel sphalerite is
hydrothermal in origin. Mercury can theoretically be transported in
ore solutions as the volatile chloride, mercury vapour, or in
slightly alkaline sulphide solutions,as the complex ion (Krauskopf, 1951).
The solubility of mercuric sulphide in pure water at pH 7 and 25°¢C is
1 x 107%7 grammes per litre and at 400°C is 3 x 1071 grammes per litre
(Verhoogen, 1938). Pure cool ground water has also been reported
as being incapable of carrying much elemental mercury in solution

(Hawkes and Webb 1962).

Tunell (1964),and Krauskopf (1951), suggest that the temperature
of alkaline ore solutions depositing mercuric sulphide must be low,

between 80°C and 250°C. Krauskopf has stated that mercuric sulphide
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cannot exist in any system above 250°¢ that includes moving vapours,
without high concentrations of mercury and sulphur. It is also
doubtful whether mercury can exist as a complex sulphide ion in
solutions at such tempsratures. Krauskopf further suggests that,

at temperatures where other sulphides precipitate, mercuric sulphide

is unstable, so that its components are forced to trével to a cooler
region before the compound cen form. This seems to put an upper limit

of formation on the Keel Sphalerite of 250°C.  (Chapter 8).

6.4.1. ANALYSIS OF MERCURY IN SPHALERITE, GALENA AND PYRITE.

Quantitative analysis of mercury in sulphide minerals by
atomic absorption techniques has always proved difficult,due to the
intsrfering effect of the sulphide ion and the possible recombination
of mercury with sulphur. To overcome these difficultiss two analytical

techniques were used.

(a) Total Narcury‘analysis in Sphalerite, Galena and Pyrite, using
a SnCl2 Reduction Techniqda.
(a1) Method.
The use of stanncus chloride solutien,to quantitatively
reduce mercuric and mercurous salits in solution to elemsntal
mercury, was investigated by Wormley (1860) and Jackson (1903).
The following is an account of the experimental procedure
used by the author,for analysis of the msrcury content of
Keel sulphides.
0.5 gms. of = 210 pm + 494 um crushed sphalerite were
transferred to a 250 ml. quick fit flask and 50 ml of 4:1
nitric acid / perchloric acid added. The mixture was then

refluxed at 150°C for four hours by which time a clear yellow
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solution had been obtained and the evolution of nitrogen
peroxide had ceased. One millilitre of this solution wase
then traneferred to 50 ml. of deionised.water in a dreschel
bottl; and 10 ml. of a 10% stannoue chloride solution in
IG%Ihydruchloric acid,added. The addition of stannous
chloride effectively reducee all mercury salts to elemental

. mercury. This mercury was then flusﬁed with air into a
quartz cell pre-heated to 450°c. Here the abeorption of
light of wavelsngth 2536.5: by mercury vapour,was measured.
A guantitative destermination of mercury in sphalerite was
obtained by comparison of reeults with standards. All
reeulte were recorded on a chart recorder output and analyses
reopesated in triplicate to obtain an indication of the precision
of the analyeis. Results differing by more than 10% were

rejected and the whole analysis repeated for that sample.

For analysis of galena, concentrated nitric acid was
substituted for the nitric-perchloric mixture because of the
formation of a lead chloride pracipitéta. Oxidation of
lead sulphide to lead sulphate by concsntrated nitric acid |
and its effects on mercury liberation are discussed under the

galena subheading in this chapter.
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Preparation and Calibration of Standards.

67.45 mg. of spaecpure¥* mercuric chloride were
dissolved in 100 ml.of 10% nitric acid to give a
500 pg/hl mercury standard. From this standard stock
solution, calibration standards of 2.0, 1.0, 0.5, 0.4,
0.2, 0.1 and 0.05 ug/hl. wére made up. On thé basis
of these,a calibration graph,Fig. 6.1A was drawn up
and also a calibration graph on the basis of ug Hg/ﬁitre
of solution, Fig. 6.1B. Thsse standard curves wsre

obtained from mercury in a 10% HNO, base.

Two other solution bases for the mercury standards
werse also used to try and ascertain the best medium
for kesping mercury in solution. An attempt was also
made to try and ascertain the effect of age on the
amount of mercury retained in solution in these different

basss. The solution bases used were:~

(1) 10% Nitric acid
(ii) 0.08% Potassium permanganate solution
(iii) 0.05% Potassium permanganate plus 1% sulphuric
acid solution.

The stannous chloride solution used forvthe
mercury reduction was purged for four hours with air,
prior to amalysis,to remove any mercury associated with
the original solid or acid and thus reduce blank values.
Each standard series was then analysed to sse the effects

of different solution bases on mercury releass,
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The results are shown below:

-

MERCURY 10% HNO, 0.05% Krng,, 0.05% KMng, + 1% H, 80,
CONCENTRATION (chart recorder deflsctions )
" 0.2 pg 98.2 102.5 : 102.5

0.4 ug 258,.1 250.0 235.8

2.0 pg 931.9 755.0 755.0

Units represent chart recorder scale.

As can be seen, the rslease of mercury from standards
containing greater than 0.5 ﬁg/hl. mercury remains reasonably linear
for the 10% HNO, base,but drops off considerably in solutions ii and iii
indicating possible retention propertiss of the glass in weak acid

2+

solution or retention properties of the [In ion.

An experiment to determine the effect of age on sach of these
standard solutions was also carried out using the].pg/hl. standard in
each case, The original 1 ug/hl. standards were retained and fresh
standards prepared each day for comparison to thems The results are

displayed graphically in Fig. 6.2.

This experiment indicated that ths mercury standards made
up in 10% HNO:5 were by far the most stable and it is highly recommended
that all mercury standards and samples should be stored in at least

10% HNO The erratic behaviour of the 0.05% KMnO, and 0.05 KMnO

4 4

standard solution bases can be attributed to mercury

3'

plus 1.0% H, SO,

adsorbing and desorbing onto and from the glass walls of the containing

vessels. This is probably due to thes weaker acid . of these two solutions
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not providing enough hydrogsn ions to fill all vacant sites in the
glass etructure and conssquently scme of these have to be filled

by mercury.

As a post-script it is worth noting that a 100 pg/litre
standard made up in 10% HN03 still gave exactly the same value after

164 days as.a 100 pg/iitre freshly. prepared standard,

(a3) The Effect of High Metal Levels in Soluticn on Mercury

Analysis by the SnCl2 Method.

Due to the fact that msrcury being analysed in base metal
sulphides could bs considered as being in a base metal

rich eolution after the initial acid attack, an experiment
was set up to test the effects of various metals on mercury
releass from solution. A 1 pg/hl mercury standard was used
throughout this experiment. The following levels of metal
contamination were added to this standard#-

(1) 20, 10, 5, 2 and 1 pg/ml Pt and Au

(2) 300, 200, 100, 10 and 1 ug/ml  Ag

(3) 10,000, 1,000, 500, 200, 100, 10 and 1 pg/ml

FB, CUQ Zn’ n and Pb.

It was found that concentratiéne of Fey, Cu, Zn, Mn and Pb
at least 10,000 times in excess of the mercury concentration had no
effect’ on the amount of mercury released from solution. However,
Au and Pt had a considerable effect and Ag a marked,although lesser,
effect, Fig. 6.3, In the author's opinion stannous chloride reduces
the gold and platinum to metallic colloids and these either amalgamate
with or adsorb mercury, likewise reduced to metal by the stannous chloride.
The silver on the other hand forms colloidal silver chloride and the

mercury adsorbs onto this colloid. The importance of kesping samples
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to be analysed for mercury away from any contact with platinum or

gold equipment during the course of their preparation cannot therefore

be over emphasised. The analysis of mercury in gold and platinum

amalgams or near gold and platinum mineralization must alsoc be treated

with extreme care.

This method of acid digestion of sulphide materizl for mercury

analysis suffers from none of the disadvantages of a method based on

dry heat release of mercury and is to be recommended for mercury analysis

in this type of material.

(a4) Analysis.

Initial work on precision of the analytical technique yielded
the following information on two sphalerits standards,

K23.379 and K407.T.

SAMPLE K23.379 . » SAMPLE K407.T

ppm. Hg ppm, Hg
(1) 192 ' ‘ (1) 209
(2) 189 : (2) 210
(3) 191 (3) 211
(4) 1197 A (4) 208
(5) 188 (5) 209
(6) 190 ~ (8) 213
(7) 192 (7) 210
(8) 198 (8) 209
(9) 193 (9) 213
(10) 192 (10) 215

Mean of Results 192.2 210.7

Standard dsviation 3.0 2.2



Uhole crystals and crushed material were used for the test and

results indicated no loss of msrcury on erushing.

Having discovered that this method has an excellsnt
precision,a series of 113 sphalerites were analysed for mercury.

The results indicated that the distribution of mercury throughout
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the sphalerites of the desposit is very uniform,with a mean value '

of 226.5 ppm and a standerd deviation of 34.4 ppm mercury. Four
specimens of pyrite and twelve of galena were also analysed for-
mercury andywhersas the values were more erratic, broad general

trends could be dsduced. The analytical results wers as follows:

PYRITE CALENA

Sample - ppm. Hg Sample ppm.Hg. Sample ppm.Hg

Number Number Number

2144 7.21 2239 24.87 2271 14.58

2259 B.35 2240 18.38 2280 22.22

2261 14,45 2247 92,00 2282 26.36

2279 . 5.30 2252 18.27 2284 49.94
2260 33.00 2287 32,47
2276 44,75 2292 10.87

These results indicatse that sphalerite 1s the primary host

for mercury in the Keel deposit, followed by galena and then pyrite.

Although the total concentration of mercury associlated with sphalsrite

throughout the deposit is very uniform, there does appear to be an
antipathetic relationship to ion content, Fig. 6.4., with mercury

content slightly higher in the light sphalerite. In the vicinity

of the underground workings the Fe/Hg relationship appsars reasonably

well defined, however, further away in drill core material this Fe/Hg

relationship completely breaks douwn.
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6.4.2.  MERCURY ANALYSIS OF SOLID MINERAL SAMPLES,

The second method of mercury analysis in sulphide material
involves volatilization of mercury by heat from the sulphide_latticea
The mineral to be analysed is heated to BDOOC,in a sealed chamber, for
1:5 minutes, The 0ases svolved are flushed into a quartz absorption
cell by air, where the absorption of light,of wavelength 2536.5 |
by mercury uapour;is measured. Unfortunately the sulphide mineral
itself breaks down,as is typified by sphalerits in the following

equations:

2Zn0 + 280

(i) 2znS + 302 9

(i) 2502+ 02 2303

In excess oxygen, reaction (ii) can take placs.

It was found that ths 502 evolved was also flushed through
into the absorption cell and also absorbsd 2536.5 R light. It was
therefore necéssary to remove 802 ffom the sysﬁem and this was
accomplishédlby two methods. |

(a) Selective Removal of SO, in the Flow System.

2

After heating the sulphide mineral the gases evolved were
flushed with air through an in-line dreschel bottle containing a mixture

plus 0.1% H,S0, solution.

of 80 ml. of 0.05% KMnO 50,

4
The following reaction took place.

- (a) 2KMnO, + 3H,80, = K,S0, + 2MnS0, + 3,0 =5 [0/

(b) S0, + H,04 [0/ = H,S0,

KMnO 5 : =
(c) 2KMNO, + 34,50, + 530, + 5H,0 K,S0, + 2MnSQ, + 5H,S0, + 3H,0

4 4
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The 502 was removed from the system and mercury passed
on to be analysed. To avoid any moisture droplets being carrisd
over into the analysis cell and dispersing light, a glass fibre

filter pad was placed in the gas stream. The mercury and air was

also passed through another tube furnace at 900 to split up any

recombined mercury or mercury moleculss.

It was necessary however,to recalibrate the apparatus for
this method,as a certain amount of mercury was absorbed by the
Kr'TnD4 / H2804 mixture. The effects of washing the svolved gases.

with both water and permanganate are shown in Fig. G.5.

(B) Selective Removal of Sulphur Dioxide in the Sahpla

Heating Chambaer.

The removal of sulphur\dioxide,insida tho sample
haating\chambpr,was carried out by mixing the sulphide sample with
calcium carboﬁate. 50 milligrammes of - 210 pm sample were mixed
with 950 milligrammaes of - 210 pm calcium carbonate in an agate pestle
and mortar. 500 milligrammes of this mixture were then transferred
to a heating boat and heated to 800°C for 1.5 minutes and the

evolved gases flushed into the mercury analysis chamber.
The following reactions took place inside the sample chamber.

2ZnS + 30 = 2Zn0 + 280

2 2
2Ca003 +2502 + 02 = 2CaSU4 + 2CU2
The 502 was therefore removed from the system and mercury

allowed to pass on into the absorption cell. The complete removal

of 502 was tested by bubbling the evolved gases through acidified

potassium permanganate solution.
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Comparison of techniques indicates that the mercury detected
by the acid digsstion method is some five times as high as that detected
in the same sample by simple heating without Catﬂsgnd somg thres times

that detected using CaCO This indicates that the nearsst complete

3'
breakdown of sulphide minerals is accomplished by acid attack. It
also indicates that sphalerite,at leaét,is not completely broken down
after 1.5 minutes at so0’c although the use of CaCBzﬁoes sgem to speed

up the breakdown process. The time and temperature needed for completse

breakdown of the sphalerite lattice is discussed in dstail in Chapter 8.

As a result of all these experihents it was decided that an
acid attack would be used for analysis of mercury in samples of sulphide

minerals throughout the course of this study.

6.4.3. TEMPERATURE OF FORMATION OF KEEL SPHALERITE ON THE BASIS

OF MERCURY CONTENT.

On the basis of the analysis of 113 sphalerits samples for
mercury it was shouwn that the mean value for mercury in sphalerite was
226.6 ppme. This high level does not necessarily indicate a low
temperature of deposition for the sphalerite. However mercuric sulphide
does exist in association with the sphalerite (Chapter 8) and according
to Krauskopf (1951) mercuric sulphide cannot exist in any system above
250°C unless there are very high concentrations of mercury and sulphur.
Tunell (1964) agrees that the temperature of alkaline ore solutions
depositing mercuric sulphide must be between 80°c and 250°C.

Analytical data on ths Central Kentucky sphalerites shows these
minerals to contain between 8 and 200 ppm. mercury and Edwin Roedder
(1964) suggests,on the basis of fluid inclusion studies,that their

temperature of deposition was bslow 120°%. Sphalerite from the
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higher temperature mineral deposits in Mainé, New York, Maryland
Connecticut and New Hampshire (Jolly and Heyl, 1964) contain betwesn

5 and 70 ppm mercury. This evidsnce would suggest that the Keel
sphalerite was the result of low temperaturs de@ogitian from salins
brines. Chemical evidence will be presented in Chapter 8 suggesting

a lower limit of deposition of 150°C.  Evidence will also be presented
in Chapter 8 confirming the presence of mercury as a lattice constituent
of sphalerite and not; as could be supposed, bound up in included

tatrahedrite/&ennantite in the sphalerite.

6.5. TRACE ELEMENTS IN SPHALERITE FROM KEEL,

(a) Cadmium.
A table of analyses of cadmium, germanium and gallium in
sphalerite from Central Kentucky, Central Tennessee
(Jolly and Heyl 1964) and Keel is given below., America
sphalerites were analysed by J. Harris of the U.5.G.5. in

1962 and 1964.

ELEMENT CENTRAL KENTUCKY CENTRAL TENNESSEE KEEL
37 Samples 6 Samples 57 Samples
ppm ppm ppm
cd ) 13,400 13,000 10,223
Ge 280 ‘ 200 17
Ga 90 | 150 | 65

Fl Shazly (1957) analysed 54 epigenetic and 9 syngenstic
sphalerites from the British Islss. He confirmed cadmium to be present
in quantities ranging from 300 to 10,000 ppm with a mean value of

1,000 - 5,000 ppme El Shazly suggests that indium, manganese and
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TABLE ... 6.6,

WAVELENGTHS OF THE SPECTRAL LINES USED IN THE
DETERMINATION OF MINOR ELEMENT CONCENTRATIONS
IN SPHALERITE FROM KEEL,

ELEMENT  WAVELENGTH A DETECTION LIMIT p p m
Pd 3421,24 INTERNAL STANDARD
Ag 3382, 89 ‘ 1
As 2860.45 1000
Ba 4554,04 1
B 3067.71 15
Ca 3179.33 25
cd 3261.06 50
Co 3453,51 3
Cr 425435 1
Cu 3273.96 2
Cu 2961,16 100
Fe 2929.00 100
Ga 2943,64 1
Ge 3039, 06 1
In ©3039.36 1
Mg 2802.69 2
Mn 2798,27 2
Mo 3170.34 1
Ni 341476 2
Pb 2833,07 10
Sb 2877.92 100
si 2881.58 10
Sn 3175.01 5
i 3008, 02 2
v 3185.00 2
7n - 3035,78 INTERNAL STANDARD

Hg 2536,52 1 ppb
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tin concentrations vary somswhat sympathetically with temperature and
gallium germanium and antimony vary antipathetically with tempsrature,

however he suggests no tempsrature relationship with cadmium concentration.

Warren and Thompson (1945) state the average cadmium
concentration in'sphalerita from East Canada, Newfoundland, Gresnland
and Eastern U.S5.A. to be less than 3,000 ppm , and sphalerite from
Western U.5.A. and Mexico to be 4,300 ppm , Fryklund and Fleischsr
(1956) found an average of 4,000 ppm cadmium in 59 sphalerites from
Coeur d'Alene mine Idaho and at Broken Hill Australia, Edwards (1955)
reports 2,400 ppm cadmium in sphalerite. In Ireland the cadmium
content of sphalerite seems to have a regional variation , (Patterson,
1970; Norriésey, Davis and Steed, 1971); at Silvermines the cadmium
content of sphalerite is approximately 2,500 ppm  increasing north-

‘ wafds to 4,300'ppm at Tynagh (Morrissey, 1970) until further

northwards still a value of 10,223 ppm at Kesl is attained.

Opinion is somewhat divided as to whether or not cadmium
is sympathetic or antipathetic with tempsrature increase. Stoiber
suggests that cadmium is sympathetic with temperature and quoées high
temperature Tuscany sphalerite with cadmium content of 12,300 ppm
to support this. Traill believes the opposite and quotes low tempera-
ture sphalerite from Mill Close,Derbyshire,with cadmium content of
10,0600 ppm to support his view. El Shazly opp.cit. found only

3,000 ppm cadmium in sphalerite from this deposit.

Attempts to relate iron and cadmium content to temperature
of formation of sphalerite have so far failed,and Kullerud's qguantifica-
tion of the iron in sphalerite Geothermometer has been proved inaccurate

(Boorman 1967, Barton and Skinner 1967).
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Boyle and Jamhor (1963),in their work on sphalerites from
Keno Hill and Galsna Hillvfound no relation betwsen either cadmium
or iron and temperature. This complete lack of relaticnship betwsen

iron end cadmium is very well displayed by Keel sphalerite,, Fig. 6.6.

The crustal abundance of cadmium has been estimated by
Green (1959) as 0.15 ppm and by Brooks and Ahrens (1961) as 0.08 ppm .
Zinc/badmium ratios also seem to var? throughout the literature.
Sandell and Goldick (1943) give a value of 500:1 and Rankhama and
Sahama (1949) a valus of 900:1. Kullerud (1953) and Edwards (1955),
together with several other workers in the fiald,have however indicated
the existence of complets isomorphism in the CdS/?nS system and thus
theorstically a complete transition from sphalerite to greencckite
being possible. Mookerjee, (1962) however,states that this
fheoretical system does not appear to exist in nature. Mooker jee
added sodium chloride tohis ZnS/de system and produced two distinct
mineralogical phases; he also found that the cadmium content of his
sphalerite phase varied bstwsen 1,000 and 5,000 ppm , valuss quita

common in sphalerite from many ore deposits.

Ivanov (1964) suggested that high temperature skarn type
lead-zinc deposits and low tempsrature silver dabosits have cadmium =
rich sphalerites but that the cadmium concentration in sphalerite
depends on factors more complex than temperature alons. He also
suggested that cadmium in low temperature sphalerite has an inverse
relation to the concentration of €1~ iens in solution. This would
explain the cadmium-poor ores associated with hydrothermal solutions
derived from mafic magmas rich in chlorine. Ivanov further concluded
that cadmium may be enriched in ores deposited in carbonate sequencass

but that the degree of concentration of cadmium in the hydrothermal
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solution is really the determining factor in the degree of concentra-

tion of cadmium in the ore.

Edwin Rosdder (1960) analyssd fluid inclusions from zoned
sphalerite crysﬁals and found a sympathetic decrease in salinity with
decreasae in Fiiling temperatures. Thus there is a general indication
éhat with decreasing salinity and hence decreasing temperature of
déposition, there may be an increase in the cédmium content of the
sphalerite. Howsver, other authors, Warren and Thompson (1945) and
Fryklund and Fletcher (1956), like Ivanov, consider that the concentra-
tion of cadmium in the ore is solely determined by the concentration
of cadmium in the ore forming seolution. In the authoré opinion
there is no necessity to look for another reason for the concentration
of cadmium in Keel sphalerite. This indicates the distinct possibility
of a single ore fluid being responsible for all the sphalerite mineraliza-
. tion at Keel , with the centre of the plumbing system in the vicinity
of the underground workings,due to the localization of greenockite and
~cinnabar thers. Because of the high mercury content of Keel sphalerite,
this latter is considered to be of low temperature origin,and further
trace element information supporting this view will be presented in

this Chapter.
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(b) Germanium and Gallium.

El Shazly (1957) reports that gallium was present in three
quarta?s of the sphalerites he examinéd and was present in

all the sphalerites from the lower temperature dapbsits. Howsver
he finds a total absence of gallium in sphalerites from

the higher temperatures deposits of Cornwall, France, Portugal

and Livuei Nigeria. Graton and Harcourt (1935), Stoiber

(1940) and Warren and Thompson (1945) agree that gallium

is a common trace element in low temperature sphalerites,

Stoiber (1940) and Fleischer (1955) also suggest that

germanium is most concentrated in sphalerites where the

temperatures of formation are the lowest.

Table 6.7. following,givés the gallium, germanium iron and
cadmium values for two sets of sphalerite samples. Each
set has been divided into three on the basis of colour and
magnetic properties. Each sample set came from the same

hand specimen,

‘TABLE 6.7,
SAMPLE NUMBER COLOUR ppm. TRACES
Ga Ge cd Fe

(404B) 2127 Light 30.0 465 9150 9600
(4041) 2126 Intermediate | 54.5 | 17.5 8900 16200
(404T) 2130 Dark 60.0 | 40.0 7600 16200
(678) 2162 Light 22.0 NeD. 8750 8900
(671) 2153 Intarmediaté 42,5 | 24.0 | 10700 15500
(67T) 2157 Dark 55.0 | 26.0 8350 17600



The analyses of gallium and germanium are most interesting,
the gallium varying between 30 and 60 ppm in sphalerite samples 404
and between 22 and 55 in sphalerite samples 67. This variation is
sympathetic with increased darkness of sphalerite and conssquent
increase in iron content. The variation is however at maximum .
2.5 times, Germanium on the other hand varies very considerably; the
variation also being sympathetic with increase in iren content of
sphélerite. This latter characteristic was reported for yellow and

black sphalerites from central Kentucky by Jolly and Heyl (1968).
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The latter auéhors also reported a similar order of magnitude difference

in the gallium analyses$§ this however,was not confirmed at Kesl.

El Shazly (1957) detected germanium in varying amounts (5-500 ppm)

in practically all his sphalsrites from the lower temperature deposits,

but discovered a virtual absence of the element from the higher tem-

perature deposits.

(e) Silvef.
The concentration of silver in Keel sphalerite is shoun in
Tables 6.1 = 6.4. Table 6.8 below shows the distribution
of antimony,silver and copper in the two sphalerite series

used previously.
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.TABLE 6.8,
SAMPLE NUMBER COLOUR ppm  TRACES
Sb Ag Cu
(404B) 2127 Light 715 103 16
(4041) 2126 Intermediate 1210 300 875
(404T) 2130 - Dark 1320 300 760
(67B) 2162 Light 185 56 855
(671) 2153 Intermediate 325 112 750
(67T) 2157 Dark 437 142 630

The mean values of antimony, silver and coppser invséhalerite
from Keel are given in Table 6.9. El Shazly (1957) detscted silver
in nearly all'his sphalerites in amounts varying from 1 - 1000 ppm.
The author's analysis of Keel sphalerite shows similar limits,
Patﬁerson (1970) reports values of silver in Keel sphalerite up to only
3.2 ppm, although these values are based on only seven analysesswhile
for one other sphalerite at Keel he gives a value of 250 ppm which waé
attributed to included tetrahedrite. Jolly and Heyl (1968) give
values of silver in American sphalsrites from 0.5 ppm,in a low temperature
deposit in Central Kentucky,to 1,000 ppm,in a high temperature deposit

in Maine.

At Keel, low values of silver are usually associated with low
values of antimony and copper,confirming Patterson's view that silver
is tied up in argentiferous tetrahedrite. However, samples do occur
with values of up to 62 ppm silver (Sample 2263) énd 100 ppm antimony,
copper, 340 ppm and lead 310 ppm, suggesting that more than the 3.5 ppm

silver calculated by Patterson may be held in the sphalerite lattice.
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TABLE ... 6.9

MEAN AND STANDARD DEVIATION VALUES TFOR TRACE ELEMENT
CONCENTRATIONS IN KEEL SPHALERITE .

ELEMENT MEAN ppm STANDARD DEVIATION ppm
Ag 166 150
As n.d, n.d,
Ba 60 A 46
Bi ’ n.d. n.d.
Ca 105 360
Cd 10223 3058
Co 13 8
Cr n.d, n.d,
Cu 489 ' 367
Fe 12954 6386
Ga 65 58
Ge : 18 , 14
In 9 26
Mg 77 177
| Mn 54 47
Mo n.d. n.d,
Ni | 18 | 32
Pb 3179 | 2874
Sb 723 1250
Si 5973 2956
Sn n.d. n.d,
Ti 18 : 65
Y% n.d. n,d,
Hg 227 ' 34
n.d, Below detection limit of element in 2ZnS .

Results based on the analysis of 113 sphalerites
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Smith, (1963) reports silver valuss from Zewar to range from 12 to 110

ppm with antimony being entirely absent.

(d)  Antimony.
Antimony was detected in the majority of Keel sphalerites,
Tables 6.1 - 6.4, in amounts ranging from 93 - 11700 ppm.
A mean value of 723 ppm was calculated from these results.
El Shazly indicates that,in his opiniongantimony is present
in the lowsr temperature deposits rather than the higher
temperature ones and suggests a possible antipathstic
relation to temperature for this element. Considering the
partitioning of trace elements between the thres ma jor
sulphide minerals at Keel Fig. 6.7., and Table 6.10,
antimony seems to be prefersntially associated with galena.
It is interesting to note that silver is alsc preferentially
associatadlwith galena and it is most probable that the high
antimony and silver content of both the galena and sbhalerite
from Keel is indicative of no more than tetrahedrite inclusions
'in both minerals. Howsver the possibility of lattice sub-
stitution of antimony for zinc-in the sphalsrite lattice must
not be discounted as these elements have very similar ionic

radiiz- Sb% - 0.76 8 and zn?t  0.74 B. (Mason, 1966).

(8) Copper.
Copper was detected in all sphalerites analysed and ranges
from 11 ppm - + 1000 ppm with a mean value of 489 ppm.
Patterson (1970) suggests that high copper values are indicative
of included tetrshedrite. However the copper/hntimony
relationship is far from consistent suggesting that other

factorsysuch as . exsolutions of chalcopyriteywhich are
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o

pressnt in all Kesl sphalerite,could be a major contributing factor

to the high copper content of some sphalerites. Computer analysis
of the data on trace elements in sphalerite,shows a very good correla-
tion between irén and copperyindicating that chalcopyrite ‘exsolutions
bpuld indeed Be a major contributing factor to the high copper valuses.
Warren and Thompsén (1945) come to the same conclusion as Oftedal (1940),
that is, that there is no reason to postulate a chemical relationship
between copper and sphalerite. Fleischer (1955) gives analytical
data on some 297 sphalerites with copper concentrations ranging up

to 5%.- His conclusion is also that this copper represents nothing
more than exsolved copper minerals,with chalcopyrite as the most

important.

Patterson (1970) finds pale sphalerite at Keel to contain
15 « 27 ppm copper énd 3,500 ppm iron and on the basis of polished
seétinn studies indicates that pale sphalerite is most unlikely to
contain exolved chalcopyrite. Patterson's highest value of copper
in Keel sphalerite was 660 ppm 4, with an iren content oﬂng,UDG ppm
in the same sample, a dark sphalerite. The author has found eleven
specimens of clear, honsey c;loured sphalerite at Keel containing
100 ppm copper and 9,000 ppm - ironj it cannot therefore be said that
the honey coloured sphalerite at Keel is most unlikely to contain
exsolved chalcopyrite. This view is also supported by the excellent

correlation coefficient between Cu and Fe in Table 6.12.

Patterson (1970) also concludes in his summary on copper
in Keel sphalerite that "No copper values eccur between 27 ppm and
115 ppm%. He.gnes on to suggest that sphalerite containing up to
27 ppm does so in solid solution, while that containing 115 ppm and
greater, contains chalcopyrite .exsolutions. Here again it is worth

noting that more than twelve sphalerites from this study, analysed by
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the author, wers found with copper values beémean 27 ppm and 115 ppm.
An extensive thin section study and polished section study of the
sphalerites was not carried out by the author,sq that no upper limits
on the copper concentration required in sphalerite before axsolution
takes place,cah be given. However, chalcopyrite blebs were seen

iﬁ both honey coloured or dark sphalerite. It must therefore be
suggested that whereas tetrahedrite does contain high amounts of copper
at Keel)the correlation of high copper content of Keel sphalsrite with

exolved chalcopyrite blebs must not be discounted.

(f) Iron. .
The iron content of Keel sphalerite varies between 0.29%

and 4.0% with»a mean value of 1.3%. This iron variation

can be correlated with a colour variation in the sphalerite,

the lighter sphalerite containing less iron than the darker.

It is interesting to note howsver, that iron content/bolour
pelationships,even within the one deposit,cannot be specifically
quantified. Sample 2163, a dark sphalerite, contains 0.84%

iron with its light, honey coloured equivalent,from the same

hand specimengcontaining 0.79% iron, (Sample 2152).

Manning (1967),investigating the iron content of sphalerite,
concluded that iron was distributed betueen interstitial
octahedral sites and substitial tetrahedral sites. This
indicates that iron can exist in both fourfold and eightfold
co;ordination within the sphalerite lattics. He further
concluded that the octahedrally co-ordinated iron is in the
ferric state,while the tetrahedrally co-ordinated iron was

in the ferrous state. This theory would account for
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the fact that,within a deposit, whers the co-ordination chemistry
of iron within ths individual sphalerites would be similar,
colour is more clearly associated with iron content. On

the basis of this information,it can be said that any attempted
correlation betwesn iron content of sphalerite and colour, should

always be restricted to a single deposit.

Jolly and Heyl (1968) find sphalerite from Central and
Eastern Tennessee and Central Kentucky to contain between
0.1 and 0.5% iron, sphalerite from the Kentucky/ﬁllinoié region
to contain 1.2 - 4,2% iron and sphalerite from Maine to contain
5 - 10% iron. The§e.thres groups are listed in order of increasing
temperature of dsposition. However, the use of a Fe - Zn - §
system geothermometer (Kullerud, 1953) has been discredited,
Boarman (1967) and Barton and Skinner (1967), and no attempt is
made in this text to draw any conclusions about temperaturse of

formation for Keel sphalerite,on the basis of its iron content.

Manganese.

Mangansse is present in all 113 sphalerites analysed, Tables
6.1 - 6.4, and varies between 7.5 ppm and 1,000 ppmywith a mean
of 53.9 ppm, Two spscimens contained anomalously high manganese,
2289 and 2283,containing 1,000 ppm and 850 ppmjall other
sphalerites contained manganese much nearer the mean value. Of
the eight sphalerites from Kesl analysed by Patterson, five wers
below his detection limit of 30 ppm and the other three were

50 ppm, 77 ppm and 250 ppm respectively. Jolly and Heyl (1968)
quote values of 1 - 20 ppm IMn for sphalerite from Central
Tennessee and Central Kentucky, 10 - 20 ppm Mn from the

Kentuckx/lllinois district and North Carolina and, 200 - 3000 ppm
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from Maine. This indicates a sympathetic relationship between

manganese and increasing temperaturs of deposition of sphalerits.

El Shazly (1957) finds,in his analysis of sphalerite
from various British localities,that manganese tends to vary
sympathetically with temperature, being highest, 300 - 5,000 ppm
in the high temperature deposits of Cornwall, France, Portugal,
and Nigeria and virtually absent from the low temperature deposits
of the Pennines, Flintshire and Caernarvonshire. In the low and
medium temperature siliceous veins of Cardiganshire, the sphaierita
contained an average of 150 ppm manganese, whereas close to the
granites of the West of England,values of 1,000 - 5,000 ppm
manganese are not unccmmbn. Jolly and Heyl (1968) confirm this
observation with their data on high temperature Maine sphalerites.

The average manganese value of 53.9 ppm for Keel sphalerites

- tends, in the light of this evidence, to suggest a low - medium

low temperature of formation. It is however worth noting that

at Keel thé higher manganese values are usually assdciated with
high calcium and magnesium values suggesting that the high
manganese may only be due to inclusions of mannanesse-rich dolomite

gangue in the sphalerite crystal.

Titanium,

Titanium is present as a trace in the vast majority of Keel
sphalerites and ranges from < 2 ppm to 640 ppm in one anomalously
high samble. The mean value of 18.2 ppm is very close to Pattersons’
figures of 10 - 13 ppm,for the sphalerites he analysed. El Shazly
(1957) reports titanium to be present only in his high temperature
depositsywhile Jolly and Heyl (1968) report 70 ppm titanium in

the high temperature Maine sphalerite and 3 - 30 ppm Ti in the
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low temperature Central Kentucky énd Central Tennesses sphalerites.
In a written communication to Jolly and Heyl (1967),Edwin Roedder
states that on the basis of fluid inclusion studies on sphalerites
from the central Kentucky veinsshe had arrived at a temperaturs

of less than 120°C for their deposition. If one can relats
titanium content of sphalerite to its temperature of deposition,

then Kesl sphalerite must be of low temperature origin.

Indiume

Indium is present in detectable amounts in approximately half £he
analysed sphalerites and assumes major significance in two of them,
samples 2241 and 2267; which contain 174 ppm and 190 ppm indium
respectively. These valuss however are anomalous as compared to
the mean of 9.0 ppm. Jolly and Heyl report indium as occurring

in only one of the New England veins in a concentration of 15 ppm
and E1 Shazly sxpresses his belief that indium concentration is-
sympathetic with temperaturs. He quotes values of 700 ppm indium,
in high temperature Nigsrian sphalerite and a maximum of 100 ppm
indium,in low temperature sphalafite from the north Penninss and
Flintshire, to support this. On this evidencse also, Keel sphalsrite

is typical of a low temperature deposit.

Lead.

Lead was detected in all Keel sphaleritesy; Tables 6.1 - 6.4,

and had a mean valus of 3,200 ppm. This high concentration of
lead is considered to be solsly the result of mschanical inclusions

of galena,or other lead saltsyin the sphalerite crystal.
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Nicksl.

Nickel is present in the majority of sphalerites and attains

its maximum conceﬁtration of 210 ppm in sample 2270. This
specimen also has the highest iron contentﬂof‘any sphalerite,
4.02%. On reference to Table 6.10 it can be ssen that the
partitioning of nickel is 3:1 in févour of pyrite and this high
nickel value could be dus to the presence of nickeliferous pyrite
in the sphalerite crystal. The mean value of nickel in sphalerite
is 17.7 ppm. El Shazly found no nickel in any of his sbhalefites
and Jolly and Heyl (1968) reported values of 15 ppm nickel in

one sample of sphalgpi£e frem Central Kentucky and values of

9 and 4 ppm in two sphalerites from the Kentucky-Illinois district.
These ohservations further suggest that the nickel in Kesl

sphalerite is probably the result of included nickeliferous

- pyrits.

Cobalt.

Cobalt is slightly less abundant in Keel sphalerite than nickel,
having a mean value of 12.6 ppm. Warren and Thompson (1945)
found that cobalt is a characteristic element in low temperature
sphalerite from Cumberland and high temperature sphalerite of
New South Wales. Oftedal (1940) and Gabrielson (1945) found
cobalt to increase with temperature in Norwegian and Swedish
sphalerites and this fact is also brought out by Jolly and

Heyl (1968) who give analyses of high temperaturs Maine

sphalerites in which cobalt ocecurs in concentrations up to 200 ppm.



e
= 198
&
B o -
N -t
V5 B % . o W
S <
o A .
-1 B o]
i . @©
.E Mm < ° 10
R N - B
o & g % o
0 . 2 8-
Mo n N J .
m o O X ¢S N
K E= C . X O Rl
- w
e
X . o] =
<t
- Z
<
. X o) m
- 5]
£
o . X g7 A
[
- =
[
. % G%L
3
x . 12
O
N <
e
o . X Acn,T
. e}
X QG
. o quuu
uP.n-- [l '} _na-ln- B 8 —-enP- £ 2 _n--p a2 A
g g g g
o g
Q, ) ) a )
(@] (e
S S S = -
o — sdovyL ‘wdd
FIG 6 7 DIAGRAM SHOWING TRACE ELEMENT DISTRIBUTION

IN SPHALERITE , GALENA & PYRITE , KEEL PROSPECT .




ELEMENT

CADMIUM
GALLIUM
SILVER
NICKEL
COBALT
ANTIMONY
COPPER
TITANIUM
INDIUM
GERMANIUM
MANCANESE

TABLE .. . 6.10

TRACE ELEMENTS

MINERAL

PYRITE

n.d,

58

57

240

69.

168

n.d.

301

MINERAL

GALENA

96

n,d.

709

n.d.

n.d.

2083

18

n.d.

23

MINERAL

SPHALERITE

10,223

65

166

18

13

723

488

18

18

54

DIAGRAM OF RELATIVE ABUNDANCES OF

PROSPECT ,COUNTY LONGFORD , IRELAND .,

(Results are mean values

expressed as

IN SPHALERITE , GALENA & PYRITE , KEEL

ppm)
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Vanadium, Chromium, Tin and Molybdenum. -
The trace elements do not attain significant amounts in any of

the Keel sphalerites, being only just above detection limit.

Biwmuth and Arsenic.
Both these elements are always below detection limit for the

optical spectrographyin Kesel sphalerite.

Calcium, Magnesium, Silicon and Barium.

All these slements are present in varying amounts in Keel
sphalerite, Tables 6.1 - 6.4., and represent inclusions of
gangue minerals wihin the sphalerite crystal. El Shazly

reports these traces also to be present in all of his sphalerites
and for the same reasons, Jolly and Heyl record analyses in

all their American sphalerites in which these trace eslements

also occur as included gangus minerals.

Vertical Differences in Trace Element Assemblage in Keel Sphalerite.
Vertical zonation of trace elements in Keel sphalerite is also
absent throughout the deposit. This is well substantiated by

the comparison of trace elements in 37 sphalerites from 200°' level
and 37 sphalerites from the 500' level. Mean values of cadmium,

iron, mercury and copper are shown in Table 6,11,
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TABLE 6.11.

ELEMENT 200" LEVEL 500' LEVEL
ppm ppm
Cadmium 10,026 10,129
Iron 13,870 14,444
Mercury 218.4 225.0
Copper 415.1 425.8

Variation in trace element assemblage in sphalerite is also

not apparent laterally.

6.6  INTER-ELEMENT RELATIONSHIPS IN KEEL SPHALERITE.

A simple linear regression analysis of slement relationships,
for seventeen elements in fifty-nine samples of Keel sphalerite,was
carried out by computer at Queeﬁ's University, Kingston, Ontariao by
S. Willington. A total of 136 inter-elemsnt relationships were
investigated and the resulﬁs are shown in Table 6.12 as correlation
coefficisnts for the various inter-element relationships. In
Table 6.12, those correlation coefficients bearing an asterisk
represent, in the author's opiniaon, meaningful element relationships.
Other high values for this correlation coefficient represent mere

bunching of the data or very little variation in one parameter.

In allyseven inter-element relationships appear to be real,
thess are as follouws:-
(1) Ag/Cu -~ Indicative of included tetrahedrite in the
' sphalsrite.

(2) cuffFe

Indicative of included chalcopyrite in the

sphalerite.

(3) ca/tlg - Indicative of included dolomite in the sphalerite.
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Cd l - 0.368 0.208 0.094
Ga - 0.368 ~0.120
Ag - -0,127

Ni -

Sbh

Ba

Ca
Ti

In

Fe
8i
Pb

Mg

Co

0.069

0.152

~0,030

=0.069

TABLE.., .6 .12 TABLE

Sb Ba

~-0.,136 ~0,287

-0,023 -0,095

0.240 ~0,216

0.384 ~0.028

0.103 0.385

- -0,195

ELEMENTS IN SPHALERITE FROM

Cu
-0.211
0.038

0.823"

-0,215

~0.058

0.284

-0.232

ILLUSTRATING

KEEL

Ca

-0,185

0.154

-0.212

~0.867

0.304

0.000

-0,206

-

-0.272

THE

Ti
0.225 -
0.532
0.598
-0.061
6.110
0.758

-0.077
0.170

-~0.296

In

0.381

0.731

0.204

-0,003 -

~0.012

0.379
. 0.769
~0.178
-0,390

-0.081

Ge
-0.098
0.244

0.456

~0.230.

-0.207

0.404

-0.426

Fe
0.212
0,551
0.486

-0,026
0,222
.0.603

-0.169

* *
0.694 0,799

~-1.000

-0.240

-0.099
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-0.096
0.235
0.129

0.729"

Si
~0,040
0.339‘
0.170
0.045
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0.329
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-0.668"
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-0.070  -0,151
-0.288 0,069
-0.035 -0.131
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0.455  =0.208

- -0,217

Mn
0.1786
-0.107
-0.087
~-0,194

-0.154

. =0,113

~0.2869

0.032

0,551

-0.000

-0.053

0.151

-0.027
-0.313
-0.040

*
0.646
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(4) Gsf/Fe - Indicates possible substitution for iron
in the sphalerite lattice,or replacement

of iron in included chalcopyrite.

(5) Cu/be - Indicates replacement of iron in included

chalcopyrite.

(6) Ge/Si - Indicates possible replacement of silicon

in included silicate gangue material.

(7 Nn/ﬁg - Indicative of manganese rich included dolomite.

The observations really indicate that ths intser-slsment
relationships that do exist in Keel sphalsriteyare mainly due to
included sulphide minerals, chalcopyrite and sphaleritsyor included
silicate or do;omite gangue. It is also indicated that the distribution
of other trace elements appears to be entirely arbitrary and apart from
indicating broad general trendsygives very little information as to the

metéllageneais of the deposit.

6e.7. TRACE ELEMENTS IN GALENA FROM KEEL.

Table 6.10 shows the relative partitioning of trace elements
between sphalerite, galena and pyrite at Keel. Here it can be seen
that both silver and antimony are preferentially associated with
galena. Twelve galena samples were used for this study and were
prepared in exactly the same way as the sphalerites. The only/
difference was the preparation of standards, the galena standards
being made up in a lead oxide and not zinc sulphide base. The
_minor elements looked for in Keel galena were as follows:

" cd, Ga, Ag, Ni, Sb, Ba, V, Cu, Cr, Ca, Sn, Mo, Ti, In, Bi, Ge,
Fe, Si, As, Mg, Mn and Hg. O0f these elements Co, 'In, Ga, V,

Cr, Ca, Sn, Mo, Bi, As and Mg were always below detection limits
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‘and silicon was only locked for in one sample and found to be
10,000 ppme . The spectral lines used and limits of detection of

the minor elements in Keel galena and pyrite are shown in Table 6.13.

Mercury was not looked for on the $pectrogréph¢ but” was
analysed by the same methods as for mercury in sphalerite. One
major problem however,occurred in the dissolution of galena by con-
centrated nitric acid prior to the stannous chleride reduction method.
Sulphur was oxidisaed to sulphate and as a result inscluble lead sulphate
precipitated. However, in the author's opinion the available mercury
was all taken into solution in the nitric acid and not adsorbed onto
the precipitated lead sulphate. The mercury results have already

been discussed at the beginning of this chapter.

(a) Nickel.
Nickel is detected in trace amounts in two of the
twelve spscimense. One of these, 2287, contains the
highest iron and titanium of any of the galenas and it
is quite possible that nickel is present as a result of
included nickelfsrous pyrite. Patterson (1970) found
no nickel or iron in the two specimens of galena from
Keel which he analysed. El Shazly on the other hand,
found nicksl to be commonly present in his galena samples,

in quantities ranging from 10 - 200 ppPMe

(b) Silver.
Keel galena contains K on average, 709 ppm silver. The
higher silver contents correspond teo high antimony and
this, together with the fact that tetrahedrite does occur

in Keel galena, Patterson (1970),points to mechanically



TABLE ...6.13

WAVELENGTHS OF THE SPECTRAL LINES USED IN THE

DETERMINATION OF MINOR ELEMENTS IN PYRITE AND

GALENA SAMPLES FROM KEEL

ELEMENT

pd
Ag
As
Ba
Bi
Ca
Cd
Co
Cr
Cu
Cu
Fe
Ga
Ge

in

Hyg

- Major

WAVELENGTH A

3421,24
3382.89
2860.45
4554, 04
3067.71
3179,33
326106
3453,51
4254.35
3273.96
2961,16
292900
294364
3039.06
3039.36
2802.69
2798.27
3170.34
3414.76
2833,07
2877.,92
2881,58
3175.01
3008.02
3185.00

2536,52

Element

*

IRELAND |,

DETECTION
PYRITE ppm

INTERNAL
1
700
1
15
25
50

500
10

50
200
10

10

1 ppb
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LIMITS

GALENA ppm

STANDARD

1
700
1
10
25
20

N =N

1 ppb

Masked by Lead Line
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included tetrahedrite as the main source of silver.

El Shazly suggests thatyin the samples of galena from
the.British Isles analysed by him, he determined an
average silver content of 100 ppm. He also dréw
attention to local high spots, Halkyn and Staffordshire,
100 - 200 ppmy, Ireland, 300 ppms Merioneth, 2,800 ppm,

Cardigan, 866 ppm, Devon and Cornwall, 1,564 ppm.

Antimony.

Antimony shows a marked preference for galsna at Keel
with the average antimony content of twelve galenas bsing
2,083 ppme This is three times higher than the average
in sphalerite. Oftedal (1940) shows antimony to increass
with increasing temperature,and El Shazly shows values

of 1,000 ppm in Cornish galenas in support of the same
conclusion., Howsever at Keel so much evidence points

to a low temperature of formation of the deposit,that
there ié really no need to invoke any other reason than
mechanically included tetrahedrite as a cause for high

antimony in Keel galena.

Coppere.
Copper values are relatively low, 18 ppm being the mean, and
are  probably indicative of included tetrahedrite in

the galena crystal.

Cadmium,

Cadmium is present in minor amounts in elesven of the

twelve galenas analysed. However its presence is probably
due to included sphalerite and not to substitution for

lead in the galena lattice.
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(f) Titanium.

(g)

(h)

Titanium was present in all but one sample of galena
and varied in concentration up to 15 ppm. El Shazly
Fo&nd titanium to vary from 1-200 ppm in his British
éalena,but to rarely exceed 50 ppm. He further comas
to the conclusion that high values of titanium are
encountered in galenas dsposited at both low and high
temperatures, indicating that temperaturs of deposition
does not influence the distribution of titanium in
galena. The highest titanium content of any of the
Keel samples occurs in the same sample ag the highest
iron content and it is therefore probable that titanium
concentration mersly reflects the degree of pyrite con-

tamination in the galena crystal.

Germanium.

Germanium occurs in two of the twslve galena samples

in concentrations of 19.0 and 25.0 ppm. The relation

of germanium to silica in sphalerite has been well shown
and the germanium concentration in galena is probably
only a function of included silicate gangue material

which, at least in one sample, reaches > 10,000 ppm.

Iron.

Iron is seen to be present in only two of the galena
samples. Unlike the iron in sphalerite, iron does not
substitute for lead in the galena lattice and its presencs

in these two samples probably indicates included pyrite.
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(i) Manganese.
Mlanganese is praesent as a trace in all but two of the twslve
galena samples analyssd. Its concentration varies up to
125 ppm.  Calcium, magnesium and barium are,in the main,
only present in low amounté, while silicon is present in
high aﬁaunts as a contaminant. Howsver the manganese in
galena at Keel is prohably attributable to the same cause
as the manganese in sphalerite, that of being a constitueﬁt
of contaminating dolomite ganéue. However, it must be
noted that these levels of manganese could be held’in the
galena lattice. El Shazly relates manganese in excess of
100 ppm. to high temperature of deposition and quotes
Tréwethen in Cornwall,with 500 ppm manganese.in galena, to
prove this. The general content of 50 ppm manganese in
Keel galena therefore possibly points to a low temperature

of deposition.

6.8. TRACE ELEMENTS IN PYRITE FROM KEEL.

Pyrite is the most common iron sulphids at Keel,but nonetheless
is only of very minor distribution compared to sphalerite and galena.
A table of spsectral lines of elements looked for and limits of detsction

of those slements is shown in Table 6.13.

Four samples of pyrite were used in this study, standards being
prepared in a similar way to those for galena and sphalerite,but using

a ferric oxide base.



209

Mercury analysis was carried out by dissolving the sample
in 43l. nitric acid: perchloric acid and adding stannous chloride
to a diluted aliquot of the final solution. The method of analysis
and results have already been discussed in this chabter. Germanium,
qadmium, tin and bismuth were not detected in any of the samples

analysed.

When looking at the partitioning of slements between sphalerite,
galena and pyrite,Table 6.10,it can be seen that manganese, titanium
and nickel appear to be preferentially concentrated in pyrite and on
reference to sample 2144,0n which a complete analysis was carried out,
vanadium, molybdenum and arsenic also appear to be preferentially

concentrated in pyrite.

Manganese is seen to vary from 3 ppm - 1,000 ppm and is probably
due to admixed dolomite. Lead values are consistantly highy580-3,500 ppm,
and probably only represent included galenajsas 1ead will not substitute
into the pyrité lattice. Antimony is only detected in one sample,

2261, this sample also having the highest lead content,and in the

author's opinion this high entimony is a reflection of included
tetrahedrite in the galena. Gallium and indium are probably present

as lattice substitutes in pyrite. Titanium is high in the majority

of pyrite and could indicate included rutile, however some dsgree

of substitution in the pyrite lattice is possible due te the compatibility

of ionic radii of the two elements.
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ELEMENT TONIC RADIT ELEMENT IONIC RADII
Fo 2* 0.74 R i 0.76 8
Fo 2* . 0.64 B | Ty 4 0.68 R

Cadmium is present in sub-trace levels, and no specific values
were obtainable for it. Copper values vary up to 230 ppm and probably
represent increasing amounts of chalcopyrite in the pyrite crystal.
Silver values are quite consistently similar, 41 - 72 ppm,but are all
higher than Patterson's highest value of 29 ppm. It is gquite possible
that this silver is associated with included tetrahedrite in inclusions
of galesna within the pyri;e. Nickel was detected in all but one sample
of pyrite and cobalt ih one sample. Arsenic is detected only in pyrite,
although its presence in sphalerite was confirmed by alternative analysis,
(Chapter 8). This arsenic is present as a lattice constituent of
pyrite, a fact discussed in Chapter 8. Vanadium and molybdenum are

also preferentially associated with pyrite but in very minor concentrations.

6.9. X~ RAY ANALYSIS OF SPHALERITE, GALENA AND PYRITE.

A study was carried out on 32 samples of sphalerite, four
samples of galena and four samples of pyrite in order to ascertain cell
dimensions and to obtain any information about variation in these
parameters throuohout the deposit. It was also hoped to obtain
information about the effect of trace element concentrations on these

parameters.

(a) Sample Preparation.
Each mineral sample was carefully hand picked to aveid
contamination and then ground to an ultra-fine powder in
an agate mortar. A glass fibre, smeared with a thin film

of vaseline, was then rolled in the sample powder until a
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fine coating of ths mineral Qas adherring to the fibre.
This fibre was then mounted inside a Phillips llcm. powder
camera and exposed to Co Kg radiationg(A 1,78890 R,
for twelve hours. Co Kg radiation was used becauss the
only slements which absorb or scatter it to any degree are
manganese, chromium and vanadium, none of which elemsnts
occur to any extent in the minerals bsing analysed. Powder
photographs bbtainad were developed and fixed using standard
methods but taking great care to obtain as near standard
working conditions throughout the procedure as possible.
Each photograph was interpreted using a vernier rulse,and
results converted to d-spacings using the appropriate
tables. Sphalerite, galena and pyrite are all cubic minerals
and have only one cell edge dimsnsion. The true valus of
this cell edge was calculated exactly by plotting a seriss
of cell edgesyobtained by using the various values of d
calculatedyagainst the function

. 2

Cos = & - Cos = &

Sin & g

the

Taylor, Sinclair, Nelson and Riley extrapolation factor.

A digression is here necessitated to explain the use of

this function .

The position of the reflected arc on the powder photograph
depends on the transparency of the specimen. If the crystal
is absorbing,then only its surface regions can defract X-rays.
The suppression of part of the reflected beam has ths effect
of narrowing the line on the photegraph and of displacing

its centre frdm the true centre of the reflection.
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This effect decreases with increasing values of &, vanishing
complestely at & = 9g°, In the laboratory X-ray instrumentsgthe
X-rays are sub.parallel and they diverge, and this divergence compli-
cates greatly the angular depsndence of the absorption error.
Conseguently techniques have been devissed to sliminate this error

énd obtain an accurate value for the cell edge. Although the d
vaiua of a reflection whose glancing angle is 90% cannot be measured,
it is possible to extrapolate back to this value from those d valuss

that can be measured. Taylor and Sinclair (1945) and Nelsen and

Riley (1945) have shown separately that by plotting the function

% Cos’ & + Cos® & against
Sin 8 g

equivalent a valuaafit is possible to cebtaincell edge readings, free
from interfeYence, at & = 9g”, Fiqure 6.8a shows one such
extrapolation for sphalerite and Figure G6.8b a similar extrapolation

for galena.

Using the method, cell edges for sphalarita; galena and pyrite
frem Kesl were calculated and compared with previously obtained data
for similar mineralsy Table 6.14. The mean value of the cell edge
of 32 sphalerite samples was 5.416 R and the standard deviation

0.0026 8 .
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. TABLE 6.14.

MINERAL KEEL a SPACING LITERATURE a SPACING CRYSTAL
SYSTEM
SPHALERITE 5.416 1 5.411 R " cusic
GALENA 5.938 R 5.929 f ; CUBIC
PYRITE . 5,389 A 5.419 R cusic
WURTZITE NONE 3.828 § HEXAGONAL
MARCASITE NONE 4.445 R a
5.425 8 b ORTHORMOMBIC
3,398 A ¢

It was further decided to investigate the effects, if any,
of varying amﬁunts of trace elements on ths unit cell charactesristics
of sphalerite. Consequently the concentratinﬁs of the major'trace’
elehents, iron and cadmium, were plotted against cell edgs of the
sphalerite. The results obtained, Fig. 6.9, showed no datactabie
systematic variation of cell parameters with either increasing iron

content or increasing iron plus cadmium content.

6.10. SUMMARY AND CONCLUSIONS,

On the basis of the trace element study of sphalerite, galena

and pyrite within the Keel orebody, some very important facts emerge:-

(a) There is distinct partitioning of trace elements between
the various minerals.

(b) The sphalerite and probably the galena and pyrite also,
appear to conform to the trace element mineralogy of a

low temperature deposit,
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Inter~slement relationships in sphalerite appear to

ba a direct result of included gangus and sulphide
minerals in the host ecrystal and not selective slemental
substitution in the crystal lattice{

Thers is no trace slement zonation with depth in the
Keel sphalerite.

Mercury values in sphalerite are very uniform throughout
the deposit.

Colour variation in sphalerite is consistent with iron
variation,although it cannot be said to be solely
attributable to this cause.

Cadmium values in sphalsrite do not seem to be

dependant upon iron concentration.

Cadmium values in sphalerite are uniform throughout the

extent of the underground workings,but vary in drillcore

‘material,

Germanium 4is found mainly in included chalcopyrite and
silicate gangue material.

Lattice characteristics of Kesl gphalerit@ do not appear
to be effected by differing concentrations in trace

slement content.
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CHAPTER 7

- SUMMARY AND CONCLUSIONS.

7.1. INTRODUCTION

This chapter serves as a review of the geoclogical and geo-

chemical information so far described.

7.2. GEOLOGY AND STRATIGRAPHY.

The Keel prospect is situated on a shelf area between the
Lower Palasozoic Longford Down fassif to the north and the Central
(Dublin) Basin to the south. Its position is reflected both in
the type of sedimentation and the environment of deposition.
Natamorphic grade of the Lower Palasopzoics is low,with only minor
sericitization and chloritization, the rocks also hauing weak cleavage.
Rock types are alternating sequences of clastics and carbonates. The
forﬁer are repfesented Ey conglomerates and sandstones and the latter
by Reef and Bioclastic limestones. The sequence is capped by Calp

Limestone, indicating a shallow water, low energy environment.

Faults are widespread throughout the area and faulting is

sub-divided into three groups:

(1) Low angle, very light normal faults dipping at
25° - 30° and striking,more or less,east-west,
(2) High angle, east-west normal faults dipping south.

- (3) North-south faults and associated joint systems.

These are post-ors faults.



"7+3. MINERALIZATION. >

Mineralization is associated with high angle,east-west,

' ﬁormal faults and there is abundant evidence that the ore is pre-
dominantly confined to the clastic sediments. Five of the thirtsen
ma jor sast-west faults, recognised by Patterson, were considered by
him to be loci of igportant mineralization, namely C, D, G; H and K.

The author also considers that the F fault should be included here.

A thick fault gouge sxists between the Mixed Beds and
Bioclastic Limestone and acted as an impermeable barrier to the

* mineralizing solutions during ors formation.

Sphalerite is the predominant ore mineral,although galena

and pyrite do attain local significance. Sphalerite varies in colour

from honey coloured"honey-blende" to black, this being in part a
reflection of iron content. ° Texture also varies from disseminated

inter-growths to coarse, well terminated crystals in vugs.

7.4, ORE GENESIS.

After the Hsrcynian Orogeny, ore solutions invaded the
east-west trending faults and deposited base metal sulphides with
apparent marked rapidity. The metals were piobably gathered by
scavenging brine solutions from the surrounding rocks and deposited

in an area of high sulphur activity associated with the fault zones.

218
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7.5. PRIMARY GEOCHEMISTRY.

An investigation into the primary dispersion of selected

trace elements throughout the deposit was approached in three ways.

(1) The primary dispersion of Cu, Pb, Zn, Ag, Cd, Hg, Fe,
Mn, Ca, Mg, Na and K in drill core material.

(2) The primary dispersion of Cu, Pb, Zn, Ag and Hg on
'the underground workings of the 200!, 400! and 500!
levels.

(3) The primary dispersion of cold-water-soluble fluorine

and chlorins.

7.5.1,

N B "~ The analysis 6? eight hundred rock samples for Cu, Pb, Zn,
Rgy Cd, Hg, Fe, Mn, Ca, Mg, Na and K was carried out on drill core
specimens)to try and obtain a broad picture of the primary dispersion

i of these elements throughout theiprospact aresa. Previous work by
Patterson (1970) indicated a marked degree of léteral metal zonaéion

throughout the deposit, but this study did not confirm Patterson's

findings.

Ng/ta ratios in the limestones are}low,ci 0.1:1, and in
the clastic sediments ratios are high, >1:1. The fact that
these high Ng)ta ratios occur associated with mineralization is not, in
the authors opinion, indicative of dolomitization associated with

miheralization,but more of an association with rock type. Sodium/

potassium ratios also show no relationship to mineralization.
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High values of iron and manganese occur in the Upper Mixed
Beds at Keel,in association with mineralization and faulting; low
values occur in the limestones. This again reflects an association
with rock type,raﬁﬁer than a correspondsnce with the extent of bass

metal build up.

Lead and zinc mineralization is predominantly confined to
fault zones throughout the deposit,and the Zn/bb ratio is on the whole
fairly uniform at @ 33:1. However, a definite enrichment of lead,
esast of the shaft,is apparent and Zn/bb ratios of 1l:1 ars common in
soms sections»of drill core in this area. The cadmium content of
Keel sphalerite, C) 1%, is very high for the Irish province. However
.the majority of rock matérial analysed gave a Zn/td ratio of approxi-
mately 62:1., Variations from this ratio do occur and up to 2% Cd

can be found in some of the sphalerite.

-

The possible existence of a cadmium phaée in the rocks of
the deposit cannot,however,be over-looksd and Zn/td ratios as louw as
25:1 are found in rock samples from the E fault zone on the 500' level.
A broad association of zinc and msrcury is apparsnt for material from
the underground workings but this relationship breaks down in drill
core material. = Total msrcury studies indicate a vague relationship
between mercury and the proximity of sulphide ore on a broad scals.
When specific values are used howsver, both antipathetic and sympathetic

relétionships are found.
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Three hundred and five rock samples from the underground
workings of the prospect were analysed to invesfigéta the primary
dispersion of Cu, Pb, Zn, Ag and Hg on ths 200', 400' and 500°'

levaels. Sample distribution was as follows:
200' level, 1423 400! level, 62; 500 level, 101.

The 500' level is the deepest lsvel of the Keel prospect

"and primary dispersion studies are complicated on this, as on all

other levels, by'the abundance of different lithologies. Analysis
_indicated that a broad sympathetic relationship exists betwsen all

base metals on this level; however, primary dispersion appears to be
very limited and ore grade mineralization may drop to background in

. distances less than one inch. Mercury also appears to have little
mobility and values of 50 pbb occur in fragments of wallrock) surrounded

by massive sulphide mineralization with mercury values over 100 ppm.

The Zn/Pb ratio decreases northuards towards the Silurian
inlier and the presence of g:eenuckite in the E and D faults is
indicated by their Zn/Cd ratios of 25:1 and 57:1 respectively. The
actual sphalerite from these faults gives an approximate Zn/bd ratio

of 62:1.

The main feature of the 200' level is the C fault. This
is an east-west normal fault, dipping south,which brings Bioclastic
Limestone‘against Upper Mixed Beds and separates the two by a thick
fault gouge. Mineralization has been dammed up against this fault.
Again on the 200! lavel there appears to be a reasonably sympathetic

relationship between base metals although no specific inter-element
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correlations exist. The plans of the trace element distribution on
the 200! level indicate that lead is far less abundant,hsresthan on
the 500' level. . Marcury‘also appears to have a lowsr concentration
on this\level,although the sphalerite contains approximately the same

amount in its lattice as it does on thse 5002 lovel.

The underground workings of the 400' level have by far
the smallest extent. They are mainly cut in Upper Quartz Sandstone
and mineralization is ahundant with high grade lead to ths north of

the shaft. Base metal relations are again sympathetic on this level.

7e5430

Colourimetric determination of water soluble fluoride and
\turbidimetric determination of water soluble chloride indicated that
no relationship exists between these slements and the extent of bése
metal mineralization. Information also indicates that primary dispersion
of fluorine-and chlorine in the wallpéﬁks surrounding the Keel prospect

is non existent.

7.6,  TRACE ELEMENT DISTRIBUTION IN SPHALERITE GALENA AND PYRITE.

113 specimens of sphalerite, four of pyrite and twelve
of galena,each weighing in excess of 500 mg.,were separated from
crhshed rock material and analysed for Cd, Ga, Agy Ni, Co, Sh, Ba, Cu
Ca, Ti, In, Ge, Si, Mg, Mn, Hg, As, V, Cr, Sn, Mo, Bi, (Pb), (Zn) and
(Fe) using~a Hilger large quartz spectrograph. Comparative analyses
of some of theses samples by optical spectrograph and atomic absorption

indicated a good agreement between techniques. ..
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Analysis of sphalerites confirmed Pattgrsqn@ (1978) opinions
that high cadmium™ ( >1%) is contained in the lattice of this mineral.
Trace element values for all the minerals analysed can be seen in
Tables 6,1 - 6.4,and the relative distribution of trace slements
between sphalerite, galena and pyrite in Table 6.10. Sphalerite
varies in colour from true honey coloured "honsy-blende" to black,
this colour variation being sympathetic with iron contentsalthough

not necessarily wholly dspendent upon it.

The inter-element relationships which do exist in Kesl
sphaleritae, (Cu/hg; Cu/be; Cu/Fa; Ca/hg; Ga/Fe; Gq/Si; Nn/hg) appear
to be a direct result of included gangue and sulphide minerals and
not the result of substitution of these elements in the sphalerite

lattice.

The aphalarite,and probably galena and pyrite also;appear

to conform to the trace element mineralogy of a low tempsrature deposit.,

7.7. CONCLUSIONS.

The lithological variation at Keel makes any study of the
primary geochemistry extremely difficult. It is impossible to say
aé Kesl, that there is any wide primary dispersion of any of the
elements 1nvesfigat9d,associatad with the base metal build up of the
area, nor is there any broad primary dispersion halo of total mercury

around the deposit.
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This investigation has led to the conclusion that primary
dispersion patterns of any major significance do not exist,either
on the broad scale of the drilled area, or on the detailed scals

of the underground workings.

Investigation of ths trace element contesnt of the ors
minerals has led to the conclusion that the major impurities, except
cadmium and mercury, are presen£ as included gangue and sulphide
minerals and not as lattice substitutes. Howsver, from this
investigation it has been possible to postulate a temperature of

forﬁation of between 150°C and 250°C for the Keel deposit.
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CHAPTER 8

MERCURY AND MERCURY COMPOUNDS IN THE PRIMARY ENVIRONMENT OF THE KEEL
PROSPECT.
8.1l THE GEDCHEMISTRY AND ABUNDANCE OF MERCURY.

The geochemistry of mercury differs quite markedly from its
sister elements in Group II of the Periodic Table, zinc and cadmium.
-Zinc and cadmium are present only as traces in early magmatic separates
while mercury is almost absent. However, mercury does concentrate in
the geologically young volcanic areas associated with low temperature
kydrothermal solutions and hot springs (Rankama and Sahama, 1968).

Saukov (1946) suggests that the Hg 2+ yon substitutes for
_both the Ca 2* and Ba 2* ions in calcite, dolomite and baryte, but
suggests the greatest replacement is in sulphide minerals. Cinnabar,
HgS, is the main sulphide mineral of mercury, but concentrations of
metacinnabar, HgS and native mercury, Hg, are occasionally found; so too
is calomel H92612. Gold, tellurium, platinum énd silver amalpams are
known in nature and the oxide montroydite HgO, oxychlorides and mercury-

halogens also occur as mineralsa.

Information concerning the abundance of mercury in chondrites
is scarce, however Noddack and Noddack (1934) are quoted in Rankama and
Sahama (1968)‘aa estimating a figure of 10 ppb. Mercury is gbsent
in the solar atmosphere, but due to its high volatility, is always
pré;ent in‘our own. Goldschmidt (1937) estimates its abundance in

igneous rocks as 500 ppb, while Sankov (1946) estimates 76 ppb
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Table 8.1. gives average valuss for a set of igneocus and
sedimentary rocks, This information definitely suggests that there is
enrichment of mercury in shales. This is dus to the highly adsorptive
nature of clay minerals in these ssdiments. Mercury evolved into the
marine environment -from such possible sources as submarine volecanic
exhalations would therefore tend to concentrate in clay rich sediments
and this could account for the low mercury contsnt of sea water of
0.03 ppb. (Stock and Cucusl, 1934). During metamorphism and diagenesis,
thie adsorbed mercury could be dissociated and become available to
anionic species in the sediment, forming, possibly, mercury compounds,
6eQe HgCl2 and HgS, depending upon the availability and activity of

the anionic spabies presant.

Rankama and Sahama (1968) noted that the "quantitative cycle®

xof mercury was inadequately known but concluded that the uolatilify of

the slement may play an important part in its dispersion. James (1562)

has thoroughly dealt with the chemical and geochemical knowledge of

rmercury up to that date and Evans (1971) has updated the information

yet again. Boyle (1971) and Rankama and Sshama (1968) have produced meaning-
ful diagrammatic representations of the mercury cycle in nature

and these are reproduced in Figure 8.l.

8.2, PRIMARY DISPERSION OF TOTAL MERCURY AT THE KEEL PROSPECT.
Hawkes and Webb (1962) state that in permeable rocks,such

as sandstone, limestone and dolomite, mercury can move great distances

from its source as mercury vapour. It would therefore be reasonable

»to ekpact a broad halo of primary dispersed mercury in wallrocks

surrounding lead-zinc ores. The extent of this anomaly and its shape



A) AVERAGE CONTENT OF MERCURY IN IGNEOUS ROCKS .

ROCK
GABBRO (Stock and Cucuel , 1934)
GABBRO (Preuss , 1941)
“"BASIC EFFUSIVES (Saukov , 1946)
GRANITE (Stock and Cucuel , 1934)
GRANITE (Preuss , 1941)
ACIDIC INTRUSIVES (Saukov , 1946)

MERCURY p p b

77
98
88
80
10
57

B) AVERAGE CONTENT OF MERCURY IN SEDIMENTARY ROCKS .

) ROCK ,
SANDSTONES , average (Preuss , 1941)

MERCURY p p b

2217

98
SANDSTONE (Stock and Cucuel , 1934) 30
SHALES average (Stock and Cucuel , 1934) 494
SHALES average (Preuss ; 1941) 290
LIMESTONE (Stock and Cucuel , 1934) 30
After Rankama and Sahama 1968
TABLE ...8.1 - AVERAGE CONTENT OF MERCURY IN SEDIMENTARY

AND IGNEOUS ROCKS .
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FIG ...8.1 THE CYCLES OF MERCURY
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would be markedly dapendent upon the physical characteristics of the

hoet rocks.

Mercury anomalies haQa been detected in bad#ock (Fursov, 1958,
Ozerova, 1959., Frederick and Hawkes 1966),'8011 (Jolly and Heyl, 1968
Evans, 1971) and air (Barringer, 1964, Motycka, 1970) and several
authors have pointed out the usefulnsss of mercury as an ors guide
(James, 1964 and 1962). Barringer Research Ltd. of Toronto, Canada,
have recorded anomalous mercury concentrations in thas atmosphere over
zinc eoll anomalies in thé Bruce Peninsular, Canada (Motycka, 1970).
Anomalous atmospheric readinés have also been recorded sver the
mineralized Cobalt, Ontario, area (A.R. Barringer pers. comm.)s This
confirms Williston's (1964) work,when he reported the atmospheric
cccurrence of mercury in California. Ae a further guide to mineral
\deposite, Friedrich and Hawkes (1966) have suggested that the mercury
content of residual soils, but not of ths unweathsred rock,may be used
as a guide to blind ore deposits in the Pachuca- Real del Monte district,

Mexico.

James (1962), in his review on mercury,quotes Polikarpochkin (1957)
as enumerating the most important factors influencing the formation of
primary dispersion halos as:-

(1) Fissuring in the host rock
(2) - Nature of the host rock:
(a) Porosity
- - (b) Chemical composition
(3) Properties of the elsments forming the halo

(4) Properties of the mineralizing fluids
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To these he adds:
(5) Depth:
(a) Variation in pressure
(B) Variation in temperature
Upon consideration of these points, together with the informa-
tion gained in Chapter 6 that Kesl sphalerite contains scme 200 ppm
mercury in solid seclution, it is obviocus that sufficisnt mercury was
associated with the ore solutions at Keel to have produced a large halo
‘in the wallrocks surrounding the mineralization. Howsver, the informa-
tion gained‘in Chapter three indicates that no definite mercury halo
exists around the deposit. Although local anomalous values are
encountered, mercury concentrations of <50 ppb occur some half an inch
away from massive mineralization with mercury concentration of > 100 ppm
Very often, unless the actual sample containe sphalerite, galena or
pyrite, its mercury content will be <100 pph. A sample some 6" away
from massive mineralization can contain much less mercury than a sample
segveral hundred feet away. ~ This creates an extremely complex problem

of interpretation of total mercury data.

The analysis of samples of rock material for total mercury
was discussed in Chapter 3,and on the basis of this information
figs. 3.50 = 3.54 were compiled. These maps show the total mercury
digtribution on the five levels of Keel and do no more than indicate
the existance‘of several ancmalous samples. Specific mercury values
for samples give no information as to the actual location of mineraliza-
tidg; with ﬁigh and low mercury values alike being scattered over an

area of % mile by 1 mile. The absence of a meaningful primary dispersion

mercury halo around the sphalerite veine of Keel is therefore very clear.
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Howsver, on the basis of information cobtained during sample
handling and preparation,it was concluded that a complsx series of
factors influenced the distribution of mercury at Kesl. In order to
try and explain these factors,a different approach to mercury analysis

was undertaken.

8.3. PRIMARY DISPERSION OF MERCURY COMPOUNDS AT KEEL PROSPECT.

A small percentage of the information dealt with in the
initial parts of this chapter, has been covered in chapters 3 and 4.

Howsver, for the saks of continuity, it is again quoted hers,

(a) Sample Collection and Preparation.

Wallrock samples from ths undsrground working,weighing in
. excess of one kilogramms, were collected and immediately stored insids
sealsd polythene bags and packed together in batches of ten. An
effort was made to kesp obviously mineralized and unmineralized samples
apart, In the laboratory, sach sample was scrubbed with ordinary tap
water to remove surface contamination, then washed in deionised water

and allowed to dry inside a large absorbant tissue at room temperaturse.

When dry, the sample was reduced to - 1550 um in a manganesa/
steel jaw crusher and three size fractions were then sisved from this,

- 210 pm, - 494 pm + 210 pm and - 1550 pm + 494 pm,

After each sample, the jaw crusher was cleaned by scrubbing
with warm water and finally spraying with acetons to facilitate quick
“drying of the metal, ) Several polished ssctions of the — 4%4um 4 210 um
material were prepared and carefully examined under a reflscted light

microscope in an attempt to discover if any contamination from the jauw
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crusher was being picked up. Initial results proved positive;
however on changing jaw ciusher,thia contamination was soon removed.

The initial samples were destroyed.

Under normal procedures, the jaw crusher is cleaned by running
coarse sand through it, however as this sand was found to contain
1480 ppb (1480 x 10 -gg. /g. mercury), its use as an abrasive clsaner

was discontinused.

The three different size fractions were stored in sealed
Kraft paper bags, again in batches of ten taking similar precautions

with respect to mineralized and unmineralized samples.

Drillcore samples,which consisted of short lengths of whole

core, weighing about 1 Kg each,were handled in the same way.

The mercury analysis was carried out,initially, using the
sensitive mercury vapour analyser designed by James and Webb (1964),
a flow diagram of which is aﬁown in Fig. 8.2, This instrument works
on the atomic absorption principle,by measuring the relative absorption

of light of wavelength 2536.5 R by mercury vapour.

A sample of material was heated to 700°C for one minute
and the evolved mercury was flushed through the apparatus ae a single
pulse using air as the carrier gas. Additiocnal analyses were carried
out by Barringer Research Ltd., Toronto, Canada, using their own system

of mercury analysis (Barringer, 1966).

This instrument used at ths Royal School of Mines was initially
calibrated by injecting known volumes of mercury saturated airsat known
temperatures,into the gas stream. The absorption due to the mercury

vapour was then measured on a voltmeter and a standard curve plotted




Fig . 8.2.
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of voltmeter reading against pg./litre mercury. (Fig. 8.3).

WUhen samples of the three mesh sizes were analysed,it was
found that the mercury content varied with particle size,as shown in

Table B8.2A.

This variation could be dus to a combination of factors:-

'(l) The mercury occurs as minute grains, possibly discrete
mercury minerals, which tend to concentrate in the
finer fraciion.

(2) concentration of friable’minerals, particularly sphalerite,

| occurs in the finer fractions. Any ZnS lattice-held
mercury would therefore also tend to concentrate in this

- fraction.

(3) Delay in release of mercury from the coarser material, due
to a thermal gradient being set up, preventing release
of mercury from the innermost parts of the larger grains
during the one minute heating cycle. A diffusion
gradient could also bé set up in the coarser grains

preventing mercury relsase.

After the analysis of the material from the underground
workings of the prospect, a survey of the drillcore material from the

west of the area was carried out. The results are shown in Table 8.2B.

Comparison of Tables B8.2A and 8.2B shows that for both
materials from the underground workings and for drillcore the lowest
mercury contents occur in the - 1550 um + 494 um materialj mercury
content increases with decreasing particle size for samplses from the
underground workings and increases with increasing particle size for
drillcore material. This,in the light of information available at

the time,was thought to be due to a build .up of pore and fracturs held
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t .

MERCURY CONTENT IN DIFFERENT SIZE FRACTIONS OF ROCK SAMPLES
A) FROM UNDERGROUND WORKINGS

SAMPLE -210p . =494 p+210p - 1550 p + 494 p
K1 665 152 90
K 2 2575 ' 280 - 174
K 3 12420 144 * 84
K 4 300 140 106
K S 525 206 16
K 6 240 170 ' 130
K 7 2855 1180 720
K 8 1330 160 80
X 9 705 184 116
K 10 2460 : 390 49
K11 1075 B 216 139

B) FROM DRILLCORE

998 1560 1020

K 12

K13 - 28 48 28
K 14 22 32 36
K 15 35 96 14
K 16 166 | 210 110
K 17 70 85 : 50
K 18 14 42 15
K 19 103 310 80
K 20 ' 60 130 ) 52
K 21 219 560 : 27
K 22 169 700 150
K 23 . 318 496 130
K 24 44 210 27
K 25 ‘ 49 326 20
K-26 160 : 172 | 110
K 27 1675 2593 1020
K 28 | 66 74 30
K 29 44 236 25
K 30 33 57 14
K 31 141 280 | 100

RESULTS EXPRESSED AS ppb
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) marcbry in drillcore material, away from the known area of mineraliza-
tion, which was released in greater amountsytha finer the material

was crushed,

To test this possibility, - 1550 um + 494 um material both
from the underground workings and from drillcore was ground for fifteen
seconds in a Tema mill and then reanalysed for mercury. The results

are shown in Tables B8.3A and 8,3B.

Thesse results indicated that grinding increased the apparent
mercury concentration in both sets of samples, and the increase in
mercury content of some samples of drillcore material was substantially
higher than the increase for the underground samples. The air inside
the Tema mill was consequently analysed for mercury after the grinding
proceduresin order to ascertain if the mine rock had lost more mercury
' than the drillcorseyto the atmosphere inside the Tema mill. This
experiment was carried out by substituting a 4 cm. ﬁhick perspex lid
in placse of thazoriginal silicon carbide Tema lids Two holes wsere
drilled through the lid in order to correspond to gaps between the
grinding.rings, Fig. 8.4, The holes wers ssaled with sellotape both
inside and outside and the ssellotape inside was pushed slightly into
the hole so as to allow both outside and inside of ths hols to be
continuously sealed throughout grinding. After grinding a hypodermic
needle was pushed through sach hole and air from inside the mill was
drawn-into a 20 ml glass syringe. This air was then immediately
transferred to the mercury analyser and the mercury content of this 20 ml
sahple measured. By knowing the original sample weight and the density
of the specimen, together with the volume of the inside of the Tema
milly it was possible to calculate that from 4 - 13 nanogrammes of mercury

per gramme of rock was lost and hence loss of mercury by volatilization
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COMPARISON OF THE MERCURY CONTENT OF GROUND AND UNGROUND
= 1550 p + 494 . MATERIAL FROM KEEL
A) MATERIAL FROM THE UNDERGROUND WORKINGS

® A AR R R R R R R RN

OO R OR R OR RO R R R R R R RN R R

SAMPLE GROUND UNGROUND GROUND / UNGROUND
1 178 90 1,98
2 1970 179 - 11.00
3 280 84 3,23
4 130 106 1,22
5 320 16 20,00
6 170 103 ' 1.65
7 1420 720 1.97
8 380 80 4,75
9 296 116 2.55
10 483 . 49 9.85
11 980 139 7.05

B) MATERIAL FROM DRILLCORE
12 2060 1020 2.00
13 210 28 7.50
14 240 ' 36 . 6.70
15 1040 14 74,30
16 . 1840 d 110 16.70
17 546 50 , 10.90
18 480 .15 32,00
19 1880 80 23,50
20 4200 52 80.70
21 6800 27 251,80
22 1560 150 10,40
23 . 6900 130 53.10
24 2100 : 27 77.80
25 1520 20 76.00
26 3400 . 110 30,90
27 7400 1020 7.30
28 3800 30 126.60
29 4200 25 168,00
30 1080 14 77.00
31 1600 100 _ 16,00

RESULTS EXPRESSED AS pp b
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-

during grinding was negligible. This fact indicated that the mercury
in the drillcore samples was bound up just as tightly as that in
samplas from the'underground workings;and that the distribution of
‘mercury in rocks.mas governed by far more complex factors than a

simple increase of slemental msrcury in fractures and fissures.

(b) 1Initial Analytical Results.
After careful consideration of the accumulated data,it
was concluded that a specific distribution of mercury compounds may be
"the cause of the apparent analytical discrepancies between samples

from the underground workings and drillcors material.

It'was therefdre decided to continus the work of Koksoy and
Bradshaw (1967) and to modify the heating techniques for each sampls.
To do thissa hsating cord was wound around an annsaled pyrex tube to
‘serﬁe aé a heating chamber. The cord was connected to a variable mains
transformar by which input voltage to the cord,and consequently temperature
of the cordywas varied. Temperatures of 450°C could be reached by
this method and it was considered only a tsmpurary set up to investiogate

the validity of the mercury compound theory.

5 g. samples of - 494 pm 4+ 210 pm crushed rock material were
placed in a nickel boat inside the heating chamber and the temperature
increased. Temperature monitoring was carried out by means of a
dirsct reading thermocouple placed directly in the sample inside the
~ heating chamber. The temperaturs was increased in 10 volt steps,
approximately 40°c steps, and the sample heated for one minute at
each voltage setting. A tims lag of approximately 1 minute between
ssttings was required for the temperature to stabilize. After one
minute heating,the svolved mercury was flushed in an air stream into

the analytical equipment and the svolved mercury measursd. Thus a
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crude picture of mercury release with tempsraturs could be built up,

Fige B.6. The amount of mercury evolved at each step was measursd

on a chart recbrdar, this being connected in series with the analytical
squipment. Beéause of the varying amounts of mercury released from

the samples dﬁring the heating programme, several scale changes had

to be made on both voltmeter and chart recorder,in order to attain

maximum senaitivity at each point. Standardization of the squipment
using a combination of chart recorder and voltmeter scales was therefore

- necessary, prior to sample analysie, Fig. 8.5. This standardizatioen

was carried out by injecting known quantities of mercury saturatéd air,
at knouwn temperatures,into the apparatus using an hypodsrmic syringe,

end measuring the voltage difference between two photecells, Fig. 8.2.

Table 8.4. explains the calibration graphs.gbtained.

As a result of these initial analyses,several distinct peaks
for mercury release wers obtained from the Keel rock material used,
Fig. 8.6. On referring to the work of Koksoy and Bradshaw (1967) on
mercury compounds around a cinnabar deposit in Western Turkey.it was
possible to identify mercuric chloride, marcuroﬁs chloride and mercuric
sulphide, togethsr with another mercury phase which was released at
much higher temperaturs than any of these and at a temperature too
high for the heating cord to reach, Fig. 8.6C. It was also possible
‘to identify one sample which appsared to contain two forms of mercury,
mércuric sulpﬁide and mercuric chloride, Fig. B.6.A. Fig. 8.7 gives
the temperatures of release of vesrious mercury compounds analysed by
the author. One other very important fact howsver,did emerge from
the study and that was that the total amount of mercury released from
sach rock by this method was very much lower than the total obtained by

-wholé rock total mercury analysis. This could have been dues to several
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FIG ...8.8 CALIBRATION OF MERCURY ANALYSIS APPARATUS
BY THE "MERCURY PULSE" METHOD.
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YOLTMETER # GMS, ADDED VOLUME OF MERCURY
FULL SCALE DEFLECTION MERCURY SATURATED AIR AT 20°C
10 mv 3.0 0.0027 0.2 m}
7.6 0.0054 0.4 ml
11.2 6.0081 0.6 ml
17.8 0,0107 0,8 ml
25.6 0.0135 1,0 m
62.3 0.0270 2.0 ml
30 mv 3.5 0.0135 1.0mi
20.0 0.0270 2.0 ml
35.2 0,0405 3.0m
-~ 47.5 0.0538 4.0m
61.5 ' 0.0675 “5.0ml
76.2 0,0810 6.0 ml
88.5 0,0945 7.0ml
100 mv 2,5 - 0.0135 1.0m
6.0 ) 0.0270 2.0 ml
10.7 0.0405 3.0 ml
15.1 0.0538 4.0 m
18.8 0,0675 5.0ml
22,8 0.0810 6.0 mi
26.8 0.0945 7.6 ml
30.8 0.1080 8.0 ml
34.6 0.1215 9.0 m
38,2 0,1350 10.0 ml
10 mv 2.7 0.0027 0.2 m}
5.2 0.0054 0.4 ml
8.6 - 0.0081 _0.6m
13.4 0.0107 0.8 ml
17.9 0.0135 1.0 m
37.8 0.0270 2,0 m
‘ 60.4 0.0405 3.0 m
83,0 0.0538 4.0 ml
102,0 0.0675 5.0 ml
30 mv 5.4 0,0135 1.,0ml
13,0 . 0,0270 2.0 ml
20.4 0,0405 3.0m
27.5 0.0538 4,0ml”
35.2 0.0675 5.0 ml
42,3 0.0810 6.0 ml
48.7 . 0.0945 7.0 m}
55.2 0.1080 8.0 ml
61.9 0.1215 9.0 ml
68.0 0.1350 10.0 ml
100 mv 1.3 0.0135 1,0ml
3.2 0.0270 2,0 ml
5.7 0.0405 3.0ml
’ 7.7 0.0538 4,0 m
10.0 0,0675 5,0 ml
12,0 0.0810 6.0 ml
14,2 - 0.0945 7.0 ml
16,1 0,1080 8.0 ml
18.0 0.1215 9,0 ml
20.1 0.1350 10.0 wl
8.4 - CALIBRATION OF MERCURY METER BY THE® MERCURY PULSE  METHOD

USING  VARIQUS CHART

MANTMY M

RUCORDER / VOLTMITER  SETTINGS

SENCITIVITY

TO OBTAIN
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factors:

(1) Mercury leakage from the heating chamber during heating.

(2) Abserption of mercury onto the walls of the heating
chambsr. |

(3) All samples contained a high temperature form of mercury
which was not released by this method.

(4) Recombination of mercury with its aniong inside the
heating chamber, prior to analysis.

(5) Oxidation of mercury vapour by the air and hence non

| absorption of light wavelength 2536.5 R by mercuric oxide.

(6) Incorrect analysis by total mercury pulse method.

This initial survey however,suggested a possible reason for
the lack of a sensible total mercury primary dispersion hale around Kesel.
It élso indicated the inadequacies of the initisl technique for in-
vestigating this,and the possible association of merbury compounds with
base metal build up,to any degree of accuracy. It was therefore obviocus
that a new system of analysis would have to be designed if any meaningful

regearch in this field was to be carried out.

(¢) Continuous Flow, Thermal Dissociation of Mercury

Compotunds Analysis.

In order to carry out continuous flow thermal dissociation of
mercuby from its compounds,it was necessary to readapt the available
marcu;y analysis equipment into a continuous mercury release monitoring
device, Fig. 8.2, This was achisved by using a thermostatically

controlled tube furnace to heat the sample, which was contained in a

nicksel boat inside a silica tubs, to 800°c over a period of 45 minutes.
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A thermocouple placed directly in the sampla,insiée the nickel boat,
éave the temperature to within t 508, while a variable scale,
multispesd chart recorder enabled a continuous record of mercury
relesase to be taken., Air, at the rate of four litres per minute
was continucusly flushed over the 1 g sample during ths courss of
this heating fun, Fige B.2. A great diéadvantage with this
'equipment was the facf that the tube furnacs, while taking only

45 minutes to reach BOUOC, took four hours to cool,and no other
furnace or hseating equipment could bs made available for these

experiments., As a result, a maximum of four samples pser sixteen

hour working day could be analysed. Nonetheless a total of
1059 samples were analysed by this diffserential thermal release

technique during the course of this study.

(d) Standardization of Equipment.

Synthetic standards containing 2.00; 1l.00., 0.50, 0.25 and
0.125 ppm me;cury,in the form of solid mercurous and mercuric chloridse,
mercuric sulphids, mercuric oxide and mercuric sulphate wers prepared
for comparison with the mercury release curves obtained from the Keel
rocksS., Each standard was made by successively diluting the spectro-
graphically pure mercury salt in each bass. It was not feasible
to use elemsntal mercury in the preparation of standards of this typse,
dus to homoggnisation difficulties and oxidation; howsver, a qualitative

standard was prepared.

- .As the thermal release characteristics of the various salts
might be modified by the rock matrices, each set of standards was
prepared in sach of the synthetic rock bases listed in Table 8.5.

" To remove any mercury contamination, each bass was heated to 900°% for
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TABLE ... 8.5 , )
COMPOSITION OF ROCK STANDARD BASES USED IN MERCURY

COMPOUND ANALYSIS

BASE 510, Ca0/CaCO, Fe,O, ' CARBON
A 100%

B 90% 10%

c - 80% 15% 5%

D 80% 15% : 5%

2 75% 15% 5% 5%

TABLE ... 8.6

TEMPERATURES OF MERCURY RELEASE PEAKS

SULPHATE

COMPOUND  PEAK 1 PEAK 2 PEAK 3
. MERCURY 80°C

CRLORIDE 170°

CHLORIDE 220%

SULPHIDE 300%

g;g)gﬂuglc 160°C - 255°¢ 495°¢

MERCURIC 350°C . 420°C 510°C
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24 hours and reground to - 53.5 pm before addition of each mercury

compound.

The marcury release charaecteristics of these compounds did
not appear to be greatly modified by the synthetic bases,and their
thermal release characteristics are shown in Fig. 8.7 and approximate

peak temperatures are tabulated in Table 8.6.

From these results the poasib%lify of gualitative identifica-
tion of thase compounds in natural material is opened up. Calibration
curves on the basis of the prepared standards were also calculated and
these are shown in Fig. '8.8. The temperature of maximum peak height
and curve area is specific for each mercury compound aﬁd,by comparing
the results on Fig. 8.8 for mercuric sulphide and for mercuric chlorids,
it can be seen that a sample containing 0.54 ﬁpm mercury in the form
of-marcuric chloride will give an equal sub-curve area to one containing
1 ppm mercury in the form of mercuric sulphide. Thus two samples
containing edual amounte of mercury, but ome having the mercury in
the form of mercuric chlorida and the other in the form of mercuric
sulphide will give different values unless specific calibration curves
for mercuric chloride and mercuric éulphide are used for their quantifica-

tione.

One extra qualitative standard was made from natural cinnabar
to test the dissociation characteristics of the natural material against
the synthetic mercuric sulphide. The dissociation curves of the two

samples are shown in Fig. B8.9.

.The position cf the major 300°C peak was again confirmed,
but cinnabar produced a much slower decay slope. 0On this decay slope,

two other peaks suddenly formed Fig. 8.9B. These peaks correspond to
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the 350°C and 420°%C peaks on the mercuric sulphate thermal dissociation
trace, Fig. 8.7, and thus indicate the possible existence of mercuric

sulphate admixed with the cinnabar,possibly as an oxidation product.

It was found that throughout the study where mercuric sulphate
was encountered,except in one instance where it was intimately associated
with anhydrite, th; relative magnitudes of the peaks areopposite toc the
standards. In most cases only the 350°c and 420°C peaks occur and of
these,the 350°C is almost invariably the stronger. This phenomenum is
probably due to the fact that the naturally occurring mercuric sulphate
is not in the same chemical form as that obtained from synthetic processes

in the laboratory.

(e) One Possible Reason for Variation in Mercury Content
with decreasing particle size in sieved, crushed rock

material.

Initial work at Keel,using the conventional heating and pulse
method of meréury analysis to determine mercury contént of various size
fractions of cruehed rock materialyproduced the information tabulated
in Table 8.2. These results for material from the the underground
workings indicated a distinct increase in mercury values from the
- 494 pm + 210 pm to - 210 pm fractions,with the - 1550 pm + 494 pm
material being the lowsst. The drillcore results, Table 8.2B,
indicate the opposite,in that the increase in mercury values is from
- 210 pm to -‘494 pm 4 210 pm, again the -~ 1550 um + 494 yum material

is the lowest in mercury content.

In the light of these results it was decided to run - 210 um,
- 494 pm 4+ 210 pm and -~ 1550 pm + 494 pm material on the mercury thermal

dissociation equipment,to try and ascertain whether these differences
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. representad sslective volatilization of specific mercury compounds or
pere held mercury, or whether the mercury in drillcore material was

- distributed in different ways from that in material from the under-
ground workings. It must be remembsred that the initial work on
drillcorse was carried out on samples over 1000 fest from known
mineralization and conssguently the term "drillcore" is here applied

to this specific unmineralized material.

Results: Ten samples, five from drillecore and five from
the underground workings were selected for énalysia. Each sample
was crushed in a2 manganese stesl jaw crusher and sieved into the
appropriate size fractions. Approximately one gramme of sample was
weighed and mixed with approximately one gramme of freshly prepared
calcium oxide (see section 2 in this chapter). The eamplg was not
~groundyand the mixing was carried out on weighing paper the whole of
the mixture being transferrsd to the heating chamber. Three samples
ars used hare to déscribe exactly what results wers obtained. The

- 1550 pm + 494 pm material pave extremely erratic and unreproducible
results, mercury being released in a seriss of pulses from ths rock
and not as a simple release peak. This typs of rslsase is thought
to be due to mercury degassing from individual particlses following
decrepitation. Consequently the releass traces obtained from this
- 1550 pm + 494 pm material were almost meaningless, Fig. 8.108.
However analysis of this material did lend support to the theory that
a dif;usiun gradient, and probably a thermal gradient also, existed
in this coarser fraction, suppressing the release of mercury. This
would probably contribute.graatly to the low values of total mercury

obtained from this material by the original mercury analysis method.
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Fige B.10A indicates the situation wharé a rock from drill-
core material at some distancs from known mineralization,displays
increased mercury content with decreasing particle size. When the
two size ?raciions were analysed by the total mercury pulse method,

the fellowing results were obtained:

M

- 210 pm fraction 176.5 ppb

- 494um + 210 pm fraction 293.3 ppb

The two fractions were then analysed by the mercury thermal
dissociation method and the peaks quantitatively estimated for total
mercury ﬁsing the appropriate calibration graph. This sample
originated from a mixed msrcuric chloride and mercuric sulphide zoﬁé.

The following results were obtained:

- 210 pm fraction: mercury as HgCl not detectable

2
mercury as Hg$S - 135 ppb
TOTAL - 135 ppb
- 494 pym + 210 pm fraction: mercury as HgCl2 ~ 72 ppb
mercury as HgS ~ B85 ppb
TOTAL - 159 ppb

This indicates the same general trend as other drillcore
material in the initial survey,once the total mercury has been
calculated from the mercury compound data. Toﬁal mercury data
shows the‘opﬁcsite trend. In this sample, crushing has apparently
volatilized the mercuric chloride component of the rock mercury, thus
loﬁéring tﬁe mercury level, while at the same time decrease in particls

size has allewed more mercuric sulphide greater access to the surface.
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Thus the diffusion gradient problem has decreased and although mercury
in the form of mercuric chloride has besn lost from the finer fractions
in the crushing procedure,the newly available mercuric sulphide has

almost compensated for this,

This selective volatilization of mercury compounds on crushing
is well exemplified by the following two examplas. Sample 1, Fig. 8.11A,
is material from the extremity of the chloride/%ulphide zone (ses
distribution of mercury compounds in Keel rocksysection g.). When
total rock mercury was calculated on this sample the following results

were obtained:

- 210 pm fraction 215 ppb

- 494 um + 210 um fraction 1400 ppb

The results for the same sample calculated from the mercury

thermél dissociation graphs,Fig. 8.1l1A. wers as follous:

- 210 um fraction mercury as HgC12 500 ppb
mercury as HgS 750 ppb

TOTAL 1250 ppb

- 494 pum + 210 pm fraction, mercury as HgCl2 2405 ppb
mercury as HgS 373 ppb

TOTAL 2778 ppb

In this case, both methods of analysis indicate that the
- 494 um +.210 um fraction has a higher mercury content than the
- 2;p pm fraction although specific amounts differ. The reason for
this enrichment in the - 494 um + 210 um material can easily be seen,
Fige é.llA. This fraction has a large proportion of its total

mercury tied up as mercuric chloride$ when the rock is crushed the
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majority of this mercuric chloride is apparently volatilized. The .
mercuric sulphide componént is slightly increased for reasons already
discussed. Howevery this increase in mercuric sulphide is insufficient
to compensats for the loss of mercury from mercuric chloride and
thersfore the rock has a greater value of total mercury in the coarser

fraction.

Apparently local spot heating,by percussive grain on grain
impact in the jaw crusher,creates enough local heat to volatilize the
‘mercuric chloride from the finer particles. However .temperatures are
ﬁbt elevated sufficiently to totally volatilize mercuric sulphidé.

-In order to try and detect mercury in the atmosphere above ths jaw
crusher during crushing, air from inside the jaw cavity was drawn into
a 20 ml. glass syrings and injected into the analysis apparatus.
'Howéver no mercury was detected in any of the air samples taken. This
could be due to a variety of reasons:

(1) The mercury had recombined with chloride ions.

(2) The mercury had combined with oxygen to form mercurous

or mercuric oxidss

(3) The dissociated atoms had recombined to form molecules

(4) The mercury had amalgamated with,or condensed on,the

Jjaws of the jaw crusher.

A rock from the underground workings was tested next. The
release traces obtained are shown in Fig. B8.11B. The total mercury
analyses for both fractions of this rockwsre as follows:

| - 210 pm fraction 1780 ppb

- 494 pm 4+ 210 pm fraction 720 ppb



258

25 . ,
. A) KEY :
i 7494+ 210
20
Q 1 -
2 N
o, 15 f= .
o, A
D -
0 A
£l 10 fewe
E -
5 b
0 i § s | 3 2 3 ] 1
50 100 150 200 250 300 350 200
TEMPERATURE ~C
20 -
R
[ B)
[ KEY :
15 [
— + -
O ST 494 p 4210 s N
[ -~ =210 7 \
[o [ , // \\
Q,
10 |- /
,:g A / \\
- A !
P) X /
[a'
[ ]
S 5
50 100 150 200 250 300 350, 400

TEMPERATURE °C

VARIATION OF MERCURY CONTENT WITH FRACTION
FIG ... 8.11 IN CRUSHED ROCK MATERIAL FROM CHLORIDE-RICH

& SULPHIDE-RICH AREAS KEEL PROSPECT , IRELAND




259

The results for the same sample calculated from the mercury

tharmal dissociation graﬁhs, Fige. 8.11B, were as follouws:

- 210 pm fraction mercury as HgClZ' ' nil
| mercury ae HgS 1610 ppb
TOTAL 1610 ppb
- 494 pm + 210 pm fraction mercury as HgCl2 25 ppb
| mercury as HgS 595 ppb
TOTAL 620 ppb

This indicates a significant increase in mercury with
decreasing particls sizs. fhe reason for this increase can be éaen
in Figure 8.11B, as being due to an increase in HgS. Thus crushing
hers has increased the available mercury by descreasing particle size,

and overcoming diffusion and thermal gradients within the particls.

These results give a possible explanation for the variation

of mercury content of various particle sizes from crushed rock material.

On referring to Table 8.3A and B, it can be seen that,whsn
the - 1550 pm + 494 pm material was ground in a Tema Mill, there was a
substantial increase in mercury content of the residual ground material.
When this material was analysed by mercury thermal dissociation analysis
this increase was again shownj in this case however, where found, both
mercuric chloride and mercuric sulphide had increased. This fact
indicatss that, whereas crushing appears to produce snough local heat
to volatilizs HgClz, the grinding technique does not. It must be pointed
out howsver, that grinding continued for only 15 seconds and no experi-
mentation was carriad out fo ascertain the effects of prolonged grinding

on sslective volatilization of mefcury compounds.
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This basic experimentation however,leads £o the following
conclusion. Both grinding and crushing procedures must produce local
heat and it is improbable that crushing preduces mors heat than
grinding. The mechanical process of grinding,however,;is abrasive
rather than percussive. Thersfors the process of grinding may lead
to a gradual build up of heat throughout theimhole sample.bulk and ths
process of crushing givesrise to local hot spots. If grinding is not
continued for long periods,insufficisnt heat may be built up to volatilize
mercury from mercuric chloride, whereas the gensration of localized heat
could accomplish this. Thus grinding -~ 1550 pm 4 494 pm crushed rock
material for fifteen seconds does not appear to volatilize much mercury.
It does,houwsver,substantially increase the apparent mercury content of
the material by decreasing the particle sizse and consequently making the

various mercury compounds much sasier to volatilize.

As a result of this expsrimentation it was decided to use
_ =494 pm + 210 um material for all the mercury thermal dissociation

-

analyses carried out.

f. Results.

This section is conveniently divided into two parts. The first
will deal with the distribution of mercury compounds in the Keel snviron-
ment and the second will deal with the distribution of mercury in sphalerite
galena, and pyrite, and the effect of the rslease of mercury from the
lattices of these minerals,on the thermal dissociation traces of the

rocks.
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g. Identification and Distribution of Mercury Compounds in the

Primary Environment of the Keel Prospect.

Using a thermal dissociation techniqué, écma 780 samples of
drillcore and 279 samples of rock matariél from the underground workings,
were analysed for mercury cnmpéunds. On the basis of these analyses
it was found that mercuric chloride, mercuric sulphide and mercuric
oxide were the predominant mercury compounds at Keel, with mercurous
‘chloride occurring in one area on the 500 foot lsvel. Mercuric sulphate
and native mercury were also found, but very infrequently. Adsprbed

mercury is dealt with under the soils section of this chapter.

Two major dissociation patterns emerged from the rocks in
which mercury compounds were found.
(A) Single releass peak at
A1 75 - 85°C
A2 160 - 175°C
A3 205 - 230°%C

A4 295 - 320°%C

(B) Double release peaks at
B4 205 - 230°C and 295 - 320°%

B2 260 - 275°C and 500 - 520°C

These forms of dissociation will be dealt with in turn.

A1 ¥epresents elemental mercury being released from pore
spaces,; cracks and fissures, within the rock. Msrcury, however, was
foﬁﬁd in oﬁly three of the samples analysed, and in sach case, in

concentrations lsss than 50 ppb.
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A2 repressnts mercurous chloride;
A3 can be seen to correspond to the release pattern of
mercuric chlorides

A4 corresponds to mercuric sulphide.

The B1 dissociation curves are a mixture of mercuric chloride
and mercuric sulphide; while B2 dissociation curves represent mercuric
oxide.

The magnitude of the 160°C peak of the standard oxide is
extremely suppressed in natural samples, and its presence is only
occasionally indicated by a minor change in slope of the initial
release curve, A triple peaked oxide dissociation curve is primarily
associated with some samples from a decompossd zone at Keely in which
ferric oxides are also present. The releass of mercury from these
‘lattef gives a mercury dissociation curve peaking at 420°c.  Mercuric

oxide is also present,éssociated with an arsea of faulting on the 200!

level, Fig. 8.14.

The dissociation characferisﬁics of me;curic sulphate in the
natural sampls, as alrsady stated for mercuric sulphate in cinnabar,
differ somewhat from the synthetic standard. The possibility of the
existence in nature of peculiar mefcuric_eulphata complexes, for
example HgSDa. H20 and non-stoichiometric mercuric sulphate species,
cquldApossibly give rise to this variation in thermal breakdown
characteristiés. However, as this compound is only of very minor
importance at Keel, an investigation into the reasons for the different
ché;acteriétics was not carried out.

As a result of this study, thres major divisions of the Kesl

rocks were.made, on the basis of their mercury compounds. These
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divisions can be seen in Figs. 8, 12R, B and C. - These figures are
taken directly from chart recorder traces, and the uertical lines,

separating portions of the peak, represent changes in chart recorder
scale, Fige B8.5. Fige 8.120 shows a fourth zone. This sample
comes from the underground workings of the prospect, and the signifi-

cance of the peak at 600°C ie discussed in Section 2.

The significance of these sulphide and chloride peaks is
that they give information of a quite ?ﬁndamantal nature. If their
spatial distribution is plotted on plans of the underground levels of
the prospect area, a direct relationship to the distribution of the
 known areas of sulphide mineralization becomes apparent, Figs. 8,13 =
8.17. No attempt as to a finite guantitative distribution of total
mercury was hade on these diagrams, as the whole essence of this type
of study was to investigate the distribution of mercury compounds and
their relation to sulphide mineralization, if such a relationship
existed. | Quantitative analysis of total mercury was, houwever,
carried out by interpreting the peaks obtained, but is not part of

this immediate study.

Areas of significantly low concentrations of mercury exist
to the north, south-west and south of the map area. In the north,
the mercury, where present, is in the form of mercuric sulphide,
whereas, in the south and south-west, it is in the form of mercuric
chloride, and ie in direct association with higher mercuric chloride
areas. Mercuric chloride build-up is predominantly confined to the
sbﬁth and‘south-wast of the area, and its obvious relationship to the
extent of the reef limestones is very apparent, especially on the 200!

level, where it conforms closely to the relief boundary.
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Separating the mercuriec. chloride zone from the mercuric
sulphide zone, is an area of mixed mercuric sulphide and chloride.

This zone appears to be very predominant on the 100' level, but is
present on évary other level, especially in the south of the area

whers the mercuric chloride halo is in close association with ths

resf boundary. In thelwest and south-west, howsver, the zone is

far more sporadic in its distribution. This may be due to displace-
ment by faulting in that area, which post-dates the minsralization and
hence post-dates the emplacement of the mercury compound halos. Lack

of drillhole information and the conseguent inability to placs precise
boundary limits, also plays an important part in this patchy distribution
picture of the mixed zone materiai. The mixed zone extends for some
considerable distance into the underground workings on the 500! lesvel,
although the chloride component, in most cases, is extremely small. On
the 200! level, the\zone is only apparent at thes eastern end of the drive
east, and on ths 400! level, is not found in the undargrouﬁd workings

at all.

The ratio of mercuric chloride to mercuric sulphide appears
to decrease as mineralization is approached, and is very low indeed
in the underground workings, except at the southsrn end of the 500!
level, where in one sampls, mercuric chloride makes up 60% of the total
rock mercurys.

Mercuric oxide assumss prominence to the east of the arsa on
ths 100' and. 200' lsvels. This oxide zone is, howsver, very closely
associated with an arsa of faulting, and is probably a direct result of
oxidation of the existing mercuric chloride in that area. The zons
aoes not extend into the 300! level. A greater area of mercuric oxide

is associated with an area of decomposed rock to the north-east, the
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Decomposed Zone of Keel. The decambosition and oxidation, howsver,
doss not extend into the 100' level, and has been dealt with by
D.S. Evans in a study on the seccndary environment geeochemistry at

Keel, Evans (1872).

A zone of mercurous chloride is found, to a limited extent,
on the 500' level, associated with an area of intense faulting and’
water flow, and probably represents in situ reduction of mercuric

chloride in that area.

The information obtained from total mercury analysis, and
mercury compound analysis is cempared in Fig. 8.18. This figure
_shows mercury distribution on the 300' level of the prospect. As
can be seen from the position of the minsralized faults, values of high
total mercury do not always indicate a close association with mineraliza-
tion, Fig. B8.18A. Howsver, definite association of mineralization
with areas, sspecially of predominantly mercuric sulphide and the high
sulphide/ﬁow chloride regions of the mixed zone,can be clearly seen,
Fig. 8.188. The usefulness of mercury compound data to delimit
specific areas of prospecting interest is therefcre obvious, together

with its advantage over conventional total mercury geochemical data,

The total mercury content of the bedrock tends to increase
towards the underground workings, and also with increasing depth.
High concentrations occur whers mineralization is encountsred, and
also, occasioﬁally, in the mercuric chloridarzone, wherse no mineralization
is found. fluite commenly, very low levels of total mercury occur
oni& half én inch away from massive sulphids mineralization, whereas
high values can exist throughout a complete drillhele in the unmineralized
chleoride zone. It is therefore of primary importance to identify the

actual type of mercury compound giving riss to the anomaly.
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At Keel, as the mineralization is charactsristically fault
controlled and the distribution of mercury compounds appears to be
aliénad with the feults, it appears that the mercury compound distribue-
tion has been directly effected by the process or pfucesses which gave
rise to mineralization of the area. Evidence as to whether the mercury
came directly from the mineralizing solutions, or whether it built up
in the area,prior to mineralization and was later modified,is purely

tentative.

Mineralization occurs in the Silurian to the south of the
area (Chapter 3), and this suggests the possibility of the introduction
of mineralizing solutions from depth. Althouoh there appears to be
no definite mineral zonation at Keel, there are signs that the Pb/?n
ratio increases with depth, and also on a level going northuwards towards

. the Silurian inlier, (Chapters 3 and 4).

This tentatively points to a possible metél zonation and, as
a consequence, an introduction of mineralizing solutions from depth,
with precipitation of the least soluble sulphide, galena, first. The
faulted zones at Keel also represent a potential area of increased
sulphur activity, so that, when chloride rich waters encountered the
faulted region, base metal sulphides were gradually precipitated. The
precipitation occurred predominantly in the faults that acted as natural
channels for migrating solutions. Dissemihated sulphides were also
precipitated.thruughout this sulphur active area. As the sulphides
were both insoluble and stable, a gradual build up of base metal
sdiphides Eould occur by continuous precipitation from the migrating

waters.

The halo of mercury compounds can therefore be interpreted

as being due to one, or a combination of some of the following causes:

4



(1)

(2)
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Ground-waters, migrating from the mérina Carboniferous
sadiments towards the faults on the southern side of the
Silurian inlier, carried with them leached base metals
and mercury in solution. When these solutions rsached
thq%faultsd area, local precipitation, and build up of
base metals, occurred, leadiﬁé to disseminated sulphide
mineralization. Immedia?aly associated Qith the faulted
area was an area of high sulpbur activity, and once ths
soluble base metal salts and mercury salts encountered
this, precipitation of base metal sulphides and mercuric
sulphide occurred., Consequently, near the mineralization
in the sulphur active area, all the mercury is converted
to insoluble mercuric sulphide, while further away, a zone
of mixed sulphide and chloride occurs where the activities
of both ions were comparable. Further away still, a
zone of mercuric chloride is ﬁrssent, where the activity
of the sulphide ion was sufficienﬁly low such that no
mercuric sulphide was formed.

This suggests that the mercury halo was fbrmed by
successive replacement of mercuric chloride, transported

towards the faulted area by migrating solutions, by

mercuric sulphide, and that the mercury migrated from

the extremities of the orsbody, inwards.

This theory of the genesis of the mercury compound halos
is based on the fact that mercury was obviously present

in the mineralizing solutions; 200 ppm is recorded in
sphalerite as an average valus (Chapter 6). Thus
mercury, probably in either gaseous, chloride, or chloride

complex form, migrated into the Carboniferocus sediments
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from the mineralizing solutions. Migration of zinc and

lead into the rocks was by no means as pronounced,; and
conversion into insoluble galena and sphalerits took place
prédominantly within the faults themselves, leading to the
extremely sharp cut-off of mineralization now sesn. Build
up of mercuric sulphide was greatest in clossst proximity to
the faults, but some of the mercury managed to migrate to

the boundaries of the sulphur activé area, where a build up

of both mercuric sulphide and mercuric chloride was possible.
Beyond this, sulphur activity was very much reduced and only
mercuric chloride formed. This mercuric chloride could be
considered as being predominantly natural rock mercury, and
not connected with the mineralization at all. This hypothesis
concludes with the suggestion that mercuric chloride is the
natural form in which mercury exists in the clastic/Earbonate
facies of this section of the Carbonifsrous;. I1t, however,
does not take into account sediments which are rich in organic
matter or syngenetic sulphides. The initial form of mercury

in these sediments is etill conjectural.

This being ths case, the marine Silurian to the north
of the area is anomalous, in that it contains mercuric
sulphide but no mineralization. Ons explanation of this
is based on the assumption that, when the Silurian was
deposited, it did not contain trace mercury in the form
of mercuric chloride. After sedimentation was completed,
diagenesis and bacterial breakdown of sulphates to sulphides,

and reduction of bisulphates and bisulphites to sulphides
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increased the availability of the sulphiﬁs ion. Finally

fhe Caledonian oregeny, which folded and faulted the Silurian,
produced enough heat and pressure to sufficiently increase

the sulphur activity to convert the soluble mercury salts to
mercuric, sulphide and fix it in the environment. Confirmation
of the possibility of this hypoth;sis is given by the following

serises of experiments:

Four samples of two grammes each of rock standard bass B,
Tabls 8.5, were placed on watch glasses, sach inside a
separate pyrex desiccator, referred to hersafter as desiccators

A, B, C, D.

Ten millilitres of dsionised water wers then poursd into
the base of sach desiccator and three drops of redistilled
mercury added to the water. Each rock base was then spiked

with a solution, as tabulated, Table 8.7.

Each desiccator was coversed and allowed to equilibrate
at room temperature for ons wesk. A?tar this time the watch
glasses were removed and dried at room temperature in separate
desiccators over silica gel. Each sample was then analysed
by the differential thermal releass technique to ascertain
which mercury compounds had formed. Analyses wers performed

in triplicate on samples of 500 mg.

The wholes sxpesriment was repeated twice more, oncs at
100°C and once at 140°C. At the latter two temperatures,
constant re-additions of both mercury and water were required.

After this the experiment had to be discontinued,dus to the



 TABLE ...8.7

SOLUTION ADDED COMPOUND FORMED COMPOUND FORMED COMPOUND FORMED
AT ROOM TEMPERATURE AT 100 °C AT 100°C
A 1 ml. 2 % NacCl HgCl2 + v. minor HgO HgCl2 . HgCl2
B 1 ml. 2 % Na,S  HgS :  HgS HgS
C 1 ml., Deionised Hg vapour only Hg vapour ’ Hg vapour
Water
D - 0.5 ml., 2 % NaCl HgCl HgCl

2

2 Hg?

0.5 ml, 0.1 NaZS

THE EFFECT OF HEAT ON THE REACTIONS Hg2' +8%7 — HgS AND Hg2+A+ 2C1 =—— - HgCl,

AND ANION ACTIVITIES

LL?
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considerabls volums of mercury being evolved and the
inadequate sa?ety precautions.

The experimental results, Tahle B.7, indicate that
extraaa importance must be attached to the activities of
the ions prssent and not their specific concentrations in
the environment. It also indicates that mercuric chlorids
can sxist in the presence of sulphur and sulphide ion,
provided that the activity of the latter is sufficiently
reducsd. Ths activity of the sulphide ion is apparsntly

greatly increased with increasing temperature.

he Msrcury in the Latticss of Sphalerite, Galena and Pyrite at Ksel.

Initial experiments to obtain thermal relsase traces of mercury
" in sulphide rich material were unsuccessful,due to the interferencs of
the § 27 anion. Release tracess such as Fig. B8.19A,uwere obtainad.
Here a rock, rich in both pyrite and sphalerite, was being analysed.
The first peakyat approximately 310°C,can bs seen to have a. slightly
erratic outline, but the major peak consisting of a ssries of minor
jagged peaks at tempesraturss from 470°C to 720°C has an extremely
erratic outline. Any attempt to classify these psaks under a single
broad peak, and to identify the temperature of maximum release would

be impossible.

To try and identify ths causs of this bshaviour, a simple
experiment . was set up, in which the gasses evolved from the hsating

chamber were passed through acidifisd potassium permanganate solution.
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Yhen the sample temperature reached‘420°C, the potassium permanganate
solution bescame discoloured. The start of ths dizolouration correseponds
closely to the beginning of the mercury release peak of Fig. 8.19R.

The heating was  continued and the permanganate>soiution removed;
immediately a strong smell of sulphur dioxide was detected. The
production of sulphur dioxide, as a by=-product of the destruction of

the sphalerite lattice, has been disucssed in Chapter 6.

It is therefore, extremely important to remove the sulphur

. dioxide from the system before the ogases reach the mercury analysis
cell. In the analysis of_sulphide material, Chapter 6, the use of
acidified potassium permanganate or water to either oxidise or dissolve
the sulphur dioxide, has been discussed. Unfortunately, howsver, in
thess analyses, only a few milligrammes of sample were used, hut in the
analysis of sulphide material, ons gramme of sample has to be used in
ordsr to detect the less concentrated low temperature mercury compounds.
Due to this large quantity of sample, and consequent large volume of

sulphur dioxide produced, (114 ml of S0, at S.T.P. are produced from

2
the oxidation of 1 g. pure zinc sulphide), these methods failed.
Calcium carbonate was now used but, irrespective of the weight added,

it did not appear to react with the sulphur dioxide svolved.

A sample of calcium carbonate was heated to 900°C in a silica
crucible for six hours, and allowsd to cool in a desiccator to avoid
cbntaminatioh. An approximate 1 g. lump of this calcium oxide was
then ground with one gramme of sample in an agate mortar, the sxact
weights of both calcium oxide and sample being known. The mixture
was then transferred to a weighing paper and weighed, in order to
calculate the exact weight of sample being transferred to the heating

chamber.
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weight mixed sample + calcium

oxide being analysed X welght of _  weight of sample

weight sample + weight " sample being analysed

calcium oxide originally taken

By this method it was possible to obtain a guantitative
analysis of mercury in the sulphide component of the sample.

When this sample + calcium oxide mix was now analysed by
mercury thermal dissociation analysis, the results shown in Fig. B.198
were obtained. The same sample was used to produce Fige. B.19A as 8.19B,
the only difference being the addition of calcium oxide to sample B.

The chemistry behind the reaction is as follows:

2ZnS + 0, = 2 ZnD 4+ SO

2 2

2 Cab + 2502 + 02 = 2Ca 504

The calcium sulphate breaks down at 1800°C and consequently
is stable under these experimental conditions. The sulphur dioxide
produced can therefore be considered as fixed throughout the experiment.
‘ Due to the possibility of this sulphide ion interference, it
was decided to run all samples mixed wiﬁh an equal weight of calcium
oxide, as a standard procedura.
The validity of assigning this 600°C psak to mercury released

from the sphalerite lattice is now discussed.

A. The 600°C - 700°C Peak of Mercury Release.
The highest temperature peak on the mercury thermal dissociation
graph was always associated with rocks containing reasonably high levels

of zinc sulphide. This association led to the obvious assumption that
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the peak represented mercury release from the sphalerite crystal,

The identification of this peak was carried out in three ways.

(1)

(2)

Thermal relesase data on separated sphalerite crystals.
Sﬁhalerita erystals were separated from hand specimens by
the method described in Chapter 6. The crystals were then
ground to a fine powder and 50 mg. mixed with two grammes
of calcium oxide. The mixture was transferred to a large
plastic vial and two 1 cm. diameter plastic balls added.
The vial was then thoroughly shaken for ten minutes to
homogenise the mixture. 100 mge. of this mixture wers then
transferred to a nicksel boat inside the heating chamber and
the temperature gradually increassd. The dissociation
characteristics of these sulphide samples wers exactly the
same as the dissociation characteristics of this 600 - 700°C

psak found in the thermal dissociation traces of rock material.

Xe.R.De on portions of the heated rock material,

A lg. portion of the - 494 um + 210 um fraction of the
crushed rock material being analysed,'was placed in a nickel
boat inside a silica tube in the sample heating chamber. For
this experiment a tmin-tube tube~furnace was used. Inside
the other tubd was placed a 5g. sample of the same material.
Both tubes of the tube-furnace were heated inside the same
winding and therefore the temperature differential betuween
the two tubss was negligibls. Air was passed over both
samples at the same rate, and at suitable points throughout
the heating cycle, samples of - 494 pm + 210 um material
were taken from the 5 g. portion and reserved for X.R.D.

analysis, Fig. 8.20, Cach of these separate samples was
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then ground to an impalpable powdesr and made into a smear
mount for X-ray analysis,

It was quite clear from the X-ray traces obtained that,
bafween samples 3 and 6, zinc sulphide was rapidly being
converted to zinc oxide, with associated breakdown in the
sphaleri%e lattice. This methed, howsver, Qas rather '
unsophisticated, and no exact tempsrature could be obtained

for the breakdown sequence.

High Temperature X-ray Analysis of Sphalerite.
This method was by far the most exact, accurate and meaningful,
and determined exactly the tempesrature at which the sphalerite
lattice broke down. The equipment was made available by
Dr.VJ. Williamson of the Nuffield Rasearch Group, Metallurgy
Department, Imperial Collegs.

The equipment consisted of a High Temperature Focussing
Guinier Camsra No. 115 - 503. 900 - 400, manufactured by

Enraf-Nonius in Amsterdam, Holland. Heat was provided by

a thermostatically controlled pragramméd heating furnace,

with both entrance and exit slits for X-rays. The sample,
consisting of sphalerite powdsr was pressed into a platinum
gauze and mounted in a platinum-rhodium sample holder in the
X-ray path., Cu K @ radiation was used. Argon was flushed
through the heating chamber throughout the heating programme.
The furnace was set to heat from 200°C - 800°¢C in fifty hours
over a programmed heating run. The temperature inside the
furnace was measﬁred by a thermococuple and converted to degrees

Centigrade by use of standard tablss. At set intervals after
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starting the experiment, the position of the cassette,
relative to the initial starting point, was measured,

and a mark made on the film by means of a small flag, which
wéa placed in the X-ray path to correspond to this,

Fig. 8.21.

The diffracted X-rays are recorded on a film, which is
placed in a movable carriage over the exit slit. At a
given instant,only'a small strip of film is exposed to the
X-ray beam, the carriage containing the film gradually
moving down over the exit slit. Eventually, after 50 hours,
the whole film was exposed, Fig. B.21. After processing,

a film similar to that shown in Fig. 8.21. is obtained, with
small flag marks representing time after starting. By
knowing the position of these marks, and thé temperature at
which they were made, from the thermocouple, the tempefature
of the sample at these positions can be calculated. Thse
change in the X-ray pattern can be clearly seen, Fig. 8.21,
and when the temperatures 6? these changses wers calculated,

the following results were obtained:

14
Q

Temperature of start of Zn O lattice picture  470°% ¥ 6%
Temperature of finish of Zn S lattice picture 633°c & 6°¢C
Temperature of position of equal intensity of 593°% ¥ 6%

. 2Zn S5 and Zn 0 lattics picture

From this data it can be swen that, on relating thess
temperatures to the thermal release diagram, Fig. 8.19A
the temperature of the first appearance of Zn 0 is higher
than the start of "mercury release", but is lower than the

real temperature of mercury relsase, Fig. 8,194, The data
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for Fig. 8.2l were calculated on the appsarance of the In O
100 plane, and the disappsarance of the Zn 5, 111 plane.
This information;related to the true mercury release trace,
Fig. é.lQB, definitely indicates that mercury, in the
sphaierite lattice, could be associated with the 111 plane.

"~ The 802 being relsassd from breakdown of sphalerite,

- is first recorded at 360°C on the Fig. 8,194 trace. The
fact that Zn0 is not detected until 480°C on the X-ray film
meraly means that the initially formed Zn 0 is in too emall

a quantity to be dstscted on the film. Likewise, the last
ﬁoint of Zn S detsction on the film, 633% ¥ 6°C, is at a
lower temperature than the position at which sulphur dioxide,
and hence sphalerite breakdown, is detected, Fig. 8.19A at
840%c, Howsver, on referring to Fig. 8.198, the temperature
at which mercury ceases to be released from sphalerite appears
to be 645°C. We can therefors say that, as mercury ceases
to be svolved from sphalerite at 645°C and the sphalerite

, 111 plane is completely broken down at 633°c ¥ SDC, then
mercury is sntirely asscciated, in the sphalerite léttice,
with the 11l plane. Brsakdown of sphalerite continues up

to 840°C, Fig. 8.19A, but is not accompanied by any further
mercury rsleass.

" The tempsrature which is most important, and fortunately
the temperature at which the most exact reading of temperature
can bs made, is the point of equal intensity of the Zn S 111
plane and Zn 0 100 plans. This point should represent the
position of peak on the mercury thermal release curve, Fig. 8.19B.

This temperature is calculated as 593% ¥ 608, and from the
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thermal dissociation graph aé 61000, Fig,‘8.198. This furthsr
indicates that mercury in sphalerite is associated with the
111 plane. Other sphalerite crystals gave the position of this
Zn 0/In S equal intensity as 595 - 685°C, and this temperature
always corresponds to the position of the psak on the thermal
relegsa trace. No reason could be found to explain the variation
in temperature of sphalerite 111 lattice plane breakdoun. Trace
and major element analysis gave no reason as to why the differences
occurred, and no relation to the distribution of the sphalerite
in the prospsct area, sither laterally or vertically, could be
found.

By taking the mercury released from the sphalerite lattice
and calculating total mercury release from this, on the basis
of the mercuric sulphide release graphy, it is possible to obtain
a far more accurate correlation between mercury and zinc in the

rOCk’ Figo 8.22.

B. The 450°C Peak of Mercury Releass.

This peak was found to occur in rocks éontaining large amounts
of pyrite, and in order to try and associate the lattice breakdown of
pyrite with this peak on thermal traces, it was again decided to run an
X-ray programme. However, all available X-ray equipment at Imperial
College, at this time, was using Cu Kua radiation. The Hot Wire Guinier
Camera used Cu Ko radiatfon all the time, and as Cu Ko = radiation is
highly dispsersed by iron, it is useless where pyrite is concerned. Two
otﬁér methods for determination of mercury release from pure pyrite
were used, one to be discussed here, and the other to be discussed in

subsection 8.5 in this chapter.
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(1) Thermal Analysis of Pure Pyrite.

Pyrite crystals were separated from host rocks and prepared
fqr thermal dissociation analysis in the same way as described
for sphalerites, The position of this mercury release peak
occurred at 450°C. A further four samples wers analysed

in the égme way and each gave the -same tampaﬁatura for fhe
release peak. This in itself is enough to confirm the nature
of the 450°C peak, but reference to section 8.5 should be made

for further svidence.

C. The 520°C Peak of Mercury Releass.
This peak was found to occur in rocks containing high amounts
of galena. The only proof of its identity is offersd by
the thermal dissociation of pure gélena, analysed by the same
method as for pyrite and sphalerite, and the position of this
dissociation was 520°C. Unfortunately thermal X-ray squipment

was out of commission and no further confirmation was obtained.

8.4. -SUMMARY.

The information recorded here appsars to be of primary gecchemical
significance. Standard geochemical methods of mercury analysis are
clearly of great use in defining relatively broad areas of potential
base metal mineralization. At Kesel, bedrock zones containing mercuric
chloride, whiEh is closely associated with base metal concentrations,
can give high total mercury values which may easily lead to misinterpretation
oFA;onventiunal geochemical data for total mercury. Howsver, the msthod
of differential mercury compound analysis can be used to identify those

mercury compounds which are specifically associated with base metal
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"mineralization, and the potential arsa of sulphide mineralization may

thus be cutlined with increased confidencs.

This approach, however, is still in its infancy, and a great
deal more work needs to be done before it becomss a proven and worthwhile
geochsmical technique. Not only mercury, but other elements, and their

compounds should be examined, in both primary and secondary environments

8.5, CONVERSION OF A SOUTHERN ANALYTICAL A. 3000 ATOMIC ABSORPTION
SPECTROPHOTOMETER INTO CONTINUOUS MERCURY AND ARSENIC RELEASE

MONITORING APPARATUS.

Towards the end of the survey, the analytical equipment being
used became extremely troublesome, mainly because of the gradual breakdoun
of electrical components. As time was not available either to have

- the apparatus repaired, or to make the necessary repairs at Imperial
College, it was decided to convert the A.3000 spectrophotometer. This
was carried out by removing the burner and nebulizer unit, and replacing
it by a silica cell, Fig. 8.23. This latter was wound with a heating
wire in order to maintain a constant tamperatura‘of 450%¢ * 10% within
the cell. Conventional mercury and arsenic hollow cathode lampswere
used as light sources. Air at the rate of 2.5 litres/hinute was drawn
over the sample. This air was scrubbed free of water, mercury and
arsenic, by tubes A and B. Excaess activated charcoal, being carried
over in the gés stream from tube B, was removed by the glass fibre
filter C. The sample on F was heated by a tube furnace E, and the
teﬁperaturé recorded on a direct reading thermocouple, 0. Any particu-
late matter being carried over in the gas stream from G, was again filtered
out by a silica fibre pad, C. The evolved mercury or arsenic was passed |

into the sample analysis chamber I, which was directly in the light path
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of the hollow cathode source, H. The absorption of this light by the
vapour in the silica cell was measured by the photomultiplier, 0, and
recorded as a peak on the chart rscorder P. The mercury standards
already prepared were used. The air flow rate was measured on a flouw
valve L, placed directly after the sample cell. This arrangement
ensured the shortest possible route for the- evelved géses from tHe
heating chamber, and also the least possible surface area for adsorption

before analysis.

After analysis, the gases were again passsed through an
activated charcoal filter, R, to remove mercury. When arsenic was
being analysed, anothsr filter, Q, containing moistened potassium perman-
ganate was placed before the activatsd charcoal filter. Whan arsenic
comes into cnhtact with moistened KNn04, Asz 03 and As Hg‘are produced.

. These are either absorbed by the activated charcoal or on the mercuric

chloride filter, M, where they ares converted to arsenates. This is a

modification of the Gutzeit techniqus for analysis of arsenic.

As this is a single bsam instrument, the use of calcium oxids
to remove S 2- interference is essential, both for arsenic and mercury
analysis, Fig. 8.24. In this case, the same sample as used in ths
mercyry analysis diagram, Fig. 8.19, is used. Ths suppression of
interference, after the addition of calcium oxide, can bs clearly sesn,
so too can the distribution of arsenic within the rock. The first péak
of arssenic reieass occurs at 45000, at exactly the same temperaturs of
mercury release from pyrite. The second peak, at 62000, is at the same
tem;eraturé as release of mercury from the sphalerite lattice. It can
therefore be said that arsenic, like mercury, is associated with the

111 plane in the sphalsrite structurs.
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However, it can be cléarly sesn that, whersas mercury was
predominantly associated with sphalerite, and was low in pyrite,
(no mercury release occurring in Fig, 8,1YB), arsenic is predominantly
associated Mith*pyrite. This.is borne out byithé spectrographic

analysis of pyrite and sphalerite, in Chapter 6.

\Unfortunately,time was not available for either a quantitative
study of the distribution of arsenic in the Keel environment, nor for
increasing the sensitivity of the apparatus(detectimn limit approximately
5 pp@, which clearly must be done before low levels of arsenic can be

detected. .

The peak of arsenic release in Fig. B.24B,from pyrite,represents
another proof of the fact that the 450°% peak of mercury thermal release

is indicative of mercury release from the pyrite lattice.

8.6«  BASE METAL AND MERCURY COMPOUND DISTRIBUTION IN KEEL SOILS.

(1) Introduction.
During the Pleistocene epoch, glaciers advanced from the north-
east and north-west to cover some 80%'0? Ireland during the
Weischel glacial beriod.

Till composition of the Longford area suggests that ldcal
rocks are the main source of the glacial debris. An extensive
X-ray diffraction programme, carried out by the author, confirmed
this and also indicated the presence of quartz, calcite, dolomite,
baryte, iron oxides, chlorite, illite, muscovite and feldspar.
This investigation into till composition was carried out in
order to try and relate possible changes in mineral composition
and rock matrix, te mercury release peaks, evolved during

thermal dissociation analysis.
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A general soil map of Ireland was published in 1969,
showing the Keel area to be in a group of reclaimed podzols.
These soils repressent cultivated podzols, in which both A -
and B horizons have been mixed. In the Keel area, howsver,

soils range from a well drained podzelic type to ill-drained

acid marsh and peat bog.

Spil Geochemistry at Kesl.

This aspect of metal distribution at Keel has been thoroughly
investigated by Evans (1972). The purpose of this present
study is, howsver, not to re-cover old ground, but to investigate
the possible existence of mercury compounds iﬁ the soils over-A
lying the Keel prospsct. It was hoped that it may be possible
to establish a relationship between mercury compounds in the
soil and sub-cropping base metal mineralization. Apalysis of
the soil samples for copper, lead, zinc, éadmium, iron and
mangénese, was also necessary in order to try and establish a
definite relationship between mercury compounds and sub-cropping

mineralization, rather than to local spurious soil anomalies.

(3)(i) Sampling and Sample Preparation.

Samples were taken with a steel auger at depths of 24" - 30",
two samples being collected at each site. Each sample was
Aimmediately stored in a sealed polythsne bag and eventually
dried at room temperature in a mercury free atmosphere. The
samples were then broken down in a porcelain mortar, a - 210 pm

portion being then sieved out and reserved for analysis.
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Sample DBrying.
In order to aveid loss of mercury or contamination during the
drying period, an extensive sxperimental programme was under-
taken to ascsrtain ths most suitablé cénditimns for sample
drying. The sams mercury compound standards, as were usad
for the mercury fharmal dissociation method, wers used through-
out this experiment. The results are shown in Table B.8.
These results indicate that although room temperature
drying appears to he the most suitable, a low degres of heat
can be used without significant loss of mercury. The study
also indicated é definite possibility of sample inter-
contamination,by volatilized mercury from one sample, adsorbing
onto another. Special precautions were therefors taken in
drying the soil samples to avoid this intercontamination.
Each sample was placed on a wateh glass and completely
covered with a large filter paper, on top of which, a smaller
watch glass of anhydrous calcium chioride, previousiy tested
for mercury, was placed to absorb moisture. Both watch
glasses were then completely covered with an inverted 400 ml.
beaker and the whole allowed to dry, for 72 hours, at room
temperaturs.
Sample Analysis.
Exactly the same analytical technique was used for soil

sémples as was used for rocks. A lg. portion of the soil

being analysed was mixed with lg.of calcium oxide and the

whole gradually heated inside a thermostatically controlled
tube furnace. A& glass fibre filter was placed in - line,
after the heating chamber, to filter out any particulate matter

carried over in the air stream.



TABLE ...8.8

STANDARD
Hg gas

HgClz 1 ppm

ngolz 1 ppm
HgS 1 ppm

HgO 1 ppm

STANDARD

Hg gas

HgClz 1 ppm
ngCJl2 1 ppm
HgS 1 ppm

’ HgO 1 ppm

100°C

Total loss
16,5 % loss

24 % loss

3 % loss

4 % loss

50°C

Total loss .

3% loss

S % loss

No loss

No loss

ROOM TEMPERATURE

25 % loss
No loss
No loss
No loss

No loss

298

DRYING PERIOD

24 hours
24 hours

24 hours
24 hours

24 hours

DRYING PERIOD
72 hours
72 hours
72 hours
72 hours

72 hours

THE EFFECTS OF HEAT ON MERCURY LOSS IN SAMPLE DRYING
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(5) Results.

Iin all, 82 samples of soil from the immediate surroundings
of the prospect shaft, Fig;'8,25, and 30 samples from a
less éetailed orientation traverse across the strike of the
minéralization, Fig. B8.26, were taken. Analysis of thess
samples for Cu, Pb, Zn, Cd, Fe, Mn and Hg was carried out.
Fige Be27 giveé the concentration intervals into which the
elements were divided for graphical presgntation on the

following maps. Appendix D gives the results obtained.

(8)(i) Copper.

Copper distribution shows no relationship to sub-cropping
mineralized faults on either the detailed or orientation
surveys, Figs. 8.28 and 8.29. Ths majority of copper
values are between 10 and 50 ppm and only two are greater
than this.

~ (5)(i1) Lead.
There is a distinct indication that an area about % mile
north-west of the Kesl shaft has andmalous lead values,
Fige. 8.,30. It also corresponds to an area of sub-cropping
mineralized faults. The outline of this anomaly is however
far from distinct whén investigated in detail, Fig. 8.31.

(5)(iii) Zinc.

A similar anomaly to that of lead became apparent on the

zinc orientation survey, Fig. 8.32. A detailed survey

" over the site area indicated the existence of a pronounced

zinc anomaly, with values from 1;000 - 5,000 ppme The

area to the west of the road also was higher in zinc than

the area to the east, Fig. 8.33. On the basis of zinc

values alone, this area would undoubtsdly be recognised as

anomalous.
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FIG §.25 PLAN OF SOIL SAMPLE LOCATIONS SURROUNDING
et THE KEEL SHAFT
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ZINC

> 50,000 -
10,000 - 50,000
5,000 ~ 10,000
1,000 - 5,000
500 - 1,000

<500

IRON

> 20,000

18,000 - 20,000
16,000 ~ 18,000
14,000 ~ 16,000
12,000 - 14,000

10,000 - 12,000

CADMIUM

> 1000
500 - 1,000
100 ~ 500
50 - 100
10 - 50

<10

MANGANESE

- > 10,000

5,000 ~ 10,000

1,000 - 5,000

500 ~ 1,000
100 - 500
<100

Results expressed in p p m

)
©
“O

MERCURY
> 10,000

5,000 - 10,000

1,000 - 5,000

500 ~ 1,000
100 - 500
<100

Results expressed in pp b
* ¢« SOIL CONTAINS SOME HgS

362
LEAD

> 10,000

5,000 - 10,000

- 1,000 ~ 5,000

500 -~ 1,000

100 -~ 500

<100

COPPER

> 1,000
500 ~ 1,000
100 - 500
50 - 100
10 - 50

<10

FiG ..

.8.27

CONTOUR INTERVALS OF ELEMENT

IN KEEL SOIL

CONCENTRATION




COPPER DISTRIBUTION' IN SHAFT AREA
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FIG ... 8.33 E ZINC DISTRIBUTION .IN SIIAFT ARFA




(58) (iv)

(5)(v)

(5)(vi)

(5)(vii)
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Cadmitim,.

The orientation traverse line gives no indication of base
metal bulld up in the area, Fig. 8.34. All cadmium
values are below 10 ppme The detailed survey howsver,
picks up an anomalous arsa to the west of the shaft with
valugs up to 1,000 ppm cadmium«overlying.sub-cropping
mineralization, Fig. 8.35. When compared to the Zn/td
ratio for rocks, this high value of cadmium compared to
zinc must repraesent extresme secondary enrichment. No
real relationship between zinc, lead or cadmium can be
found in this soil survey,

Iron.

Iron shows very littls relationship to any of the elements

investigated. All values fall betwsen 1% and 2%, 1l.6-1.8%
being an average, Figs. 8.36'and 8;37. |
flanganese.
Manganess aistribution glso shows very little; however two
samples in the soil ébove the decompossd zone, Fig. 3.38,
give values of 1,000 ppm mangansseg. In the detailed
survey, Fig. 8.39, the decomposed zone is again picked out
to the north-sast of the shaft.
Mercury and Mercury Compounds.
Because only limited time was available for this soil analysis
programme, selected samples only were analyssd for mercury and
mercury compounds. Twelve samples from the orientation
traverse and 27 samples from the detailed survey were sslectsed,
Figs. 8.40 and B.41,

1lg. of sach of the soils was mixsed with lg. of calcium
oxide. The mixture was then analysed by the thermal dis-

sociation technique described in this chapter. Two new
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Fiimic

Scale in feet

FIG ...8.41 |

MERCURY AND MERCURY COMPCUND DISTRIBUTION
IN SHATT AREA
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peaks, which did not occcur in rocks, were found to

predominate in soils. These were:

(a)

270°C Peak.

This peak was present in all the soil samples and
varied in peak temperature between 240°C and 270%C .
It was distinguished from HgCI, and HgS by the
character of its total release trace, Fng B.42A.
Mercury started to be evolved at 190°C - 200°C.

and rose very sharply to a peak value and then guickly

declined. For comparisen with the HgCl, and HgS

2
release traces, see Fige. 8.7. X.R.0s traces of the

soils revesled a predominance of clay minerals and

it was assumed that the 270°C peak could be dus to
release of adsorbed mercury from clay minerals.

To test this possibility, ten grammes of Kaolinits,
montmorillonite, keiselghur, Fullers earth and calcite,
were weighed into five separate 1 litre, stuppered
measuring cylindérs. Eight hundred millilitres of
a 100 ug/iitre mercury solution were then added.

The cylinders were then continuously agitated for

three weeks. After this, the suspensions were filtersed,
dried and analy;ed for mercury by the thermal dissociation
method. The results obtained were far from conclusive,
except for montmorillonite, whence a very sharp peak,
plateauing at 27D°C, was obtained. It is obvious

that much more work must be done before adequate
classification of this peak is obtained. Nenetheless,

it is the opinion of the author that this peak is due

to relsase of adsorbed mercury from clay minerals.

8
!
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(b) 430°C Peak.
A sscond peak at 430°C was found to predominate in iron rich
soils, Fig. B.42B. This correlated with a similar peak in
drillcors material from the Decomposed Zone, where iron
concentration, as ferric oxide, was ogreater than 25%; The
temperature of mercury release from pyrite is 450°¢.

(e) Results.
In the orientation survey, Fig. B.40, an area associated with
fhe mineralized zone is well picked out by samples contalning
soms mercuric sulphide. The concentration intervals for
mercury on Figs. B.40 and 8.4l, refer to tetal mesrcury and not
to just mercuric sulphide. Asterisks indicate the samples
containing some mercuric sulphide. The actual analysis of
these s0il samplses is shown in Table 8.9. Sample K16,
Fig. 8.40, contains over 5,000 ppb mercur?, 8,955 ppb HoS and
187 ppb adsorbed, by far the highest concentration of HgS5 inm
any soil sample, If the base metal concentrations of the
same sample are nou looked at,; they show no anomalies,
(Cuy, 11 ppm;'Pb, 139 ppm; Zn, 536 ppm). Sampls K9 on the
octher hand, contains over 1,000 ppb mercury, 842 pph HgS and
2121 ppb adsorbed. This sample also has anomalous base mstal
concentrations, (Cu, 22 ppm; Pb, 1959 ppm, Zn, 1055 ppm).
The HgS in this sample is probably more related to sub-cropping
mineralization than that of sampls K16, ARssociated with sample K3,
samples K10 and K11 also contain HgS and thess three together

suggest a distinect possibility of sub-cropping minsralization.
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ANALYSIS OF MERCURY AND MERCURY COMPOUNDS IN KEEL SOILS

SAMPLE ADSOR%IE‘IJI;Y MERCURY ' MERCURIC SULPHIDE
k3 - 26 ppb

kS . 110 ppb

k7 69 ppb

k9 2121 ppb 842 ppb
k12 380 ppb 290 ppb
k13 280 ppb 400 .ppb
k 14 120 ppb 100 ppb
k 16 | 187 ppb | 8955 ppb
kA1‘7 189 ppb 135 ppb
k19 312 ppb

k 22 95 ppb

k 25 52 ppb

9 280 ppb

11 , 439 ppb

14 . 312 ppb

21 113 ppb

23 " 222 ppb

25 211 ppb

28 ' 240 ppb

36 326 ppb

37 500 ppb

39 380 ppb

42 76 ppb o 469 ppb
44 A 115 ppb

8 © 149 ppb

50 204 ppb

55 E . 22 ppb

57 206 ppb 69 ppb
58 ‘ 120 ppb 100 ppb
59 110 ppb , 520 ppb
62 13 ppb 50 ppb
64 - 68 ppb 50 ppb
70 31 ppb

73 121 ppb
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The detailed survey, Fig. 8.41, indicates a further anomalous
area to the south, samples 58,59 and 64,however the lateral
extent is not very great. 0f the twenty ssven samples
analysed for mercury in this survey, only.four contzined
any HgS. It is obvious from comparison of Fig. 8,40 and
8.41,that the orientation survey has outlined the area of
sub-cropping mineralization, while the dstailed survey has
not clarified it, |

A far more extensive and detailed programme, designed
to look into the distribution of mercury compounds in the soil,
must Ebviously now be of primary importance for future research.
The present study indicates that tﬁere is a definite possibility
of identifying mercury compounds in soils. The reasons for
their presence or absence and their relation to base metal
mineralization, should be thoroughly inuestigated and interpreted
before evaluation of this technique for sscondary environment
geochemical prospecting can be made. Further investigation

is however beyond the scope of this pfesent feasibility study.
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CHAPTER 9

SUMMARY AND CONCLUSIONS

9.1. SUMMARY

In view of the role of mercury as a pathfinder element for
potential arsas of;gulphida mineralization, the distribution of the
metal in the vicinity of Kesl has been asaaséed from analysss of arill
cores and subsurface workings. Although the regional.anrichmant of
mercury has been established in the rocks, the relationship between
zinc and mercury was found to be highly erratic, with little correla-
tion betwsen the total mercury content and the proximity ef sulphide
ore. In view of the possible loss of mercury during sample preparation,
and consequent masking of the reslationship between mercury and base
metals, an extensive study was undertaken in order to decide the best
‘method of sample preparation and analysis. This study resulted in an
analytical method being developed By which the identification of mercury

compounds in unground rock material was made possible.

The quantitative idantificafion of mercury in distinct com-
pounds at the sub-microgramme level was accomplished by comparing
atomic absorption of mercury,released during controlled continuous
heating of unground rock samples,with thsrmal release curves, derived
from rock standards,prepared from inorganic mercury compounds mixed

with various synthetic rock bases.

The analysis of samples clossly associated with mineraliza-
tion has defined a zone in which mercury is present as mercuric sulphide,
whereas in samples further from mineralization mercuric chloride is
the dominant species. A transition zeons of mixed mercuric sulphida/

mercuric chloride is also prasent in places.
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Analysis of mercury in sulphide rich material has besn

accomplished by the addition of an equal weight of calcium oxide to

the sample.

By this method it has besn possible to overcoms inter-

ference due to sulphur dioxide snd sulphur trioxide molecular

absorption and te identify individual mercury release curves which

are associatsd with the breakdown of specific minerals in the Keél

area. Consequently, by the isolation of these psaks it has been

possible to chtain far morse meaningful marcury/hase metal associations.

9.2, CONCLUSIONS.

(a)

(b)

An area of mercury enrichment has been established in

bedrock at Keel,although no definits total mercury halo

. appears to exist around the actual deposit, the relation

of total mercury te total base metal also being somewhat
haphazard. High levels of mercury are found in arsas

far removed from base metal build up. However,this
mercury has been established as being in the form of
mercuric chlorids. Ths reverss is true for some samples
taksn from the underground workings of the prospect,where
low levels of total mercury are found in rocks adjacent to
massive sulphide mineralization. This mercury has

however been identified as always being in the form of

mercuric sulphids.

On the basis of total mercury analysis it was found that
different size fractions of the same original crushed rock
material from the underground workings of the prospect,
increased in total mercury value with decreasing fraction
sizea. The corresponding sisved size fractions of the
majority of crushed drill core samples increassd in total

mercury value with increasing fraction sizs.
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Short periods of grinding -~ 1550 pin + 494 pm material in
a8 Tema mill do not appear to volatilize much mercurys

while crushing appears to gensrate encugh “local heat®

. to volatilize mercury from the more highly volatile

mercury compounds in the finest material.

The - 494 um + 210 im sisved crushed rock material is
idesl for mercury analysis. Thermal diffusion gradients
are apparent in the - 1550 pm + 494 pm crushed material,

giving erratic mercury thermal release patterns.

The thermal reiease characteristics of mercury, mercurous
chl;rida, mercuric chloride, mercuric sulphide, mercuric
oxide and mercuric sulphate ars specific and characteristic
for sach compound.

The composition of rock basss used for diluting the analyti-
cal standards does not appear to greatly modify the thermal
release characteristics of ths mercury compounds. Using
this techniguse, both qualitative and quantitative
identification of mercury compounds in rock material is

possible.

" Recombination of mercury with its dissociated anions,or

with oxygen from the air flushing gas,does not appear to
be uniform betwsen mercury compounds, although it is

specific for sach individual compound.

By the use of a variable scale chart ¢scordsr and variable
scale voltmeter placed in ssries)ths optimum responss

for a given amount of mercury,relsased from crushed rock
material during the heating programme,can be obtained at

all times.
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(f) From resulte obtained by the analysis of crushed rock
material,by the marcﬁry thermal disscclation technique,
it is possible to divide £he Kesl deposit into three

" major mercury compound zones.
(1) A mercuric sulphide zons,which alwsys appears to
be associated with arsas of sulphide mineralization.
(2) A mercuric chloride zone,which always appears to ba
further removed from the site of basé metal build up.
(3) A mixed mercuric chloride/mercuric sulphide zone,
separating the previous two zones.,and which is also
usually associated with base metal build up.
In addition to these three zones, two minor zenes
have élso been recognised.
A mercuric oxide zons is found associated with an
area of decomposed rocks, the Decomposed Zone, at
Keel and also associated with an area of faulting
to the south-sast.
With reference to geological plans of the Keel prospect
there appears to bs a definité alignment betwsen the
distribution of mercury compounds and the east-west

mineralized faults.

(g) The conversion of mercury into mercuric chloride or mercuric
-sulphide is dependent upon the specific activity of the
éssociated anions and not'only on their abundancs. It is
thus possible for mercuric chloride to exist in association
with sulphide ions.provided that the activity of the sulphide
ion is below that of the chloride ion. When the activity
of the sulphide ion becomes greater than that of the chloride

ion, mercuric sulphide, not mercuric chloride is formed.
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(1)

(3)

(k)
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It is possible to identify mercury releassd from the

lattices of sphalerite, galena and pyrits. By relating

"this mercury to the specific mineral from which it was

released,it is possible to produce meaningful marcury/

base metal relationships.

The analysis of mercury in sulphide rich samplss has bsen
made extremely difficult by -the absorption of light of

2536.5 f by evolved S0, and 505 It was found that by
mixing freshly preparsd calcium oxide with the sulphide

rich sample that sulphur was removed from the system,as
calcium sulphate; this latter remaining inert to temperatures
up to 1300°C.  The use of calcium oxide therefore makes

it possible to analyse mercury in sulphide rich material

without fear of 502 and 503 molecular absorption.

It is possible to quantitatively analyse arsenic relsased

from both pyrite and sphalerite.

A preliminary study of the distribution of mercury compounds
in the soil at Keel has identified the presencs of mercuric
sulphide.“ This suggests a further possible adaptation of
mercury thermal dissociation technique in the secondary

environment.
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9.3, SUGKESTIONS FOR FURTHER RESEARCH.

A great deal more research neads to be done on the distribution
of not only mercury and its compounds,but other slemsnts and their
compounds,in both primary and secondary environment around many other
ore deposits in baph differsent geclogical and climatological environ-

ments.

A step forward in this direction is at present being taken in
the Applied Geochemistry Reesarch Group at the Royal School of Mines
by W. T. Meyer and K. Lam Shang Lesn who, using a radio frequsncy
induced argon plasma have been able to identify specific distributions
of cadmium, silver and lead compounds in soils over mineralized areas

in various parts of Ireland.

9.4, SUGGESTIONS FOR IMPROVEMENT OF MERCURY THERMAL DISSOCIATION

EQUIPMENT .

A geared radio frequsncy induction heater or fast cooling
furnace needs to be used instead of é tube furnace,to heat the samples
so that the slow cooling rate and conssqguent slow sample turnover is
overcome. In this way it should be possible to analyse in excess of

fifty samples per day instead of the four a day now possible.
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APPENDIX A

Sample Preparation and Methods of Analysis for Cu, Pb, Zn,
Ag, Fe, Mn, Ca, Mg, Na and K, by Atomic Absorption and Atomic

Emission Analysis.

A.l1. SAMPLE PREPARATION

Each rock sample was reduced to - 1550 pm in a manganesse
stesl jaw crusher. The crushed material from a sampls was then
thoroughly homogenised and then split intoc two, one half was then
ground to - 53.5 pm using a silicon carbide Tema Mill. Samples

of this ground half were used for the following analyses:

A.2  SAMPLE DIGESTION.

| 0.5 g. of the homogenised - 53.5um sampls were accuratsly
weighed and transferred to a 100 ml., Teflon¥ beaker. To this, 20 ml.
of a 4:1 mixture of conc nitric acid/bonc perchloric acid were added
and a watch glass placed over the beaker to preyent loss of sample
by spitting. The watch glass also made the beaker into a crude
reflux system. The bsaker was now heated on either a thermostatically
controlled hot-plate or suspendsd above a thermostatically controlled

. sand bath at 190°C - ZUDOC for four hours.

. A variation of this technique was employed when dealing with
sagples rich in carbonate material. Here, 20 ml. of 40% hydrofluori;
acid were added initially and 20 ml. of 4:1 conc HNQS/bonc. HCJ.D4 later.
Thg addition of the hydrofluoric acid allowed the formation of insoluble

. calcium and magnesium fluorides which coated the carbonate grains and allowed

slow dissolution of the carbonate instead of the vigorous dissolution and
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consequent loss of sampls which would have accompanied the addition
of nitric and perchloric acids to a carbonate. Watch glassss were

»

not ussed in the presence of hydrofluoric acid.

In ths non carbonate digestion, after faurlhours refluxing,
the watch glasses wers removed and 20 ml. of 40% hydrofluoric acid
added to decompose any silicates present. The whole was then svaporated
to dryness at 190%. When dry, 2 m} of perchloric acid werse added
to the residue to decompose any remaining fluorides and the whole

again svaporated to dryness.

To the dry rssidue, 25 ml of 2N hydrochloric acid were added
and the whole heatsed at 105°c until a clear solution had been obtained.
This solution was then transferrsd to a 50 ml volumetric flask and

diluted to the mark with repsated washings from the beaker.
*Teflon: A registered trads mark for poly tetra-fluor ethylene.

A3 SAMPLE ANALYSIS.
Each Sampla was analysed for Cu,.Pb, Zn, Ag, Fe, Mn, Ca
and Mg. by atomic absorption and Na and K by atomic emission. Thesse

ten elements were divided into four groups for sample analysis.

(i) Elements sprayed dirsctly in IN HC1
(;i)/ Elsments spraysd in ammonia/;mmonium carbonate solution.
(iii) Elements spraysed in IN. HCl1 plus 1% lanthanum
) solution.
(iv) Elements redissolved in conc. nitric acid and sprayed

in 1% nitric acid solution.
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(i) cu, Pb, Zn, Ag, Fe and Mn.
The wavelengths used and optimum concentration ranges

?or these elemsnts are shown in Table A.l.
(ii) Na and K.
(iia) Preparation of Ammonia/hmmonium Carbonate Solution.

10 g. of solid ammonium carbonate were weighed out
and added to 500 ml. of deionised water (D.I.W.) in
a1 litre beaker. To this, 100 ml of ammonium
hydroxide solution (S.G. 0.880 g./ml.) were added and
the whole stirred until the ammonium carbonate had
dissolved. The solution was then transferred to a
1 litre volumetric flask and diluted to the mark with
D.I.U. -

_(iib) Reasons for the use of Ammonia/hmmonipm Carbonate Solution.

(1) Interfering iron and aluminium cations were

precipitated as insoluble RZUS or hydrated oxides from

the alkaline solution.
(2) 1Interfering calcium and magnesium cations were

precipitated as insoluble CaCO0, and t’lgCD3 by the

3
ammonium carbonate,
(iic) Preparation of samples for Atomic Emission Analysis.
A1l samples analysed for sodium and potassium were
sprayed in a 10% solution of the ammonia/ammonium carbonate

mixture. The wavelengths used and optimum concentration

of the elements are shown in Table A.l.



TABLE ...Al

OPTIMUM CONCENTRATION RANGES AND SPECTRAL LINES USED FOR
Cu,Pb,Z2n,Ag,Fe,Mn, Na, K, Ca, Mg, ANALYSIS .

AN

4 o]
'ELEMENT OPTIMUM CONCENTRATION WAVELENGTH A
RANGE ppm :

a) :

Cu 0-10 3247.5

Pb : 0 - 40 2170.0

Zn - 0-3 2138.6

Ag ) 0-4 3280.7

Fe 0~ 20 ’ 2483,3

Mn | -0=10 ' 2794.8
b) .

Na o 0-4 . 5890.0

K o 0-4 7664,9
c)

Ca 0-10 ‘ 4226.7

Mg R 0 -2 2852,1

iv



(iidic) Preparation of Samples for Mg and Ca Analysis.
All samples analysed for magnesium and balcium
were sprayed in a 1 % lanthanum chloride solution.
Wavelengths used and optimum concentration ranges

are shouwn in Table Al.

(iv) Pb and Ag.
Samples containing high levels of Ag and Pb
were redissolved in conc. nitric acid to avoid

precipitation of insoluble PbCl, and AgCl

2 2°
Difficulties were experienced in dissclving some
samples with high Pb,as oxidation of the sulphide

anion by the nitric acid produced a sulphate and

led to the precipitation of insoluble Pb504

Samples were diluted and sprayed in 1% HNU3
solution; wavelengths and optimum concentration ranges

are shown in Table Al.
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vi

Ca and Mg

(iiia) Preparation of 10% Lanthanum chloride solution.

(iiib)

100 g. of lanthsnum oxide were added to 300 ml.
of D.I.W. and 200 ml. of conc. hydrochloric acid slowly
added. A vigorous reaction took place with the pro-
duction of a grsat amount of heat; a clear solution

was finally obtained.This solution when cool was transferred

to a 1 1litre volumetric flask and made up to the mark

with D.I.W.

Reasons for the use of Lanthanum Solution and Precauéions.
Because of the abundance of aluminium ions in solution

and tﬁe sase with which calcium and magnesium aluminates

form, (Calcium and Magnesium aluminates are not broken

down in the air/écetylene flame),lanthanum was added

to allow the formation of lanthanum aluminate and consequent

removal of aluminium from the system.

The production of a.uhite, milky solution after the
addition of the lanthanum chloride solution usually
indicates the presence of free fluoride ion and the
production of insoluble lanthanum fluoride. In such a

case , the sample should be redissolved,and 10 ml. of

" perchloric acid added in the final fuming cycle to make

sure that all the fluoride has been decomposed,before

addition of the 25 ml of 2N. HCl.
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APPENDIX . B .

ANALYTICAL RESULTS FROM THE TINITIAL SAMPLE PREPARATION

STUDY
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* SAMPLE =~ 210 pm  ~ 494 + 210 pm - 1550 + 494 pm CALCUILATED  TRUE
: TOTAL TOTAL

1 39 36 15 30 28
2 75 15 5 32 38

3 42 41 28 37 30

4 68 53 - 20 47 27

5 54 17 14 28 28

6 40 25 C11 25 20

7 265 150 96 170 172

8 30 R 26 82 . 46 10

9 21 10 2 11 9
10 10 15 14 13 18
11 15 3 9 9 7
12 25 5 - 2 11 10
" 13 60 41 21 41 58
14 .26 25 11 21 36
15 36 10 14 17 37
16 42 18 15 25 28
17 104 27 24 52 45
18 25 10 9 15 25
19 16 12 10 12 10
20 20 15 7 14 15
21 117 91 26 78 78
22 90 46 41 59 100
23 102 9 15 42 51
24 193 - 98 50 114 © 127
25 - 31 44 27 34 36
26 682 720 600 667 650
27 35 22 15 24 29
-28 29 13 25 22 20
29 85 37 ’ 36 ' 53 46
30 144 10 : 12 55 150
31 36 17 10 21 30
32 188 169 110 156 150
33 138 140 116 131 139
34 334 248 ' 210 297 270
35 54 11 5 23 40
36 305 260 149 238 270
37 104 51 27 61 69

TABLE A  COPPER

Results expressed in p p m -



SAMPLE - 210 pm

1 99
2 125
3 58
4 89
5 55
6 210
7 290000
8 1600
9 77

10 <5
11 <5
12 154
13 197
14 72
15 7
16 2100
17 53200
18 480
19 1200
20 <5
21 24
22 157
23 49200
24 229671
25 1764
26 585225
27 6889
28 300
29 24921
30 169975
31 55944
32 241821
33 130045
34 - 480870
35 43452
36 304200

37 124362

TABLE B ZINC

- 494 4+ 210 pm -~ 1550 + 494 pm

46
10
46
27
42
160
215600
27
49
15
26

o~

141

150

59

17
1820
49610
210
970

52

16

138
17700
167500
273
525000
2500
132
18906
158750
27500
220937
134375
301562
19531
217187
95625

~

Results expressed in pp m

22
10
15
5

12

18
1519
15

9

5

12

36

27

10

27
596
12160
26
190
21

25

59
2196
52875
127
375000
196
15
19955
25975
492
986
11057
26979
41520
45870
210

CALCUILATED

TOTAL
56
48
39
40
36
129
169040
547
45
7
13
77
125
47
17
1505
38323
239
787
24
22
118
23032
150015
721
495075
3195
149
21261
118233
27979
154581
91826
269801
34834
189086
73399

ix’.

TRUE
TOTAL
52
51
43
45
35
125
151800
65
31
31
34
108
100
33
43
1620
25500
46
470
20
42
121
16700
95720
596
470510
410
27
21650
79200
6250
21750
65000
79875
36275
96785
1575



SAMPLE ~ 210 pm =494 + 210 pm =~ 1550 + 494 pm

. TABLE C LEAD

Results expressed in ppm

1 1360 516 290
2 128 79 10
3 72 27 15
4 , 56 97 52
5 < 80 105 . 25
6 © 3400 2160 1050
7 101000 7325 290
8 72 26 20
9 40 21 17
10 52 34 15
11 <5 10 27
12 320 186 45
13 92 91 150
14 40 26 290
15 48 190 27
16, 264 216 152
17 2316 1970 286"
18 108 115 93
19 ., 5400 3960 1095
20 16 70 70
21 : 64 27 180
22 116 180 25
23 12000 9925 156
24 5219 1918 1065
25 2267 1342 970
26 3140 1638 35
27 2975 1122 1075
28 2647 | 930 27
29 17530 7488 296
30 27544 16808 2280
31 5870 4488 2175
32 14526 13888 9725
33 80682 69975 7671
34 7306 4088 3865
35 1444 532 95
36 - . . 22532 17468 4968
37 9399 6635 1027

CALCULATED

TOTAL
722
72
38
68
70
2203
36250
39
26
26
12
184
111
119
88
211
1524
105
3485
52
90
107
7360
2735
1526
1604
1724
1201
8438
15514
4178
112713
52776
5086
690
14989
5687

TRUE
TOTAL
532
64
52
100
80
1540
5800
52
16
“16
12
92
68
80
100
240
1532
120
2620
72
72
164
3560
2150
1065
956
1957
580
4960
9750
5350
12750
59950
5751
456
15135
4950



SAMPLE = 210 pm = 494 + 210 pm
1 103 97
2 7893 7500
3 5143 4605
4 5443 5200
5 8143 7500
6 12143 12100
7 12093 14000
8 75 63
9 295 220

10 191 105
11 162 140
12 357 327
13 113 107
14 7600 7200
15 3600 4950
16 406 290
17 128 107
18 128 101
19 26 19
20 434 390
21 262 197
22 235 196
23 21 10
24 78 50
25 59 16
26 52 28
27 2200 2000
28 85 25
29 79 13
30 64 13
31 155 166
32 56 19
33 94 63
34 67 19
35 81 23
36 85 84
37 299 350
TABLE D  MANGANESE

Results expressed in ppm

- 1550 + 494 pm

25
9600
4350
4200
6975

12975
12750
27
190
© 85
110
357
100
7350
7796
197

29

57

10

486

92

151

21

46

27

14
2010

50

60

10

140

12

47

40

12

49

200

CALCULATED

TOTAL
75
8331
4699
4998
7539
- 12406
12948
55
235
127
137
347
107
7385
5449
298
88
95
18
437
184
194
17
58
34
31
2006
53
50
29
154
29
68
42
39
76
283

xi

TRUE
TOTAL
65
8500
5450
5500
7750
13000

14750

55
232
100
118
338

99

11500
6650
200

70

89

20
305
118
178

25

78

25

30

2000

50

27

54
160
30

76

52

49

56
325
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SAMPLE - 210 pm - 494 + 210 pm "~ 1550 + 494 pm CALCULATED TRUE

. TOTAL TOTAL
1 3252 7250 2671 4391 4600
2 37400 2958 1537 13965 28000
3 28000 25300 1005 . 18102 21000
4 27600 26725 26150 26825 23000
5 36400 31500 21650 29850 30200
6 28400 27750 22530 26227 26000
7 33000 29725 27625 30117 31000
8 14400 13125 297 9335 8000
9 2820 1917 1050 1929 2000
10 10500 7650 2165 6772 4000
11 6700 5960 2425 5028 3400
12 13500 9732 4530 9254 7800
13 37000 151 2050 \ 13076 3200
14 35100 29650 15975 26908 27400
15 32800 29625 25750 29392 28600
16 21600 21000 10500 17700 13000
17 5600 4970 975 3848 3000
18 41100 35000 32000 36033 36000
19 1850 1880 1550 1760 1200
20 10200 7950 5350 7833 6600
21 16800 15975 9750 14175 12400
22 38500 36200 32500 35733 35200
23 1930 1853 1210 , 1664 1680
24 5164 4200 2056 3807 3920
25 6149 5200 1327 4225 4750
, 26 10664 12800 7800 10421 9755
T 27 21650 11500 6397 10182 10950
28 3377 2500 1516 , 2426 2158
. 29 3578 2700 2850 3043 3268
30 7900 6700 2452 5684 5207
31 1865 1500 980 1448 1416
32 3739 6200 1215 3718 2625
33 4446 4200 2975 3874 3980
34 7151 6500 26 4554 5287
35 3578 2500 1275 2451 2985
36 4444 3500 2780 3575 4150
37 5076 2780 : 3575 4150 4080
TABLE E TRON

Results expressed in ppm



SAMPLE =~ 210 pm

1 52500
2 123000
3 110000
4 135000
5 97500
6 158500
7 107000
8 2500
9 11250

10 126
11 9100
12 20100
13 3850
14 175500
15 69500
16 22250
17 1900
18 2550
19 16
20 21300
21 1290
22 2800
23 T <5
24 15
25 831
- 26 260
27 39532
28 1206
29 1278
30 718
31 14918
32 623
33 1223
34 1479
35 1073
36 . 2504
37 10460

-~ 494 + 210 pm = 1550 + 494 pm

41650
137000
105050
127500

83500
151000

97650

990
9750
50
8900
21750
3500
175000
63800
21700
850
2150
20
11975
8900
2175
596

5

10

12
77500
<5

<5

<5

15900

5

28

45

<5
990
14750

TABLE F CALCIUM

Results expressed in ppm

26150
127000
105150
121500

79500
171750

97500

14725

8580
1175
5325

15160

2000
141000
50500
1875
2100
2515
12
11550
5300
2159
1580
10
532
210
39500
120
500
280
15325
516
1515
1060
105
2510
15105

CALCULATED
TOTAL
40100
129000
149733
128000
86833
160417
100717
6072
9860
450
7775
19003
3117
163833
57933
15308
1617
2405
16
12925
5163
2375
692
10
458
161
52177
443
594
334
15381
381
922
861
395
2001
13420

xiii

TRUE
TOTAL
41850
130000
108500
121000
79000
166000
101000
10500
8850
2000
7000
17750
2500
139500
56000
12350
. 600
2250
16
15600
7050
2222
1600
15

765
210
42575
1137
1560
890
15350
340
1510
734
770
1915
12535



SAMPLE

O 00N OO WM

. TABLE

- 210 pm

1760
97975
84975

107475
57975

106475
57975

6625
2365
5840
2886
5801
25740
95647
54307
4050
1530
3259
487
4221
5021
23595
750
511
454
176
45180
666
419
1197
531
169
889
404
368
2274

8487

G

~ 494 + 210 pm

1693
97050
79600

115000
59175
112150
59175

6250

1897

5151

2935

4951
22200
95750
51300

5216

300

1650

526

1517

3850
21550

600
800
480
91
41200
659
300
1280
500
200
550
100
180
2830
9200

MAGNESIUM

Results expressed in ppm

- 1550 + 210 pm

1525
97175
78500

100000
51950
90750
61650

426

2120

4165

2075

4105
25950
95350
50600

3260

897

1750

435

2975

3955
20750

510
863
412
185
41500
693
525
1150
500
184
790
592

370

2198
4932

CALCULATED

TOTAL
1641
97367
81025
107492
56367
106242
60375
4435
2127
5052
2632
4953

22456
95582
52069
4175

1109
1920
+482
2904
4275
21965
620
725
449
151
42627
670
415
1209
510
184
743
365
306
2434
7540

xXiv

TRUE
TOTAL
1470
97200
80000
98000
55100
99400
63300
5100
1980
3750
1720
4300
22000
95200
49500
3670
1000
2120
600
2900
3500
19200
570
730
450
200
42700
615
420
1050
560
180
873
416
200
2170
5690




SAMPLE -~ 210 pm
1 24350
2 23500
3 24375
4 21375
5 25000
6 6000
7 4500
8 41250
9 21750

-~ 10 31500
11 28500
12 25000
13 65000
14 10875
15 26250
16 21750
17 11250
18 60000
19 17000
20 . 1925
21 25500
22 55500
23 19500
24 1102
25 1520
26 489
27 19095
28 2146
29 1400
30 1846
31 2397
32 848
33 1428
34 692
35 1642
36 879
37 2900
TABLE H

- 494 + 210 pm

31600
23950
23500
21075
26200
5735
4100
51250
23775
41500
26200
29700
72000
10950
37300
17150
9695
72000
16000
17175
29500
59695
18255
6945
3358
458
14500
14788
1483
2883
8166
4549
8166

2315

11500
345
2012

POTASSIUM

Results expressed in ppm

~ 1550 + 494 pm

25300
22150
23900
25150
27175
5965
4700
39750
21255
29750
21000
21110
65050
11900
31500
22700
15195
61750
17950
17560
27500
41575
17975
5937
2569
500
1327
4172
1400
2775
4950
3150
9320
2530
9700
..390
3194

CALCULATED

TOTAL
27283
23200
23925
22553
26125

5200
4433
44083
22260
34250
25233
25370
67350
11242
31685
20533
12047
61442
16983
12222
27500
52257
18577
4664
2479
482
11641
7037
1428
2501
5172
2849
6305
1842
7614
541
2885

XV

TRUE
TOTAL
28000
22500
23675
21125
29250
5525
4000
60750
24875
42250
24125
34500
83250
11550
47000
15125
8250
65500
15175
18375
31000
66750
17250
4962
2390
470
14900
5315
1425
2500
3750
2520
6516
2415
7900
490
3121



SAMPLE =~ 210 pm

1 10300
2 780
3 3830
4 3535
5 11750
6 870
7 385
8 16850
9 9556

10 11250
T 11 12875
12 11000
13 8000
14 1250
15 4395
16 3135
17 3100
18 8125
19 1625
20 7475
21 10250
22 6750
23 3000
24 1597
25 2415
~26 618
27 2823
28 4371
29 2236
30 2842
31 2457
32 1277
33 2510
34 842
35 3109
36 . . 763
37 . 973
TABLE I

- 494 + 210 pm = 1550 + 494 um CALCULATED
TOTAL

11270
5470
8963
9761

11750
5120

512

15795
93900

13050

15732

11250
7832
1365
8168
4735
2715
8160
1375
7950

11750
5210
2971
2145
1755

330
L 4680
3000
2415
5625
2970
1380
2805
750
3465
420
750

SODIUM

Results expressed in ppm

10450
7325
7961
7045

10950
4937

405

12575

10750

11975

10500

10500
8250
5325
5250
3050
2080
5965

960
8100

9000

4590
4625
1369
3280

790
2130
5130
1930
2125
2520

680
3520

800
1317

583

1241

10685
4608
6918
6777

11483
3642

435

15073

10030

12087

13036

13036
8061
2847
5938
3640
2623
7417
1320
7842

10333

‘5517
3532
1704
2483

579
3211
4167
2194
3531
2648
1112
2945

797
2630

562
1048

xvi

TRUE
TOTAL
10275
5790
8220
8685
12555
4575
405
10069
9930
12750
11880
11880
7080
6450
9000
4275
1845
7095
1005
8850
11325
4830
3870
1637
2780
720
3735
4798
1732
2849
2793
1030
2971
750
2976
580
1070
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APPENDIX . C .

POLAROGRAPHIC TECHNIQUE AND PREPARATION OF ATOMIC

ABSORPTION STANDARD SOLUTIONS ,
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 APPENDIX C. ' ’
POLAROGRAPHIC TECHNIQUE.

From a small tube immersed in the solution,a stream of mercury
drops was allowed to fall into a pool of msrcury. A variable voltage
was applied between the jet and the pool, and the resulting electrical
current measured. By using a univector unit a voltage-current curve
was obtained, and the position of the peak of the curve was characteristic
of the nature of the ions present in solution, while from the height
of the curve it was possible, by calibration under constant working
conditions, to measure the concentration of the ions. The solution was
contained in a glass cell, and a platinum wire, sealed through the bottom
of the cell, dipped into a small pool of mercury in the cell holder,
making connection between the mercury pool and the potentiometer. The
‘connection between the potentiometer and the dropping mercury electrode

was made through the mercury feservoir,mhich fed mercury to the latter.

Tﬁa applied potential was measured, and by reference to
standard tables of half wave potentiai in conjunction with the position -
of the element peak obtained from synthetic standards, it was possible
to interpret the resulting curves. The half wave potential of cadmium
is ~ 0.7 volts. and of lead is -~ 0.48 volts in the sclution used for

these experiments.

This method enabled any interfsrences by Ca, Mg, Na and K,

to be overcome,as they simply cannot be read in acid solution.

Standards for atomic absorption analysis were made up for

cadmium and lead from 1.0 - 10.0 ppm and 1.0 - 40.0 ppm respectively,
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in: M  HCL
IM HC1 + " 10 ppm Ca + 10 ppm Mgy
IMm  HC1 + 106 ppm Ca + ‘100 ppm Fg,
IN HCL + 1000 ppm Ca + 1000 ppm Mg,
IM  HCl + 5000 ppm Ca + 5000 ppm Mg,

Im HC1 + 10000 ppm Ca +10000 ppm Mg,

The cadmium and lead values were read off on the most appropriate curve
””” after the calcium and magnesium values had been obtained for each sample.
This method eliminates incorrect results due to both viscosity and

interfering ions.

Initial problems were encountered using the polarographic
technique. %he mercury in contact with the solution immediately formed
a scum and gave erratic results. The action of hydrochloric acid,
{ferrous and ferric iron on mercury were tested and found to have no
effect. Consequently two exberiments wers carried out to try and

overcome this interference. -

(a) Addition of 1M ammonia/ammonium chloride and 0.01%
gelatine.

This solution was designed to bring down Rz(l:5

as hydroxide, and eliminate any effect they had on

the mercury. No improvement was found.

(b) * Addition of 0.5M sodium-potassium tartrate and ascorbic
acid.
This solution was designed to complex any available

R and rare earths, and also to reduce any ions not

2%3
complexed by the tartrate. . By addition of this solution

all interference with the mercury was stopped.
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FLUORINE AND CHLORINE ANALYSIS OF - SELECTED DRILL CORE

XX

APPENDIX , D .

SAMPLES

( Numbers correspond to sample positions in the analytical

file

in

the Mining Geology Department , Royal School of

Mines , London . )



TABLE ... A, ' xxi
FLUORINE AND CHLORINE ANALYSIS ON SELECTED DRILL CORE SAMPLES

SAMPLE F Cl SAMPLE F Cl
935 12,0 3.6 970 2,0 60.0
936 6.2 4,2 971 1.7 170,0
937 15,5 1.1- 972 ‘n,d, 170,0
938 19,0 " 1.8 973 n.d. 45,0
939 9.5 1.5 974 3.4 1.0
940 3,0 1.8 975 2.8 8.0
941 4.5 8.5 976 2,6 n.d,
942 4,7 1.5 977 1.5 n.d.
943 2.5 13,5 978 4,2 n.d.
944 1.3 9.6 979 1.6 n.d.
945 3.7 13,0 980 1.9 20,0

.~ 946 1.3 21.0 981 1.9 4,0
947 0.8 13.9 982 0.7 2.0
948 2.0 17.0 983 1.7 10,0
949 1.9 12,0 984 11.1 4,0
950 4.4 37.0 985 3.2 20,0
951 1.5 84,0 986 13,0 4,0
952 n.d. 66.0 987 4,0 25,0
953 3.0 187.0 988 n.d. 3.0
954 n.d, 48,0 989 1.0 11.0
955 2,2 90.0 990 n.,d. 50,0
956 2.6 41,0 991 1.2 10,0
957 3.6 44,0 992 n.,d. 17 .0
958 3.3 10.0 993 n.d. 13,0
959 4,6 10.6 994 n.d, 4,0
960 10,5 8.6 995 1.2 2.0

961 10.0 9,3 996~ 2.3 5.0
962 n.d, 10,7 997 n.d. 3.0
963 6.4 38.0 998 16,2 5.0
964 4,2 20,0 999 n.d. 25,0
965 0.1 7.5 1000 n.d. 14,0
966 n,d, 4,0 1001 n,d, 55,0
967 1.1 n.d. 1002 n.d. 25,0
968 5.8 1,0 1003 12,7 10,0
969 2.0 35.0 1004 18.7 6.0

1005 ° 17.9 16,0 1015 9.1 147.0

1006 17.6 8.0 1016 9.5 23,0

1007 9.3 18,0 1017 11.1 22.0

- 1008 12.5 27.0 1018 10.9 7.0

1009 11.3 15,0 1019 7.8 30.0

1010 10.7 61,0 1020 8.5 18.0

1011 9,7 6.0 1021 11.1 9.0

1012 9.7 9.0 1022 n.d. 62.0

1013 13.1 10,0 1023 11,3 6.0

1014 14,7 14,0

n.d, : Below detection limit, Results expressed in ppm ,
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SAMPLE - 210 pm - 494 + 210 pm "~ 1550 + 494 pm  CALCUILATED TRUE

: TOTAL TOTAL
1 3252 7250 2671 4391 4600
2 37400 2958 1537 13965 28000
3 28000 25300 1005 . 18102 21000
4 27600 26725 26150 26825 23000
5 36400 31500 21650 29850 30200
6 28400 27750 22530 26227 26000
7 33000 29725 27625 30117 31000
8 14400 13125 297 9335 8000
9 2820 1917 1050 1929 2000
10 10500 7650 2165 6772 4000
11 6700 5960 2425 5028 3400
12 13500 9732 4530 9254 7800
13 37000 151 2050 13076 3200
14 35100 29650 15975 26908 27400
15 32800 29625 25750 29392 28600
16 21600 21000 10500 17700 13000
17 5600 4970 975 3848 3000
18 41100 35000 32000 36033 36000
19 1850 1880 1550 1760 1200
20 10200 7950 5350 7833 6600
21 16800 15975 9750 14175 12400
22 38500 36200 32500 35733 35200
23 1930 1853 1210 _ 1664 1680
24 5164 4200 2056 3807 3920
25 6149 5200 1327 4225 4750
. 26 10664 12800 7800 10421 9755
T 27 21650 11500 6397 10182 10950
28 3377 2500 1516 . 2426 2158
.29 3578 2700 2850 3043 3268
30 7900 6700 2452 5684 5207
31 1865 1500 980 1448 1416
32 3739 6200 1215 3718 2625
33 4446 4200 2975 3874 3980
34 7151 6500 26 4554 5287
35 3578 2500 1275 2451 2985
36 4444 3500 2780 ° 3575 4150
37" 5076 2780 . 3575 4150 4080
TABLE E IRON

Results expressed in ppm
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APPENDIX

ANALYSES OF SOIL SAMPLES ON DETAILED SHAFT SURVEY

Cu Pb ‘ Mn zZn Fe

SAMPLE cd
1 <1 3 123 116 153 16477
2 <1 221 31 39 13657
3 2 25 633 260 666 17657
4 8 16 426 575 861 17159

s 7 22 467 1382 818 16716
6 5 16 164 1351 540 17711
7 2 11 139 546 264 16219
8 4 11 90 371 226 17324
9 1 11 33 124 99 18006

10 1 19 1377 118 279 16772
11 2 25 762 631 1163 17767
12 3 19 303 130 295. 16606
13 2 19 204 1255 399 18246
14 2 11 90 =~ 1175 730 17380
15 1 14 90 526 251 16643
16 <1 5 139 127 166 15297
17 2 16 467 575 861 16600
18 8 46 2368 342 864 16569
20 1 30 402 898 579 18320
21 1 22 49 620 562 16753
22 <1 25 57 1127 289 18117
23 6 11 57 201 619 17564
24 1 11 761 124 226 16760
25 200 19 238 141 958 16192
28 .- 4 16 164 59 779 13583
29 <1 38 16 790 272 18135
30 3 22 33 980 661 17767
31 2 11 400 631 579 18810
32 12 14 90 1120 861 16500
33 181 . 33 . 57 150 1322 17066
35 1 16 115 76 274 15002



SAMPLE

[
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. TABLE

- 210 pm

1760
97975
84975

107475
57975
106475
57975

6625

2365

5840

2886

5801
25740
95647
54307

4050

1530

3259

487

4221

5021
23595

750
511
454
176
45180
666
419
1197
531
169
889
404
368
2274

8487

G

~ 494 + 210 pm

1693
97050
79600

115000
59175
112150
59175

6250

1897

5151

2935

4951
22200
95750

51300

5216
900
1650
526
1517
3850
21550
600
800
480
91
41200
659
300
1280
500
200
550
100
180
2830
9200

MAGNESIUM

Results expressed in ppm

- 1550 + 210 pm

1525
97175
78500

100000
51950
90750
61650

426

2120

4165

2075

4105
25950
95350
50600

3260

897

1750

435

2975

3955
20750

510
863
412
185
41500
693
525
1150
500
184
790
592

370

2198
4932

CALCULATED

TOTAL
1641
97367
81025
107492
56367
106242
60375
4435
2127
5052
2632
4953

22456

95582
52069
4175
1109

1920

=482
2904
4275
21965
620
725
449
151
42627
670
415
1209
510
184
743
365
306
2434
7540

Xiv

TRUE
TOTAL
1470
97200
80000
98000
55100
99400
63300
5100
1980
3750
1720
4300
22000
95200
49500
3670
1000
2120
600
2900
3500
19200
570
730
450
200
42700
615
420
1050
560
180
873
416
200
2170
5690
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TRACE ELEMENT ANALYSIS OF SOIL SAMPLES ON ORIENTATION SURVEY

SAMPLE

k1
k2
k3
k4
k5
k6
k7
k8
k9
k10
k11
k12
k13
k14
k15
k16
k17
k18
k19
k20
k21
k22
k23
k24

k25

k26
k27

k28 -

k29
k30

W W H.= O = R = DN

Cd
1

A
= w w

A A
N N N

W R W D W N N

Cu
3

S

13
13
11,
16
16
33
16
22

5
30
16
27
14
11

Pb
67
22
16
57
65
41

180
1361
836
1959
401

402

115
131
1123
139
107
98
98
74
90
25
98
106
66
16
<5
16
<5
25

Results expressed in ppm

Mn
28
849
189
682
504
155
835
657
73
3124
1526
898
76
368
609
416
181
495
- 303
339
492
473
247
569
558
467
337
410
399
331

Zn

36
171
75
148
59
101
237
295
260
1055
541
579
274
326
160
536
140
185
159
89
139
178
140
158
100
84
95
76
131
701

Fe
8515
9897
16034
18522
17859
18301
17490
16126

9178
18559
17610
18320
15002
17324
18449

15887

16624
17914
17159
16495
19610
17730
16587
17785
18504
19168
17159
17675
19094
16661



