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ABSTRACT

Applicd geochemical investigations have been carried out at the
Keel zinc-cadmium~lend prospect in the Irish Republic. Particular
emphasis has been placed on the ajsplieation of mercury as a vrospecting
aid in the glaciated environment ond for interpreting soil anomalies.

A multi-element exomination of iron and manganese~rich residues
of oxidized and leached carbonate rock near the Keel deposit has con=~
firmed the presence of o large, metol-rich reservoir believed to be =
capping. Metel enrichment rotios suggest that zine, cadmium, lead,
silver, ond mercury have been derived from disseminated sphalerite-

alena~pyrite. Metals have been retalned and/or scavenged by hydrous
iron and manganese oxides and as insoluble residues. Subcropping
exposures of the capping have contributed significant omounts of metals
to the formation of soll onomalies.

In soil, lead and mercury anomalies are closely associated with
cwlting, Zince and cadmium have dispersed more widely, clement movement
being facilitated by ground and stream waters. The nature of the soil
profile and soil conditions in genercl are of some importonce in the
interpretation of metal cnomelies in the Keel area. The surficial
horizong of mineralized peaby gleysolic soils are highly enriched in
lead, silver, and mercury. A smoll basin peat developed over subcropping
sulphide-beoring veins is highly snomalous in zine mnd cadmium. Freely-
drained solls show comparatively less metal enrichment thon do poorly-
drained soils.

A literature review on the prescence of mercury in the secondary
enviromment indicotes that while the clement may disperse as simple
inorgonic ions and complexes, the influence of aetive ond residual
biochemical interactions superimposes some controls on migration. The
bioconversion of inorganic mercury to methyl ond dimethylmercwry(ic)
compownds and cheloting reactions with sulphhydryl (SH) groups are -
important aspects in the secondary dispersion and retention of the
element,

Preliminary experiments tc determine the presence of mercury in
soil gas ot Keel have been moderately successful. The sampling
tecdmique is based on the pumping of soil air through o series of 60
mesh silver gauze filters to amalpgomate mercury vapour and mercury-
bearing compounds. Merceury can be determined down to 10 ng/m?. Initial
results indicate that the soil gas component of naturally-cccurring
mercury is in complex equilibrium with solid and ionic orgoanic and
inorgonic forms of the element., It is proposed thot soil air movement
{ond outpossing) ot Keel is by gaseous diffusion rather thon mass flow
in response to reduced air pressures. '
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CHAPTER 1

ANTRODUCTION

1.1 GENERAL

Geochemical exploration in areas of transported overburden has
oftten been hampered by the disruption of snomalies through obscuring,
rafting, or covering of the secondary expressions of the metals sought.
The use and application of the so-called "pathfinding” elements has
been somewhat successful in aiding interpretation in such circumstances.

Mercury is a strongly chalcophilic element and is found in
trace amounts in most hydrothermal ore deposits (James, 1962).

Russian investigators, notably Saukov (1946) and Ozerova (1962),
established the presence of primary and secc;ndary halos of mer;:ur'y
associated with mercury and polymetallic deposiﬁs. Subsequent work by
Western geochemists, notably Hawkes (with Friedrich 1966a, 1966b, and
with Williston, 1962) and James (1962, 1964, and with Webb, 1964), has
confirmed Soviet finciings. -

With the development of flameless atomic absorption instruments,
mercury geochemistry has become a relatively important part of mineral
exploration.

Research here examines the secondary dispersion of mercury
applied to the study of metal halos over a glaciated Zn-Cd~Pb deposit

in the Irish Republic.

1.2 HISTORY OF THE KEEL DEPOSIT

Disecovery of the Keel deposit represents an almost classic
example of a successfully applied geochemical survey.

In 1962, Anglo~Austral Mines Ltd., a wholly-owned subsidiary
exploration company of the Rio Tinto Zine Corporation Litd., acqulred

a group of mineral exploration licences in the Longford District, Eire.
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Theée licences surrounded two Silurian inliers within the Lower
Carboniferous succession immediately south of the County Town of Long-
ford (see Fig. 1 for location reference). Presumably, this setting was
selected on the basis of prior mineral discoveries in similar geological
environments elsewhere in Ireland (i.e. Tynagh, Gortdrum, and Silvermines).

Strecam sediment samples were collected at one-half mile intervals .
over the licences and into County Roscommon in the wesf. fnalysis
for Cu, Ph, and Zn presented an easily discernible zinc anomaiy and an
accompanying, more subtle lead anomaly associated with the southern-
most inlier (Fig. 2). The peak values were centered near and around
the Townland of Xeel on the south flank of the inlier. Subsequent
orientation and reconnaissance soil swrveys uncovered a broad zinc
anomaly. Lead analysis confirmed the presence of an intense, but much
more narrowly defined soil anomaly while copper values remained much
the same In anomalous areas as in background regions. The results and
maps of this survey are presented, interpreted, and discussed in
Chapter Tour.

An extensive drilling programme was initiated and quicKly
revealed encouraging sections of disseminated and massive sphalerite
with lesser, but economically important amounts of galena. Assay
values of the "ore-lengths" confirmed dominant zine mineralization
and also the presence of above average cadmium values associated with
the sphelerite. Silver values (1 to 3 Troy ozs./ton) are typical of
the Irish deposits. The geology, mineralogy, and geﬁesis of the Keel
deposit are discussed in Chapter Two.

Drilling was followed by the sinking of a shaft at Keel with
over one mile of exploratory drifting at 200, 400, and 500 ft. levels.
In 1968, the operation was put under care and maintenance and all
exploration and development temporarily ceased. In 1970, American

Smelting and Refining Co. Itd. ("ASARCO") acquired an option to do
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further exploration on the licences and at the time of writing were
actively engaged in an additional surface assessment of the Keel area

and Longford District at large.

1.3 VERCURY GEOCHEMISTRY IN MINERAL EXPTORATION

1.5.1 Baeckeround

James (1962) states "Broad patterns of primary dispersion are
- frequently formed gy mercury around both mercury and polymetallic
deposits. These halos are believed to reflect predominantly gaseous
dispersion. and may be expected to be most marked where the rocks are
most porous, or where fracturing hes occurred prior to, or simultan-
eously with mineralization.”

The above hypothesis essentially forms the basis for the
application of Hg as a orospecting guide. It follows from initially
emplaced primary halos that similarly broad halos could form in the
secondary environment and provide easily accessible sampling material
(i.e. soils, tills, plants) in areas of transported or deep residual
overburden.

James (op. cit.) has admirably researched and reviewed the
primary and secondary éeochemistry of Hg and application to mineral
exploration through March 1901. He concludes that most hydrothermal
orebodies have assoclated mercury halos with somewhat variable

abundance levels, usually higher with lower temperature deposits.

Further, mercury can disperse via mechanlcal, saline, and gaseous forms

and appears highly influenced by certain secondary environmental
processcs. Research to the above date appears confined primarily to
bedrock and soil samples.

Donovan (1965) has updated James' (1962) study as regards pros-

pecting application and provided additional information from his own

A



studies on mercury and base metal dispersion at the then newly-~found Tynagh
depogit, Co. CGalway, Ireland. Shorter studies on other mineral occurrences
in Vest-Central Ireland are also included in this work.

In general, the 1960's saw the application of mercury pathfinding
to mineral exploration progress through several stages of waxing and
waning Interest. The writer views this inconsistency as initial hopes of
a potentially useful exploration tool frustrated through inadequate
analytical methods, and perhaps a lack of understanding and appreciation
of the complex geochemical nature of mcrcury dispersion,

The analytical aspect has advanced to meet the increasing require-
ments of modern prospecting. Colorimetric methods (Ward et al., 1963)
and early Hg vapour meters (such as those originally manufactured by ~
Lemaire Instruments, Reno, Nevada, U.S.A.) have been replaced by
sophisticated flameless atomie absorption”instruments. James and Webb
(1964), Vaughn (1967), and Barringer (1966) all describe specialized
equip@ent for the loﬁ level (nanogram) detéction of mercury in geologlcal
samples. A

In contrast, the understanding of the supergene movement of mercury
has advanced comparatively little beyond Saukov's (1946) original data
and concepts. True, elemental associations and environmental controls on
dispersion have been more firmly established, but the aspect of "mode
of dispersion”, particularly gaseous phase and forms, has received
little attention.

Perhaps the best indication of continued intcrest in mercury
dispersion is reflected by the number of articles vresented at Geo~
chemical Progpecting Symposia. Table 1 discloses a small, but steady
contribution of published work during the latter half of the last

decade.



Table 1. Articles on applied mercury investigations presented at
Geochemical FProspecting Symposia

Conference Case History Analytical Methods Conplementary
and Year Studies’ and Techniques Investigations

Ottawa, 1966 3 1 2
Golden, 1968 3 - 5
Toronto, 1970 1 2 3

From time to time additional articles on mercury dispersion in
mineral exploration and ore genesis appear in the geochemical, geological
and mining literature, but the main contributor in recent years has been
the extensive application of mercury pathfinding by the United States
Geological Survey (U.S.G.3.). U.S.G.3. results are usually published as
Circulars, Bulletins, Open-?ile Reports and sometimes as Professional

Paper Research Chapters.

1.3.2 Currcnt Trends

At the time of writing, two recent developments have brought about
renewed interest in mercury dispersion systems in the secondary eanviron-
ment. The first was the discovery of a Hg in air anomaly over a gold
deposit at Cortez, Nevada, U.S5.A. by geochemists of the U.S.G.S.
MeCarthy et al., 1969). The importance of this investigation centres
on the Hg in air anomaly defining the surface expression of the orebody
more closely than does the Hg in soil anomaly. Also, there is the more
obvious use of airborne geochemistry in regional assessment studies in
mincral exploration,

The above research has, in turn, stimulated additional development
for the direct reading of airborne geochemical anomalles. Barringer
Research Ltd., Toronto, Canada is presently investigating atmospheric

mercury vapour anomalies in a variety of climates and environmeats with
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the use of helicopter-mounted and vehicle-mounted patent mercury

spectrometers (A. R. Barringer, pers. COMm )

The second devclopment is of more inéirect value to geochemical
prospecting. Jensen and Jernelov (1969) in Sweden have been able to
identify dimethylmercury which has been generated in river and loke
bottom muds by microorganisms. These findings parallel earlier Japanese
discoveries of mercury-resistant bacteria with the ability to release
substanticl amounts of mercury vapour (Suzuki et al., 1968). The
apparent ease of the blotransformation of inorganic mercury into the
highly volatilc and dangerous dimethyl compound has touched off an unpre-
cedented amount of research into mercury pollution sources and associated
problems, The geochemist is now confronted with new environmental
factors to interpret mercury dispersion, those of Hg pollution and
bacterium-induced volatization of organomercurials and Hg vepour.

Review articles on mercury in the secondary environment have
recently been published by Jonasson (1970), the U.8.G.S. (Professional
Paper T13, 1970), =nd Wotjalik (1971). Also, numerous papers on Hg
abundance and analysis (meinly in tiésue and water) have soppeared in
trade and acodemie journols.

The writer has reviewed the use and application of mercury os
a geochemleal guide to mineralizetion in an uvnpublished internal report
(Evans, 1969). Some important coneclusions stemming from this study are:
i) Mercury In soil gas and alr promises to be a useful tool in mineral

exploration clthough environmental controls may be restricting.

ii) Mercury hydrochemistry and biogeochemistry are poorly documented
and their importance is a relatively unknown factor in the
secondory accumuletion and disvpersion of the element.

iii) The mercury-organic matter relationship is by association only.

- The actual mechanism(s) of Hg concentrotion are unknown.

iv) Mercury association and correlation in geological material has been



exhibited with a host of chalecophilic elements, Ca, Ba, e, Mn, and
number of sulphur complexes and compounds.
v) The influence of Hg pollution on the use of the element as a pathfinder

in mineral exploration has received little, 1f any attention.

1.4 SCOPE Ol RESIEARCH

1.4.1 Opening Remarks

The present study forms part of o combined research effort in the
Department of Ceology, Royal School of Mines to integrate several discil-
plines within geological sciencce around a mineral exploration problem.
The ultimate aim of the project 1s to correlate the important findings
of cach study towards the advancement of mineral exploration science and
technology.

Four concurrent programmes are presently under study at the Royal
School of Mines with some or all field data derived from the Keel
prospect. An additional associated project investigating mercury in
biochemlcal systems is being undertaken by the Department of Botany,
Imperial College.

Monitoring of magneto-tellurie currcents may prove a useful
georhysical tool in probing deep-seatced primery cnvironments. Measuring
equipment has been developed in the Department of (feophysics, Hoyal
School of Mines with thought for use in ore genesis (structural aspect)
and regional geological studies (C. Hewlitt, pers. comni. ). “

Thotogeology has had previous success identifying overburden-
covered rock-types and structures. IMulti-spectral photography {(visible,
ultre~violet and infra-red rcegions) may be helpful in the examination of
in—situ plant-soil-metal relationshins through the establishment of
"geochemical reflectivities” (if. Press, pers. comm.). Such studics are
in progress in the Fhotogeology Section, Derartment of Geology, Royal

Sechool of Mines.
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Primary dispersion is being actively investigated by the Department of

Mining Geology, Royal School of Hincs, at the Xeel prospect through

Although distinctive halos have not as yeb been rceognized, there is some
indication that certain element levels and ratios may be useful guildes
in searching for "Keel-type' ore (J, Watling, vers. comm.).

Secondary dispersion of selceeted clements in the Kéel area has
been studicd by the writer through an examination of the respective
supergene metel halos as a contribution by the Applicd Geochemistry

Rescarch CGroup, Royal School of Mines.

1.4.2 Thesis Content

Emphasis has beon placed on the examination of the secondary
dispersion of mercury with particular refercnce to soil air as a mode of
clement migration. HBguipment and apparatus have been implemented op
developed to collect soil alr and atmospheric air samples.

Cther cloments investigated include 7n, b, Cd, Ag, Bo, Fe, Mn,
As, and Sb with overall importance attached to the Zn, Pb, and Cd results
and their respective sccondary dispersion characteristics. The
cadmium investigation 1s regarded with some significance. The pro-
nounced levels in soll and associated material at Keel have made it
possible to assess this element's mobility and distribution as compared
to zinc.

Secondary environmental controls, particularly organic matter
sequestering and lron-mangancse retention of base mcetals have received
study, comment, and conclusion on thelr influcence in the Xeel area.

Discussion, conclusions, and recommendations are divided into
two separate sections. The first deseribes and concludes on soil
anomaly formation while the second summarizes on the soil air experi-
ments and thelr inferred prospecting value.

Sampling techniques, statistical control of analyses, compuber
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data records, and analytical methods are included in a series of

apwendices at the rear of the volune.

1.5 STUDY SUPPORT AND ACKNOWLEDGEMENTS

Materials, equipment, and travelling expenses have been nrovided
through a gonerous grant made available by Barringer Rescarch Litd.,
Toronto, Canada. The Company president, Dr. A. R. Barringer (also
Vigiting Professor ot Imperial College), initiated the research and
the writcr wishes to thank Dr. Barringér for his active participation
and enthusiastic Intercst throughout the entire course of study.

Student support was in the form of a three year Research Assistant-
shin in the Applied Geochemistry Resecarch Group, Imperial College.

As previously mentioned, the field area is presently under
mincral exploration licence to Rio Tinto Finance and Exploration Lid.
("Riofincx" ). The writer has becn indeed fortunate to have had access
to the Keel property for sampling and obscrvations as well as being
permitted to view much confidential information., Mr. R. Rice, Dr. A. W.
Smith, and Dr. G. Richards (now of Royal Dutch Shell 2il Company) were
extremecly cooperative in the London offices of the Rio Tinto Ziﬁc
Corporation Itd., whilce Dr. C. Forley, Mr. V. Byrne, Mr. F. Cascy,
and Mr. J. Dowrler orovided cheerful and sable assistance in Trcland.

The writer also wishes Lo acknowledge the continued cooperation
of the American Smelting and Refining Co. Iitd. geologists and staff
at the Keel site during the present option agreement.

The study forms part of the continuing rescarch on mereury
disversion and geochemical exploration methods and techniques in the
Spplicd Ceochemistry Research Group under the dircction of Professor
J. &. Webb. Professor Webb has maintained o high degree of intercst
in the research project which the writer gratefully acknowledges.

Discussions with Dr. J. M. Patterson (Barymin Explorations Ltd.,
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Athlone, Ireland), Dr. J. S. Tooms and research staff and students
of the Applied Geochemistry Research Group have all nroved beneficial
and arc gratefully appreciated.
Mr., W. 7. Meyer DHly supervised the rescarch and has been
extremely helnful throughout the individual stages of the study programme.
Finally, the writer wishes to acknowledge the unending support
and help of his wife, Francces, during all aspects of the research and

thesls preparation.
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CHAPTER 2

GEOLOGY, MINERATOGY AND GENESIS OF THE KEEL DEPOSIT

2.1 PREVIOUS WCRK

The moterial discussed in this chapter has been subject of ao
recent research degree: "CGeology and Mineralization of the Keel Aree
Co. Longford, Republic of Ireland” by J.M. Patterson (1970}, The
writer here has borrowed freely from this work throughout éhis chapter
and again in later chapters. Patterson mentions an almost total lock
of geological references near and around the Longford District;

hence, his work is regarded as the sole reference.

2.2 QUATERNARY GEOLOGY

Description and discussion of physiography, geomorphology,
drainage, glacial till, seoils, and vegetation of the Keel areo are
included in Chapter Four under secondnry environmental influences
affecting the supergene dispersion of the trnce and associsted elements

under study.

23 STRATTGRAPHY

The Geological Map of Ireland (1962) »laces the aren of interest
within ~ region wnderlain by clastic rocks_and limestones of Lower
Carboniferous age. The presence of two small inliers (Silurian=-?
Devonion) appear to be the only cuteropping non~Lower Corboniferous
rocks. _

Patterson states: "The Longford area is situated on the shelf
area between the Lower Poleczoie Longford-Down Massif to the north and
the deep woter basin foecies to the south. This places it in the zone
of optimum sedimentory variation, on ospect which is readily cpparent

from both drill cores and underground exposures.” BFurther, he interprets



the Lower Carboniferous sediments as derived from a northerly trans-
gressing sea across the Pre-Devonian land mass. Loeally, deposition
has been affected by the then existing topcgraphy and also by regression
sequences. Barly deposition of the Lower Carboniferocus is character-
istic of a shallow water environment of local provenance., The
presence of cross-bedding and riuple marks supports near shore
sedimentation. Later deposition indicates a gradually regressing
shoreline (some minor transgressions) and a deeper water environment
of fine-grained clastic rocks and fogsiliferous chemical sediments.
A astratigraphic section depicting the Keel lithologles is shown in
Pigure 3 and a sub-drift geologlcal maop of the Keel inlier is
represented in Figure I,

Table 2 summarizes Patterson's research on the recognized

lithologies found at Keel by surface and subsurface mapping and

diamond drilling.

2.4 STRUCTURE

The pear-like shape (plan) of the Keel inlier appears to have
been Initially formed through =2 Caledonian folding of the Lower
Paleozoic (Silurian) rocks at the time Lower Carboniferous clastics
and sandy limestones were being actively deuvosited.

Further Hercynian (Variscan) movements modified the Caledonian
strike to a more E-W trend through compression from the south, causing
further folding of the Lower Carbunifercus beds. Thus, the Silurian
rocks were uplifted to form the core of the inlier with the overlying
Lower Carboniferous beds dipping north and south.

As stress develoned in the Lower Carboniferous sediments a
weakness developed In the g?% vlane (i.e. zone of compression) which
ended with faulting and faulting systems. Three fault systems in the

Keel area have beeh recognized by Tatterson.
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Table 2.

Lithologies at Keel

Lithology

Desgeription

Some Associated Features

Colp Limestone

Well~bedded and
Jointed dense black
limestone and shale

Fosgiliferous,
vuggy, ocbundent
siumping and folding

Massive (Reef)

Pale grey fine-grained

Fossiliferous, vuggy,

Limestone calcitce mudstone caleite -filled fractures,
pyritiferous

Bioclastic Interbedded black fine- Pozsiliferous, pyrite in

Limestone grained mudstone and shaley horizons, slumping

dark grey fine-grained
limestonc

slickensides on shaley
surfaces

Uoper Mixed
Beds
M
i
X
Bioclastic o
Dolomites d
B
Lower Mixed 3]
Bods dl
3

Interbedded sandstones
and mudstones (dolo-
mitized), some oolitic
limestone horizons

TPogslliferous, easily
weathered, transitional
to Bioeclastic Limestone

Porous, well-bedded,
vuggy, dolomites

TPossiliferous, easlily
waathered, development
of "Decomposed Zone"

Dark grey fine-groined
mudstones and muddy
sandstonies and sandy
dolomitized limestones

Scecondary carbonate
in fractures

Basal Clastic
Group

Upper Quartzitic Sand-
stone, Quartz Pcebble
Conglomerate, Lower
Quartsitic Sandstone

Important host units
for sulphide mineral-~
izotion

Microconglom Re=worked Silurion led and green shades

erate and chert fragmentso mey indicate verying
rcdox conditions during
deposition

Silurian Dark grey, green and Shaley cleavage, tight

red shalcey mudstones
and coarse grits

minor folds, low grade
metamornhism
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i) Low angle normal faults striking approximately E-W end dipping
north. These faults are very tight and contain little or no

sulphide mineralization.

e
o
pa—

High angle normal faults striking opproximately E.-W and dipping SE
with associated minor faults dipping north. The massive sulphide
mineralization in the Keel deposit is directly associated with
some of these faults.

iii) N-S faults with an associated joint system. Post-ore faults.

The age of the H-W fault systems is difficult to assess.
Patterson suggests faulting may have begun at the end of the Hercynian
orogeny (i.e. Yermo~Carboniferous to Permian times). The N-S faults

have been ascribed to Tertiary movements.

2.5 ORERODIES

An interpretation of the initial drilling programme conducted
by Hio Tinte “Zinc Finance and Exploration Ltd. indicated four strati-
formally controlled orebodies associated with high angle E~W faulting.
Thege orebodies werce within the Quartzitic Sandstone, the Quartz
Pebble Conglomerate and two deposits in the Upper Mixed Beds and
possibly rclated to the top of the Bioclastic Dolomites. As potential
appeared favourable and there existed a certain complexity of geology
and structure, underground exploration wos carried out to cstablish
controls on the cccurrence. TFigure 5 is o composite cross section of
the deposit compiled from drilling dote, subsurface mapping, and
subsequent study and interpretetion by Potterson.

The Keel deposit is, more or less, a stratabound dencosit with

i

almost a2ll mincrolizotion confined to the Basal Clastic Group and Mixed
Beds sequences. Patterson indicates some chemical and/or physical
incompatibility of Keel ore with the overlying Bicelastie Limestones

but no similar situation arising with the wnderlying Silurian. The
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mineralization within the different orebodies (now esteblished as veins)
is primarily of massive sulphide and/or breccia ore {(mostly sphalerite)A
in the Mixed Beds with desseminated sulphides (agein, mostly sphalerite)
in the Quartz Pebble Conglomerate, Quartzitic Sandstone, and Sandstone |
units within the Mixed Beds. Tt should be noted some shaley horizons
within the DBasal Clastic Group and Mixed Beds have successfully
restricted migration of ore solutions.

There appears to be little or no visible wall rock alteration in
the Keel deposit. The writer has observed ore/wall rock contacts which
have been unusually sharp with no visible indication of chemical
addition or subtraction to sediments in direct association with the
massive and brececia~type ores.

Massive pyrite of unknown dimensions has been intersected at
the base of the Mossive (Reef) Limestone to the east of the shaft
slte. The significonce of this mineralization is not fully understood
or appreciated.

Clearly, the Keel deposit is epligenctic with relation to the
Lower Carboniferous scdiments. Whether the source of metal is from o
local syngenetlc accumulation which has been remobilized into the
bpresent structure or is from o distant or, perhops, a juvenile source
still remains to be solved. Ore-genesis at Keel is briefly discussed

under “Metallogenesis"' in this chapter.

2.6 MINERATOGY AND METALLOGENESTS O THE IEEL DEPOSIT

2.6.1 Ovening DRemarks

The dominant ore mincral in the Keel deposit is sphalerite
containing économically significant quantities of cadmium in solid
solution. Galena is present in minor amounts throughout the ore-~
bodies and attains somc locel importance. Accessory sulphide minerals

found include tetrahedrite, chalcopyrite, pyrargyrite, jalpaite, pyrite,
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and mercasite. Patterson has analyzed the sulphide minerals from Keel
md established the presence of some additional chalcophile traces.

Table 3 sumarizes his findings.

2.6.2 Sphalerite

Thi sphalerite in the Keel depesit occurs as fine-greined
granular crystals in disseminated occurirences ond massive ores through
to conrse terminated crystols found in open vugs. Colour ranges from
palc yellow to dark brown with darlker varietics gencrally tending to be
more iron-rich (up to 2.0 per cent). The cadmium content of Keel
sphalerite consistently approximates once per cent. Silver, Mn, Sb, and
Cu arc commonly detected traces, Limited onalytical dota from the
writer's findings suggests Hg voelues in sphhalerite to be in the 100~

500 ppm range.

2.6.3 Galena

Galena usually occurs as well-formed cubes scattered around the
sphalerite in the various orcbodies. Although usually present in
quantities much less than sphalerite, the mineral is of a recoverable
grade and docs attain some significance in the orebody associated with
the K fault. Silver (up to 1100 ppm) and Sb (up to 870 pom) have becn
recorded by Patterson in ¥eel gnlena. A single Hg determination on

a sample of Kecl galena by the writcr gave a value of 0.5 pom.

2.6.4 Chalcopyrite

Chalcovyrite is of metallogenic importance only, occurring as

minute blebs in sphalerite.

2.6.5 Tebrohedrite (Freibergitc)

Tetrahedrite is found with and in both svhalerite and galena
and is of considerable econcomilc importance. Silver appears to be held

in solid solution in the mincral and there is some indication it varies



Table 3. Sulphide mineralogy and element asscmblage

Ore Mineral Elements Prescent
Svhalerite Zn, Cd, Lg, Fe, Ma, Sb (8)
Galena Pb, Ag, Sb (S)
Chalcopyrite Cu, Fe ()

Tetrahedrite Cu, Sb, Ag, Fe (3)
Pyrargyrite Ag, Sb (3)

Jalpaite Cu, Ag (8)

Bournonite Pb, Ag, Sb (8)

1

Tdentified by Patterson
and electron microprobe

(1970), cmission spectrography
analysis
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antipathetically with Cu and Sb values (Patterson).

2.6.08 Silver Sulvhosalts

Pyrargyrite, jalpaite, and bournonite have 21l been observed in

relatively trace amounts during polished section studies by Fatterson.

2.6.7 ZPyrite

Pyrite is ubiquitous throughout the Lower Carboniferous lithologies
in the Longford District. The host rock appearsrto be of little importance
and as yeb little or no genetic relationship has been shown with the
sphalerite mineralization. Pyrite nodules two to three inches thick have
been found in shaley horizons in the Mixed Beds. Some marcasite is
also present in association with pyrite.

Spectrographic analysis of three zelected pyrite samples gave

the following results:™

Sample Min Cu Ag Ce Ni Po Fe
No. Dpm ppm ppm ppm oom pom % _
1764 2100 60 29 10 115 640 M
1765 nd 220 10 tr 15 9z0 gt
1766 180 1 10 nd 460 720 M

(M = Major)

L Patterson (1970)

An additional bulk pyrite sample was collected by the writer
from new drill core intersecting the massive znce in the Massive (Rcef)
Limestone and analyzed for a number of metallic elements. -
Sample No, Mn Ag Po Zn Cd As S8Sb Hg Fe Se Au

pPm  ppm pbm DpPm  DPRM  pPm ppm ppm % ppm ppb
KA 54/14 1300 26 4500 5100 60 620 9.5 3 40 <1 <50

Together, the results suggest that Keel pyrite may be a potential

source of some metallic trace elements for the secondary environment.
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The importance of trace elements in Keel sulphides, particularly

sphalerite, galena, and pyrite is discussed in Chapter Three.

2.6.8 Barytes

Barytes is of minor importance with 1little or no indicated
economic potential, but is of some paragenetic interest. Spectrographic
and atomie absorption analysis has indicated that the mineral 1s of
high purity with one to two per cent strontium, presumably in solid
solution. Near Garrycam Townland, 60 feet of massive barytes in
association with disseminated sphalerite and weathered, iron-stained
materials has been intersected. The shape and extent of this occurrence

is not known.

2.7 ASSOCTIATED MINERATLOGTCAT, STUDIHS

Patterson has attempted to assess the genesis of the Keel
deposit through a study of paragenesis and metallogenesis. His work
is very briefly reviewed here with a summary of the most important

aspects of his findings.

2.7.1 Fluid Inclusions

An independent study on one sample of crystalline sphalerite
on the freegzing and filliﬁé temperatures of fluid inclusions ylelded
information indicating Keel mineralization precipitating from solutions

with approximately 12 per cent salt content.

2.7.2 Primary Dispersion

A preliminary study of primary dispersion halos indicated very
rapid to virtually non-existant metal decay patterns from mineralized
faults. As the deposit exhibits little or no wall rock alteration,
this is not surprising. Plotting of Zn-Pb ratios indicates decreasing
ratios with increasing depth with metal values dropping to near normal

geochemical abundence ranges in the upper limestone units.
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2.7+.3 Cadmivm Geochemistry

Regression analysis of Zn-Cd assays from the different orebodles
has confirmed the very close geochemical relationship between cadmium
and zinc in Keel ore. A summary of the Zn-Cd data is shown in Table 4.

The very high degrec of corvelation between zinc and cadmium
has been shown to be due to cadmium in solid solution with zine in
sphalerite, This important fecture has made it possible to assess the
use of cadmium as a pothfinding element in geochemical prospecting for
zine as well as providing new information on the relative mobilities
of these eloments in the secondary environment. This aspect is treated

in Chapter Four,

2.7.4 Silver-zinc aond Silver-lead Relationships

Silver values appear dependent on sphalerite mineralization in
three of the five orebodies. This relationship has been established by
Patterson to be inclusions of tetrahedrite in spholerite. A Ag for
Pb diadochy is suggested from limited analysis of galena samples bub

Patterson attributes this agrin to included tetrahedrite.

2.7.5 Larapenesis

Patterson concludes from a study of thin and polished sections
that Zn and Pb travelled together in solution and were deposited as
sulphides almost simWltancously. It follows that associated minor and
trace sulphides, such as tetrahedrite, have behaved similarly.

Barytes mineralization has o more interesting paragenetic
history with at least three periods of minerzlization and/or remobiliza-
tion and further migrotion (Patterson, op. cit.).

i) Widespread barytes flowers (disseminated in mony drillhole inter-
sections), weakly to strongly correlated with sulphide mineral-
ization,

ii) Massive barytes, infillings of fractures and faults.



Table 4.

n-Cd ratios of Keel orec

Orebody and n~Cd Corrclotion Coefficient
Fault Ratio at 95 Per Cent
Confilence Level
¢ ol 0.96
D 56 0.95
G T4 1.02

-
]

b
N

pivis

After P

I

[

+terson (1970)
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iii) Very lote barytes in vugs, possibly remcbilized from carlier
massive and/or disseminated sourcos.

Quartz and caleite~dolomite mineralization are in cvidence
throughout the Lower Carboniferous succession ot Xeel. Fracturc
infilling, coatings on joints, erystal clusters in vugs and stringers
of many shapes and forms are found. Although this sort of mineralizo-
tion is found throughcout the succession, guartz remobilization and
mineralization are dominont within the siliceous Basal Clastic CGroup
and sandy horizons of the Mized Beds while secondary ~nd remobilized
caleite nnd dolomite cre more srevolent in the upper limestone units

and dolomitic and limey horizons of the Mixed Beds.

2.7.6 Supergene Minerals

Patterson has recognized some sccondary mincrals. Supergene
sphalerite ig found in association with terminoted guartz and caleite
crystels &5 is some seccondery pyrite. Cerussite has beon observed in
near-surface creas along fractures nnd on galena surfaces apnarently
cxposed to oxidation. Smithsonite? and/or hemimorphite? have been seen
ot one locality. Secondary greenockite ("eadmium bloom“) has been
recorded in some drill cores.

Brxoosed faults and frocturcs on the thiee underground levels
has disclosed some wenthering of minernlized and associclted sediments
to limonite ond iron-stoined insoluble residues. By far the most
important weathering process has been the formation of the "Decomposed
Zone' . This term was coined by Compeny geologists to describe a body
developed within and around the Bloclestic Dolomites which appeors, on
initial observation, to he mixed elays with iron ond mangnnese-rich
oxides. Ag the Decomposed Zone hog been the subject of an cxtensive
trace element examinction in Chenter Three, descriptlion and genesis

are left to that chapter.



2.7.7 Metallogenesis

Of metallogenic interest, the high cndmium and gencrally low
iron content of Keel sphalerite appear to be of diagnostic and
cheracteristic importance. Patterson hes discussed primary cadmium
geochomistry and concludes thot the wusually constent Zn-~Cd ratio is
the outstanding feature of the Keel mincralogy.

The use of the iron in sphelerite geothermomctor is dismissed
on a critical evaluction of pertinent literature sources and chemicol
and mineralogicnl findings.

Further, Patterson describes o situction (with sunvorting
evidence) for the movement of hydrothermal flulds (brines) end suwbscquent
sulphide precipitation of the Keel occurrence., The pre~existing
structural form appecrs to be of utmost importance. As earlier noted,
the E~J Caledonimn folds were modified and accentusted by Hercynian
pressures to produece ~ multiplieity of faults in the NE-SW dircction.
This preparation provided channels for brinc migration. Patterson
concludes that a low tempercturce brine (ot least 200°C but certainly
less thon 45000) of weakly acidic to moderately clkaline nature, rich
in helides (prineipally chloride), alkali and alkaline metals, base
metal halide and/or bisulphide complexes was transported to the Keel
site where dilution ot reduced temperaturcs and pressures causcd
prceelpitaotion of sulphilde and associoted gongue minerals.

The source of the brines is conjecturcl, but local sources
within the Lower Carboniferous must be considered as suitable reservoirs.
Sulﬁhur~containing evaporites have been recorded and observed in many
localities of the Lower Carboniferous (Potterson) and sheley (metal-
riohf) horizons arce in evidonce in much of the stratigraphic succession
neer and around Keel. Hence, potential sources are aveilable and moy
orovide the neccessary clemental constituents required for mineralization.

Water may have been derlved from either mecteoric or juvenile sources;



stocked with helides, alkalis, alkalines, sulphur, and base metals, and
transported through faults and the porous lithologies in the Mixed
Beds to mcet the diluting waters nesr and around the present Keel
devosit.

Other hypotheses on the genesis of Keel mineralizetion would
appear to fall under long distance (tclethermal ) migration of hydro-
thermal ore fluids from an igneous cmplacement or "sulvhide exhalation®
from juvenile sources.

Patterson estimotes mineralization as during the latter part
of the Hercynian orogeny (i.e. Permian time).

A comparison of the Keel occurrence with other Irish base metal
deposits assoclated with Lower Carboniferous lithelogies indicates
some striking similarities:

i) Structural associction with BENE-WSW primary Caledonian trend
and, in particuler, with faults and fault systems.

ii)  Oceurrence within Mixed Beds (or equivalent) and/or Limestone.

111) Stratiform (loteral) and vein-~like shopes of orebodies.

iv)4 Simple ore~mineraloéy'with sphelerite generally domincnt over

galena end low precious metal content.
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CHAPTER 3

THE DECOMPOSED ZONE

3.1 GENERAL

During the initial stage of drilling the Keel prospect, an iron-
rich weathering product of questioncble origin woas intersected in the
necr-surface extensions of the Mixed Beds. It was soon apparent that
the latersl ond verticeol extent of the product was of mojor dimensions
and the term "Decomposed Zone” was introduced to describe all highly
weathered material nssocicted with the Mixed Beds,

When taken from the core barrel, the moterial (in o totally
weathered state) occurred as damp or wet, dark brown muds of varying
consistency (C. Morley, pers. comm.). Riofinex geologists have used
numerous terms to describe degrees of weathering. These include
"decomposed muds’, "limonites”, "weothered Mixed Beds", 'leached”,
Toxidized", "slightly, pertially, and totelly decomposed™, "altered”,
"preceiated end leached”, "dedolomitized”, "decaleified”, "staining
(iron and menganese)”, "boxwork textures’, ete. (Keel drill logs,
Riofinex, unpublishéd information). Clearly, o supergene process of
major proportions has been operating within the Mixed Beds (including
the Bioclastilc Dolomites).

The wenthering doés not oubcron and no subsurface exposures
were found during exploraﬁory drifting. Only norrow intersections
are cvailoble from drilling, hence limiting o geochemical study of
the oxidized ond leached materinl relotive to geology, sulphide minerali-
zotion, ond glaneial t1ll. Also, the soft ond fricble noture of the
product led to poor recovery during drilling, further limiting moterial
for observation and anclysis.

Compony geologists refrained from using the term “gossan” to
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describe the weathered ond oxidized moterial aond preferred to use the
term "Decomposed Zone'. The writer believes this fortultous cnd the
term 1s retcoined here as possibly the best descrivtive name. Continued
use of the term is made as o Proper Nome.

As the Decomposed Zone is sometimes founmd in ossoeciation with
disseminated mineralization, with foults, and exhibits o strike parallel
to the trend of the massive sulphide mineralizotion, & genetic assoecin-
tion linked with Keel ore seems probable,

The meterial wos assayed and revenled o distinctly metalliferous
nature, containing up to six per cent combined Pb ond Zn (Riofinex,
unpublished information). Table 5 shows typical assays and accomponying
Jog notations. The possibility thot the Decomposed Zone represents o
potential source of metol for the scll onomelies hos been investigoted
by both total onalysis and cold-extractoble studies of elements

concerned,

5.2 PREVIOUS WORK

Some previocus effort has been made by Riofinex to understand the
e
origin andkassess the extent of the Decomposed Zone. In addition,
wderground de-wotering problems were cncountered during the exploratory
mining work, apparently related to the porous Bioclostic Dolomites and
associoted leached nroducts (M. Mackarel, pers. comm, ).

Patterson (op. cit.)has quoted o consultent's feport on o
mineralogical study of selécted samples of the Decomposed Zone and the
writer presents some stotements from this study. Teble 6 shows assay
values on the samples investigeted.

The report stotes: "Examination in reflected ond tronsmitted

light of the heavy concentrates 1 showed that the only sulphide present

separnted with bromoform and methylene iodide
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Teble 5. Some assay values ~ of Decomposed Zone material
Drill-| Footage Zn b Ca Log desecription
hole © % % ppm
K79 147-152] 1.25 { 2,40 | 190 | Brown and black totally
(60° | 152-159| 1.14 | 0.12| 180 | decomposed sandy rock. Very
inel.) | 159~161| 1,44 | 0,17 | 190 | little variation in colour,
| 183-188 1.78 | .08 | 240 | Meoybe Zn ond Pb rich.

188-19% | 4,55 | 0.2% | 820
K83 54~ 641 0.84 ] 0.08 | 170 | Totally decomposed zone. Varying
(60° 64 71| 0,96 | 0.05 | 230 | shades of black, brown, chocolate, and
inel.) | 71~ 75| 0.98|0.05 | 220 | yellow, decomposed sandy rock.

5= 76| 0.90 | 0.03 | 170 | Troce disseminated 7nS.
76~ 80| 1.76 | 0.10 | 220
K86 70~ 75| 0.52 | 0.03 | 60 | Brown, dork brown, reddish brown,
(vert. | 75~ 80| 0.66 | 0.0% {110 | and yellow grey decomposed
hole) 80~ 85 0.56 | 0.04 | 80 | sandy rock.
© [ 111-116 0.38 | 0.16 | 30 | Weathered and leached sandstone.

116~-123 | 0,37 | 0.84 | 20 | ot totally decomposed.
K117 57- 62| 0.50 | 0.20 { 100 | Brown and black totally decomposed
(60° 62- 67| 1.20 | 0.10 | 400 | sondstone ond siltstone. Like
Inel.) | 67~ 76| 1.00|0.40 | %00 | shoe polish.

| 177-181 | 3.70 | 0.10 | 800 | Red brown decomposed sandstone.
181-190 | 2.50 | 0.10 {1100 | well leached.

aftter Riofinex, wunpublished dota

2

at 34%° orientstion




Teble 6. Somples and assays cited in consultant's report
Somple Drillhole and )
Reference Footage n % Pb % Cd ppm

R1055 K43, 206.8~ 2.62 3.3%6 -
214.0 ft.

R1556 K79, 193.7- 5.00 0.82 820
198,7 ft.

R1557 K79, 198.7- 4,20 1.05 620
206.4 ft,

1

A, Millmen, Riofinex,

wpublished informotion
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was pyrite, ocecurring only cos rore traces in K79. The pyrite is in the
form of minute residual bodics in collomorphic limonite and gocthite/
hemntite boxworks. Some of these boxworks cleorly indieate thet they
nre pseudomerphous after pre-existing micro-gronulor pyrite. No
surviving golena cor sphelerite could be recognized ~- this is not
surprising in view of the degree of oxidation of the pyrite. In K43,
collomorphic iron oxides cre agodin very common; clso present are minor
quantities of colloidnl mangonese oxides. No sulphides were detectoble
in this sample. The chief characteristic of all three samples is the
dominont presence of iron oxide motericl.....

Electron probe microsnalysis of K79, R1E56 confirms the dominent
presence of grains showing coincident iron-zinc-mongnnese with the
obgence of sulphur and silicoN...e. ItiscmmMMaiﬂmttmazﬂm
volues are present in the form of oxides and hydroxides of iron and
mangonese.

Further, Patterscon regords development of the Decomposed Zone
as an in situ” leaching from actively circuleting woters along foult
zones in the presence of the porous ond chemicolly reactive Bioclaostic

Dolomites,

3.3 LOCATION AND GEOLOGICAL SETTING

Figure 6 outlines the drillholes intersecting lecched ond
oxidized moterial. Tor the soke of continuity, ~1l degrees of
decomposition from particlly to totally leached rock are Included.

Figure 7 1s o subsurfoce plon me) showing isopech contours
representing continuous zones of leached product. Pinching and
swelling are evident, possibly refleching some foult control and/or
o chonging chemicol susceptibility of the Mixed Beds to advancing
decomposition,

Sectlon lines have been constructed and the relctionship of
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the Decomposed Zone with strotigraphy and structure and the overlying

gloeicl till can be seen in Figure 8.

3.4 HISTORY AND DESCRIPTION OF THE DECOMPOSED ZOND

3.4.1 Introduction

It is not within the scope of this research to completely
discuss all =nspects of the origin of the Decomposed Zene. However,
some background informetlon on genesis (particularly geochemical
congiderations) is required for on understanding of metal accumulotion.
Of real interest here is the influence of the subcropping metal
reserves of the Decomposed Zone on the formation of soil anomclies.

Of prime consequence tc o study of the origin of the Decomposed
Zone is to oscertain the state of leaching prior to glacintion. That -
the Decomposed Zone did exist before the Pleistocene epoch (in some
form) is known to o limited extent. A lecched, iron-stoined sandstone
clast has been recovered from glacicl t1ll during drilling operations
gsome 500 ft. ceast of the Kecl shoft-site. Analysls of the sample
revealed 1ittle Pb, Zn, cte., but the éppe&rance ond texture of the
scmple much resembles scme parts of in-ploce® Decomposed Zone.
Additional freogments of stoined and lenched material have been found
in seil during »itting.

The climnte of Irelond in pre~Quaternary times is thought to
hove been somewhot wormer than oresent doy conditions. A humid
envircnment is thought +to have been prevalent during Tertiary times
(Cherlesworth, 1957). In such conditions, outcrcpping sulphides (or
equivalent exposurehto oxidation) would rendily leach o chemicolly
reactive gongue (limey~dolomitic sandstones and shales at Keel) ond,
perhaps, form an iron-rich gozscn or capping. |

At no one place has the Decomposed Zone been found to grade into
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massive sulphide ore; hence, disseminated mineralization ocecurrchcc:
ciould be considered for sources of sulphuric acid required for leaching.
Patterson {op. eit.) quotes Morley (o pers. comm.) that strotabound
disseminoted sphalerite is present in two discrete horizons in the

Mixed Beds.

3.4.2 Qosgson versus Canning

It is of some imvortance to distinguish between gussan and
copping. Blenchard's trectise "Interpretotion of Leached Outerops’
(L968) cdescribes gosson os o 'moderately heavy accumulation of Limonitic
material, derived in the moin from massive sulphide ore minerals cor

from their iron-yielding ganguc associates, which have been leached
Ed

= . - . . 1
more or less in pleace, ond which normally overlie on ore zone beneath.

In gencral, the term gossan is not applicoble unless cellular
pseudomorphs or other porous limonitic material has been develeped over
m apprecicble area.

On the other haond, "eapning is o lenched upper part of o body of
rock thot contains dissemincted sulphide minerals. Limonite in
copping is the result of leaching of small sulphide grains in umreathered
rock, ond the reproduction of part of 2ll of the iron in situ or as
o fringing product.”

At Keel, the term "copping” is favoured to describe the
Decomposed Zone on three accounts:
i) The leached vroduct is disnloced loterally from the zone of

A faulting nssocicted with the existing mossive sulphide mineral-
izntion.

The dimensions of the Decomposed Zcone cre such that it is mony

e
[ oad
e

times wider thon the suberooping veins (i.c. o true gosson would
suberop an areo approximating the narrow, necr-vertical veins

as found ot Keel).
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iii) The Decomposed Zone is develojed Laternlly within the Mixed Beds,
A gosson would tend to transect Mixed Bed lithologies by the

virtue of the noture of the veins.

3.4.% Limonite ot Heel

The term limonite is used to describe iron-rich weothered and
oxidired matericl in the Keel Decomposcd Zone. DBlencherd (op. cit.)
hag quite rightly »ointed out thot noe mineral corresponding to the éld
formulce given for limonite =-- 2F¢ 0, .3H.0 == hes ever been identified.
Hydrous ferric oxides cre identified as goethite and lepidocrocite -
both Fego3'H20' Nevortheless, the term limonitc oppecrs cntrenched
in the geclogicel literoture oand the writer will continue its use to
describe hydrous iron oxides. As nonzonese is alse on importont con-
stituent of Decomposed Zone material (up to 13%.2 per cent), it is also
ineluded under limonitc (wmless specifically noted). Supérgene
mrngonese minerale such os moangenite (MnRQB'HQO>’ pyrolusite, braunite,
and psilomelane are usually present in copping or gossan according to
Blanchard (op. cit.).

Bleonchord has divided the origin of limonites into three
claossifications: indigenous, fringing cnd exotic varietles.

Indigenous limonite is thot preclpitated from lron-bearing
solutions within the cavity or sprce formerly occupled by a sulphide
or other iron minercl. Fringing ond exotile limonites ore derived from
iron-becring solutions tronsported from local and distant sources.

The writer believes indigenous, fringing, ~nd exotic limonites
cre present In the Decomizosed Zone. Celluler pseudomorphs have been
identified, while the enviromment (porous and chemicerlly reactive

lithologies, some Iron sulphides, foults) would seem appropricte for

the sclution of Fe and preelpitotion of fringing ~nd cxotice limonites.
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A.4.35.1 PFluffy’ limonite

Timonite produced during neutr~lizsotion tends to "fluff® wp
during fermation, particularly in the zone of aerction (Blenchard,
op. cit.). Totally decomposed, iron-rich materiscl ot Keel is of o
very light and nowdery noture and, in oddition, particlly corresponds
to the environmental controls needed for "fluffy” limonite formation
(Blanchord, oo, cit.).

i) Free though not necessarily ropid oxildation (not known at Keel).
ii) Porosity sufficient during oxidstion to permit “fluffing up”

of limonites (Mixed Beds. very porous ).

Low content, or ot least small preeipitation of silico from

e
ot
e

pa—

ground water (Keel walter has not been monitored for dissolved or
colloidal silicn but no silier precipitotes have becn observed. )

iv) Limonite moy be fringing, exotle or an indigenous product

(indigenous and fringing limonites found ot Keel).

%44 Some Textures Obsecrved

Table 7 shews results of a hond lens and binocular microscope
study of selected varbticlly decomposed specimens from drillcore. Of
particular interest is the presence of some delicately reticulated
voids suggestive of o previous occuprtion by spholerite. Cellulear
nseudomorphs after pyrite have not becn positively identified, although
poorly preserved voids (squorish cppearonce) are plentiful. An important
feature is the selective decalceification and dedolomitizotion seen in
some somples. Colour ranges Trom almost white “bleached’ somples
(originally earbonate-rich shale-mudstones=-?) through bright ochrous

shrndes to dark brown, olmost block.

3.4.5 Minerglogy
Pulped (= -295 mesh) somples have been analyzed by X-ray

diffraction (¥RD) using both powder mnd smear mowntings to identify



Teole 7. Binoculor microsccpe ond hend lens study of oxdldized cnd leached rock
Probable
Field Original : Pertinent Dril
D.D.H.|Ptge. | Deserintion | Staining Voids Motrix Rock. ; Notes Leg Informatio
K82 45 Partially Fe {ochrous) | Some ecircular| Sugary to Impure cale.: Renmont, Vicssive white veins
ecompoged coating ond- | poorly devel~ £. g, qtz. sst., ‘ﬂhrrow gtz. (qtz.). Broken and
i (block) oped. V. f. possibly ' stringers stoined fault. Weck
soint - resid. box~ ~ltered f nS.
works. :
T :
K82 58 - Little Fe and - Cleoys v, £, g. i Some reminecnt | Bonded, grey ond
Mn steoining, (hydrous - clastic ibedding plnrnes!black siltstone.
blenched micas) (shole~?) g Sorpy texture
product Drod. calc.
X883 Bl Pertielly Ochrous Fe Mony. Mossive Beryte in  Orig. rock Breceiated and leached
decomposed ; contings. Sguerish barytes, some | sst. with corob. bree- mid grey sst. Weok
Some Mn. 3 cooenronee stringers, low CG iciated ond Zns3
’ atz. ;fractured
e T
k8% BT Partially Dk. br., None Regids. and Impure sst. {Metallic Decomposed yellow cnd
decomposed | Light br., agtz. coated . specks~graph- : brown rcek
reds, ochre, with limonite ite-? Ifiecas,
blk. banding
83 125 Contact, Dock -~ 4k, Poorly ttz., some Impure sst. {Fronts of Mixed Beds, dolom.
Decomposed grey, developed micng, feld- advoneing sst.
Zone/rock Decomposed spars. Seleck Jdecomposition,
Zone -~ dk. tive lenching contnet 2 mm
brown ol CO, wlde !
i § !
{
K83 142 | Contact, Roek =~ light | Poorly devel- 4tz., amorph.) Impure, { Boryte flowers| Dolom. sit., tr. ZnS
Decomposed grey, D. Z.~ | oped,sclective Fe, Mn eole, sst. in D, Z.
Zone/rock red,ochrous | lenching %
Mn }s
KL20 | 146 | Portly Ochrous, br.,} Small circu- | Residuals Cale. f. g. i Advoncing 14357 <148 poryte ‘
decomposged dk. br. lar,seletive | conted with sst. ‘waves' of
leaching limonite leaching.
Some baryte
K120 155 Baryte Ochrous Fe, Small, deli- | Mixed baryte,| Magsive Vugs, lined Masgive BaSO4, sst.
wurple Mn cote reticuld gbz,. . bapyyte, atz.iFe, Mn rich in 7nS
volds-sohal.? vein staining :
K120 | 206 | Boryte and | Little Fe Voids in gtz. Qtz., baryte | Massive Tr. 7nS in Tr. 7n5 in sst.
voids stain squarc ond baryte, baryte lengths
reticulated gtz.-rich sst.
K76 90 | Partly Dk. rod, Few real ‘M. og.e gtz Qtz.-rich Miecrctopo.
deconposed br., ochrous { volds | cooted with sst., some devel. selec-
| Limonite ecle/dolom. |tive leaching | Mixed Beds, weathered
= 97" ~100" ~lec.ched,
K76 98 Portly Br., some Well preser= Qbz., cocted | Cole. sst. [Volds in a broun, sondy rock
Cecomnes ochrous cnd ! ved reticul. | with limonitd | fracture
blk., staininﬁ voids~sohal,? ; 1
I b
i 1 H
K100 59 | Particlly Br., dk. redﬁ Voids of Residual Cole. sst. %Mn steining Brovmn decomposed |
decomposed and purple ; unknown qtz, and gtransported. f. g. sst.
forigin clays Microtooo. |
! selective ;
§ leaching g

after Riofinex,

unpubl ished information

AN
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mnineral species. The ncture ond form of the hydrous monganese oxides
has not been positively identificd, supplementing Millman's evidence of
collomorphic varietics. GCoethite hrs been estoblished os the iron
mincral. Quarty wes identifisble in all somples and in most instances
appeared to be the major minersl present. Ten angstrom hydrous

mlees wore identified in most samples cnd potassium feldspar in o few.
Calcite and dolomite pesks were not distinguisheble in any totally
leached samples

Tllites (10 2 hydrous micas) were found to be present in large
quantitics in the blenched, almostnwhite samples thought to have
originclly been enlearecus sholes and mudstoncs,

Overall, the minerclogicnl findings are consistent with
enclyticel data ond observotions thot the Decomposed Zone was originally
composed of calcoreous—dolonitic sandstones ond shales. Decalceified
and dedolomitized annlogues would contain quarts, clays, ond other

acid insoluble minerals such o3 gocthite and hydrous Mn oxides.

3.5 A GEOCHEMTICATL MODBT, F'OR CGENESTIS OF THE DECOMPOSED ZONE

3.5.1 The Imnortonce of Woter-Table Level

A study of the genesis of the Decomuposed Zone is hindered by
lack of ony real information on water-table levels in pre-Pleistocene
time., According to Blanchard {(opn, cit.), the best examples of
preserved Leached outcron ond suberop ore theose with o history of o
grodually decrecsing woter-table. At Keel, it would scem thot o
relatively wormer climote {and possibly deen water-table} has been
followed by o cool, domp climate and shollow water—table; A climetic
reversol in the notural develepment of the ideal leached outcrop/
subcrop would probably change some secondary chemical processcs. In

addition, delicotely formed texturcl features and scluble secondary



mincrals would be lost, further obscuring ~ny remnant history.

Kelly (1958) stotes that arecs of heavy rainfall zre unfavourable for
the formatién of gessan. Hence, o discussion on the genesis of the
Decomposed Zone can renlly only be conjectural ond/or comparative
with known oxidized nnd leached outerops/suberops.

In the zone of aerction, mixing of otmospheric alr and unweothered
rock along fractures ond joints dis oided by rein woater ond if accompanied
by worm temperatures, oxidotion can proceed ropidly. T each Influx
of rain, the solubles are woashed away, now surfoces exposed and
"new' oxidation begins ogain.

Conditions nre markedly different below the water-toble than
above it. There is ne circulction of air, no inrushes of water and
the temperature is much the same year round, <Chemicnl activity in the
zone of saturation takes place in o “bath” of solute, and according
to Blanchard (op. cit.) reactions ore weoker than those in the zone
of aerction. Hrectures, faulting ond porosity sre importont here in
that they provide contact to unreancted areas and channels for cir-
culation.

Although sulphides are vulnerable to attack wherever exposed
within the zone of oxidotion, the most persistent and widespread
attack upon them normally tokes place directly cbove the water-table.
Presumobly, the presence of both water and air hostens oxidoation. As
the atteock upon this hordizon progresses, the rock becomes increcsingly
porous, the woter-toble may drop and the process of oxidation "eats”
its woy deeper.

&t Keel, the fracturing and £aulting of o chemically reactive
and porous lithology known to be the host of some dissemincted sulphide
mineralization provides sn ideal environment for the development of
the "lecched outeropn/suberop”. However, oxidation and leaching

rrocesses have been complicated by reactions both above and below the
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water-table, The relative importonce of pre-glacinl weathering opposed

to glacial and post-glacicl oxidation/leaching is difficult to assess.

3.5.2 The Need for Sulphur to Oxidize and Leach

As sulphides are oxidized most often by recction with sulphuric
aeid and/or ferric sulphote solutions, o source {(internal or cxbernal)
of sulphur is required to initicte oxidation ond subsecquent leo chlng.-

Certnin sulrhides oare deficient in sulphur (i.e. CuQS) while
others contain just cnough sulphur for their complete solution (i.e.
PbS ond 7n3). A& few sulphides contain more thon enough sulphur for
solubion nnd vield free sulphurie ccid on complete oxidation (i.c
FeSg,

iron~free spholerite (Chanter One) ond little frec sulphuric acid and

CuFeSm). Keel mossive ore is moinly composed of relotively
ol

ferrous sulphate could be genercted, However, cs disseminated pywite

is ubiquitous throughout the Lower Corboniferous clestie rocks and
carbonates in the Longford District, additioncl sulphuric ceid and
ferrous sulphate potential exists. The presence of pyrite in Keel rocks
and ore 1is well known, but quantitative informoticn is spotty. The
occurrence of massive pyrite in the heef Limestone certeinly points to
the possibility of ~dditioncl nyrite sources being present. From
BlLanchard (o1.vcit.) the following cquations scem appropriate.

I

i) HE'eS,, + :Litof_2 + Lo - 4?-@304 + 4&;304

Al o
aq ng
i1 Ted - PH.S + - 2Fe (¢ +
ii) 410004 X ehgso% 0, &cg(%04)3 3H20
ol og T ag
- - +3HO0 - F - 3H_S0
iii) FCQ(SO4?)”C 34, > p0203 1 leSU%nq
hematite

or

-
g 2 23 2 2 g

zgoethite

Fe (uuk)jﬁ + 4H 0 — Fe 0,¢H.O + 3H SOy,



Hydrolysis is not the only process to bring cbout precipitation
of limonite. Any neutralization of sulphuric acid will accomplish the
some end, At Keel, this recction may ¢agsily occur with.celd, .
Fe-bearing solution contact with cnleite~dolomite. In addition, Blon-
cherd (op. cit.) stotes: "If pyrite cccurs with sphalerite or goleno
in shale, feldspar or limestone gongues, alr-water processes alone
will cruse precipitotion of limonite.”

Sphealerite will go inte solution on prolonged contret with

(DO ) and some additionzl free HESO4 and FeSOA generated, With
the presence of a neutrclizing gonguce {at Keel, caleareous-dolomitic
sandstones ) the reactions now become exceedingly complex and an
idealized geochemical reaction scheme is prescnted below.

2

~>.22n804 + llFeSO4 + 2H SO4
' ag - ag ag

1

2, (36 °bS + - 2 30 S
v)  2Fe, (80 + 20bS + 30, 2PbS0,  + 4FeS0, 4 2H,80,

)
4 Baq = aq ad 24q

Swbsequently, sulphuric ~cid and ferrice sulphate would react

with carbonotes ns follows:

vi) © 180, + (Cr, Mg, Mn, Fe) 200, - Cool,Mgc' 4 Feso,  +
2 Aqq 3 4"q
to goethite
30 + HCO,
Mn3 Aﬂq 5
to hydrous Mn oxide
1) 2 p 3 2+ . 2+
vii) 1‘.@2(304)10 + (Ce, Mg, Mn, Fe) - Pquj H0 +
M o1 H ©
M0, 1,0 + nco3 + jam
1 ) , . . <
genercted by equations (i) and (ii)
2 equations not balanced
5 Co>Mg >Te>Mn
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Obviously, the chemical reactions required to produce hydrous
iron and manganese oxides are not as completely simple as glven above,
and the introduction of additional elements would certainly odd to
the éomploxity. The above equations are presented only to idealize
the geochemical phenomena of hydreous iron and manganese oxide formation
by »reclpitation of ionic Fe and Mn through neutralization.

Of further Intercst, a slightly acid residual environment has
been determined on Decomdosed Zone -80 mesh fines using “regenerated”
pH's, A range of 5.4 to 7.3 anl o mean value of 6.5 were determined

on selected delonized woter slurrys.

353 A Comparison with Genesis of the Twynagh Regidual Deposit

Morrissey and Whitchead (1966) have studied the residual oxide
and sulphide accumulation of base mefals at Tynogh. They suggest
aerial oxidation of sulshide ore to lecched outerop in pre-glacial
times, incubation and water saturation during glacial and post-
zlacial times and further alteration of the original secondary
products. A fluctuating water-table (and reducing environment) has
rroduced conditions favourshble for the formeticn of some seconéary
suluhides. Mass chemlcal changes have been accompanied by some
mechanical re-working of the residuum. In comparison with Keel, the
Tynagh oxides and secondary sulihides are situsted vertically sbove
the primary massive sulphidess hence, the original Tynagh leached
outerop was probably a gossan and not & capoing as believed existed

at Xeel in vre-glacial time.

%.5.4 Base Metal Retention

It is during the stage of iron and manganese precipitation
that interest in the Keel Decomposed Zone as a trace metal reservelr
arises. Normally, an acld environment would aid migration and loss

of dissolved metals such as Zn and CA4 and, perhaps, Pb and Hg.
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The writer believes that the large surface afeas created by the
formation of collomorphic Fe and Mn oxides (Jenne, 1968 and others)
effectively sequestered base metals from solution. Sources of metals
inelude both soluble sulphates from oxidized disseminated sulphides
and soluble ionic swecies and complexes released from calcareous and

dolomitice sandstones and shales during leaching.

3.0 METALS IN THE DECOMPOSED ZONE

3¢6.1 Introduction

Hawkes and “ebb (op. eit.) statce "Chemical composition as a
basis for aypraising secondary limonitic material can be put on a
quantitative basis much more casily than studies of eclour and
texture,” This quotation refers to the time-honoured practice of
distinpulshing metalliferous gossans from transported (exotic)
gossans by study of diagnestic textures (cellular psecudomorphs and
colour characteristics). Althoush a worthy avenue of research, the
approach tends to be subjective and Kelly (on. cit.) and Blanchard
(op. cit.) both note difficulties in application.

Cellular pseudomorphs have been identified in leached subcrop
(Table T7) and some are suggestive of a sphalerite origin. Millmen
(o1 cit;) identified boxwork structures after pyrite. Some ochrous
stained véids observed by the writer appeared to be of a pyritic
origin., Colour has not been attempted as an asscssment of origin
or netalliferous nature as staining tends to change quickly over
short lengths (see Plates 3 and 4). This probably reflects remnant
compositions and bedding planes of the originesl Mixed Beds lithologies.

As an alternative approach, multi-element analysis for
selected trace metals and associated elements has been applied to

oxidized and leached material with three main aims:
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i) Additional data to support genesis hypothesis
ii) Ore and trace element ranges, means, and their influence on

5011 anomaly formation
iii) Ore and trace element retention properties of hydrous Fe-Mn

oxides

Hawkes and Webb {op. ¢it.) are of the opinion that leached
capping and gossan formed frowm the weathering of cres of Cu, Co, Mo,
and Ni and other metals that are commonly co-nrecipitated with Fe
hydroxides can often be recognized by their high crc metal content as
compared with lateritic limonites, bog iron ores, and the weathcering
products of barren syngenetic sulphides and Fe-bearing carbonates.
Examples given inelude Cu, Co, Ni, Pb, 7n, Mo, Au, and Ag retention
and/or accumulation by gossans and "oseudogossans’. In addition,
they quote Sindeyeva (1958) noting thet gossans covering epigenetic
sulphides arc characterized by high contents of Se.

Blanchard (op. cit.) has determined selected metals in leached
and oxidized material over Australian Pb-As deposits and recorded
the rectention of Pb and As with lesscer amownts of Cu and Zn.

Krauskopf (1956) has noted Heg, and other metals can be absorbed

by Fe (CH) Erickson et al. (1966) report anomalously high concen-

5
trations of Hg in Pb and Zn-rich gussans in carbonate terrane in
Nevaca, U.3.A. Donovan (1965) records ancmalous values of Hg, Zn,

Pb, and Cu assccisted with limonitic muds at the Tynagh deposit,

Jenne (op. eit.) has sroposed that hydrous oxides of Ma and Fe

furnish the principal control on the fixation of Co, Ni, Cu, and Zn

(heavy metals) in soils and fresh water sediments. Sorpticn and

o

descrption occours in responsc to adueous conecentrations of Fe, Mn,
and heavy metals, »H and the presence of organic and inorganic

&

complexing agents in solution.



3.6.2 Metal Enrichment Ratios

At Keel, metal enrichment in the Decomposed Zone has been
studied by analysis of portially, moderately, and tcotally leached
meterial. A total of 106 samples from the Decomposed Zone were
analyzed for As, Sb, ig, Cd4, vb, Zn, ¥n, Fe, Ca, Mg, Cu, Ag, Da, Sr,
Ni, Co, Cr, CGa, V, Mo, and Ti., M1 associoted study including 30
mineralized tills to investigate vertical/lateral dispersion of
elements and enrichment is aolso reported.

Unwenthered rock from drillcore waos onclyzed to ascertoin
the degree of relative metnl enrvichment in the Decomposed Zone. This
aspect of the study is not complcotely comprehensive as only 30 rock
samples were collected. A more thorough stuldy of element distribution
in Keel carbonate and clastic rocks is currcntly under investigation
by J. Watling (pers. comm.).

Tebles A6, AT, ond A8 (Apoendiz Six) contain the enclyses used
to tebulete dato shown in Trkle 8. Simuly, element levels in rock,
t111l, and Decomposed Zone cre compored and contrasted using crithmetic
meen values to estoblish rcletive metal enrichment rotios. The
Decomposed Zone samples for Table 8 (31 in number) were selected from

three continuously oxidized and lenched sections.

5.6.,% Digscussion on 'Tcbles 8 ond 9

The principal ore eloments found in Keel sulphide ore (Zn,
Cd, and Pb) are enriched in the Decomposed Zone relotive to enclosing
rocks and éverlying tills. Mercury and Bo also show similorly high
enrichment coefficients. Mongonese ond Fe are not as highly enriched
in leached motericl os the ore metals cnd Ba,

Deceleification and dedolomitizetion are both overly evident

while minor concentration of As, Sb, Cu, Mo, Ni, and Ti (sourcecs

include cearbonate-leached residues o-nd, perhaps, vyritc) is weckly



Teble 8. Relative enrichment rotios
Element D. 7/ docln D. Z./Rocks | D. Z./Tills | Tills/Rocks
(21l rock (Mixed Beds
semples) only)
As 1.9 1.2 2.C .0
Sh 1.7 1.2 0.8 2.0
Hg 12 10 2.5 5.5
Cd 16 15 11 1.5
Pb 16 11 J.0 5.4
n 12 8.5 5.9 2.0
Mn 9 6.1 5.7 2.4
T'e L. 4,1 2.6 1.7
Ce 0,02 0.03 0.16 0.15
Mg 0.14 0.11 0.51 0.27
Cu 2.5 2.6 1.1 2.6
Ag 5.0 2.9 5.5 C.9
Ba 14 11 2.6 5.5
or O.h 0.5 0.8 C.5
Wi 1.6 1.5 1.1 1.4
o 0.7 0.7 0.6 1.3
Cr 0.4 0.4 C.5 0.8
Co 0.7 0.7 0.7 1.0
v 0.9 0,9 0.6 1.6
Mo 2.6 2.2 1.8 1.5
Ti 1.4 1.3 1.0 1.4

D. Z. = Decomposed Zone
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Teble 9. Basic statistical doto on total element levels in the
Decomposed Zone (106 sommles)

Element Renge Arvithmetic Standard S.D.
Meon Deviation Meon

As Ppm 3~ 750 ok 116 1.2
Sb npm 0.5 ~ 50 15.8 13.5 .9
g pob 20 ~ 160000 5347 15874 3.0
ca pim <1 - 5000 26% 589 2.2
Pb nom 30 - 24000 2l69 14516 1.8
“n ppm 300 - 125000 13606 18883 1.4
Mn DHmM 100 - 1320C0H 34416 28207 0.8
Fe o5 0.5 - 30 10.0 5.9 0.6
Ca DM <100 -~ 124000 2992 1057 0.4
Mg oo 100 - 68000 5014 726 0.1
Cu Yo <5 ~ 40C 4o 59 1.4
Ag nOMm < 0,2 - 100 8.5 12.1 1.4
Be pom 100 - 17000 1 TL355 6291 .9
S ppm 15 - 1000 67 107 1.6
Ni Dom 5 - 400 30 Th 0.8
Co ppm <5 - 400 21 42 2.0
Cr npm 8 - 160 35 27 0.8
e PPN <2 - 40 10 6.8 0.7
v ppm 10 - 160 4y 27 0.6
Mo Ppin T2 =20 b, 4.4 0.9
T1 upm 500 - 40C0O - - -

1 , e "
Meny volues over 1% (upper limit of spectrographic method).

Extropolated distribution curve sugszests 1.7 probable avernge
samples » 1.

velue of




evident. Silver shows relatively high enrichment in the Decomposed
zone and metcl contribution from both sulphide ore and ceid insoluble
residues and/or pyrite sources sceems Dossible.

Overcll, enrichment rotics would seen to sunport He, Zn, Cd,
end Pb sources from dissemincted sphalerite-goalenc., Other enriched
elements would anpesr to be derived from residucl or scovenged sources

4

originclly in carboncte rocks or in dissenineted pyrite.

Although not included in the enrichment and stotisticsl study,
Se, Au, 7, K, Rb, ond orgenic earbon were determined on some selected
samples tu study enrichment (or depletion).

Selenium and Au were not detected in eny samples (less than
1 ppm and 50 ppob, respectively). As pyrite is olso deficient in these
elements (to the same degree), the results sre not surprising.

Phosphorus ranges from 140 to 500 ppm in lecched moteriel
with no distinguishoble pattern (from limited dote) observable,

Potagsium and RBRb were determined on o number of Decomposed Yone
samples and rocks il while good correlation exists between the two
elements, concentrotion was cnly observed in the blenched somples
absent of ferric or mongoncse stnining. As the minerclogy of these
somples has been estoblished to be primerily hydrous micos (illites),
obove average K and Rb volues cre consistent with geochemical date én
the mineral.

Orgmnic corbon was determined on o fow leochel samples and

yielded totolly nesntive results.

3.6.4 Correlotion Poirs

Correlation coefficients for sclected elements have beon
determined for all 106 somi»les in the Decomposed Ycne ag well as for
211l rock and till pamples. The compuber progromme uscd to calculate

correlation coefficients was written by K. J. Howarth of the Applied



Geochemistry'Research Group end the writer gretefully ccknowledges
Dr. Howarth's help.

Teble 10 shows correlsticn pairs of metcls in two ranges.
Rocks and $1lls exhibit many of the classile metal paragenctic assocla=-
tions while the Decomposed Zone is seemingly "weshed” of most correla-
tion pairs (over the selected coefficient ronges ). The reason for
this is not known, but it is speceulated that acié leaching hos
effectively redistributed and/or modified metal nssociations.

The Hg~fg, Zn~Cd, nnd Fe-~Mn poirs cre very strong, reflected
in ecch medin. The Hg-Ag association may be o naturally-oceurring

amalgometion.,

3.7 METAL DISPERSTON THROUGH GLACTAL TILL AT KEEL

3.7.1 Introduction

Figure 9 shows sclected element levels in gleciol till ond
Decomposed Zone from two drillhole profiles at Keel. In each instance,
the oren cpproximoting the contret between the Decomposced Zone and

ti1ll shows somc metal enrichment of the till. Generally, ore metals,

Tt

Ig, end S show o symorthetic relotionshiy with Fe ond Mn while Co and
Mg exhiblt on antiopathetice relationship with Pe-tin., To understand
morce fully the levels of elements involved in vertiesl (capillary)
dispersion, cold-extractoble determinations were employed for Zn,"

Cd, Pb, Mn, ond Fe, on both tills and the Decomposed Zone.

3.7.2 Cold-bExtrochbaeble Metols dn Decomposed Zone ond Till
Investigation of the chemiesl movement ond upword migration
of metels hns been cttempted through “ovailability” studies using
cold--extractable solutes (see Avpendix Twe for mnclytierl detoils).
An abstracts publicotion entitled "Determination of Zine ond Zine

Availability in Soils, 1956-1969" (Commonwealth Burecu of Soils)
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Table 10. Correlcotion peirs for selected clements

2 3
in Decomposed Zone , rocks™ ,

I

and tills .,

Correlation
Coefficient >4 LT00 500 - 700
Renge
Rocks Hg-As 1g=-Sb
He--Ag Hg~Cd
Zn-Ag Hg~b
rb=Sh Hg-7n
In=~As
Zn-Cd
Ca-Ag
b-Ag
Fe-Ma
Ag“'AS
Ag-Sb
Tills Hg-3b Hg-As
Zn-Cd Hg~7n
Fe-in Hg-Ag
Fe-Ba n-As
n~th
Zn -
“n-Ag
Cd-Ag
Ca-Fb
Cel=Nin
Fe-Ag
Mn-As
Mn-Ag
Mn-Do
Ag~Sb
Ba-Ag
AQ"Sb
Decomposed Zone Hg-Mg Fe-Mn
n--Cd
Y %g, 7, Cd, Fb, Fe, Mn, Ag, Bo, As, Sb
2 106 semples, 250 9% significent
7 30 samoles, .500 994 significant
g 30 somples, <500 99% significont
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indicates that meny different buffer extractonts have been useld to
determine "available” zinc nnd other metsls in soils. fAmong these
include O.1N HCL, ®EDTA l, NH4OH3 KCL, CaClg, KNO?’ C.1N HNoﬁ, Mgsoq,
and o hogt of scetite and/or citrate buffer mixtures.

Little work has been reported on cold leaching of mixtures of
colloidal iron-mangenese minerals for the determination of trace
metels. Hence, some preliminary experiments were performed to test
prospective cold-extractoble solutions.

Three extractants were selected for testing.

i) O.1M EDPA (diommonium solt)
ii) 3 per cent (0.5M) acetic neid
iii) 1N KCl

Table 11 briefly outlines solution properties asnd conditions
expected during o three hour leach period.

Table 12 shows results of cold leaching experiments with
selected Decomposed Zone samples for Zn, Cd, Pb, and Mn, EDTA
extractions prove by far the most efficient (relative to total levels),
particularly with o and Mn, but less marked with Zn -nd Cd (relative“
to acetic aeid extractions). Two Fb determinations on ©DTA leaches
ere grezter than the total”values suggesting the hot aeid cttack may
be ineffective on some noturclly-~occurring Fbh compounds or may have
rendered the Pb passive during digestion.

Cvercll, Toble 12 suggests certain metollie elements in the
Decomposed Jone mey hove some migrotion potential dn o moderstely acid
environment ond/or ore readily chelatsble. TPresumably, solution
mechanisms involve metrl relense during neutralization of FG(OH)3
or liberation from positively chorged clay minernls in the caserof
neetic neld and complex formation in the case of EDTA,

Ag EUTA wos shown to be the most effective cold extroctont,

1
Bthylene Diamine Tetracetic Aecid



Teble 11.

Cold extroction buffer mixtures

Cold Element Extrocted
extroctant Solution releqse mechonism elemcent form Netes
.1l EDTA Eetive Chelrtes nony transition Readily availoble plus EDTA mry dissclve metol
(Di-NH4 chelating metals end their cotionic chelctoble forms ot cxides on Drolonged
salt) sgent (pH 10-~11) |and cnionic ecomplexes pH>8 « 12 contoct

3% (0.5M) Moderately Moderately acid scluble Rendily available plus 2.5% normelly used in
ccetic ~neid metcls, some relencse fron noderately acid~ soil ovailrbility studies.
acid (pH< 3.0) Fe(OH), ond cation extroctoble forms. 3.0% used here cs added
exchan%e from illites buffer capacity for
potentisl CO, .
3
1N KC1 Neutrrl solu-~ Tdeally, o return to water-~ Recdily cveilecble MAatoconplexction of
tion, no . < Isoturnted conditions with clements (woter soluble, chlorides {~nd other
hydrolysis with {1ittle »ix shift. ionic species ond helides) mey solubilize
equi~Cdimensional complexes ) more Pb, Zn, ond C% thon
K" ond C1 rendily aveilable
D ome™) 5 o™ s m™ = ca™ s pet > im™ (after Fisher Scientific Co. TD-104)
2 =

-] . q " - it W -
MC:L2 F (2?c1 > MCL, T, 11013

oY



Teble 12. Comporison of cold extractants on selected samples from the Decomposed Zone

Total 1N KC1 3% fAcetic Acid 0.1M EDTA
Drillhole/ Zn ca Pb Mn Zn cd Pb M Zn ca Fb Mn 7n ca b M
Footage oPm om Dpm A Pom P oo »om nom opm npm Ppm om pom opm ,%
K86, 61 1600 30 13600 | 0.6 17 (1.0 90 38 38 { 3.0 | 375 | 135 {| 320 | 1.0 |2000 | 0.%
K86, 116° 4130 70 {7800 | 3.9 25 | 3.0 30 63 || 231 | 7.5 | 645 | 765 || 960 26 |4500 | 0.2
K91, 105~-109' 4500 | 39 | 200 | 1.6 17 | 6.0 | <10 45 1 292 18 | <10 | 525 || 620 22 1 150 | 0.9
K91, 110-114' 5500 I 90 | 4.9 ﬂ 13 | 6.0 | <10 25 || 360 27 | <16 | 795 {1020 | 31 | 130 | 1.3
KOh, 122-126' |l 11500 | 239 | 110 | 4.0 60 3 | <10 16 {2490 | 125 10 (1020 6100 | 198 70 | 2.3
K94, 154-158'" 9500 | 263 | 400 | 7.6 L | 3,0 <10 6 12020 | 102 | <10 | 720 {2360 | 199 | 630 | 5.5
K120, 75-T77" 4400 16 {4150 | 0.5 e | 2.0 30 T2l 253 | 4.5 | <10 | 210 || 560 | 9.0 [3000 | 0.3
K120, 86' 4350 17 |2250 | 0.6 b' 50 | 1.0 10 25 216 | 6.0 | 375 | 120 || 600 10 [2500 | C.4

04
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continued investigations on metal dispersion through tills werce under-
teken using this solution.

Table 13 shows selected clement determinations on glacinl +ill
and on the Decomposed Zone. Both total and cold-extractable levels
incrense with depth suggesting o "copillary’ (chemical) dispersion of
metals. It should be noted that the drillholes are nof vertical
(inclined ot 60 degrees) and the dispersions ore those ot 30 degrees
from the normsl. Also,-poor core recovery has limited sampling,
resulting in an incomplete study of drillholes K82 and X83.

Secondary dispersion through glacial tills is olso examined
in Chapter Four in discussion of the link between scoil onomelies and

sclected metel levels in glacial tills.

3.8  SUMWRY

From limited observations and geochemiczl snalyses, the
Decomposed Zone is attributed to be o leached outerop (suberop now),
perhops modified by incubation during gloacial periods and subsequeét
ground woter soturation. A number of points require recapitulotion.

i) An iron ond monganese~rich cepping hes formed ot the expense
cf the porous, chemically reactive corbonates in the Mixed Beds
(including the Bioclastic Dolomites) and now occupies o large subsurface

zone loterally displaced from the massive sulphide mincralization.

ii) Disseminated spholerite ond golena and unknown amounts

Q

of pyrite'havc been subjected to oxidotion both above and below the
woter-table., Sulphuric acid ond ferrous sulihate solutions hove
attocked and leached calcecarcous and dolomitic sendstones, mudstones,
and shales. The net result was to precinitote hydrous Fe ond Mn
oxides and the eventual loss to ground water of Ca, Mg, and alkali

metals.



Toble 13, Secondary dispersion of selected metals through glacizl 11l covering the Decomposed Zone

Totnl wLTA Extroctable
Drillhole Descrip- n cad Pb Un Fq Zn Cca Pb Mn Fe
end Footoge tion nom pom »pm ppm pe opm pon pPM ppm ppm
X82, 18" Clay 910 10 800 300 2.3 97 5.0 370 850 450
K82, 3’ Cley 119C 20 2600 6500 2.8 166 5.0 1240 230 2%0
¥82, 5' Cley 3000 30 6500 2300 3.8 870 8.0 2400 620 620
X82, 32-39' D. Z. 2500 20 3000 6000 10.8 68 1.0 720 850 60
—H—
K83, 12-13% Ti1ll 1650 7.0 440 1000 2.9 32 3.5 220 640 350
8%, 20 Till 6500 101 18200 48200 6.2 1035 34 1800 8750 800
K83, 25° Till/D. Z. 490 5.0 6450 800 | 2.8 75 1.0 760 850 100
K117, 12-15' Till 190 3.0 100 500 2.7 19 1.0 95 285 4os
K117, 15-18' Ti1l : 250 5.0 130 600 2.7 13 2.0 50 385 205
K117, 18-21' Till 40 7.0 180 200 3.2 25 3,0 85 785 175
K117, 21-23" Ti11 660 6.0 240 120C 1.9 5% 5.0 155 635 175
K117, 31-32" Till 25000 k.0 980 9500 k.5 50 2.0 590 800 150
K117, 33-36" D. Z. 11250 84 8750 | 64000 15.0 28co | 48 1300 31000 8500
X117, 38-42' D, Z. 3750 88 820 34000 6.5 350 26 1370 8730 2780
K117, 58° D. Z. 17300 31 2900 1400 30.0 960 7.0 1270 1340 250

Do Z. = Decomposed Zone

U
n



iii) Metallic troce elements (sulphide and acid insoluble

residuc scurces) hove been retained by the lorge surface area hydrous
Fe~Mn oxides th\s creating a motal-rich reservoir. Some cenrichment is
probebly due to on overcoll loss of rock volume.

iv} Metols noticenbly enriched in the Decomposed Zone include
Zn, Cd, Pb, and Ag. Ba ig 2lso highly enriched. A4s, Sb, Cu, Mo, Ni,
rnd T have been slightly concentrated relative to enclesing rocks
and their origin is believed to be on cccumulction derived from the
ceid inscluble residues snd pyritic sources.

v) Mercury cnrichment is merked in Fe and Mn-rich matericl
ot Keel. Mn arithmetic meon of 5.3 pum hos been calculated for 106
srmples. A high degree of correlation is shown between Hg ond Ag
in rock, till, and the Decomposed Zone.

vi) Metals (Zn, Cd, Fb, Mn) mey be released from hydrous Fe-Mn
oxides usiﬁg 3 ner cent ccetic weld or 0.1M FDTA., Of the two, EDTA
is the more effective rgent. OCne N KCl extractions released little
metal to solution.

vii) IDTA-extroctoble metals have been employed to demonstrate
votential eiement levels available for verticol (eapillory) dispersion
from the Decomposed Zone through the covering glacial till;

viii) Although not discussed in this chapter, the Decomposed
Zone moy heve some eventunl economice potentia‘. Johnson and Bhappu
(1969) hove investigated cold leaching cgents for 7n and Pb oxide
ores. They conclude thot o NaCl-soturated solution ls suitoble for
extracting 7Zn ond Pb from low grade, calcoreous, semioxidized ores,
The writer cavisages on "in~gitu” leaching process whereby extractonts
would be pumped intc the norous, oxidized material ot suberon sites
and metol-containing leach recovered from the 400 and 500 levels of
the existing explorotory tunmnels. Of course, odditional experimental
work and feasibility studies are necessary roquirements before such

o venture could be undertaken.
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CHAPTER 4

SECONDARY DISPERSTON OF SELECTED METALS,

KEEL_AND ARDAGH AREAS

4 GENERAL
Secondary dispersion halos of selected elements In solls over the

Keel deposilt .are Dpresented and discussed with particular reference
to the influence .of the Decomposed Zone as the source of metals.
Environmental factors such as organic scavenging and retention of
base metals, certain soil conditions, and topographlc features are
included as important secondary controls on element dispersion.

Soll traverses have also been wndertaken in the Ardagh area to
study known anomalies.

Shorter investigations on stream sediments (Ardagh area),
biogeochemistry at Keel and levels of selected metals in water ;,re

also presented and discussed.

b.2 PHYSIOGRAPHY

Discussion on secondary dispersion of selected elements is
preceded by a brief outline of general environmental conditions in

Iveland and the Longford District.

4.2.1 Ireland
Although a relatively small island, Ireland exhibits a complex

morphology and an involved physiographic history leading to its
present shape and topography.

Today, the central lowland of Ireland is essentially a broad,
gently-rolling plain occasionally broken by rises and hills. Promi-~
nent topographic rises can usually be attributed to Caledonian and

Amorican folding of pre-~Carboniferous and Carboniferous units into
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anticlinal and dome-like structures (Chapter Two), Smaller local
elevations can usually be related to kames, eskers, drumlins, and other

glacial features (Synge and Stephens, 1960).

4.2.2 The Lopaford District

The physiography of the Longford District is essentially dominated
by the underlying geology. The northern (Longford) inlier and the Keel
inlier are the highest points within the District.— Both are crests
of anticlinal structures cored with pre-Carboniferous rocks. Topo-
graphic elevations range from 659 ft. 0.D. at the crest of the Keel
inlier to 125 £t. 0.D. at Lough Rec in the west. Apart from the
inliers, the Keel area is an undulating to flat-lying area with local

relief not usually fluctuating beyond + 50 ft.

4.3 GLACTAL GEOLOGY AND GEOMORPHOLOGY

Any discussion of secondary envirvonment in central Ireland must
inevitably begin (or end) with the mantle of glacial drift which
blankets the country. ‘

During the Pleistocene epoch, glaciers advanced from sources
in the nortlwest and northeast of the country, the latter probably
linked to spreading continental glaciation from Scotland. Ireland
has experienced continental glaciation at least twice, probably three
times (Synge and Stephens, op. cit.). The last glacial cycle, the
Weischel (Wurm) glacial period, rear.:hed a maximum stade about
21,000 B,.P, a.né covered approximately 80 per cent of the Irish land
mass (Mitchell in Meenan and Webb, 1958).

Counties Longford, Roscommon, and West Meath all exhibit
excellent evidence of glaclal activity. Pot-hole lakes abound in
north Roscommon and north Longford while topographic lineations,

parallel and sub-parallel drainages, and crenulating lake shorelilnes
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are other features indicative of mass glacial action. Synge and
Stephens (op. cit.) describe the area to the north and west of Lough
Ree as being within a drumlin field and the writer endorses their
opinion from his own limited field observations. Just east of the Keel
shaft site;, an elongate, southeast-trending, above-average thickness
of drift suggests the presence of a small, flat-lying drumlin,

Till composition in the Keel aresn is thought to reflect a local
source origin. X-ray diffraction analyses of selected samples from
drillcore contained abundant quartz and illite with lesser amounts of

caleite, dolomite, kaolinite, and feldspars.

4.4 SOTLS

Since 1959, a soil mapping programme has been underway in
Ireland with an aim to classifylng lends for agricultural purposes '
(Gardiner and Ryan, 1969). Recently, a General Soil Map (1969) was
released and shows the wide diversity of soil types found in tﬁe Irish
environment. Discussion here is limited to those soils encountered
in the Keel and Ardagh areas.

The above-mentioned soil map places the area of study within
a region clossified as Reclaimed Podzols. Such soils were originally
Podzols that have been ploughed under sufficiently to break up and mix
both the "A" and "B" horizons. Podzolization as a soil-forming process
is very much in evidence in the Keel area, but few Podzols (as a
Great Soil Group) have been obscrved.

The fiel& classification of Irish soils is complicated by the
confusing problem that many podzolirzed profiles possess twin character~
istics (Ryan and Walsh, 1966). Most well-drained profiles developed on
tills covering Carboniferous‘olastic rocks and limestones closely
resemble either Grey~Brown Podzolias or Podzols. Tt follows that

such soils are not fully classified under the Great Scil Group



classification scheme, but are of intergrade soil types.

A considerable variety of soil types have been encountered in
the Heel and Ardagh areas and tentatively classified by the writer.
Lithosols have been recognized near and around the crest of the Keel
inlier where subcrop is very close to the surface. Shallow Brown
Earths~? or Brown Podzolics-? have been observed in assoclation with
the Lithosols and in some areas to the west of Keel. Basin peats
(including Inmterdrumlin peats) are in evidence in some topographic
depressions. Gleysolice soilsrand peaty gleysolices are found in areas
fringing peats and in poorly-drained areas.

The soil type most commonly encountered has been the Grey-
Brown Podzolics (including Modified Grey-Brown Podzolics). These soills
are recorded as the prevalent soil types found in Centrai Ireland
(General Soil Map, 1969).

The importance of soll type in geochemical exploration in
Ireland has received comment by Donovan (op. cit.), Larsson (1970),
and Butt (1971). Each has demonstrated the imporéance of soil coﬁdi—
tions in oontrélling the dispersion of selected elements. The
writer has continued research on soil type-metal distribution relation-
ships in applicd geochemical studies. Results in this chapter indicate
that scme knowledge of soil type and soil conditions is required for
a meaningful interpretation of metal anomalies. Also, the belief
that thicknessss of glacial till can hide or depress secondary
geochemlcal expressions of dispersed metals is evident at Keel. Some

results suggest that metal anomalies form more readily in poorly~

drained soils.

4.5 PREVIOUS WORK

The Longford District mineral exploration licences presently

held by Riofinex have been explored by reconnaissance, orientation,



and detailed geochemical studies on soil and stream sediment; hence,
a certain amount of iInformation was available to the writer.

During surface assessment of the mineral potential in the Keel
area, personnel of Anglo~Austral Mines Ltd. (eventually renamed
Riofinex) collected soils in two phases. The first collection included de-
tailled gfids over and around the apparent source areas of the Zn
anomalies found during the regional stream sediment survey (Chapter
One). One plot (a l% x 1 mile block) was centered approximately
aroﬁnd the present shaft site at Keei. A second grid was positioned
near Druning Cross Roads, Ardagh area and covered a 2 x 2/3 mile
block. In cach case, sampling centres of 100 £t. with 400 ft. line
intervals were employed. Sample depths have been recorded as "B
horizons or bottom of the "B horizon (J. Patterson, pers. comm.).

This programme established the presence of soil anomalies-with
some areas of highly anomalous levels of Zn and Pb. Coverage was
then extended to the entire flanks of the Keel inlier and reconnaissance
sampling employing 800 ft. line intervals and 200 ft. sampling stations
was carried out. This additional data vrevealed little in the way of
mineral finds, but has confirmed the widespread secondary dispersion
of the moblle metals.

Zine, Cd, Pb, and Cu were determined on all samples, but Hg
was determined only on selected samples immediately around the Keel
prospect.

The presence of an intense mercury in soll anomaly at Keel
had been reported as early as 1964 (James and Webb, 1964). In
addition, they were the first to note a high degree of cérrelation
between Hg and Fb, a feature characteristic of Keel and Ardagh soil
anomalies,

Continued research on the extent and origin of the Keel~Ardagh

anomalies wos undertaken by Donovan {op. cit.) as part of a programme
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of study on secondary dispersion of base metals from mineralized
occurrences In West-Central Ireland, Three soil traverses were laid
out and sampled in the Keel area and two more near Ardagh, Analysis
for Zn, Pb, Cu, and Hg confirmed metal distribution and levels found
by Riofinex. A coincident Hg~Pb anomaly was found near Garrycam.
Unfortunately, Donovan's study was of o very brief nature, and
perhaps, hampered by a limited knowledge of geology, mineralization,
and soils., However, he did conclude a number of noteworthy points:
i) Scil anomalies are characterized by widespread dispersion of
7n and relatively confined Pb patterns.
ii) There 1s an apparently close association between Pb and Hg in
ﬂ near-surface soils,
iii) A varlety of soil tyves are to be found in the Keel and Ardagh
‘ areas. Thelr possible Influence on secondary dispersion of
metals warrants additional study.
iv) Solifluction and crytoturbation are possibly important mechanical

dispersion mechanlsms.,

4,5.1 Use and Examination of Previous Work

The original geochemical results of Riofinex have been
re-examined and contoured as a basls for discussion of regional geo-
chemical patterns and for further detailed studies. Five Figures
(10 through 14) show the areas covered by sampling and corresponding
Zn, Cd, Ph, ana Hg maps denoting weakly anomalous, moderately anomalous,
and strongly anomalous soils. Teoble 14 outlines the criteria used
for establishing contouring levels. Simply, 2o background plot of
40 samples south of Druming Cross Roads was selected and an arithmetic
mean and standard deviation calculated for each element. Successive
contouring of mean plus 2, 5, and 10 times the standard deviation

correspond to weakly, moderately, and strongly anomalous classifications.



Table 14, Contouring data for reglonal solls

T '
Range (A | Arithmetic Sta‘nd.ardl Weakly 2 Modera’tely) Strox:lgl;gr4 Analytical
Elemont n volues ) Mesn Deviation Aromalous Anomalous Anomalous | Method
7n ppa | 38 | BO-465 115 90 >%25 >595 1045 Ltomic sbsorption,
(330) (600) (1000) nitric acid leach
cd pom | 42 )} <1-12 2.4 .7 =3.0 5.9 ~0.4 Atomic absorption,
(&) (6) (10) nitric acid leach
Pb ppm | 40 | 10-120 55 80 = 005 455 =855 Atomic absorption,
(200) (450) (850) nitric acid leach
Hg pob | 40 | 80-320 195 70 =335 =55 > 895 Lemaire detector
(340) (550) (900) (filtered volatiles)
1 -2
S.D, = (A - A)
Y n -
Mean plus (2 x standard deviation)
5 Mean plus (5 x standard deviation)
4

Mean plus (10 x stendard deviation)

N.B. Figures in paronthesis used in contouring

09



4.6 REGIONAL GEOCHEMICAT, PATTERNS

4.6.1 Introduction

Contouring at three anomalous classifications reveals a variety
of geochemical signatures. The most noticeable is the U-shaped
pattern of metal anomalies arcund the northeast end of the Keel
inlier, particularly evident with Zn. Also, Zn anomalies appear to
closely approximate the drainage catechments west and northwest of
Ardagh. Cadmium values generally show good correlation with Zn, but
lateral dispersion appears relatively restricted.

Lead anomalies are less widespread than 7Zn and seemingly
reflect both the immobility of the element and lack of galena in
mineralized occurrences.

The limited Hg analyses show good correlation with Pb values
and faulting systems, and indicate an apparently widespread laberal
dispersion halo.

The source of metals Ffor the Keel anomaly should be noted here.
Metal in tills/soils is thought to be derived primarily from the
Decomposed Zone. The areal information indiecabes little positive

definition of the narrow, subecropping sulphide orebodies.

4.6.2 Zinc (Fig., 11)

Zine anomalics are commonly developed in transported over-
purden covering Zn mineralization (Hawkes and Webb, op. cit.). The
Keel and Ardegh area zine anomalies can be loosely classified under

three headings:

i) Clastic-syngenetic anomalies in £ill modified by ground water
movement
ii) "Organically accumulated and fixed” anomalies

iii) Lateral hydromorphic dispersion anomalies, adjacent to

anomalous streams



N
[k

Zinc has dispersed widely in the Keel area, Clastic~syngenetic
(modified by ground. water) anomalies are developed over both the
Decomposed Zone and the mineralized faults. Discrimination between
either source secms difficult, if not impossible.

Strongly anomalous areas are usually found in association with
peaty soils, peats, and low-lying, poorly-drained soils. Such environ-
ments are generally topographically low areas and field observations
indicatec that the importance of a few tens of feelt in elevation
cannot be under-estimabted as being locally insignificant in anomaly
formation.

A small basin peat below the Keel shaft is the best example
of the "organic retention~type” anomaly. Sequestering of Zn by
humic acids has been reported by Randhawa and Broadbent (1965a,
1965b) and its influence in geochemical exploration is well docu~
menteé (Cannon, 1955 and Salmi, 1956). The study by Cannon of Zn
accumulation in peats over mineralizéd (sphalerite) dolomites in New
York State, U.S.A., bears some resemblance to the highly anomalous Zn
values encountered in peat at Keel. A detailed sampling traverse
(two depths) and pitting have been employed in a further investigation
in this chaﬁter.

The high mobility of “n is demonstrated by an examination of
anomalice in the Ardagh arca. Originally, disscminated mineraliza-
tion (mainly sohalerite) had becn observed in stream cuttings by
Riofincx personnel (Patéersong op. Cit.). Pitting and drilling
vielded little more than some sub~econoﬁio disseminated sulphides.

Tt would appear that Zn from such sources is being actively (chem-
ically and mechanically) dispersed along streams coincident with
lateral dispersion into“directly associated tills and soils, Note

the close association of Zn soil anomalies with streams west of

Ardagh town (Fig. 11).



€3

The phenomena is not without local parallel as J. Sample
(pers. comm. ) has indicated similor Zn accumulation in soils adjacent
to anomalous‘streams in north Longford. Hawkes and Webb (op.: cit.)
also note that lateral hydromorphic dispersion is an important -
secondary process in anomaly formation and cite both idealized and
case history examples (p. 157 and 192).

The Zn soil anomaly at Keel apéears to be modified by lateral
hydromorphic dispersion about the anomalous stream draining mineralized
peats and soils east of the shaft site.

Laterally dispersed hydromorphic anhomalies have been studied
by traverse sampling, total element analysis and cold-extractable

methods for Zn and Cd.

4.6.3 Codmium (Fig. 12)

Cadmium patterns at Keel and Ardagh closely reflect those of
Zn. A high degree of retention of the metal by organic-rich soils
and peats is also evident and up to 0,66 per cent has been recorded
in the mineralized peat at Keel., Like Zn, Cd anomalies appear to
be topographically controlled and lateral dispersion processes are
again evident.

Literature sources indicatc little research or application of
Cd geochemistry in mincral exploration. Ginzburg (1960) suggests
Cd:Zn ratios may be useful in prospecting if a Cd:Zn raéio has become
estoblished. Apporently, the Cd:Zn ratio would shift in favour of
n at distance from the Zn anomaly, if the source is chiefly sphalerite.
This would indicate Cd less mobile than Zn.

Hawkes and Webb (op. ecit.) gquote Polikarpochkin, 1958 that
Cd may be useful as a pathfinder"for Zn. Also, they report Cd
following Zn In weathering except during the oxidation of Zn sulphide.

Here, the secondary Cd sulphides tend to remain behind after oxida-
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tion of sphealerite.

Salmi (op..cit.) has reported finding up to 30 ppm Cd in
mineralized peats in Fiﬁland.

Cadmium has been identified in mineralized soils in the Bathurst
District, New Brunswick, Canada (Presant, 1966).

Clearly, little seems known of Cd abunéahca in soils and its
application to geochemical prospecting., As Keel sulphlde ore exhibits
a nearly constant Cd:Zn ratio (Chapter Two), some effort has been
made to establlsh secondary environmental éontrols on Cd dispersion

relative to those of Zn.

46,4 Lead (Pig. 13)

Lead is considerably less mobile than Zn in naturally-occurring
environments (Hawkes and Webb, op. cit.) and soil anomalies tend to
be restricted to source areas. '

At Keel, the relatively low content of galena in the sulphide
orebodies has wndoubtedly influenced the magnitude of the Pb in soil
levels. However, Pb anomalies do show good assoclation with the
known faults and fault systems.

Lead patterms in the Afdagh area are more confined than those
of the Keel area. Again, some association with known faulfs is
suggested.

Lead shows a preference for near-surface enrichment, particularly
in gleyed soils, Although accumulating in organic-rich horizons, Fb
does not appear to concentrate in peats as do Zn and Cd. Donovan and
James (1966) also note this phenomena.

At keel, Po anomalies developed in glacial till show little lateral
displacement (glacial smearing) from the underlying metal sources.
Donovan and James (op. cit.) csnclude that Pb (as well as Cu, Zn,

and Hg) form syngenetic anomalies in glacial till approximating
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the Tynagh deposit, Co. Galway and have been little modified by any

secondary mobilizabtion processes.

4.6.,5 Mercury (Fig. 14)

As can be seen 1n Pigure 14, mercury analyses are much more
limited in number than Zn, Cd, and Pb; hence, a comparative regional
examination of Hg dispersion is not possible. As mercury gains most
support as a pathfinding and "secondary support” geochemical search
tool, the regional approach may be of minor importonce. Fortunately,
analyses here cover the critical sites at Keel.

Of particular note is the widespread pattern (weakly anomalous
classification) of Hg relative to other elements. As primary dispersion
has not yet beén defined at Keel {(J. Watling, pers. comm.), other
factors must account for the extensive soil halo, The wrz::ber is of
the opinion that dispersion from oxidizing sulphides and the Decomposed
Zone may be supplemented by mercury sources (disseminated sphalerite)
in the subcropping Besal Clastic Group and Mixed Beds Group. -

Good assoclation is shown between mercury and faulting'at Keel,
and an intense (strongly anomalous), narrowly-defined anomaly suggests
additional faulting and/or the preéence of the Decomposed Zone near
Garrycam,

As found by previous investigators (James and Webb, op. cit.,
Donovan, ob. cj.t.), anomalous Hg-containing soils at Keel correlate
more closely wi'bh“Pb anomalies than with Zn~Cd anomalies. Most
primary Hg appecrs to be associoted with sphalerite (Chapter Two);
hence, mass secondary separation and movement would seem eviden'b;

Generally, Hg pathfinding has had success in aiding geochemical
surveys searching for Zn and Pb (Erickson et al., 1966, Fursov,.1958,
Hawkes and Williston, 1962, Baily and Barnes, 1968, and Jolly and

Heyl, 1968).
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In Ireland, Donovan (op. cit.) successfully defined subcropping
mineralization at Tynagh and some other sulphide ocecurrences using
mercury pathfinding, but noted some undesirable secondary accumulation
characteristics of the element. ZElsewhere in Ireland, mercury anocmalies
in soil and/or stream sediments have been found in association with
mineralization at Cortdrum, Co. Tipperary (A.G.R.CG., unpublished
information), Aherlow, Co. Tipperary (D. 8. Evans, unpublished informa-

tion) and Avoca, Co. Wicklow (C. Wheatley, pers. comm. ).

k.7 ADDITTONAL SOIT SAMPLING AND RESULTS

4.7.1 Keel Area
Mn area partly covering the soil anomalies at Keel was resampled
with the following aims:
i) To establish favourable sites for soil gas (Hg) studies
ii) To confirm Riofinex data and to extend analyseé for other
| elements of concern (As, Sb, Fe, Mn, Ag, Ba, etc.)
iii) To investigate the known Hg~Pb correlation and en&ironmental
| associations and the 7Zn~Cd correlation and environmental
assoclations
Field geometry and size in the Xeel area 1s such that a
"sampling per field programme” (usually one or two sites per field)
was employed during follow-up work. Accordingly, solls were colleéted
at 18 to 24 inches (see Appendix One) to complement the original
Company work, ~
Sample sites were selected to cover the area with known geo-
logical control, Background sites were collected north and south of
the anomaly and, in addition, all samples were taken well away from

ditches and fences to avoid any local water-table effects or contamina-

tion. Separate soll sampling was employed to supplement soil-air studies.



Figure 15 shows the area resampled by the writer. Briefly,
n—-Cd~Pb levels and areal patterns were confirmed, but a slightly
lower background for mercury (calculated at 165 ppb) was established
using the James-Webb Hg spectrophotometer as opposed to the background
obtained from the "Lemaire detector” results used by Riofinex (about
195 ppb). The writer's mercury in soil map is presented in Chapter
Seven (ﬁig. 453,

A tra,vell’se of sample sites incorporating the flanking, widely-
spaced background sites and centrally located anomalous sites was
selected over the Keel deposit (see Fig. 15). Figure 16 shows element
profiles for 14 metals (total levels), EDTA;extractable Zn, Cd, and
Pb, and organic carbon for this travérse.

Table 15 shows mean background values, the number of samples
greater than mean background plus two and five times the standard
deviation (moderately and strongly anomalous) and maximum anomaly
relief values for selected elements from Figﬁre 16. Samples used to
calculate background levels were selected from 20 assumed background
sites near Keel (Hg, Cd, Zn, Pb, Mn, and F¢) and from 10 apparently
background sites from Figure 16 for the limited spectrographic and
colorimetric analyses (Ba, Ag, As, Sb). Calcium, Mg, K, Rb, EDTA-
extractable Zn, Cd, and Pb have not béen treated statistically and are
presented in Figure 16 only for relative comparison purposes.

Road=-side sampling is a commonly-used geochemical reconnaissance
exploration technique in Ireland (C. Morley, pers. comm. and Schultz,
1971). Figure 16 and Tablc 15 have been used jointly to evaluate the
suitébility and applicebility of selected metals for this prospecting
technique in the Longford District.

Interpretation of Table 15 follows that columns 6 and 7 have
been used to establish the mobility and dispersion characteristics

of each element. Simply, column 6 is the total number of moderately
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Table 15.

Statistical dote to accompany Figure 16

1 2 3 4 5 6 7
- t Arithmetic Standard Mean plus Mean plus Sites » mean plug | Maximum
Element n Range Mean Deviation | (2 x 3.0.)| (5 x 3.D.) (5 x S.D.) Anomaly Relief

Hg ppb | 20 | T72-320 165 125 415 790 5 7.3
7n ppm | 20 | 70-360 150 70 300 510 5 7.0
ca pom R0 {K0.5-3.0 1.5 0.7 2.7 4.8 6 9.1
Pb pom | 20 | 5~R40 75 7C 2.5 420 4 12
M opm | 20 | 50-1200 295 290 875 1745 1 6.2
Fe % 20 { 0.6-1.5 2.5 1.1 b7 8.0 Nl 1.5
Ag ppm | 10 | <0.2~3.0 0.8 3.5 1.8 5.3 3 7.5
As pom | 10 {<2.5-43 9 11 31 o4 Nil 4.8
b pom | 10 11.5-6.2 3.8 1.7 7.2 12.3 Nil 2.1
Ba, opm | 10 | 300-2000 060 450 1940 3410 2 =11 +

l 2 2 S
Highest site greater than 1%

Maximum Anomaly Relief = Highest sample along road

Mean

89



69

anomalous sites encountered on the road~side traverse while colum 7

s
i

establishes the maximum “geochemical relief’ of any one metal. Ideally,
a mobile and/or diffuse ore or pathfinding element should exhibit a
greater number of anomalous sites than an immcbile element for a given
number of analyses, while an immobile metal should exhibit high loecal

"geochemical relief”. Data here suggests the following mobility scquence

of the ore and pathfinding elements at Keel.
Ag= Yn=>= Hgw« Cd >Pb ~ Ba

Iron and Mn levels are somewhat erratie and may cnly reflect
podzolization and lceaching processes in soils rather than the Pe and
Mn-rich Decomposed Zone.

The limited As and Sb data shows no sites above mean background
plus five times the standard deviation and few gites above mean back-
greund plus twe times the standard deviation., The use of Ag-Sb
pathfinding seems somewhat limited for defining mineralization and/or
As and Sb-rich sources in the Keel area. Both arsenlic and antimony
mobilities have been reported as low by Hawkes and Webb (op. cit.).

Generally, 7n, Cd, Hg, Pb, Ag, and Ba are all relatively |
effective geochemical aids when applying road-side sampling in the

Keel area.

L,7.2 Relationshin of Soil Anomalies with the Deccmposed Zone

Figure 17 shows selected metal profiles across solls covering
known subceropning Decomposed Zone. It is openly evident that metal
halos refleet the presence of the leached suberop mere readily than
the relatively unweathered massive sulphides in faults. Inconsistencies
in metal levels may possibly be related to glacial smearing of the
syngenetic source, ground water modification of the clastic anomaly,
and occassional peaks from sulphide occcurrences.

Although the anomalous metal levels do not define the sulphide-
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bearing faults at Keel, the use of geochemical techniques for prospecting
should not be considered a failure. As has been discussed in Chapter
Three, the metalliferous oxidized-leached subcrop appears to be partially
derived from digsgeminated sulphides (probably genetically related with
the massive orebodles) and the measurement of soil anomalies here reflects
weathered products ofksulphide origin. In addition, valuable infoxma-
tion on metal dispersion from an Fe and Mn-rich sowrce has been

obtained,

4.7.5 Other Aveas

Other anomalous soll metal patterns have been investigated by
traverse sampling from indicated backgrounds across the maximum
"geochemical relief" of known enriched areas. Such samples were
collected over soil anomalies near Garrycam, Druming Cross Roads,
Ardagh Hill, KXenagh, Moydow and the proposed laterally dispersed
anomalies about mineralized streams southeast of Keel and west of
Ardagh Town {see Fig. 10 for traverse locations). All samples were
collected at 18 to 24 inéh depths unless specifically noted other-
wise,

Results from traverse sampling are presented as metal profiles
to contrast and compare levels of selected metals with a view to
extending peochemical alds in the search for Keel-type mineralization
and to establish important secondary environmental controls on metal

dispersions.

4,7.3.1 Gorrycam

The Garrycam soll anomaly lis regarded as an extension of the
Keel anomaly (see Figs. 13 and 14 and Fig. 10 for traverse location
reference).

Fiéure 18 shows selected element levels across this anomaly. A&

Mn anomaly (possibly reflecting the Decomposed Zone), a coincident
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Hg-Pb~Ba anomaly, and low order Ag-As-Sb-Cu anomalies are noteworthy
features.

The southern half of the traverse crosses projected extensions
of the Keel sulphide mineralization. However, the deep glacial drifit
in this region (up to 150 ft.) has probably obscured any useful metal

patterns.

4.,7.3.2 Druming Cross Roads (Ballygar)

Figure 19 shows results (Zn, Cd, Pb, Hg, Ba, Sb, and Ag) across
the southerm extension of the main Zn~Cd-Pb anomaly near Drunix;g Cross
Roads (see Fig. 10 for location reference).

At the anomalous sités, element lex;'els show coincident Zn,

Cd, Pb, Hg, and Pb peaks. Low order Sb and Ag anomalies are also
present. Arsenlc, Mn, and Fe analyses gave no positive results.

The area enclosed by the highly anomalous classification for
Zn (see Fig. 11) has received previous attention. Riofinex did con-
siderable pit‘bir;g and trenching in an attempt to establish the source
of the anomaly. Near the anomalous sites on the writer's traverse,
abundant pyrite mineralization with some galena and yellow Cd bloom
on joints was observed in subcrop exposed by the pitting. Nearby, a
trench revealed two small faults with scme FPb, Zn, and Ba mineralization.

The low~lying, peaty area just north of the writer's traverse
has been sampled at two depths (Table 16). Metals here show a
preference for accumulation in the near-éurface horizon. As will be
demonstrated later in this chapter, poorly~drained, organic~-rich

environments accentuate surficial retention of certain metals.

4,7.3.3 Apdagh Hill
The Ardagh Hill soil anomaly is again a coincident Zn-Cd-Pb

pattern. As shown in Figure 11, the Zn anomaly is continuous with a

larger dispersion halo, but the Ardagh Hill pattern is treated as
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Table 16. Selected metals in anomalous, poorly-drained soils necar Druning Cross Roads

Sample Desth As g Ca n b e % Mn
No., (inches) Description ppm ppm pPm oom opm S ] pom
BE~21 O~10 Dark browa loam 33 420 22 1370 245 | 2.9 630
32 (leyed clay 8 288 5 287 86 4.0 200
N-22 0-10 Dark brown loam ) 352 11 1080 100 Lo 1020
34 Meyed sandy clay 13 158 7 310 &0 1.5 300
I
BE~23 0~10 Black peaty loam 50 460 506 | 25106 100 5.0 1 2950 |
36 Gleyed sandy clay 8 188 13 2770 90 1.4 | 1020
i
I
BG-24 0-10 Peaty loam 58 | L48 25 8000 240 7.2 | 1200
|
38 Black nuck 23 230 27 7800 140 2.9 750 6.2

. s e
Hegenerated deionized watcr slurry

a2l
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being separate.
A soil traverse over thce maximum geochemical relief area
(Prig. 20) shows a high degree of corrclation between Po, Mn, Fe, Cd,

7n, Hg, and Asz. Maximum Zn and Cd (displaced from other metal maxima)

[ 8

g asgocliated with a marshy depression encountered on the traversc.
Pitting around thce Ardagh Hill anomaly by Ricfinex revealed
that Zn and Pb increased with depth and some minor faulting with
disseminated sub~ecconomic mineralization was encounterced, High metal
values in pits were cbserved to broadly correlate with surface anomalics
and were considered highly encouraging by the Company although limited
drilling was wmsuccessful.
The writer equates the Ardagh Hill anomaly with the Druming
Cross Roads anomaly and further investigation would probably reveal
additional sub~economic,disseminated sulphide mineralization (sphalerite
and perhaps vyritc). Also, the Ardagh Hill anomaly may have been

magnified by gleying and/or surficial accumulation processes in soil.

4.7.3.4 Kenagh and Moydow

Although not shown In Figure 10, two broad soil anomalies were
outlined by Riofinex ncar Kenagh Town and Floydow (sec Figure 1 for
an approximate location refercnce), both flanking the southeast
extension of the Keel inlicr, ThéSe anomalies appear to be similar
to the Keel~Ardagh anomalies with confined Pb patterns and widesprea
Zn dispersion. A few samples were collected ncar the indicated
anomaly maxima but revealed littlce more than the known Pb and Zn.
Mercury values were all less than 300 ppb.

0f additional interest, both anomalies are transected by streams
suggesting lateral hydromorphic dispersion processes may have played
some part in anomaly formation.

Studies on both areas werc discontinued as initial cbservations
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and analyses indicated that metal may have been chemically transported

from unknown sources.,

L,7.4 Latceral Hydromorovhic Dispersion of Zine and Cadmium

In the discussion on regional secil patterns, lateral hydromorphic
dispersion of the mobile clements (principally Zn and Cd) was obscrved
in stream bank tills and soils adjacent Lo anomalous stréams west of
Ardagh Town. Similarly occurring vatterns are suspected at Kenagh and
Moydow and part of the 7Zn-~Cd soil anomaly at Keel appears to halo a
stream draining an area covered by mineralized soils and peats.

Samples from a traverse (Zn~Zn1 in Fig. 10) across the proposed
laterally dispersed anomaly at deel were analyzed for total and EDTA-
extracteble Zn and Cd. TDTA-cextractable Zn, Cd, and other metals have
been determined on tills and Fe and Mn-rich leached material with
scme success (Chapter Twe). The method has been extended here for
use with soils and stream“sediments.

Results are depicted in Figure 21 and show complementing total
and EDTA-extractable Zn-Cd halos flanking the mineralized stream.

A lateral hydromorphic dispersion operating via local ground water
and/or stream waters is strongly sugested,

Lateral hydromorphic dispersion studies have been less definitive
on anomalous soils flanking mineralized streams west of Ardagh Town.
Traverse CG~CG1 (Fig. 22) crosses a known Zn~Cd~Pb anomaly adjacent
to a stream course in a iow-lying, poorly=-drained environment. Peats
and peaty gleys scem to be the prevalent solil types. Pigure 22 shows
total element levels and the corresponding EDTA-extractable values
for Zn-Cd., Overall, the anomaly appears modified by surficial accumula~
tion of Zn-Cd although EDTA-extractable levels of both elements would
seem sufficient to produce a lateral hydromorphic dispersion pattern.

Source of the metal in this instance is believed to be the

mineralized occurrence in a stream cutting north of Druming Cross
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Roads found by Riofinex geologists during surface exploration.
Disseminated sulphides from the Ardagh Hill arca mey constitute
ancther source. ASARCC geologlsts have apparently recorded some
mineralization in the immediate vicinity of the traverse (&. Yarrow,
pers. comm. )

Other soil traverscs (BM—BMl and MF—HFl in Fig. 10) cross
anomalous streams and rosults of total and EDTA~extraetabie 7n and Cd
are presented in Figure 25. Like traverse CG—CGl, the results are not
ag definitive asg at Kecl, but levels of Zn and Cd arce ccriainly above
background levels.

Although total analysces and partial cextraction studies employed
to chemically investigate lateral hydromorphic dispersion processes
have not been wholly definitive in the areas west of Ardagh Town, the
evidence from the regional geochemical maps strongly supports an

intimate relationship betwecen anomalous streams and their flanking

soils and tills.

o7 4.1 Geochemical considerations of lateral hydromorphic dispersion

That 7Zn and Cd and cther metals are present in stream and mine
waters (carbonatc~rich and pl greater than 7) and possibly available
for lateral hydromorphic dispersion is known”from dircet (see Table
17) and indirect evidence,

" £ small number of stream scdiments were collected in the Ardagh
area and snalyzed for total and BEDTA-extractable metals (Teble 18).
Of prinecipal intercest here is that of Mn, as a good proportion ofdthe
clement is released to solution by the cold leach. As oxides of Mn
con selectively scavenge heavy metals from solution (Jenne, op. eit.),
and up to 70 per cent of the total “n and Cd can also be,releascd4by“

this same EDTA extraction, agucous migration of metals appears to

be an active process in alkaline streams. The aspect of Mn oxide
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Table 17. Sclected metals in waters, Keel and Ardagh Areas

Hgl an Cd2 Pbg Feg Mng Cag Mge ij
Sample Site Date ppb ponl ppb pPm js)eidl oeb ppm ppm

Keel shaft 18/5/7L | 0.77 | 2.70 58 | <50 |0.25 77 9% 25 1 7.5
Keel shaft 28/5/TL | 1.84 | 2.45 51 | <50 }0.20 50 86 22 1 7.5
Peot water, Keel 20/5/7L | ©.69 | 700 1150 120 80 | 1000 288 60 | 2.9
Peat water, Keel 29/5/7L | 1.60 | 700 1060 140 60 | 3600 290 56 1 2.9
Well near Druming 22/5/ 7L 0.93 2.14 < 2 < 50 1.1 290 102 20 | Tal
Inomalous streom, Ardogh 22/5/71 | 0.69 | 0.08 <2 | <50 0.4 20 oL 13 | 7.9
Anonmalous strecm, Druming 22/5/7L 1 0.29 | 0.14 <2 1 <50 0.5 %0 66 11 {1 7.8
Weakly snomalous stream, Ardagh | 22/5/7L 1 0.32 | 0.12 L2 1<50 O. 50 106 13 | 8.0
Weakly enomalous strecm, Ardagh| 22/5/71 ] 0.26 | 0.14 <2 | 50 0.5 50 32 5 1 7.0
Anomalous stream, Keel 22/5/T1L 0.53 1.02 12 150 0.3 100 9z 19 Tel

Determinations on wnfiltered samples

2 Determinations on filtered somples

¥ On=-site measurements

ol



Toble 18,

Total and EDTA-extractsble metals in stream sediments, Ardagh area.

Total EDT'A-extractoble

As Sb He in Ccd o Mn Fe Zn Ca My

Location Dpm ppm ppb ppm pom oom ppm b Do Dbm [a) s}
Ardagh Town < 5 KO0.5 540 560 6.0 90 | 1620 1.3 251 3.5 1250
Ardagh Hill < 5 KO0.5 648 | 390 4.0 4o} 1000 0.7 68 C.5 1 1000
VBM traverse < B - 510 305 2.7 25 1250 1.2 122 2,0 { 1010
Druming Cross Roads 25 1.0 302 510 6.0 200 | 1400 1.5 222 3.5 1150
MF traverse 10 - [1800 {2100 {17.3 % | 1300 | 1.8 I 900 |12.01 1250
Below MF traverse < 5 KO.5 o2 760 7.0 70 50 0.9 414 5.0 650
CG troverse < 5 - 280 765 5.0 30 | 2300 1.8 370 4.0 | 2290
Below CC traverse =~ 1 < 5 = 630 765 6.0 50 | 2050 1.9 380 6.0 1 1970
Below CG traverse - 2 8 0.5 240 5%0 6.C 40 | 1050 1.6 249 2.5 | 1150
Zn traverse, Keel 3 - 620 {1750 {20.0 30 605 1.2 765 1 10.0 450

Ll



retention of metals is consistent with field observations as thin
black coatings have been found on carbonate pebbles in stream beds.

Butt (op. cit,) has recorded coincident Fe-Mn-Co-7Zn stream
sediment patterns in Nt;rthem Ireland. Detailed field and experimental
studies showed intimate soil-stream relationships responsible for
mobilization and precipitation of metals.

The widespread movement of Zn~Cd into a calcareous till (pH>T)
presents some geochemical difficulties. According to Schofield (1950)_;
an alkaline pH creates negatively charged clay particles, an mfavour;
able enviromment for ionic Zn and Cd migration. Also, metal hydroxides
of Zn and Cd may precilpitate at alkaline pH.

In=-Cd migration into stream bank tills and associated soill may
be enhanced during infrequent floodings of streams in low-~lying areas,
thus saturating the flanking soil profiles with metal-bearing water.
However, the magnitude of the laterally dispersed anomalies and the
levels of Zn and Cd in stream waters (Table 17) suggest that periodic
flooding mey contribute only a minor amount of‘umetal.

Aecording to Udo ¢t al. (1970), that while Zn adsorbs to CaCO3,
the role of clay and organic matter rétention may be equally important.
Rendhawe. and Broadbent (1965a) report that humic acid can retain
quantities of divalent Zn up 1:,0 pH 8.6. They also report (1965b)
that ionic Zn is more strongly bowmd than ionic Ca and con only };e
removed using dilute nitric acid. Ravikoviteh eb al. (1968) investi-
gated "plant available"” 7n in calcareous soils and repor'te;i measurable
levels of the element.

The sbove references suggest that while ground water fluctuations
may create hydrological conditions sulitable for lateral movement of
metals into calecareous tills and soils, chemical digpersion mechanisms
to form Zn-Cd hydromorphic halos about anomalous streams (at alkaline

pH) may be aided or enhanced by clay minerals and organic complex
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movement of metals. As Zn and Cd become dilubted at a distance from
the stream, vrecipitation ~nd/or sorption processes would tend to

become more importont and effectively "fix” the metal.

4.8 ENVIRONMENTAL MAGNIFICATION OF SOTL ANOMALIES AT KEEL

4.8.1 Introduction

Ore and pathfinding metol distribution in the secondory environ-
ment ot Keel is both widespread and geochemically complex. It has been
postulated that hydromorphic dispersion processes hnve transported
n and Cd through soils to expand the arénl distribution of the clastic
anomalies, In addition, other environmenf&l controls appesr equally
important In accumulation and magnificotion of soll amomoliles.

Two soil troverses (P~P1 ancl AF~AF1 in Pig. 10) cross the
peak Zn~Cd anomaly ond Fh-~Hg snomaly found at Keel., “Hesults show the
importance of investigoting soil conditions and metol distribubion
within the soll profile during orientotion studies in geochemiceal
exploretion in the Longford District.

Peaty gleysolice soils ond gleyed environments at Keel have
chemically mobilized Hg, Pb, ond Az for eventusl cccumulation in neor-
surface humic horizons whilc o basin peat overlying gleyed, mineralized
tills hes retained uvnusually high ~mounts of Zn and Cd (dry weight
matter) and considerable smounts of Ag, Mo, Sn, Ni, Ba, Sr,
and Sbr(ashed samnles). Tn contrast, well-drained Grey-Brown
Podzolic (Modified) profiles overlying the Decomposed Zone show
relatively little énrichment of ore ond pothfinding metals.

Thinly-overburdened areas usually show better anomaly relief

(note troverse AF-AF. on Fig. 24) then do thickly-covered areas.

1

Since teopography can vary sympathetleally with overburden depth,

hydromorphic gravity ond cepillary movement of mobile and Immobile
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metals in unconsolidated surficial depositzs must be considered

important metal dispersion processes in the Longford District.

4.8.2 Metel Anomalies in Peaty Glevs and Gleysolic Soils at Keel

Gleying occurs in those soils subjected to impeded drainage
which normally results in a relatively reducing and/or anacrobic
environment. At Keel, gleyed profiles are characterized by a blue-
groy tilli at depth ond some accompanying ferric ilron mottling,

It is well known that gleying can cause extensilve mobilization
of iron (Bloomfield, 1952), Bloomfield reports from experimental work
(Ng and Bloomficld, 1962).'13}18:‘3 eonsiderable Zn, Pb, Mn, Fe, Mo, and
N1 can be readily mobiliéed when soils are flooded and Incubated
anaerobically with plant material.

Swaine and Mitchell (1960) report that during impeded drainage,
conditions differ markedly from éhose in freely drained sopils and
certain trace elements can be meobilized, among them Co, Ni, Cu, V, Fe,
and Pb. Further, they state restricted drainage may in extreme
instances mobillze up to 50 pcr cent of the total conbent of the
element in question, while the effects of other pedological processes
such as podzolization are (by methods employed in their investigations)
of a much smaller order. Hence, minor local changes in drainage "
condltions are quite liable to obscure efforts of other factors.

The anomalics in gleysolic soils investigeted at Keel cre
primarily Hg-Pb~Ag anomalies. Figure 25 shows results on a soil
traverse (two depths) of these clements and organic carbon in gleyed
fields directly north of the shaft site. Earlier studies had confirmed
the presence of an intense and coineident Pb-Hg anomaly.

Of particular interest in Figure 25 are the following:

i) The similar, near-surface accumulations of Hg-FPb-Ag suggesting

organo-metallic concentrating mechanisms
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ii) The proximity of the Decomposed Zone

A Metal acecumulation in near-surface humic horizons overlying
sulphide mineralization and/or their oxidized products has been reported
by Hornbrook (1970), Boyle (1968), and Reed and Miller (1971). In
each instance, the.investigators“reporft that the content of Ag in "AY
horizon reflects subcropping mineralization.

Anomalous levels of mercury have also been recorded in near-
surface soil horizons overlying mineral deposits (Barakso et al.,

1969, Barakso and Tarnocai, 1970, and Warren et al., 1966).

In most of the above=-quoted references, Pb enrichnént accompanies
Ag and Hg. Warren and Delavault (1960) mention "lead tends to accumu-
lote in a particular soil horizon, usua-ally the Al. Forest litter and
peat may also accumulate lead,” Warren et al. (1966) report accumula-
tion of Pb in AO and Al horizons covering Pb-Zn mine:;*alization in
British Columbia.

The extraordinary levels of Pb encountered in some near-surface
horizons at Keel (up to 3.2%) must be considered true (bio)geochemical
enrichments as no mining hisi;ory has been recorded in the J;.ongford
District (Patiterson, op. cit.) and contamination seems wnlikely. The
nearby road is lightly travelied and Pb from petrol combustion products
seems Improbable, although vegetation and humus respond positively
to such pollution (Warren, 1966 and Lagerwerff and Specht, 1970).

Two pits were excavated in this highly anomalous area fof
visuel examination and sampling purposes. Plate 7 shows the profile
development in one of these pits and Table 19 shows selected element

distributions.






Table 19, Metal distribution in an anomalous peaty, gleyed, and podzolized profile, Keel
%
Depth as | oo | He | | ca | | m | Fe | ca | Mg cut | agtl Bat| 1.0.120 B | o
(in.) | Description ppm | pom | pom ( ppm | ppm | % ppm | % 4 % opm | ppmi pom!| % v
0=6 Dk. br. loam 20 | 5 4,2 | 650 9 2,91 120 1.6 C.4{ 0.4 5CC | 20 50001 33 +HB40| 5.5
6~-12 Dk. br. loam 10 | 2.5 | 4.4} 600 8 3.2 G0} 1.2 0.51 0.4 500 161 5000 35 +H601 5.7
~ | Dk. br. gray = 5 . - s =

- - -—O O ; . . . . 2 LIS 5 .

12-16 plastic olay <5 | 2.5 50 L 2.4 4ol 1.0} 0.1 ] 0.5 00 16| 50001 13 +500 | 5,5
Bleached clays , -

- . . A " O- . - Oo r\' 3 500 .
16-28 and sands <5 | 2.5 0.6 420 4 4 8ol 1,5 0.1 6 50 | ¢.81 850 3 +5001 5.7
16—9.84 Dk, gray clasts [« 5] 1.0 0.5 250 2 0.3 501 1.7 0.1 ] 1.3 50 | 0.8 1000 3 - 5.8

=~ | Ferric-mottled z = ~ ~ | - = - =
28-36 dleyed clay 51 6.0 1.1 1 300 4 0.3 1 100 2.2 0.1 0.7 50 { 1.6 850 3 +5801 5.5
36-48 g;’i‘ig"' clay, 201 1.0l 2.0l 30| 6 | 0.2 330] 2.8] 031 1.0 50l 1.0]1000] & | +mol 6.5
48-60 | Poulder clay 2% | 3,0 0.9 180 4 0.06] 330 | 2.6 0.3 ! 0.7 501 1.0} 1000 4 ~1401 7.8
1. . . , 3

Results on ignited portions

2 Loss On Isnition

Regenerated deilonized water slurry

4 Clasts in 16-28 inch horizon

Co
o



surface and Fe sesquioxide accumulation at depth. Zine and Cd,
although anomalous, show less geochemical rellef than Fb, Ba, Cu, Hg,
and Ag. Slightly anomelous Sb levels seemingly follow Fe., The dark
gray shaley clasts (see Plate 7) in the 16~28 inch horizon contain
5100 ppm P and suggest = possiﬁle source of metals.

The writer believes that the thinly-covered, subcropping Decom-
posed Zone and till have been “peochemically homogenized” by ground
water gleying and podzolization. Such processes have produced condi~
tions enabling the metal reserves of the Decomposed Zone to enter into
chemical and biogeochemical reactions leading to surficial accumulation
of Hg~Pb-Ag.

Mnalyses on size-fractions approximating sand, fine sand, and
silt~clay fractions (Table 20) show metal build~up with finer fractions.
Tron is particularly ooncentrated in the silt~clay fraction. Considering
dispersion processes, the relative differences are sufficient to suggest
metal association with clay wminerals and, possibly, with colloidal
hydrous Te oxides.

One N KCl, three per cent acetic acid, and 0.1M EDTA extractions
(Table 21) on the silt-clay fractions show some readily available
metal (KCi extract), considerable potentially available metal (acetic
acid extract), &nd"even greater amounts of chelatable metal (EDTA
extract ). Lévels of cold-extractable metals support a hypothesis of
mixed ofganic natter and clay mineral mechanisms operating within the
profile being responsible for the mobilization and near-surface

accunulation of metals.

4.8.3 Metals in Peat at Keel

The small, metalliferous peat at Keel is of the "fen” type as
described by Newbould (1958). A fen peat usually develops in a topo-

grophic depression underlain by mineral soils or tills which are



Table 20. Meval distribution in selected size fractionsl for an anomalous, peaty gleysolic profile, Keel

Depth Hg n Cd Pb Iin Fe Ca Mg 0.C.
(in.) Description Fractions | ppb pom ppm ppm nom % % % A

' 58 +80° | 4890 | 620 | 5.9 | 38c| 740 | 1.6 | 0.28 | 037 | 3.9

'0-8 |Dark brown organic-rich loam| =80 +l973 4goc | 630 11.6 | 4800 680C 1.9 0,30 | 0.39 | 4.1

w1970 | 6200 780 | 15.6 | 5600] T30 | 2.0 | 0.37 | 0.8 | 4.z

-38 +80 2410 | 510 2.9 | 14701 120 1.4 0,16 | 0,66 | 0.4

8-18 {Gray clay, dark grey mottle -80 +197 2480 | 550 3.6 | 1590 110 1.6 0.18 | o.74 | 0.5

> =197 3040 | 770 4,7 {1 16001 120 3.6 0.2} 0.92 | 0.6

~38 +80 B0 | 230 2,4 340 | 110 1.5 O.44 | 0.69 | C.2

183-28{ Gray clay, Fe3+ mottle ~80 +197 1070 ¢ 310 3.9 3001 250 2.1 S.HBT7 091 | 0B

=197 1070 | 400 6.1 5301 320 2.8 0.73 | 1.16 | 0.3

-38 +80 200 75 1.8 20| 610 2.7 6.08 | 0,76 | 0.1

28-%36| Orange-brown sandy clay -30 +197 20C 83 2.3 201 1100 3.0 €.78 1 .89 | 0.1

> =197 204 | 200 2.0 601 1500 3.9 747 1 1,09 | 0.2

Dry sieved

2 Sand

> Fine sand

L
31lt, clay

oo



Table 21. Results of partial extraction experiments on an
anomalous peaby gleysolic profile l, Keel
Depth Extraction 7n ca b Mn Fe ’
(in.) Method ppm prm ppm pom ppm
Total 780 | 15.6 | 5600 30 2.0%
O.1M EDTA 195 § 13.0 4400 520 2500
0~-8 -
3% HAC < 195 13.5 1450 180 53
1IN KC1 B 10.0 1700 84 < 10
Total ! 770 a7 1600 120 3.6%
0,1M EDTA et 3.0 1490 10 320
8-18 g
3% HAC 62 1 4.5 790 15 60
1N KC1 16 1.0 500 5 < 10
Total %00 | 6.1 530 300 |- 2.8%
0.1M EDTA 30 3.0 370 110 |- 200
18-28 —
3% HAC 29 6.0 195 67 15
1N KC1 <3 1«10 10 <5 < 10
f
Total 200 g 2,0 60 1500 L.9%
0.1M EDTA ! 11 3.0 30 560 810
28-36
3% HAC 6 3.0 22 135 455
1N XC1 < 3 i< 1.0 < 10 < 5 < 10
1

2

3

Results on > ~197 mesh
Hﬂoj/H0104 digestion

3% Glacial acetlc acid
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alkaline-rich (i.e. substantial concentrations of cations such as Ca,
Mg, K, Na). The organic aceumulation is usually black in colour,
moderatel& decomposed, and hag an ash content always greater than 10
per cent, frequently greater thon 50 per cent. The term basin peat
(as used on the General Soil Map, 1969) is a preferred term as it
describes more fully the environment of the peat bog.

The basin peat covers an area wnderlain by faulls, subcropping

mineralization, and the Dccomposed Zone, thus represents an ldeal locale

for investigation of selected organc-metellic relationships. A

line of samples traversing the pent was collected (P-F. in Fig. 10)

1

and analyses for Zn, Cd, Pb, Fe, Mn, As, and Hg arc presented in
Figure 26.

Acaumulations of Zn and Cd are truly unique to the Keel aresa,
Mercury levels correlate more closely with the Group ITb elements thén
with Pb, which shows erratic distribution. ITron levels are relatively
stable across the traverse while Mn and As are rejected from and/or
reject the organic enviromment. The highly anomalous peaks and
levels of metal (Zn-Cd-Hg-Pb) are smeared over both Decomposed Zone
and subcropping veins, but dispersion from sulphide is suggested by
peak Zn-Cd values over known mineralized faults. Within the peat,

Zn and Cd show little relative difference between near-surface and at
depth sites, but appear to exhibit o preferential partition with
surface humic horizons in the flanking, poorly-drained inorganic solls.

Pitting was employed to examine vertical distribution and
accumilation of Zn~Cd and other selected elements in basin peat.

Two pits (Tables 22 and 2%) were excavated in areas fringing the peat
and metal levels approximaﬁe element distributions found in anomalous
gleysolie profiles.

Two other pits (Tables 24 and 25) are over the known Zn~-Cd

maxima from Figure 26, Plate 8 shows profile development in one of



Table 22, Metal distribution in a gleyed profile fringing an ancmalous basin peat, Keel

Depth Hg 7n Cd Fh Mn Fe L0l »H 1
(in . ) Description jojele] pom Dpm ppm pom % ;L,;

0-10 Black peaty loam 2240 1 1150 18 640 400 2.2 32 6.5
.10-20 Bleached, gray sands and clays 200 190 4 60 200 2.3 4 7.8
20-28 Ferric mottled, gray clay 92 150 3 50 660 3.1 7 7.9
28-36 | Boulder clay L 61 130 5| 50l 5601 2.5 3 8.0
Table 23. Metal distribution in a gleyed profile fringing an anomalous basin peat, Keel

] 1 !

Depth g 7n cd b Mn Fe L.0.I. pH ~ ¢
(in.) Description op D Do pom ppm % %

0-8 Black peaty loam 960C | 2280 43 | 2500 180 2.0 21 5.8
8-18 Gray sands and clays 1400 Q00 3 160 90 1.5 3 6.6
18~28 Ferric mottled, brown sands 480 460 7 130 90 2.0 3 6.7
28-36 Ferric mottled clays and sands 304 550 7 70 200 2.6 4 7+9
36-48 Brown clays and sands 180 | 2240 41 &0 240 2.3 3 8.1

Regenerated deionized water slurries

Py



Table 24, Metal distribution in an anomalous basin peat, Xeel

Depth ) nst | osp? | Het | mt | et D omt | ot | wet | cat | Mgt | L.0.1.
(in.) | Description pon ppm ppb opm oM Do ppm % % 7 %

O-1 ?iﬁiggiiitliiirf 20 I<1.0 | 248 | 1390 17 | 350 | 220 | 1.8 1 0.5 | 0.4 | 20
5-10 Black peat 25 [ 17.5 400 {14200 122 90 520 1.8 2.6 0.1 85
10-20 | Black peat 20 {20 472 118000 156 100 300 1.1 2.6 0.1 83
2030 | Black peat 25 | 5.0 | 328 1220 26 | 110 2c | 3.71 0.8 | 0.1 | 85
30-34 Zi§e§r2i2051230k 75 | 1.2 | 480 | 1420 a2 | 110 %0 { 2.0| 5.0 | 0.0 ] s
34-40 | Blue-groy ti11 10 ;{<1.0 180 150 1.0 40 580 2.5 4.1 1.0 2.5
40~50 | Blue~gray clays 20 1<1.0 | 232 130 | 3.0 40 % o | 2.2 | 3.8 | 0.9 1 3.0

U SRS SRS SN SRR AU S , )

1 Results on ailr-dried nortions
2 Results on ignited portions

¥ Not a natural horizon, probably contaminated by farming practices
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Table 25. Metal distribution In a highly anomalous basin peab, Keel
Total EDTA ~ extractable
T ‘ :
| - : 21 ¢ 2 2 1 mse c
Depth st oep? | met | mt ) cal o omt | mt | ret ! ocad | met | s® | 6a® | mo® | oo | mi® | ag® | m? | Ba® | 8% |L.0.z)| ' foat | Bt | mt | we
(in.) | Description ppra | pom | ppb | @ ppm | ppm | pom | % % % ppm | ppm § ppm ¢ ppm | ppm | ppm | ppm. opm ppm | @ % pom | ppm | ppom | %
Dark brown . R o
O ( Ol 53 . 109 ' ( 5 .09 3 6 o} G SINB000 L 600 . 11 0 0 | 0.6
O~k Smmature peat 20 20| 532 | 3.1 | 409 | 490 Q | 0.9 1.5 | 0.09 8 8 6 | 200 {20 4o | 200 : {2500 600 | 82 1.5 5 | 37 9
6-18 Black peat 20 51 3761 2.6 { 285 | 200 9 | 1.3 | 2.0 0.1 | <5 5 30 60 | 600 .00 400 {25000 | 1600 | 85 1.3 97 | 170 90 { 0.9
18-26 | Black pest 201 351 328 | 1.4 | 169 | 120 | 70| 2.4 | 2.6 | 0.08] 200 51 4o | 60 | 600 | 2,00 400 |»5000| 2000 | 87 0.9 | 77 1100 | 70 | 1.5
26-34 g;;‘:g gizgk and | et oy 310 2.3 1 502 | 140 | 50 | 5.7 1 5.0 | 0.09] 400 41 50| 60 | 600! 0.5 500 | 5000|2000 | 81 0.9 | 87 | 90 | 40 |2.1
3l | Dieht and dark ) g0 1580 17,9 {6600 | 840 | 100 | 41| 2.8 | 0.2 | <5 k] 20| 60 |hoo | 2.0 3000 | 3000|1300 | 67 || 2.0 | 28 |=240 | 60 [1.1
humic horizons
yo-50 | Dark brown 105 | 48| 2241 8.7 300 | 30| 80 |10.0 | 2.2 | 0.2 | 300 41 40| 50 | 300 |<0.2| 850 | 3000|1600 | 68 || 1.6 | 26 | 4 | 50 |2.5
humnic horizons * * ®
Dark gray 7 ~ ~ '
50~56 51« 11 192 1.4 256 | 240§ 130 | 2.2 | 4.2 | 1.5 | <5 16 2 40 |2000 1.0{ 85 60C | 100 8 0.2 17 100 4o | 0.2
gleyed clay
56-66 | Cray-blue <51 «11368; 0.1 | 15! 60| 300 | 1.8 5.0} 1.61 <51 16 < 2| 4 |2000 |<0.2] 85 300{ 100 | 6 0.04| 5 | 80 150 |o0.2
boulder clay N ‘ ‘ * - e k

1 Results on alr-dried portions;

e Results on ignited portions;

5 On-site measurements

o | i
mV
560 | 5.0
+500 | 5.4
HU40 | 4.9
+580 | 4.5
—;620 3.8
+550 | 2.9
+350 | 6,1
~40 6.6

69
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these pits. Of particular interest in Plate 8 are the light and dark
brown humlc horizons directly over the blue-gray boulder clay. These
horizons can contain up to 17.9 per cent Zn (Table 25) and 0.66 per
cent Cd (both dry weight). ILead end Hg are only sligﬁtly enriched,
but ashed portions of miﬁeralized peat contain relatively abundant
levels of As, Sb, Ba, Sr, Sn, Mo, Ni, and Ag. EDTA oxtractions (also
Toble 25) indicate a decreasing level of extraction (#n~Cd) with depth
suggestiﬁg thet most metal in deeper orgenic horizons moy ﬁave become
permanently fixed.

As noted earlier, the aceumulation of metals in such an environ-
ment is not an isolated instance. Cannon (op. cit.) reports similarly
high 7Zn values (up to 16 per cent) in peat and muck'overlying a
mineralized (sphalerite) dolomite-in the United States. Murther,
she states that Zn, Pb,nand other metals have been leached from the
dolomites, transported to the bog site and precipitated (as sulphides)
and/or entered into blogeochemical accumulabing processes through .
plants.

Donovan (1965) reports values up to 1900 ppm Cu, 77,500 ppm 7Zn,
4200 ppm Pb, and 4205 ppb Hg in peats in the immedinte vicinity of the
Tynagh deposit., Accumulation here is related to an "unlimited”
amount of available metal derived from the wmnderlying till, initially
by vegetation growing directly on anomalous soils, and subsequently
by leaching of the waterlogged calcareous till by acid ground water
which is sucked upwards due to high loss of water from the surface
of the bog, particulariy duwring hot spells. Surface flooding may
also have contributed some metal,

Salmi (1956) investigated peats overlying pyrite and sphalerite
minerslization in Finland and noted concentration of Ag, Cu, n, Cd,
Ni, Co, Cr, and Fb in peats and in twigs and lcaves of Ledum palustre

growing on the bog. lie reports that metal accumulation originates
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through acidic water rich in dissolved metals being taken up by plants
and retained on perishing.

Walsh and Barry (1958) rescarched major, minor, and trace
elements in Irish blanket ané raiscd‘bogs. They report a relatively
high level of Pb, Cu, and Ni in the surface layers of some profiles a
well as that of Sn. Of further interest, they conclude that atmospheric
precipitation of elements both In the form of sea derived salts and
dust are important sources of metals in bog development. The surficial
accumulation of Ti in the Keel peat moy reflect wind~blown dust as o
partial source of some elements.

Larsson (1971) has studicd selected metal distribution in

unmineralized blanket peats in the west of Ireland and recognizes the

following metal variations regerdless of underlying bedrock-type:

i) Top zone of peat profile: FEnhanced contents of Pb, Sn, Mn,

s

Mo, and to a lesser extent 7n
ii) Central zone of peat profile: Enhanced contents of Co, Cu,
and Ni

iii1) DBasal zone of peat profile: Tendency for enhanced contents of V

At Keel, the writer believes that metal sources, principally
7n and Cd, below and/or flanking the basin peat have migrated inward
and. upward by simple gravity and copillary movements of ground waters.
M acid, siightly reducing environment retains metals in solutipn .
near the gley/peat contact. Metals arc then introduced to active
biochemical processess Once entered into an organic environment,
the metal becomes semi-permanently fixed. Of course, metals are still
provided from lateral and sub~till sources to continue the enriching
processes. LEvaporatlion would tend to keep the peat solute concentrated
(i.c. low in pd and high in organic complexes). Thus, metals are

casily accommodated and provided in a form suiteble for plants.
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It is known that metals oceur in peat waters ot Keel, as a sample
collected from an old pit filled with rain water (pH 2.9) contained
700 ppm Zn, 1.1 ppm Cd, and 1.6 ppb Hg (Table 17). ‘

Cther metals s~ppear to have respondead differently to the organic
environment. Anomalous Pb levels are displaced to the north end of
the peat traverse where the Decomposced Zone is thought to subcerop.

The erratic levels of Pb shown in Figure 26 are probably duc to the
mixed secondary environmental chemistries usually found in arcas
fringing swvampy ground (Hawkes and Webb, op. cit.). ILead does not
appear to migrate into and/or upward in mineralizéd peats as it does

in the nearby anomalous gleysolic soils. Arsenic ond manganese

appear to have rejected and/or have becn rejected by the peaty
environment., Iron probably enters into organic complex transport and
biochemical mechanisms and thus exhibits little variation from inorganic
to organic environments.

The basin peat at Keel hag beon contrasted with an Immature,
weakily mineralized basin peat west of Ardagh Town. Near-surface auger
samples are compared in Table 26 to evaluate shallow sampling of small
basin peats as o prospective geochemical exploration 2id in the
Longford District. It would seem encouraging that Ag, Pb, 7Zn, and Cd
are noticeably enriched (particularly 7Zn-Cd) in the anomalous peat.
Mercury exhibits little enrichment in the mineralized peat. Arsenic,
Mn, and Pe arc relatively depleted in the anomalous peat, but this
may reflect the immobturity of the weakly mineralized peat rather than
being indicative of a "negative” anomely. Selenium analyses indicate
some orgonic retention of the element, but the limited date is not
conclusive for speculation on Sc¢ pathfinding for Keel-type ore.

Overall, the anomalous levels of Zn and Cd in basin peat have
demonstrated the aqueous mobility of both elements to migrate to such

an environment and their affinity for natural organo-metallic
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Table 26. £ comparison of metal levels in the near-surface horizons of a weakly mineralized basin peat
and a highly anomalous basin peat?

Depth As | Se He Lg cd Zn Fb Mn Fe
(in.) Description ppm | ppm | ppb | ppm | ppm | ppm | ppm | ppm | %
8 Black peat 175 4.0 248 < 1.0 8 630 80 170 2.8
Weakly 12 Black peaty muck 135 4.5 272 1 1.0 16 | 39% 60 130 2.3
mineraligzed
basin 16 Black muck bedrock at depth 90 - 528 |« 1,0 16 209 60 250 3.8
peat
§ 12 Black muck bedrock at depth 115 3.5 272 (< 1.0 7 117 140 280 2.0
18 Plack muck bedrock at depth 75 - i%ele) 1.0 6 ollt 120 760 4.0
Mean 118 - 308 < 1.0 11 298 g2 318 2.9
10 Black peat 30 - 320 | 2.0 | 393 |11%00 | 380 100 | 2.2
Highly 10 Black peat <5 2.0 | 360 | 4.0 { 485 {20600 { L44o 85 0.5
Z“;Z?ilous 10 Black peat <5 - 288 | 2.0 | 380 |z20400 | 240 50 | 0.3
peat 10 Black peaty muck <51 8.0 420 | 2.2 20352000 | 720 70 1 1.1
10 Black peaty muck 10 - 560 | 1.2 | 333 |24000 1 180} 360 1.7
10 Dark brown loam 10 - 204 |<1.,0 10 2120 60 230 1.6
Mean 9 - 358 1.9 304 21735 336 149 1.2
1 ) 2 .
West of Ardagh Town, near CG traverse - At Keel
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enrichment. Mercury and Pb levels are relatively deficient in
nincralized peats. Tin, Ni, Da, Sr, Mo, and Ag are enriched in

ashed portions of the mineralized basin peat.

4.8.4 HMetal Levels in Anomalous Freely-drained Soils

Two additional pits were excavated at Keel in soils thought to
be freely-drained sites. One pit (2 modified Grey-Brown Podzolic
profile) approximates the crest of the slight topographic elevation
believea to be a flat-lying drumlin (see Ulacial Geology and Geo-
morphology). WNearby, drillhole K96 intersects totally oxidized
and leacheé metal-rich material covered by 20 ft. of glacial drift.
Table 27 shows selected metal levels in the writer's pit to a depth
of almost six feet coupled with analytiecal data on selceeted samples
taken from drillhole K96. Other than o muddy and mottled horizen at
about three feet (believed to be on Fe sesquioxide accumilation)
and accompanying anomalous levels of “in~Cd, the profile shows rélatively
littlc near-surfoce metal enrichment (other than Ba) rclative to the
mineralized till nnd the Decomposed Zone. Mercury &alues are somcewhot
depressed and there is no obvious evidence of gaseous (or saline)

ispersion of the clement through the unconsolidated overburden. -

A second pit (Table 28) was cxecavated in an anomalous areo
east of Keel thought fto be o %recly—drained site. The locale is
relatively low-lying and covers subcropping Decomposed Zone, Mercury
and lead levels are more encouraging here, but the profile is
moderately acidie in 2ll horigons suggesting less than frecly-drained
conditions prevail. Topography has seemingly shown its influence
on metal distribution and Zn~Cd-Fb-iHdg sources here are believed to be
derived from both the suberopping Decomposed Zone and laterally

dispersed elements from flanking and unslope mincralized soils.



Metal distribution in a freely-drained Modified Grey-Brown Podzolic profile overlying mineralized ‘billl

Drillhole K96

2 Regenerated deionized water slurry

Table 27.
and the Decomposed Zonel, Keel )
Total EDTA~extractable

As Sb Hg Zn cd Pp Mn Fe Ag Ba pH2 Zn Cd Po M Fe
| Depth | Description ppm | ppm| ppb| ppm | Ppm | ppm | ppm | % ppm | ppm bpm ppm bpm ppm ppm
0-6" Brown loam 23 | 1.0] 240} 360 | 3.0 16011100 { 1.9 | 0.2 500 | 5.0 38 | 1.5 85 700 | 650
6-14" | Br. stoney elay 13 kl1.0% 176} 360§ 1.0} 120 {1160 | 2.0 | 0.2 600 | 4.8 271 | 0.5 4s | 300 | 400
14-26" | Br. stoney clay| 8 | 1.0f 295| 470 | 2,0} 120 |1380 } 3.2 k0.2 400 | 4.9 235 | 0.5 35 210 | 200
28~36" | Br. stoney clay| 25 | 1.0} 300} 350 | 3.0} 150 j1620 | 3.0 0.2} 600 | 5.3 19 1.0 65 500 250
36-467 iﬁédilgi’%tlm 20 | 1.5] 312 610 | 12 | 200 {7200 | 4.5 k 0.2} 1600 | 5.9 || 107 |11.5 90 | 6600 | 2950
46-56" | Br. sandy clay | 25 | 1.5) 144 2350 | 3.0} 1801|1220 | 3,0 ¥ 0,2]11600 | 6.2 13 0.5 85 850 | 350
| 56-70" | Br. sandy clay | 20 k1.0 96 180 ] 3.0| 130 {1630 | 3.3 - 0.2 | 1600 | 6.8 12 | 1.0 60 | 1600 | 750
8-12' | Brown till 40 k1.0] 1240} 300 | 13 260 | 550 | 2.6 | 1.6} 2000
12-15" | Brown till 8 | 43 | 1860} 2420 | 22 250 | 16800} 8.5 | 4.0 5000
15-18" gg;‘;%iﬁd 70 | 23 | 1270 2500 | 22 | 100 | 84000| 19.5{10.0! >1%
18-25"' | Decomposed Zone| 113 | 48 | 1230{ 4000 { 54 | 2500 | 50000| 12.5{10.0] 1%
25-32' | Decomposed Zone| 100 | 45 | 4400| 2250 | 33 hoo | 40000| 11.0] 3.0 | 5000
32-39' | Decomposed Zone| 75 | 43 {15200} 2500 | 96 200 | 65000} 17.5{16.0| > 1%
1

g6



Metal distribution in a mineralized, Modified Grey-Brown Podzolic profile, Keel

Table 28.

Depth As 3b Hg Zn Ca Pb Mn Fe pH 1
(in.) Desgeription ppm ppm prb oom ppm ppm ppm %

0-8 Brown and gray loamy clay <5 k0.5 | 640 | 220 | 1.0 | 380 | 600 | 1.7 1 4.7
8-18 |Gray and brown sandy clay 15 | 3.5 | 520 | #40 | 1.0 | oo | 460 | 3.3 | 4.7
18-30 |Brown sandy till 2% KO0.,5 | 480 | 330 | 1,0 | 350 {2010 | 3.8 | 4.7
30-40 | Gray and brown sandy till 30 | 2.0 | 532 | 330 | 1.0 | 280 | 900 | 3.1 | 4.7
40-50 |Brown sandy till 20 { 0.5 1 260 | 440 | 6.0 | 420 [4150 | 3.2 | 4.7

1 Regenerated deionized water slurry
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4.9 BIOGEQCHEMISTRY AT KEEL

Biogeochemistry as a mineral exploraticn ald has had some success
in glaciated environments (Warren, 1962). When combined with the closely
associated science of Geobotany, the apﬁroach is an appealing one_and
can be considered a potentinlly useful "remote-sensing” search tool.

Biogeochemical prospecting has been investigated by a number
of research institutions but to date, little active interest seems
shown by mining companies. H,L. Cannon of the U.S.G.S. and H.V. Warren
and R.E. Delavault of the University of British Columbia, Canada have
been the prineipal proponents in Western research and application.

Of the the Soviet investigators, the name of Malyuga 1s probably
best known,

Geobotany and biogeochemistry in the Keel and Ardagh areas has
been studied in o preliminary (oriemtation) investigation by Cole
(1968). She concludes the Zn content of piant samples outline Zn-Pb
miner;lizaiion at Keel more effectively than do near-surface soil
samples.

Species sampled by Cole included hawthorn (Crataesus monogyna

Jacq), ash (Fraxinus excelsior L.), and limited collection of gorse

(glgé europea L.) and brachen (Ptéridigg cquilinum L.),

Hawthorn éppears to have o favourable accumulafing mechonism
for Zn while analysis of gorse may be useful in defining Pb~rich soils
(Figs. 27, 28, 29). Further, Cole suggests that the Zn content of
plants may defineAfaults at Keel., A third conclusion indicates a
general relationship between plant Zn content and total soil Zn content
for sites over certain lithological units. Fourthly, the higher
mobility of Zn relative to Pb was confirmed.

Cole's work has added new and interesting deta on the applica-

bility of bilogeochemistry to mineral exploration in the glaciated
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environment., However, this study mey exhibit some of the shortcomings
of the technique.

As the Keel aren (and essentially most of Ircland) is a path-
work of ficlds and pastures, shrubs and trecs arc normaliy found along
fileld margin boundaries. This feature bilases sampling to the hedgerows.
The writcr wishes to point out that some environmental factors here
mey influence metal uptake by plents. As most fields at Keel ore
surrounded by ditches which contain water at least part of the year,
drainage problems could result in fluctuating redox potentials in
the associated soils. This may ~ffect trace metal avallability ?o
roots over the course of o growing secason. As first and second year
twigs are normally selected for analyses, metal levels in plants may
reflect either = suppressing or an enhaoncing effect of element accumu~
lotion and pot the true secondary dispersion halo of the metal sought.

Further, Cole has made no mention of soil pH, soil type or
the Decomposed Zonc. These factors have oll been shown to hove some
effect (to a certain degrec) on metal values in Keel soil profiles.
These some factors may inflﬁence metal distribution in plants.

The writer embarked on a short biogeochcmical investigation at
Keel primarily to supplement the study of rolative mobilities of the
metals of concern, viz. Cd, Hg, Zn, and Pb. Mangonese was also
included in the study. Posture grosses were selected as they represent
the sole vegetation in most fields (Cole is critical of shallow rooting
plants for prospecting purposcs). Two collections were made, one
in March and the other in July éf the same year. Figure 30 shows the
clement levels found in the July collectlon ocross the Keel deposit.

If Figure 30 is compared with the soil results in Figure 16, the
7n content of grass appears to vary sympathetically with Zn soil values.
The nature of soil appears to be of some Iimportonce as poorly-drained,

gleyed sites seem to have mobilized metals such as Fb, and perhaps,
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Cd for plant uptake,

Mercury exhibits an almost stable level of plant uptake and
retention, although soil values range from 300 ppb to 10 rpm. Warren
et al.(1966) state "vegetation growing on soil containing less then
1 ppm Hg teﬁd to concentrate the element, Thus, ailr-dried vegetal
matter, which usually waries from 0.1 to 2 ppm Hg, may be considered
to have modestly concentrated any mercury vresent in the associated
goil. On the other hand, where soils have a mercury content running
to tens or hundreds of ppm, then vegetal matter has less mercury than
its related soils.” On this account, it would oppeer that analysis
for mercury in plants may be of little, if any use as a mineral explora-
tion aid., The reason for this being that the mercury content of
plants may bear little relation to the mercury content of soil.

It is interesting to note that Zn, Pb, and Mo levels are much
higher in the March sample collection (essentinlly previous year
growth), while Cd shows little or no change and Hg lovels are decldedly
lower.- The aceunulation and retention of Pb in pasture grasses and
humus is well known (Vinogradov, 1959), but the significance of stable
Cd content and apparent scasonal 1oss~of Hg can only be conjectural
owing to the lack of geochemiecal and biochemical information on these
elements and their role in botanical systems. Table 29 sumarizes
the limited seasonal range and mean daota,

Four grass samples have been omitted from previous discussion
as they represent special consideration. The sampling stations were
thosc on the small mineralized peat below the Xeel shaft site developed
over subcropping sphalerite ond the Decomposed Zone.

The results of these four samples are unigue in thot Zn accumu-
lation in grasses is opproximately filve times that in grasses on
mineral soils. As the peat can contain up to 18 per cent Zn (dry

weight ), srass accumulation of the element is understandeble. However,
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Teble 29. Ranges and means of sclected metals in grasses
growing on mineral scoils, Kecl srea
! . 1 . ; 2
July Collecticon Marech Cellection
Arithmetic Arithmetic
Element Range Mean Range Mean
pom nom
n 35-161 70 76-298 111
ca 1.0-6.6 2.1 0.7-6.6 2.4
T‘g O.6“‘P,2 loLI‘ 005-].:0 0-8
b <253 11 4102 27
Mn 59-417 162 150~1000 436
1 16 samples
)
9 samples
£11 values dry welght pom
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Cd accumulation in peat grasses relative to grasses growing on mineral
soils 1is not noticesble (although present in hundreds of ppm in dry
weight peat) suggesting o "bilochemical partitioning’ of Cd from Zn.
Lend and Mnulevels are relatively suppressed in peat grasses while

Hg (like Cd) cxhibits little chonge relative to those grasses found
growing on inorganic soills. Tablce 30 shows metal sceumulation ratios
of peat grasses controsted to mineral soll grosses.

In sumnary, o number of points secem noteworthy., Zinc accumulates
in Keel pasture grasses in direct response to the level of 7n in
mineral soll and peat. This substantistes Cole's finding with
hawthorn. Limited results suggest that cadmiun is not reaily taken up
by grasses, reflecting rejection of the element, perhaps related to the
element's known toxicity to biochemical systems. DLead accumulation
in grass is noted over gleysolic solls with surface accumulations of
the element. Mercury appeors readily taken up by grass (up to 2.2 ppm),
but no cleoy pattern or relotionship with Hg-rich soils has been H
estoblished. The Mn soll-plant rclotionship in the Keel area is still
unclear, but certainly, peats and thelr grasses arc relatively
deficlent in the element.

The present. applicotion of blogeochemical technigues for
prospecting seems somewhot limited in the Keel and Ardagh areas,
Supplementory information confirming relative element mobilities has

been obtained.

41,10 SUMARY

Important points deemcd from applied geochemical studies on
till, soill, peats, streom sediments, water, ond nasturc grasses from
the Keel and Ardagh areas include:

i) Regional geochemical soil maps show weckly to strongly

anomalous levels of Zn, Cd, and Pb flanking the Keel inlicr.



Selected metals In mineralized peats !

Table 30, and assoclated
L2
grasses , Xeel area
Zn cd Hg Po Mn
Ppm bpm bpn opm bom
Site : \ Dant .
No. Grassi{Pealt [GrassiPeat | Grass|Peat”|Grass|Peat | GrassiPeat
PY4 410 {22600 2.3 1158 1.2 {1640 3 |250 27 {500
P5 570 42000 1.5 {350 1.0 {1520 | 3 1380 | 33 90
P6 340 157001 2.6 (137 1.3 | 620 | <2 (120 97 {140
pr 163 6800 | 3.8 3.4 l.2 200 2 100 27 190
I
AR, 5.3 1.1 .9 27 35
1 .
Dry weight
o]
< Dry welght
>

4

Apoumulation Ratilo

Filtered pyrolyzed volatiles

Mean of metal determinations in grasses
growing on peat

Mean of metal determinations in grasses
growing on mineral soils

1oz
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Cadmium anomelies correlate well with anomalous levels of Zn.
Both elements disperse widely, but strongly anomalous areas appear
to be confined by tepography to low-lying peaty soils and to soils
adjacent to anomalous stream courses.

Mercury levels in soil correlate strongly with those of Pb.
Both Pb and Hg exhibit intensc residual soil halos, some approximating
known faults. The possibility of a lateral, low order dispersion
halo of Hg in soils sbout the Keel deposit should not be overlooked.

il) Seccondary dispersion of ore metals from massive sulphides,
dissemina%ed sulphides and the Decomposed Zone in the Keel area follows
the mobility sequence Zn>> Cd >>Pb.

iii) At Keel, metol enrichment of Zn, Cd, Pb, Ag, Ba, Hg, and
some other'elements is marked over known areas of subcropping metalli-~
ferous Decomposed Zone. There appears to be little definition of
mineralized faults.

iv) Soil traverses across known soil anomelies in the Ardagh
area exhiEit much the same distribution and levels of ore and path-
finding elements as found ot Keel. Metol sources in the Ardagh aren
arce believed to be known, sub~cconomic, disseminated minernlizaotion
and, perhaps, additional unknown subcropping sulphide occurrences.

v) Latersl hydromorphic dispersion of Zn and Cd play an
importané part in the regional distribution nnd pdtterns of these
elements, particulaorly in the Ardagh aren. A mechonism for lateral
agueous dispersion and movement of Zn ond Cd and eventual precipitation
and/or adsorption has becn proposed.

vi) Soil-type (more aptly, soil conditions) is shown to be of
some impoftance in the vertical and areal distribuéion of ore and
pathfinding metals in the Keel ond Ardagh areas,

At Keel, metal distribution differs merkedly from pests to

peaty gleysolics to freely drained Grey-Brown FPodzolic soils.
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A bazin peat has cecumuloted large cmounts of Zn, Cd, and Fe
(dry weight material) ond siznifleant amounts of Sb, Mi, Ag, Ba, Sr,
and Sn in ashed matefial. Mercury, Tb, and Mn (dry weight) are
relatively deficient in mineralized peat. |

Anomalous peaty gleysolie soils at Keel are characterized by

marked surficicl enrichment of Ag, Hg, Pb, Ba, and Cu opposed to their
relative depletion at depth. Zine, Cd, and Mn asrc rclatilvely deplebed
in mineralized gleysolice solls, but show sympathetic distribution
patterns to the highly enriched suite of metals.

Metal dispersion through an average thiclkness of till (20 ft.)
topped by o freely~drained Modifled Grey-~Brown Podzolic soil profile‘
is somewhat restricted, perhaps due to the highly compact nature of
the overburden.

vii) [fnalysis of Ca aond Mg-rich stream and mine waters from
Keel and Afdagh (pH>7) indicates that 7n and Cd have some migration
potentiacl in o carbona%e-rich environment. Monganese ond Fe are
normally restricted to the parts per bhilllon roenge. Mercury is
present in all waters (unfiltered) ot about the 0.7 ppb level.

The analysis of stream watérs mey be a useful mineral explora-
tion 2id in the Longford District to supplement stream sediment and
s0ll surveys.

vili) Review of on unnublished report on preliminery bilogeo-
chemieal in%estigations ot deel ~nd Ardegh indieates that the Zn
content of howthorn (Crataegus monogyne Jeeq) and the Pb content of

gorse (Ulex europen L.) may be useful in defining metal-rich soils

and perhaps, mineralized foults.

"

nalysis of »asture groasses by the writer has indicated that
anomalous Zn and Pb levels can define metal=rich soils. There is some
evidence of Zn/Cd partitioning in gross srowing on zine and cadmium-

rich peats. The mercury content of gross shows little, if ony,
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enrichment over solls contoining us to 10 pom of the element.

Bilogeochemistry noy be useful asz a prospecting aid in the
Longford District if applied in areas where drainage and loeal soil
conditions are well known.

ix) Mercury apneaprs to disperse readily in the secondery
environmeﬁt of the Longford Distriet. Its mobility in soils may
approach that of Zn. llowever, mercury has shown o tendency to accumulate
in near-surface horizons thereby reguiring profile distribution
studies during orientotion to determine the correct samoling horizon(s).
Mercury correlates strongly with Pb ond Ag in mineralized soils, ‘

Generslly, the use ond applicetion of Hg pathfinding seems
Justifiable in the Keel and Ardogh oreas as support for both inter-
vretotion of “n and Pb anomalies and in dnitizl prospecting work.

%) Arscenic and Sb have limited use in the Keel and Ardagh
areas ashpathfinding clements for sulvhide mineralization and/or
As~Sb~rich sources. Arsenic mobllity seems limited by both ferric
iron retention and, in some instaonces,orgonic accumulntion of the
element. Donoven (1965) has suggested the use of As o3 o "universal”
pothfinder for Irish deposits in the Lower Carboniferous, but evidence
here does not support his claim.

Antimony does show low order momolies (particulorly with Pb-
rich solls), but the spnlication of b pathfinding does not present
any real névantages.

xi) Borium and Ag would avpear to be of some use as poth-
finding eiements in the Longford Uistrict. Both define metal-rich
solls ot deel nnd Druming Cross Roods with weak to high geochemical
relief. |

Darium exhibits o somewhat restricted mobility and maoy have
application (Like Tb) in approximoting metal source arens. However,

the element does aceumulote quantitatively in peats ond peaty horizons
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over gleysolic soils, demonstroting some (bio)geochemical mobility.
Silver seems to show o higher mobility-than Ba end, in certain
instances, it may approximate that of Hg and Zn. Again, 4g cccumulates
in peats and peaty horizons of gleysolic soils.
Semi~-quenttitative spectrograpkic analysis is sufficient for
Ag and Ba determinctions for present use and application in geochemical

prospecting in the Longford District.
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CHAFTER 5

CONCLUSIONS AND RECOMMEMDATTIONS - PART A

5.1 GENERAL

Chapter Five contaings conclusions ond pertinent suggestions on
Chepters Two, Three, ond Four. Recommendeticns hove been put forwoard
for both minercl explorotion application and for further basic research

needs.

5.2 CONCLUSTONS
i) The Keel deposit occurs in Lower Carboniferous clastic and

oarbonaté rocks ns vein-like orebodies composed primerily of Cd-rich

sphalerite end lesser omounts of gonlena,., Tetrchedrite is present

as inclusions in both spholerite nnd golena and constitutes economicelly

recoverchle cmounts of Ag (1-3 Troy ozs./ton). Mercury is present

(up to BOO pom) in svholerite, presumcbly as proxy for Zn and Cd.

(e}

The possibilit& of mercuricl totrohedrite (variety schwotzite)
should not be overlocked.

ii) An iron snd menganese-rich “enpping” (after the definition
of Blanchord, op. cib.) has formed ot Keel ot the expense of the porous,
chemically renctive Miied Beds Group (porticulorly the Bioclastic
Dolomites). Reticulated ond boxwork voids (limonitie jasper) have
been recognized in drillcore specimens, The name “Decomposed Zone'
{coined by Ricfinex geologists) has been retnined to describe leached
and oxidized moterial as 1t optly describes the probable chemical
mechonisms of cttock ond decomposition of calecoreous rock by
sulphuric ~cid.

The mojor sowrce of sulphuric ccid to oxidize and leach

calecareous~dolomitic sandstones and shales is thought to have been
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disseminated sulphides (gphalerite with minor galena) of unknown
original grode. Disseminoted pyrite is believed to hava been importont.
in previding initial sulphuric acid and mengoniferous goethite, the
lrtter importont in retention of ore and pothfinding metels during
Lenching nrocesses.

Oxidation hos token nloce both nbove the woter-toble (pre-
glacinl) and below the woter-toble {glacirl end post-glacinl). The
relative importonce of either environment 1s difficult tc assess,
but It is likely thot the greater port of leaching occurred prior to
gleociotion.

The Decompeosed Zone is distinetly metalliferous and contains
highly anomalous levels of Zn, Cd, Pb, Hg, Fe, and Ma. Sulphide sources
are suggested for “n, Cd, Hg, and Pb while Fe-Mn sources are believed
to be ocid insoluble residues of calerreous sondstone snd shole ordgin
and pyrite. Arsenic, Ag, Sb, Cu, Mo, Ni, cnd Be arce 2lgo relatively
enriched (rieid insoluble residues ond nyritic sources).

Mercury is as highly enriched in lenched subcrop aos Zn, Cd,

d Pb. This suggests o sulphide (spholerite) origin of Hg. The
abnormally high stonderd deviation from 106 analyses of partlally,
moderately, ond totally oxidized and lenched moterial may reflect
loceolized cnrichments of Hg (relotive to Zn-Cd). An arithmetic
mean of 5.3 ppm hos been caleulnted and indicotes o restricted
mobility of Hg, like other henvy metols, in an e ~nd/or Ma-rich
environment.

iii) Regilonol soil metol potterns in the Keel and Ardogh creas
ore dominated by widespreod dispersion of Zn and Cd. Laoteral
hydromorphic dispersion chout anomclous streams of these two elements
has been investigoted by total and cold-extractable analyses of the
solls effected. Some interesting results hove been obtalned and o

geochemical model for metal movement (Zn, Cd) into o ealcareous
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environment (basic pH) is presented.

The mobllity of Cd in the secondary envirvonment approxiictes
that of Zn. However, in some instances Cd dispersion seems relotively
restricted or even independent to thot of “n.

Poorly-drained topograshice depressions cre Frovoured sites for
n-Cd acecumulation., Presumably, this invelves ground wober migrotion
of metals and retention by noturclly-occurring humic ~nd fulvice
compounds.

Lead and Hg leovels correlote well dn nerr~surfnce soils ond
both elements exhibit some cssoecintion with knowm faulting. Limited
date suggests the presence of o widespread secondary dispersion holo
of Hg in soil ot Keel,

Mineralized soils derived from glacinl till within the Xeel
ond Ardogh crecs are enriched in ore (Zn-Ca~Fb) and pethfinding
(Hg-Ag-Bo~Sb) elements. At Keel, 7n, Cd4, Pb, énd Hg effectively
outline the érea of minercl wotenticl. However, the moderotely and
strongly aenomalous classifications reflcect the subercop of the Decom-
posed Zone rother than the massive sulphide minersnlizotion and
asgocinted faults, This fecture demonstrotes the importance of some
knowledge of weathered products of sulphide origin during the investi-
gotion of soil cnomolies.

Soil nnomclics ot Xeel hove becn mognified by the presence of
the subcropping metal rescrves of the Decomposed Zone in diroct
contact with poorly-drained tills. It is propesed thot mixed cley
mincerel ond crgano-metoellic reactions are responsible for mobilization
snd eventusl r~coumulation of metals (prinecipally Hg-Th-Ag) in nenr-
surface humic horizons of peaty, wodzolized gleySolic soils,
Hydrological considerations, Fh ond piH, and perhaps, microbicl influ-
ences are preposed controls on freilitoting metel movement to pecnts

where orgoeno-metallice bonding effectively fix lorge cmounts of 7Zn and
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¢ (dry weight matter) ond considerable amounts of Ag, Mo, Sr, Ba,

Ni, and Sn (oshed moterial).

53 RECOMMENDAT TOWS

hoa.l Suggestions for Aoplied Ceochemical Usasc

i) Streom sediment surveys (3 mile somple intervels) effectively
outline potentinlly favourable areas of near-surfaoce mineraiization
in the Longford District. This is in accordance with known success-
fully opplied reconnaissonce streom sediment surveys elsewhere in
Ireland.

ii) Soil surveys in the Longford District are effective and
relicble in the ~ppreach to mineral exploration and the following
guide 1s presented for prospecting usage.

n) Reconnaissonce soil grid sompling (up to 800 £t. line
spacings and 400 ft. somple centres) or road-side sompling over arecs
deemed importont by stream sedimentrsurveys or of known and/or of
projected minernl potenticl will cdequately define lorge oreas of
intcerest.

b) On definition of promising srens, o survey to examine
soil type andrprofile develooment, soil conditions, growmd woter
draincge cnd vegetation should be underteken. Profile levels of
selected metal distributions cre necessory os soil conditions may
demond different sampling depths ot different sites to maximize o
true working geochemical relief or to minimize adversc secondory
accumulation of henvy metals. Detailed sompling may follow.

e) Smrll besin peats net os metal aceumulotors and should
be profile sampled ot margin ond centrally located sites to eveluante
votentinlly favourcble arens below and/or flanking bogs which may

have contributed metel by ground woter (eopillary and grovity)
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movement. Near-surface sampling of basin peats may be useful during
reconmalissance sampling.,

d) At present, water analysis and bilogeochemistry should
be used only in conjuetion with soil, peat, or stream sediment work
and not as a primary aid for prospecting in the Longford District.

e) Zine, Cd, Hg, and Pb should be determined on all soils,
peats, and stéeam sediments. Silver, Sb, and Ba determinations may
be of some use in certaln instances. Arsenic is of limited use as a
pathfinding element. Iron analyses should be employed in profile dis-
tribution studies on mineral soils and on peats and on any ferric-
stained samples or soil horizons as a guard against "secavenged"
metals. Secondary Mn oxides may similarly sequester heavy metals and
suspected accumilations of the element should be noted and analyzed
for Mn and selected elements,

f) The Decomposed Zone is enriched in metals, viz. Hg, Cd,
Zn, Pb, Ag, aﬁd Ba., These metals have played a major role in the develop-
ment of soil anomalies at Keel. It is recommended that future studies
employing geochemical methods in Ireland should bz made aware of the
potential influence of the oxidized/leached Fe-rich subecrop. Metal
enriched Mn-Fe oxides have been found at Tynagh, Co. Galway (Morrissey
and Whitehead, op. cit.) and in Co. Offaly (Y. Maurice, pers. comm.),
both revealed by soil sampling; hence, Keel does not represent an ~
isolated incidence as regards the leached, Fe-pich subcrop.

iii) The aspect of Hg and C. movement and accumulation in =
cool, tempeéate, drift-covered environment may be of direct use to
those individuals investigabing industrial pollution of these two
elements (sce Newsweck, July 5, 1971 and The Sunday Times, June 6,

1971 on CA pollution and Newsweek, April 20 and August 3, 1970, and
Environment, Vol. 13, No., 4, 1971 on Hg pollution). Certainly the

lateral hydromorphic dispersion characteristics exhibited by naturally-



oeeurring Cd (ond Zn) and surficinl cccumulsation of nnturally-derived
Hg would seem to be important geochemical perometers when studying

movement and distribution of introduced metols.,

Additiocnal Research Regulrements

Ut
W
e

1) 'The loterally disversed soil (Zn-Cd) cnomalies chbout streoms
in the Kéel ~nd Ardagh arens hove additionel aﬁalogue(s) el sewhere in
the Longford District (J. Samale, vers. comm. ). Furthef study (both
ficld and experimental chemicol work) would séem ugeful for both minerel
cxploration ond metel nollution resoﬁrch.

i1) The mode of cceurrence of Pb-Ag~Hg in the surficinl humic
horizons éf mineralized gleysolic solls and orgeonice ceeunulating
mechonisms of heavy metols in general requires odditional fundamental
regscarch., Infra-red spectrometry or gos chromatography mny be useful
technigues in establishing functional groups of humic and/or fulvic
acids (partly) responsible for such nccumulations. Schnitizer and
Skinner (1964) have successfully used infra-red cbsorption spectra to
determine somé functionnsl groups in noturally—-occurring orgonic
compownds found in soil. Experiments on the mode of occurrence of
Hg compounds is currently uwnder investigotion at ALCLR.LG.
Meyer and ¥, Leen) using continuous hecting/plasma emission spectrometry
amalysis and somcrpreliminary results ~re discussed In Chopter Soven.

iii) TPurther study on the sulphide~leached cuterop/stbercp-
dispersed ﬁetal relctionshis to establish metnl movement versus metol
retention ratios would secnm helpful for modern Aoy mincral exploration.

iv) Biovgeochemistry and gechotony require additional study and
reserach %o critically evnlucnte thedir use in drift-covered terrain
fer epplieation to hoth regionnl ond detniled mineral exploration.

Also, sir-borne "remote-sensing’ mineral prospecting

techniques will require expert knowledge of plont-soil-metal relation-
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ships., Such studies are currently being investigoted in the Keel~
Ardogh areas using infra-red (false colour) and colour photographic
technioues (M. Press, pers. comm. ).

.

v) Multi-element nnolysis on e~ aceumulotions derived from

et

st

=
e

leached suberop has been succe n both genesis and metal source

&1

studies in the Keel nvea., Anslyses for Tl, Ge, In, ¥, and Te on this
(ond other) leached and oxidized moterial of suldhide origin could be
reviording fosearch. Cermaniun cnd In are known te be concentroted in
some sphalerites while T1 is known to preferenticlly concentrate in
some pyrites. ‘The roised levels of Mo in some oxidized subcron suggests
the possible nresence of rnomalous Y,  Although Se was not found in
Decomposed Zone motericl, the Group IVe anslogue Te may be found as
o residunl product ofter galenn and/or tetrohedrite and provide further
Informotion on this notenticlly useful pathfinding element.

vi) Purther statistical trectment on class limits for regionel
solls and"cluster analysis for oxidized ond leached material moy alsc

be of some use.
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CHAPTER 6

MERCURY AND THE SHCONDARY ENVIRONMENT - A REVIEW

6.1 GENERATL

The purpose of Chapter Six is to comment on and to discuss liter-
ature sources of information on the present knowledge of Hg dispersion
in the secondary environment. Although Jemes (1962) has adeguately
dealt with the basic chemical and geochemical knowlédge of mercury, the
writer contends thot o further review is required at this time, with

particular reference to the biotransformation and interconversion of

Hg in the envircmment and reloted Hg pollution problems.

The writcr has made full use of currently existing review
articles (sece Chapter One). In addition, another article (Wallace
et al., 1970) has been inéluded.

It is“hoped that the information here will be of some aid to
those wishing to apply Hg analysis to prospecting or requiring te
interpret secondary geochemicnl patterns of Hg. Speculation has been
made on the potential influence of envirconmentol Hg pollution as
affecting its use as a pathfinder in mineral exploration.

A further reason for discussing current literature sources on
Hg (bio){gzeo)chemistry is to collate the analytical, chemiccl,
geologiéal and biclogical findings on mercury which normally may
not be referred to in geochemical rescarches. The writer has found
that most articles relating toAHg in the secondary environment are
widely scattered in the scientific ond trade journals and tekes

this opportunity to present his library findings.

6.2 GEOCHEMICAT, CYCLE OF MERCURY

Attention was first brought to the complex nature of the
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geochemical cycle of Hp by Rankama and Sehoama (1950). At that time
they concluded that the "quentitative cycle” of Hg éas inadequately
known but did note that the volatility of the element is an important
feature in facilitating migration, either in the native state or a
soluble HgClg.

James (op. cit.) has made comment on Rakama and Sahama's cycle
and updated the record-of Hg occurrences and habit in both the primary
and secondary environment as known up to 1962. He conecludes the
chemical (hence, geochemical) noture of nmiercury is controlled by its
“inert pair” of valency elecfrons. This has led to predominantly
covalent bonding over ionic structures and also to the element's
high volatility in the native state.

Boyle (1971) reports on the geochemical cycle of Hg and his
"flow diagrom” is shown in Figure 31. An interesting feature of
Boyle's geochemical cycle is the dependence of soils on the hydro-
sphere and the blosphere in providing the nccessary influences for
the volatilization of Hg from soil. Boyle presents a further cycle
(probably over-simplified) on Hg reaction and exchonge in nature
(Fig. 32). |

Tﬂe source of primery Hg for the secondery environment is
attributed to dindochy (thought to substitute for Ba'l and ca™)
in extrusive, intrusive, and metamorphic rock minerals, that reieased
from weathered marine sediments (moinly hydrolyzates), and probably
most importsnt, that derived from low temperature differentiate
sulphide minerals., Sulphides enriched in Hg ineclude cinnobar, pyrite,
sphalerite, tetrchedrite, ond the sulpho-salts of As and Sb (Rankoma
ond Sahama, op. cit.). Some juvenile Hg is released from hot-spring

exhalotions (White, et 2l., 1970).
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6.3 MERCURY REACTION AND DISTRIBUTION IN SOITS

In soil (residual or transported), certain conditions may
effectively redistribute or modify Hg thfoughout the profile. The writer
considers bilological and hydromorphic processes important features in
the redistribution of soil Hg. Discussion here reports on those studies
in which abumdance and profile distribution of Hg were emphasized.
Hydromorphic and biological controls and considerations on Hg dlspersion
are discussed laber in this chapter,

Andersson (1967) has studicd the distribution and sbundance of
Hg in Swedish soils andﬂobtains a mean of some 7O ppb for 2735 analyses.
He concludes that a high humus content is needed for Hg to exceed 150 ppb
(assuming no poliution). Apparently the mobility of Hg++ ions is
dependent on pH in an érganic matter-water system ond between pH 3 and
6 Hg is fixed to organic matter. In the case of the soil mineral-
water system, maximum fixation of Hg to solids takes place at pH 7.5~
8.0, corresponding to the pH at which Hg++ is completely converted to
Hg (OH),, from HeouT,

. Jonasson (op. cit.) reports that Hg is more easily washed free
from mineral solls than huﬁic material suggesting that the binding
mechanicms arve somewhat different. He relates this to mercury adsorption

to gulphur sites on humates. According to Wallace et al. (op. cit.)

el
Hg = is in equilibrium with HgS in soil (see Fig. 34).

Warren et al. (op. cit.) have investigated mineralized soils in
British Columbi~ and state tha$~when the B and/or C horizons contain
appreciably more Hg than do the A horizons it is probable that they
reflect underlying sources of mercury. However, where one or more of
the A horizons is richest in Hg it is probable that Hg has, in one form
or another, been transported and accumulated by vegetal matter,

Warren ond Delavault (1969) have studied the mercury content in

some British solls and note levels up to 16 ppm. Although not discounting
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vollutlan sources (pesticides here) for the element, they believe
most anomalles are rclated to geolégical sources, possibly sulphicde
mineralization.

Shacklette ¢t al. (1971) have determined Ilg in 912 samples of
soils throughout the conterminous United States. A mean of 112 ppb
has been calculated for a range of <10 to 4,600 ppb. The majority
of sites greater than 1,000 ppb were either mucks, bog soils, or
dark, oprgonic-stained soils.

Mdin'yan et gl. (1964) have determined the mercury content
of s0il profiles from the U.S;S.R. and Viet Nam, and show that
mercury is leasgt abundant in the upper humus horizons. High concen-
trations of mercury are found in eluvial horizons where it has
accunulated together with the sesquioxides. The low content of Hg
in the humic horizons is ascribed to the evaporation of mercury from
the surface where organic matter reduces naturally-cccurring

compaunds to metallice mercury.

O.4 THE PRESENCE AND MOBILITY OF MERCURY IN THE HYDROSPHERE

Recent intercest in Hg pollution has stimulated research on
mercury solution chemistry, complexz formation, and associated
investigations into the presence of the element in naturally-occurring
wabters.

Hem (1970a) has prepared an Eh-pH stability field diagram
(Fig. 33) for inorgania\@queous species of mercury. An interesting
feature 5f this figure (within the Eh~pi limits normally found in
nature) is the wide range covered by Hg aq (an emulsion?). Aqueous
HgCl, énd He' ' algo aspear to be relatively important phéses in any
gimple ionic dispersion. Although mercury could be contained in
this system ag high as 25 ppb without loss by chemical nvecipitation,

such levels would seem unlikely for two reasons (Hem, 1970a):
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i) Mercury tends to be volatile and will be lost as vapour from
- the water surface exposed to the air. This phenomena has been
confirmed in laboratory investigations by Toribara gt al. (1970).
ii) Most Hg species are much more soluble in organlc solvents than k
A in water. This suggests that organo-metallic complexes (perhaps
formed through biochemical reaction mechanisms) may remove Hg
from solution. ‘
Mercuric ion, mercurcus ion, and metalllc mercury are known

to chemically transform in solution via electron exchange.
Hg2++ S agtt o+ g

The degree of disproportionation will depend upon the solubility or
amountt of dissociation of the mercuric compound formed and the extent
to which metallic mercury enters or leaves the system. The standard

electrode potentials (25°C) of mercury couples are:

ong® 2 z-1g2++ + 26" (=0.79 volts)

Hg® & Hg' ' + 2¢” (~0.85 volts)
+ = ~ ~

ng ~ P2Hg +2e (-0.92 volts)

These potentials are a measure of susceptibility to oxidation, and
the significant feature of the couples is that all the potentials
are close in magnitude. Thus, practically any oxidizing agent
which is able to oxidize mercury (Hg") to mercurous Hg ion (Hg2++)
is also able to oxidize mercury to mefcuric Hg ion (Hg++). Convefsely,
almost any agent that can reduce mercuric to mercurous ién can also
reduce either mercuric or mercurous ion to mercury.

Toribara et al. (op. cit.) conclude that the loss of Hg®
from a dilute solution containiné Hg++ can be related to the presence
of minute amoumnts of reducing substances and the high oxidation

potential of the Hg (II)-Hg (I) system. Any Hg (I) wowld dispro=
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. . — . 0 o .
portionate to Hg (IT) and Hg , the latter lost from solution as a gas.

James (1962) is of the opinion that HgCl., although easily

21
reduced to metallié nercury in the presence of & reducing agent, i1s
a dominant form of Hg in naturally-occurring solutions. However,
mercuric chloride may autocomplex in the presence of excess chloride

ions to HgClB* andl HgClbx. Hem (1970b) indicates that mercury is

A

s

present in seawater as either FHipCl T oor Hg014: and states (1970a)
that the formation of such comiplexes »roceeds favourably in oxygénated,
chloride~containing waters., Karasik ot al. (1965) have determined
mercury in some highly saline waters in the U.S.S;R. and found the
Hg content decreases with increasing chloride concentration. They
suggest thet anionilec complexes such ag HgClA: are not so important
ag transporters of mercury as is Hgﬁlg.

Benes (1969) has studied the state of bivalent mercury at
low levels (6 pob énd 609 ppb) in agueous solution using radio=
actively labelled metal. Cenérifugation, ultrafiltration, dialysis,
and electro-migration cecxperiments suggest that from pi O to 2
mercury ecxists in the form of molecular HgClg. At higher pH values,
hydrolysis of mercury occurs so that Hg (II) hydroxide or 1gCLOH
are the main species in freghly prepared solutions at pH 4 to 13.
"Pseudocolloidal” particles of mercury are formed at il 2 to T,
probably due to the adsorption of Hg on and/or coprecipitation with
foreign impurities.

Wiklander (1970) has determined the mercury content of Swedish

o

ground waters (including some sites where Hg disinfected sced has

been applied) and reports a range of 20-7C nz/l with an average of
- s . i -t
50 ng/l. le attributes the low levels to adsorption of Hp
P
HegOH', and other compounds to organic matter and soil minerals. The
adsorbed mercury ls apparently held as a relatively non-exchangeable

jion.
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Kreynov ¢t al. (1966) have investigated the migration of

selected metals in carbonate gprings weters. They note that levels of

merceury were found to increase with increasing biecarbonate concentra=-
tilons whereas decreases in Cu and Yn concentration were cbserved under
similar conditions These findings are in some agreement with Hem's
stability field diagrem, and possibly reflcet either HW(OP))aq or
Hgoaq forms, ‘
Hoschara (1961) reports that mercury concentrations in gea .otor

increase from surface values of around 0.1 ug/l to 0,15-0.27 ug/l
at preater depth., The depletion of Hg in swface waters is attributed
to uptske by plankton and sceumulation in the marine food cycle
Aidin'yan (1962) states that it is probably necessary to
assune that the greater part of the mercury in sea woter solution is
in an fon state. Further, he Dostulates that part of the mercury
which is found in the surface layers of the ocean is in the form of
a hydroxide which is partially scrbed by colloidal. narticles and
may decay into metallic mercury and evaporate under Ffavourable climatic
concditions.

White et al. (1970) heve sumearized deba on the vresence of

mercury in thermal svrings and natursl fluids in the United States.

Dilute thermal sorings normelly contain readily detectable Hg.
Scaiments assoclated with these springs are sometimes rich in Hg and
the elcoment is presumed to have been transported by the soring water.
Crude petroleun from the U.S.A. can contaln vy to 500,000 pob Hg.
Although Hem's stability fileld diagram (Fig. 33) indicates

solved in woters, levels of the element

o

that mercury msy be readily diss
and many of its compounds are decidedly low in naturally-occurring
solutions, Removal of mercury from waters may occur as chemical
vrecipitation of mercury (particularly as ug%), sorption to varticulates

with subsequent settling out, and loss to the atmosvhere of metallic
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Hg through reduction of mercuric and mercurous ions and/or complexes.
The depletion of mercury in marine surface waters may also be

related to its uptake by plankbton.

6.5 MERCURY INTTRACTION WITH AND MOVEMENT IN THE BIOSPHERE

The presence of mercury in biclogical systems has received
considerable attention of late. The interest sharpened with the
announcement that elevated levels of Hg (as dimethylmercury) were
present in some human feedstulfs, particularly marine and ffesh~
water fish. The sources of mercury are believed to be industrial
wastes enriched in Hg and residues of Hg-containing fungicides and
pesticides. DMereury pollution is discussed in section 6.7.

It ic well known that mercury is toxic to humans, but the
knowledge that the highly voiatile and dangerous dimethyl compound
is opresent in the food eycle has increased monitoring and research

investigations, particularly in Sweden, Japan, and the United States.

The biotransformation of mercury to dimethylmercury was first
described by Jernelov (1968a) and Jensen and Jernelov (1969).
Japanese investigators had aiso been proceeding along similar lines
of research (Tonomura and co-workers) since the ill-fated Minamata
Bay incident of the 1950's when 110 ?eople were debilitated or died
as a result of eating mercury contaminated fish (Wallace et al.,
1970). A model for the bioconversion of inorgenic mercury is
presénted in Figure 34 and shows that complex biogeochemical reaction
mechanisms are involved. Although methyl derivatives of mercury are
presented In the figure, the writer is of the opinion that other Hg-
containing organometallics such as simple ethyl, propyl, and butyl
derivatives may also be naturally-occurring throush similar conver-
slons,

Jernelov (1969) has reported on experiments attempting to



distinguish differences between the biological effects of "biologically”

and "chemically” synthesized dimethylmercury. He concludes that a
chemically generated dimethylmercury (or methylmercury compound )
breaks down to methylmercuric ion more easily than docs biologiéally
generated dimethylmercury (or methylmercury compound). The differences
could possibly explain why introJuced sources of mer;ury are more
liable to dispersc widely as dimethylmercury. More likely, the
mercury-dimethylmnercury equilibrium is positively stimulated (toward
dimethylmercury) with introduced Hp.

The convérsion of divalent mercury into methylmercury

N

g = - CH5H3+-% CHBHgCH3) has becn shown to occur in bottom muds
(see Tig. 35) and scdiments‘from a large number of lakes have
revealed micfoorganisms capeble of methylating mercury (Jernelov,
1968b). The synthesis of methylmercury by extracts of methanogenic
bactefium has been described by Wood ¢t al. (1968),

Furukawa et al. (1969) have rciorted on the action of a

nercury resistant strain of Iseudomonous which apparently is capable

of decomposing phenylmercuric acetate into metallic mercury, ethyl-
merecuric phosphate into metallic Hg and ethane, and methylmercuric
chloride into metallic mercury and mcethane.

As an initial consideration for mercury biotransformations,
the geochemistry of metallic and inorganic Hg alsc involves numerous
intcreonversions (scction 6.4). However, naoturally-occurring mercury
is generally present either aé an inorganic or humic complex or
mercuric sulphide (Wallace et al., op. cit.). Into this is now
superimposed the biclogical transformations“which are capable of
forming methylmercury and dimethylmercury from inorganic mercury,
even under anaerobic conditions. The most important, presently-
knownt steps by which inorganic mercury and compounds arc interconverted

in nature are shown in Figure 34 and the gencralizations which
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emerge are (Wallace et ale, op. cit.):

i)

o
o
e

iii)

iv)

v)

vi)

Hercury, in whatever form, is potentially exchangeable among
the air, land, and water vhases.
Mercury, in whatever form and from whatever phase, 1s potentially
capaple of being taken up by aguatic animals in the form of
methylmercury or dimethylmercury.
In an aguatic system, methylmercury can be formed dircctly
. . .t . -
from inorganic mercury (Hg ) under anaerobic conditions; but

under permancntly anacrcbic conditions, mercury will tend to

. "o . e - O
accumilate in bottom sediments cither as HgS or Hg ', and
little methylmercury or dimethylmercury will be formed,

Methylmereury and dimethylmercury can be formed indirectly
from either Hg3 or Hgo in the presence of oxygen or under
oxidizing conditions.
Alkaline conditions will tend to promote the releasc of mercury

from aquatic ecosystems via dimethylmercury.

In addition, whatever dimethylmercury is released into the atmosphere

is most likely converted inmto metellic Hg vapour together with

methene and ethane (Wallace et al., 1970).

Another important aspect of the organo-interaction of mercury

is binding with mercapto groups (sulphhydryls), cssentially a

chelating reaction.

Wotjalik (L971) has used the following reachion

to demonstrate mercuryv-sulphur bondings

Ci"lg".'ri (/-2“{3\ .
z |7 e
P ] e ’V_ »-/'

CH -8 + Hg T 5 CH.-S

\ 2 g Yaid

|

cr ar fer R
lig(ﬁl &u*gcﬂi

The imoortance of this recaction »robably allows mercury

retention by »nlants as sulphhydryl groupings carry important protein
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functions. Such reactions may also be important in fixing the methyl-~
mercury radlcle. Mercury-mercapto bonding probably proceeds positively
under acid conditions as such bonds are cleaved in the presence of o
reducing agent wnder alkaline conditions (Magos and Cernik, op. cit.).
This last mechanism could explain why mercury tends to accumulate in-
the surface horizons of soils and may not be readily lost to the
atmosphere as dimethylmercury.

Booer (1944) says it is necessary to consider the position of
mercury with r‘especi; to the sulphur cycle in soils. Experiments by
Booer using the sulphate~reducing Vibrio (Sporovibrio) desulphuricans
in Hg012 solutions suggests that anaerobic condi‘bionsqpr'obably
precipitate Hg in soil as HgS.

According to Jonasson (1970), the affinity of mercury for
sulphur adsorption sites is reflect;ed by the presence of Hg In humic
matter, which contains organic bound sulphur either as chelates or
organosulphur complexes.

Shacklette (L970) states that there is little data available
upon which to base an actéual estimate of the amounts of mercury that
are adsorbed by plant roots and trenslocated to the upper parts of
the plant. Apparently, most plants grown in soils that arc low in
amounts of this element contain very little mercury, The background
level of mercury in plants (assumed wet weight) is thought to be less
than 500 pph. Under certain environmental conaitions, plants may
contain larger amounts of mercury. Shacklette quotes levels of up to
3,500 ppb from selected plant species overlying cinnabar deposits in
Alaska. Biogeochemlcal prospecting employing mercury analysis has been
reported by Barakso and Tarnocai (1968) and Warren gt zl. (1966).

The initial results appear to be relat:ively inconclusive and fw:"ther

research seems both required and warranted.
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6.6 THE PRESENCE AND DISPERSTON OF MERCURY TN TIE ATMOSPHERD

The source of mercury in the atmosphere scems almost entirely
derived from the continental lond masses. Weiss (1970) reports that
concentrations found over oceans generally measure lCom thon 1 m)/m3
‘;1"011' 1 (l 6(2) b= 3 YA T 2 T
Jilliston 900 ) has monitored mercury vapour concentrations in the

alr over Los ﬁluooy Californic and notes that air brought in from

over the Pacific OGecean contains approximately 1-2 ng/m3 while air
coming from the southeastern lond mass containg about 2-4 nb/m

Air from industrial arcas give high and erratic readings with peaks
over 20 ng/mb. Smog, rain, alr temperature, sunlight, and absorption
on dust effect levels of mercury in the atmosphere according to
Wiliiston.

Table 31 shows maximum mercury concentrations in air measured
at scattered mineralized and non-mineralized areas of the Western
United States (ileCarthy et al., 1970). When compared with dota compiled
by Sutherlond Brown (1966) (Toble 523 on anomalous and background soil
mercury levels at various mineralizéd ocecurrences, much the samc
order of anomalies are observed. This seems to suggest that the
level of mercury in the atimosphere is locelly directly dependent on
the level of g in soil.

In the previous section, it was noted that dimethylmercury is
released to the atmesphere threough micreorganism bioconversion of
inorganic mercury, Dimethylmercury apparantly degradates to metallic
mercury on exposure to suniight. Barber ct al. (in rress) have

reported on unsuccessful attenpts to measure volatile mercury/

mercury compounds transpired from Mentha soicata (Mint), a species
lnown to give off scvercl organic compounds, including the terpenes,
L-menthanol, and carvone, Although the results of Barber et al.

were negative, other plants may emit volatile compounds containing



Table 3L, Maximum mercury concentration in air measured at scattered mineralized and

non-mineralized areas of the Western United States &

Maximum He concentration (ng/mj)

Sample location

400 feet above

Ground
surface the grounﬂ.3
Mercury mines
Ord mine, Mazatzal Mtns., Arizona « . « « » . « . . 20,000 (50) 108 (4)
Silver Cloud mine, Battle Mtn.,Nevada . o « 4 « . . 2,000 (50) 2 (8)
Dome Rock Mtns., APiZONa + o o « « « o« o o s o o o 128 (6) 57 (20)
Base and precious metal mines
Cerrc Colorado Mtns., Arizona . « « 4 o o o o o o 1,500 (5) 24 (2)
Cortel gold mine, Crescent Valley, Nevada . . . . . 180 (60) 55 (4)
Coeur d'Alene mining district, Wallace, Idsho . . . 68 (40) -
San Xavier, Arizona o « « o o o o o o o o o o o o o - ) 25 (3)
Porphyry copper mines
Silver Bell mine, Arizona « . « « o o o o o o o o« - 55 (3)
Esperanza mine, ArizoNa . o « « o « o o o o o o o - %2 (3)
VekOI I\II‘tnSo, AriZOD.a ¢ & 5 e & v & s + 8 ¥V s e« o il 32 (4)
Ajomine, AYizZoNna . . + v « v o 4 o 4 o o s o 8 o+ . -~ 30 (3)
Mission mine, APiZONa . + o + « = o + = o o o o o+ & - 24 (3)
Twin Buttes mine, Arizona ., . . v « » o o « « o o & 20 22 (3)
Pima mine, APIZON& « + « ¢ 4 « o« s o & c o 4 o o e - 13 (3)
Stafford, APiZONa . v v o o o o e 4 4 e 0w . o . - 7 (2)
Unmineralized areas

Blythe, California . o « « o v« « o v « o o o o o & - 9 (20)
Glla Bend, California . « o o o o « o = « o & o + o - 4 (2)
Salton Sea, Califormia  covee v v o o o « o 4 o o s - 3.5 (2)
Arivaca, Arizona . .« . . ¢ . . . . . .. ... . - 5 (2)
1

After MeCarthy et al. (197@)
2. . o
Number of measurements shown in parentheses

2 Samples taken from single engine aircraft



Table 32. Anomalous and background levels of mercury in soils at

w

deposits of selccted metals
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{
i

Hg «in scilt

. 1 2 5 4
gzggsgi ggéosits pRb opb ' b pub
e 7 1&8@3 9000 :!Eo‘o" 55
fu-Ag 2 12880“ 3050 ?go 80
Cu 3 ?8 o- 2600 1 ogg (; ) 230
Mo 5 %5" 115 }g B 23

1. Range of anomalous values

2. Arithmetic mean of anomalous valueg

. Total range:of background values

k. Ceometric mean of cach background ranges arithmetic mean of the

calculated geometric means

Data reduced from Sutherland Brown, 1966
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mercury. For instance, Rasmussen (1970) has identified isoprene
(2~methyl, 1~% butadiene) as a forest-t&pe emission to the atmosphere
while Pertel and Gunning (1959) who report on the photochemical separation
of mercury isctopes describe atl,3 butadiene-water vopour interaction
with mercury vapour in an experimental procedure. Although the link
here is somewhat tenuous, further research seems warranted to estoblish
the presence of any Hg-containing plant aeroscls.

The composition of stream, ground, ond sea woter has some
effect oa the presence of Hg in the atmosphere. Magos (1967) reports
that the Hz' -helide potio is important in debermining the Hg
cxchonpge reaction between alr and agueous solution. Turney (1o71)
ascribes to the claim of Wellace et al. (op. cit.) that the raisiﬁg
of pH to alkelinibty seems to enhance bacterial coﬁversion of Hg and
He compotnds in woter and sediments to the dimethyl form thot is
normelly released from water as a gas. Suzuki et al. (1968) have
experimented with a mercury-resistant bacterium, Egggggmgggé K62
strain, which is capable of toking up mercurials to its cells and
stimalating the vaporizaticn of metallic mercury. However, uptake
of mercury was inhibited by NaCl suggesting that any naturally-~

oceurring exholation may be restricted to fresh waters only.

5.7 MERCURY POLLUTION

Perheps the most unwanted stimulus for the increased data
becoming avaiicble on the (bio){geo)chemistry of mercury has been
he reclization that Hg pollution hgs become an environmental and
ecologleal problem in some of the developed countries of the world.
Widespread mercury pollution originates from the previously
mentioned Minamata Bay incident ond hos recently come to light in
North fmerica with the closure of ot lenst two of the Great Lakes to

sport and commercial fishing, the latbter industry now having collapsed
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(Bails, in press). An International Conference on Environmental
Mercury Contaminﬁtion was held in Ann Arbor, Michigon, U.S.A. In
September-0ctober, 1970 and attracted many concerned individuals.
Proceedings of the Conference nre currently in press.

Mercury pollution in Lake St. Clair and Lake Erie is believed
To originate from chloralkali plants, some of which employ metallic
Hg din the elcctrolysis of NaCll brines to manufacture 012 and NaOH
(Turney, in press). An interesting dispersion train is described by
Turney who reporté thet o stream draining into Lake Michigan contains
some 86 ppm Hg in sediment divectly below one chloralkali plant that
drops to 5 2pm one mile downstream.

D'Itri (in press) discusses the potentinl and known sources of
merecury (both introducea and noturally-cceurring)in the environment.
Some sources of mercury pollution scem quite obvious. Organemercurials
of various kinds are by far the most widely used type of fungicidal
dressing for cereal sceds (Bent, 1969). They are used in foliage
sprays and dusts to control blights, scobs, smubts, moulds, and rots
on almost the whole spectrum of grains, fibres, frults, nuts, vegctables,
root crops, and bulbs (Smart, 1968).

Orgenomercurials can be chemically divided into three groups:
alkylmercury, olkyloxyalkyl-mercury, oand arylmercury compounds.

Teble 33 lists those in use up to 1968.

Phillips et ol. (1959) have investigated the volatility of
orsonomercury compounds to aésess the hazeord arising from the use of
sproys and dressings of stored sced in Great Britain. Taking into
consideration the English climate, they have speculated the maximum
temperature likely to be encountered in British agricultural practice
+to be 3500 and hove made both static and dynemic determinations of
the volatility of agricultural mercurials in use prior to 1959.

Table 34 lists some of the orgonomercurials investigeted and the



Table 33. Mercury compounds known to be used in world agriculture

Alkylimercury compounds

Methylmercury sulphate, acctate, nitrile, propionate, S~hydroxy-
quinolete, 2,3=-dihydroxypropyl mercaptide, pentachlorophenclate,
p=chlorobengzoate, bepznate, dicyﬂndiamidé

N-Methylmercury 1,2,3%,6-tetrahydro=3%,6-cndomethano~3,4,5,6,7, 7-
hexachlorophthalmide

Ethylmercury silieante, chleride, bromide, phosphate, acetone,
uren, oleate, stearate, pontachlorophenclote, hydroxide,
thiouronium chloride, p=-tcluenc sulphonomide, 8-hydroxyquinolote

N-Ethylmercury 1,2,3,6-tetrahydro-3,6=-cndomethano=%,4,5,6, 7, 7~
hexnchlorophtholmide

Ithyl phenethynynlmercury

Mercury pentcnedione

Alkyloxyalkylmercury compounds
Mothoxvethylmercury chloride, silicote, dicyandiomide, benzoate,
lactate, acetote
Tthoxyethylmercury chloride, silicate, hydroxide
1~Corboxy-5~ethoxyethylmercury propandicarboxylote
Chloromethoxyoropylmercury acetate
- {t-0ctyl )phenoxyethoxyethyl dimethylmercury benzyl ammonium

chloride

Aryvimercury compounds

Phenylmercury acetote, dimethyl dithiocarbamate, chlordide,
Ainaphthyl nethone sulphonote, urec, nitrate, iodide, benzoate,
pyrocotechinste, triethanol ammonium lactate, S-hydroxy-
quinolate, hydroxide, loctate, cleate, propionnte, salicylaote,

salicylsnilide, formamide, naophthenste

1 after Smart, 1968



Table 3%4. The volatility of =ome mercurial fungicideg

Saturated
Vapour Vabour
Concne Tgmp. Fressure-
Mereury Compound mey/m> C mm Heg
Methylmercury chloride 297% < 35 25 x 107
Fthoxyethylmercury silicate (tech.) W5 © 5 4.5 x 107
2 -3
Ethylmercury chloride 9.4 - 20 0.65 x 10 7
IJ o~
Methoxylthyl mereury chloride (tech,)| 15 © 35 1.0 x 107
Methylmercury dicyandiamide 1.05 © 35 6.5 x 1077
bis~Fthylmercury rhosphate 0.26 e 35 1.8 x 107
o ( . 2 e L o1a=6
Phenylmercury acetate 4,16 35 9 x 10
P X 103 e < -6
Phenylmercury chloride .00 35 3.6 x 10
Phenylmercury nitrate 0,055 35 1.4 x 1070
. - )
Phenylmercury salicylate 0.021 2 35 1.C0 x 10

L After Phillips ot al. (1959)

2. .
Dynamic measurement

\o

Static measurement

4

Vapour pressure of metallic Hg - 4.2 x 10 © at 35°C
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results of the volatility experiments. Some compounds extiibit rela-
tively high vapour pressures at 3500 and can be considered hazardous
when handling. Also, the volatile component of introduced mercurials
may provide Hg for atmospheric pollution and/or the (bio){geo )chemical
cycle of the element. — ‘

Further, Phillips et al. have found the log. concentration-
reciprocal temperature relation to be linear for three temperatures.
The partial pressures corresponding to the saturated vapour concen-
tratlons have been calculated on the assumption that no dissociations
(except ethoxyethylmercury silicate) or association has taken place
and that the vapours behave ag 1deal gases. Hence, the partial
pressure (Pt) in mm of a2 mercurial whose molecular weight is M may
be derived ffom the gram-molecular volume, correched for the

experimental temperature (T K).

A
P — L x® 22.}4_ ® I—.Z‘:—l@g

t M 273.2
W = gn/l mercurinl in air ot T'K

Howewver, molecular weight has only 2 limited function in
determining the degree of volatility of organomercurisls and other
considerations (perhaps stereochemistry) may be equally important.

Not only are some organomercuriais readily volotile, but on appli-~
cation to soils degradstion can occur; and, according to Kimura et zl.
(ope. cit.), vapours of metallic and organic mercury escape from
soil. Apporently, nonveolatile phenylmercuric acetate is degraded
to meprcury and lost as mercury vopour. The volatile ethylmercuric
acetate is also degraded in soil to mercury, but its loss from soil
can occur both as mercury vapour and the organomercury vapour,
Methylmercury chloride and methylmercury dicyandicmide gave no

sipnificant metallic mercury vapour and their loss from soil was due
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entirely to the volatility of orgenomercury compounds. Similar experi-
mental results have been reported by Frear and Dills (1967) and
Zimmerman and Crocker (1933). .

Orgonomercurials aré not the only mercury-containing compounds
to find application in industry/agriculture. Tablc 35 lists some
Inorganic mercury compounds, their use in industry, and their solution
reaction,

The relative use of mercury compounds in the United States has
been onalyzed by the "Panel on Mercury", Committee on Technical Aspects
of Critical and Strategic Materials (J. Metals, May, 1970). Their
projections (Table 36) indicate a slightly changing pattefn in the
use of mercury compouﬁds In industry, agriculture, and scientific
application. The reduction in use of organomercurials for pesticides
and fungicides can possibly be related to the introduction and use
of "systematic fungicides”, compounds which can penetrate and move
in plants rather than the normally applied surface sprays and dusts.,
"Systematic fungicides” are composed of the "orgenic family” of
elements (Bent, op. cit.). However, organomercurials will probably
continue in wide usage aé they do provide excellent control of
fungal diseases.

Quantities of mercury compounds used in or sold to agriculture
have been tabulated by Smart (op. cit.) and Toble 37 shows the level
of usage In selected cowntries during i965. Most certainly usage
levels and regulatory restrictlons have changed or are being changed
in response to the potential problems arising from methylmercury and
mercury contamination and pollution.

The "social impact” surrounding mercury pollution can be
judged by the recent presence of two articles In the internationally
syndicoted Newsweck magazine (see "The Quicksilver Crisis” and "The

Mad Hatter's Legacy”, April 20 and August 3, 1970). In addition,
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Some inorganic mercury chemicals used in industry 1

Dagenham, Essex

2

Table 3b.
Mercury Reaction to
Compound Solution Use
Hg(CHZ)COO)2 Sol. HEO Catalyst, manufacture of
- . other mercuriasls
HgB(A504)2 Insol., H,0 Anti-fouling marine paints
- Sgl. HCI
Hg012 2 Sol. HQO Batteries, catalyst, insectide,
photography, preservative
Hg(CN)2 Sol. HEO Electroplating
HgI2 Sl. sol. HQO Pigment, soaps, antiseptics
HgO (red) Insol, HEO Pigment, anti-fouling marine
- Sol, HC1 paint, batteries
HgO (yellow) Insol. H O Anti-fouling paint, oxidizing
- Sol, HCL agent, fungicides
HgO.Hg(CN)g- Sl.sol. HEO intiseptic
4Hg(CN)2
HeS Sol. agua regis Pigment
Hg(SCN)2 ’ Sl. sol. HéO Pyrotechnics
Batteries, fungicides, anti-
HeCl Insol. HEO fouling paints, pyrotechnics,
Qre recovery
HgNQ§ Sol, dil. HNQ3 Tanning, metals treatment
Catalyst, scientific instru~
insol. H O 2
Hg 2 édl dilg HNO ments, lamps, manufacture of
: o3 NaOH and Cl,
1

Also exhibit partial pressures

Compiled from "Chemicals for Industry, May and Baker,



Table 0. Estimated trends

in consumption of mercury

Estimated Mercury
Consumption, flasks

T
Use 1968 _1%% 93
Agrilculture 3,430 k.6 2,650 3.2
Mmalgans 259 250
Catalysts:.
Urethahcs 800 1,560 T
) Vinyl Chloride Monomer 500 250
Anthraguinone Derivatives 175 220
Miscellaneous 256 340
bental Applications 3,500 L7 3,800 4.4
Flectrical Apparafus 17,200 22.3 22,700 é7.2
Electrolytic Preparation of 17,424 22.4 2p, 864 274
‘ Chlorine and Soda
‘General Laboratory Use 2,075 2,075
.Indus%ri;ibé Controillnstrumen‘s:
Switches and Releys 2,500 2,650
Other Tnstruments 6,4CC 6,600
Paints 10,566 14:5ﬁ 10,7é5 12;9
«Papcr and Pulp 375 250 -
Pharmacéaficals | ) T 600 - 650
Others 7,815 5,960
Totals 73,855 83,544
1

and Strategic Materials, May, 1970.

2 One flask = 76 1bs.

"Panel on Mercury' Committee on Technical Aspects of Critical




Teble 57,

Guantities of mercury compounds used in or sold to

agriculturc, E%SI

!
| . .
Country Metric Tons of | Regtrictions ~nd Regulations
Hg Compounds '
|
U.3.4. 400 i No mercury residue is ollowed
{ in foodstuffs
1
Denmerk 3.5 i Moximum level of 0.05 1pm iHg
| in residues
i
Germeny (¥.) 41 i Fuod containing residues banned
from sale
Greot Dritain 20 Residues should not exceed
Q.1 2om He
Bulgeria 5 -
i
!
!
Finland 1 g -
i
sf
Ttaly 26 ! -
i
!
Polond 9 5 -
Austrio 4 ? -
|
Noxrway 0.4 i Alkyl-mercury use 1s bonned
Portugal 0.2 -
Turkey 22.5 -
Spain 7.1 -~
Sweden 2 Moximun level of 0,05 pom Hg in
residues
Morocco 1 -
Isroel 0.2 Cannot be used on edible crops
New Zealand 0.5 Maximum level of 0.05 ppm Hg
in residues
Japan 1,600 No regulations in 1965
| - (approx. ) |
1

Smart, 1968



137

research articles and progress reports have appeared at regular
intervals in trade and academic journals.

Mercury levels have been monitored in emissicns from smoke~
stacks (power, incinerator, industrial) in Illinois and Missouri,

U3 A, and un to 5,400 lbs. of Hg arc éstimated to be emitted from
one stack alone during the course of ocne year. Sources ol mercury
are believed to be coal, oll, paper, and miscelloneous refuse
(Environment, 13, No. 4, pp 24~33).

The real danger of mcrcuryrpollution can be secen by the progress
of the element thyough a bilologleal cycle which may terminate ot man.
The cycle presents a sobering picture as mercury may recycle many
times before leaving the system, either as o gas or as a semnl-
Lerncnently bound organic or inorganic compound., The cycle is as

follows:

Introduced and/or naturally-occurring Hg - (di)methyl Hg-——3
assimilated by aquatic microorganimns->=accumuiated in fish-~3
eaten by man and/or fish-eating birds.

The biological half-life of methylmercury in man has been
caleulated to he 70 days, but its persistence in nature is believed to
be much longer (Wotjalik, op. cit.). Jernelov (1968b) has estimated
that the effects of mercury pollution could last from-lo to 100 ycars
unless proper controls can be instituted,

Wallace ¢t ol. {on. cit.) have presented o number of schemes
for deconmtomination of mercury—ﬁolluted lakes and water courses.

These include dredging, chemical treatments (precipitation, liming),
amalgamatlion, silting over with clays and floceulants, and ”biological
mining’. Unfortunately, each scheme reoresents a further disruption

of the environment.
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6.7.1 The Relative Importance of Mercury Pollution on the Use of the
Element as g Pathfinder in Mineral IExplopration

It is, perhaps, a little early to critically evaluate the
swpject title of this section and the writer has attempted only some
initial speculations on the nature of widespread mercury pollution and
its potential effect on the application of Hg pathfinding in mineral
exploration,

Tables 33, 35, 36, and 37 show that mercury is being widely
used in both industry and agriculture. In addition, Baily and Smith
(1964) and the "Panel on Mercury" (1970) are of the opinion that Hg
is a ﬁeoessa.ry requirecment of industry and thet consunption in the
United States will increase with time. That counbry considers the
element a strategic metal and during recent years has provided generous
gronts for mineral exploration and development of Hg deposits ~-
up to 75 per cent of the total expenditure ("Panel on Mercury",
op. c¢it.). The U,3.G.S. supplements mercury prospecting through the
developmént of new exploration techniques (mainly geochemical) as
port of their commitment to the U.S. Heavy Metals Progrom ini'iziated in
1966,

As other economically developed countries of the world
require mercury for use in industrizl practice and/or agricultural
application, one mey assume bhat some form of meroury pollution is
inherent in some areas of the globe, and ig, perhaps, increasing
with time, Therefore, Hg pathfinding in mineral exploration may
require circumvention of "contamination snomalies"., At worst, the
technique may conceivably have limited future use, particularly for
airborne monitoring systems.

Other than some cursory references to contamination from
fulminated mercury blasting caps, Hg anomalies in mineral exploration

resulting from industrial and/or agricultural sources have as yet to
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be reported in the geological literature. Naturally-derived mercury
contamination has been reportec by Warren et al. (1966) and Warren and
Delavault (1969) from base metal =nd mercury deposits.‘ Mercury contam=~
ination from smélting sources seems almost certain owing to the volatility
of the element unden/zgggitions. D'ITtri (op. cit.) says that mercury

is vaporized and driven off with the evolved sulpﬁur dioxide, some
escaplng even when the gos is cooled, scrubbed, and filtered. Rescarch

at selected smelting sites could provide invaluable data on the
atmospheric dispersion of nercury.

In cgricultural practice, organomercurials may be applied
directly to diseased cereal crops, frults, and vegetables as either
sprays or dusts (Smart, op. cit.). Soils exposed to such treatment
would undoubtedly contain raised_levels of mercury. A soil treated
once with mercuric oxide was found to contain 2.6 ppm Hg (Pickard and
Grainger, 1962). Smart reports that up to 10,000 gm Hp/ha have been
applied to soiis in the past, but the dose does not normally exceed
20 gn/ha. The residence time of introduced mercury in soils is still
not fully understood. Kimura and Miller (1964), Frear and Dills (op.
cit.), and Zimmerman and Crocker (op. cit.) ha%e all reported the degrada-
tion-of Introduced orgonomercurials anq/orninorganic compounds of Hg and
the releasce of Hg-containing compounds to the air, Certainly, some Hg
is lost to the atmosphere, but probably the bulk of the element
would be retained in solls for a considerable length of time (years),
if not indefinitely. Thercfore, scoil surveys in mineral exploratioﬁ
where Hg pathfinding is considered must be aware of those areas with
a history of mercurial application in agriculture and/or Hg loss by
industry,

Mercury has been shown to have a favourchle migration habit
in oxygenated, carbonate-rich, slightly alkaline waters (Hem, 1970a).

This has been supstantiated by the presence of anomalous levels of
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mereury in Keel mine water (see Table 17). The approprinte analyses
of ground snd stream water may be requiréd to assess any hydromorphic
transport of Iintroduced mercury to cr from stream sediments or soils.
Inaercbic/reducing conditions may accentuzte the accumulation of any
introduced Hg as HpS (Wallace gt al., on. cit.) or retain the metal
‘through sulphhydryl bonding in naturally"occurfin@ humates.

In the abmosrhere, mercury levels have been and will continue
to be auvgmented by the already-mentioned degradation of mercuricls
introduced during agricultural Hractices, the smelting of Hg and
basc metal ores, the burning of coal, peat, and oil, and the continued
degrodation and release of naturally-oceurring Hgo and Hg~containing
compounids. Undoubtedly, the industrial atmosphere must be considered
to contain more mercury than non~industrial or oceanic atmosphercs.

If one selects to employ mercury in soil gas/atmospheric air for
prospecting purposes, potentinally polluting sources require definition
for o meaningful interpretetion of Hg degassing from sulphide
occurrences., Spheres of pollution influence (known, probable,
possible ) may be required., Seasonal and meteorological information

may also be critical aspects of interpreting polluting influences,

6.8 ANATNTTICAT, METHODS AND TECINTIQUES FOR MERCURY ANALYSLS

The increased interest in the (bio)(geo)chemistry of mercury
has provided stimulus for the development‘of néw analytical methods
and techniques and it is appropriate here to discuss briefly current
trends in the analysis of naturally-occurring material for Hg and the
identification of mercury compounds.

Classical and/or recommended methods for determining submicro-
gram and microgram quantitiesz of mercury normally rely on modifications
of the dithizone method. The American Conference of Covernmental

Industrial Hygienists (1958) recommend extraction of divalent mereury
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from dilute acecid solutions using dithizone in chloroform to form the
characteristic orgnge-yellow keto complex., The method is applicable
to air and biological material.

The Analytical Methods Committee of The Society for Analytical
Chemistry (1965) describe a preferred method for the determination of
mercury in orgahic matter, The sample is oxidized in a mixture of
nitric and sulphuric acids coupled with lengthy refluxing in a Bethge
apparatus. A sultable aliquot is buffered for determination with
dithizone.

The writer's method of analysis for mercury (flameless atomic
absorption) is discussed in Appendix Two. Further reference to this
method and-the application of Tin (II) reduction techniques for the
analysis of Hg-containing solutions hgxs been adequately covered in a
recently published article entitled "Non-fleme methods for mercwry
determination by atomic absorption, a review" (Manning, 1970).

Flameless atomlc absorption has been successfully api;lied by
an increasing number of investigators to determine mercury in a wide
range of materials. Recantly, a similar approach has been adopted
for the determination of As and Sc¢ in solutions. Simply, ASH3 and
SeH2 are generated using “Gubzeit” evolution and the metal-~containing
vapours are swept by a flow of argon intoe an argon-hydrogen entrained
flame of an atomic absorption spectrophotometer. Interferences are
minimized and detection limits of 0.02 ug As and 0.05 ug Se are
obtainable (Fernandez and Manning, 1971).

Neutron activation oanalysls is ;zonsidered an extremely precise
and accurate method of determining mercury. Morris and Killick (1964)
report the high precision determination of mercury in G~1 and W-1. |
Kosta and Bymme (1969) have determined nanogrem quantities of mercury
in biological samples‘using an interesting scheme of separations.

The material is pre-irradisted, volatilized in a sealed, oxygenated
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chamber, the gases swept over a heated Pt gauze to complete ignition,
interferring elements (halogens, Ls, Se) removed using heated silver
wool and Hg quantitatively retained by a SeS nad for counting.

o

Ruzicka et al. (1969) have used an automated {(auto analyzer)
method to determine traces éf mercury in biological material using-
substoichiometric radioisotone dilution. Thelr determinations on
international biological stendards agree with values attained by
activation analyses.

Sjostrand gt al. (1971) describe a neutron activation method
to determine mercury in a widé range of naturally-occurring materials.
Samples are pre~irradiated, Hg++ carrier introduced, and followed by
hot acid oxidation in a suitable refluxing apparatus. HMercury is
distilled from solution onto Au foil (weighed for recovery) and the

197

amownt of Hg relative to the standard is determined by spectrometry
of the combined 68 to 77 KoV X-vay and ¥-ray peaks.
The method most often referred to and/or employed in investiga-

tions requiring the determination and identification of organomer-

curials is chromatograshy. Fishbein (1970) has published a review

article on the chromatogranhic snd biological aspects of organomer-
curials.

In a series cf

napers, Westoo (1966, 1967, 1968) describes the
determination of methylmercury in food and various kiﬁds of biocloglecal
materials utilizing both thin layer chromatography (TLC) and gas
liguid chromatography (CLC). TLC separation of mercuric, methylmer-
curic, and phenylmercuric dithizonates has been attained using an
aluninum oxide adsorbent. The limit of detection 1s 0.2 ug ig.

W e

Methylmercuric cyanide, 14 chloride, M bromide, !

=

=

¥ iodide, and
phenylmercuric chloride are separabed on silica gel and identified
with an ethanolic solution of liichler's thicketone. Westoo has used
GLC to separate and identify methylmercury, ethylmercury, and methoxy-

ethylmercury.
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Tanaka et al. (1968) have combined radioisotope dilution with
paper chromatography to dete;rmine organic and inorganic mercury. The
technique has been successfully applied using o penicilliamine chelate
to determine one ug of either phenylmercuric chloride or mercuric
chloride.

Kurayuki and Kusaemoto (1967) describe the chromatographiec
separation of inorganic and organicimercur'y compounds on anion~exchange
Paper using dithizone in chloroform for detection. The Rf values were:
for alkylmercury compounds, 0.19-0,33; inorganlc mercury compounds,
0.,09-0,11; and phenylmercury compounds, 0.01-0,03. A detection limit
of 0,2 ug is obtainable.

Kitomura et al. (1966) have reported on the GLC behaviour of a
number of organomercurials us:-i.ng flame ionization and electron capture
(tritium) detection devices. Methyl-, ethyl-, propyl-, and metho-
o;qrethylr;aercwic chlorides were successfully separated and determined.
When using the electron capture device a detection limit of 0.5 ng
methylmercury chloride was easily obtainsble., Beauford (pers. comm.)
confirms this last detection limit, —

Fujita et al. (1968) have developed an intcresting oxidation
technique to extract mercur:;r from biological matter., Samples are
placed in a Pt dish, wetted with 1N HNO,, and placed in o pressure
bomb. Oxygen is passed into the bomb wntil a pressure of 25 kg/om2
is attained and the somple then ignited by 2o small AC current. The
bomb is cooled, gases released, and mercury determined by a colori-
metric procedure. Recoveries of Hg range from 91 to 96 per cent.

Goulden snd Afghan (1970) report water samples from rivers in
Saskatchewan, Canada that have béen pre-irradiasted with a UV source
for two hours release more mercury (vie the SnClQ-flameless atomic

absorption technique) for detection than do samples pot irradiated,
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Aoporent Mercury Level - % of Total

Trradiation e Time~Mins. s 1.0 20 Z0 40 60
Compound

Phenyl . Mercuric Lcetote 5 . 60 75 350 95 100
Vethyl Mercuric Bromide o % 70 85 % 100 -
: i
Pi-tlethyl Mereury 5 § 70 9 | 100 - -
Tthyl Mereurie Chloride o | 80 . 95 | 100 - -
' !
Di-Fthyl Mercury 4o | 70 90 | 100 - -

I pout 10 ug/1

2 550 ¥att Hg are loamp

(cfter Goulden, 1970)




The results of control experiments on selected organomercurials in
solution are shown in Table 38and indicate that naturally-occurring
water samples require pre-treatment for a more absolute value of the

total Hg present.



146

CHAPTER 7

MERCURY IN SOIL. GAS AT KEEL

7.1 GENERAL

T.1.1 Introduction

Primary ond secondary halos of mercury around ore deposits are
believed to reflect (to some extent) the gaseous migration of Hg vapour
through rock and unconsolidated oveéburden.

Jemes (1962) hos stated that gaseous halos of Hg may be thought
of aos consisting of two components:

i) Residual ges from the time of ore formation
ii) Thet given off during weathering

- The first component is, of course, the emplacement of the
primary holo known to be present about both mercury and polymetallice
deposits (Ozerova, op. cit.). The second migrotion of mercury is all
that Hg vapour (or volatile‘compounds containing Hg) released after
completion of epigenetic (hydrothermal) or syngenetic emplacement of
sulphide mineralizotion., This includeé oxidation and release of mercury
from sulphide minerals and hydrothermally altered products and subse~
guent processes enhoncing or depressing gas evolution in soil and

mneonsolidated overburden.

T.2..2 Gaseous Aspect of Primary Halos of Mercury

Although the subject of this chopter reports on the gaseous
dispersion of mercury in the secondary environment, primary halo emplace-
ment is briefly commented on for a comparison with the known secondary
mobilizabion processes of volatile Hg/Hp compounds.

Jomes (op. cit.) states "As a result of the high vapour pressure

of mercury, the element may be expected to penetrate the wall rocks
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in the form of vapour. Even In dense rocks, an aureole could be produced
in this monner by the vopour following interstitial spaces in the foek.
Such a pattern may extend for meny hundreds of feet." PFurther, James
theorizes that the greatly increased vapour pressure of Hg at mesothermal
and hypothermal temperature ranges would aid the formation of well-~
developed primery halos and/or continued hydrothermal transport

(gaseous aspect?) for eventual epithermal deposition.

The contm:.bubion of aqueous hydrothermal movement of Hg clong
faults, fissures and interstitial spaces should not be overlooked as
an accompanying fgcet of gaseous primary halo emplacement. Ozerova
{op. cit.) reports that primary halos of Hg form by both gaseocus and
hydrothen£a1 mechanisms of metal transport and deposition.

A suggestlon that thermal dissocistion of HgS may put significant
quantities of Hg into hydrothermal solution at elevated temperatures
(about 0.3 ug/ml at 250°C) has been proposed by Dickson (1968). Further,
he adds that certain specf_'.es of sulphur (S~ ()’ 820::, S(n‘)OG;_’ HQS,
SOJ:') have the ability to solvate mercury and could introduce even more
of the clement into alkaline solutions as Hg82=. The hydrothermal
tronsport of mercury is then possible and could explain the presence of

Hg vapour accompanying exhalations from thermal springs (White, 1967).

T.1.3 Gaseous Movement of Mercury from Mineralized Occurrences

Reportéd information on the mode of gaseous dispersion of
mercury from weothering sulphides is extremely limited. Most applied
investigators refer to the comparative ease of reduction of some mercury
compounds end minerals to metallic Hg, coupled with the high vapour
pressure of the element as leading to soil air or atmospheric air halos.,

Hawkes and Williston (1962) have elchorated on the stages
of mercury vapour migration from c;xidizing sulphides, They conclude

that native Hg is released by the oxidation of primary sulphide minerals
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and the element moves upward to form secondary dispersion halos.
Migration of Hg vapour is said to proceed via Hg complexes (inorganic and
organic?) and sorbed Hg vapour on clay minerals, the gas eventually
being reieased to the atmosphere,

Laboratory experiments have been conducted to demonstrate the
formetion of mercury vapour over cinnabar (Korasik et al., 1967).
Measurements at 20 to 22700 suggest that Hg vapour is forming céntinu—
ously, at depth as well as in the oxidized zone.

Trost and Bisque (1970) claim to be able to differentiate between
ilonic and vaporous mercury in éoils from both experimental information
and results from field studies on two mineralized occurrences in the
United States. The experimental results are enlightening, but the
writers assume mercury vapour is being generated at depth and is being
actively dispersed as a gas along mineralized faults., In addition, they
neglect to mention if any equilibria may exist between saline and

gaseous forms of naturally-occurring Hg compounds in soils.

7.2 SOME_CASE HISTORY APPLICATIONS OF GASEOUS DISPERSTON IN

MINERAL EXPT.ORATION

T.2.l Mercury

The first known refercnce on the determination of mercury vapour
dispersing from oxidizing sulphides is that by Sergeev (1961). Figure 36
shows thé soil gas anomaly (but no measurable atmospheric anoﬁaly)
detected by Sergeev over an unnamed Hg deposit in the Karatan Ranée,
U.S.S5.R. Soil air was collected by means of pumping through shallow
bore holes in friable material,

Williston (1964) has detected an atmospheric air mercury anomaly
over a Hg prospect in Célifornia. He appears %o be the first to mention
that the mercury content of air can vary with temperature, wind direction,

and precipitation and that the application of the technique to mineral
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exploration seemed to hold most promise for warm, dry areas.

A significant contribution to the application of Hg in soil gas
and alr for mineral exploration has been the examination of mercury
vapour mnomalies at Cortez, Nevada, U.S.A, by McCarthy et al. (1969).
Mercury traps (plastic tents containing noble metal foil to mnalgaméte
escaping Hg vapour) were placed over gravels covering a Au deposit with
a known mercury soii anomaly. Results of these experiments (see Fig, 38)
revealed that anomalous Hg soll gas levels complemented the outline of '
the deposit as well, if not betiter than the soil anomaly. Atmospheric
alr immediately above the deposit also contained anomalous levels of Hg.
Further experiments using aircraft collecting procedures were also
successful in detecting airborme anomalies. Mercury in alr anomalies
were also found associated with porphory Cu deposits and Hg (cinnabar)
oceurrences., .

Barringer Research ILid. of Toronto, Canada has recorded anomalous
mercury concentrations in atmospheric air over Zn soil anomalies in
the Bruce Peninsula, Canada (Motycka, 1970). Also, anomalous atmospheric
readings have been recorded over the well-zhineralized Cobalt area,
Ontario (A. R. Barringer, pers. comm.).

Crosby reports that mercury s<;il gos anomalies have been found
overlying subcrop of major faults related to mineralization in Idaho,
U.S.A. (a pers. comm. in Crosby, 1968). He also states that the mercury
soil content is not sufficient to accéun’t for the magnitude of the soil
gas anomaly suggesting that there may be a continuous release of Hg
vapour at depth and subsequent migration of the element through soil

cOoVver.

T.2.2 Badon Gas in Uranium Prospecting

Mercury 1s not the only gas to find application in mineral

exploration. Radon gas is now an accepted method of prospecting for
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U/Th and the writer tokes this opportunity to briefly elaborate on
analytical methods and sampling technigues employed to monitor Rn.

Saum and Caneer (1969) have made on-site measurements of
Radon~222 gas emanating from éoils on the Colorado Plateau, U.S.A.

They employ a vehicle-mounted power auger to drill a three-inch diameter
hole to a depth of three feet into which they insent o sampling probe,

A hand=operated pump is used to extract the scil gas into a counting
chamber which is coated with a phosphor sensitive to alpha particle
bombardment. The radiation emitted by the phosphor is amplified for
measurement by a photomultiplier and a detection 1limit of 3.5 x 10“18
grams Rn=-222 in 30 cc of soil gas is claimed. Actinon (Rn-219) and
thoron (RBn-220) are potentially interferring goases. -

Peacoclus and Williamson (1961) describe equipment to measure
radon In soil gas pumped (by hand) ffom a shallow auger hole. Further,
they employ a metal cone to colle;:t radon gas when the water-table is
near the surface. Apparently, any radon present bullds up to equilibrium
and the gas is then drawn through the scintillation choamber and the
alpha activity measured.

Dyck (1969a) describes radon determination apporatus for geo-
chemical prospectiné as develobed by the Geological Survey of Canada.
The method is applicable to water (Rn is degassed from the sample before
alpha measurement) and soil air. Dyck claims to be able to distinguish
radon from fhoron~by observation of decay curves., Further, Dyck (1969b)
describes successful prospecting application employing traverse sampliné
stations over uranium mineralization ot Elliot Lake, Ontario and in the
Gatineau Hills, Quebec.

Apparatus to determine radon is commercially available from at
least one Canadian firm (MePhar Geophysics Ltd., Don Mills, Ontario)
for Rn measurement in ground or stream water. It would seem possibie

in the light of the previocusly discussed methods that the apparatus
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could be adapted for soll gas work.

T.2.3 Other Gases in Mineral Exploration
Boyle and Garrett (1970) describe the use of volatile elements

and compounds in searching for rilinero.l deposits as "Ntmogeochemical”
prospecting. Besides Hg and Rn, they note future use may be made of
iodine, As, Sb, and sulphur-containing gases.

Barringer (1969) states that iodine may be a useful pathfinder
in mineral exploration c-Jwing to the knowledge that halide~rich brines
play an important part in the formation of some epigenetic orebodies.

Al so, actual occurrences of iodine minerals have been reported in a
number of mineral deposits. A. R. Barringer (pers. comm.) has indicated
that potential appliceation may cexist for I pathfinding m-searching

for porvhory Cu-~Mc mineralization in arid enviromments.

R. Peters (pers. comm.) at A.G.R.G. is currently :Invesbiga:bing
sulphur dioxide =nd cther sulpiélur—con'bainm.g gas emanations from base and
noble metal deposits in Newfoundland, Canada. A. R. Barringer (pers.
corm. ) reports measuring sulphur dioxide dispersion from sulphide ocour-
renceé using a direct-reading correlation spectrometer.

There would appear to be o considercbhble range of potentially
useful gaseour compounds in mineral exploration if one considers
organo-metallics. Compounds analagous to the biocloglically generated
and highly volatile (CH4)2Hg such as Cd, Zn, Pb, and Bi derivatives
all have low boiling poix:rbs (see Table 39) and could form secondary
gas halos through approprizte biochemical?eaction mechonisms. Tellurium
may also have potential application as a gas pathfinder owing, to some
relatively low beiling point organlc and inorganlc compounds.

Although not a directly related subject, W. T, Meyer at A.G.R.G
is currently investigating "readily-volatile" metals in soils and

weathered material as potential guides for mineralization.
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1
Table 39. Physical constants of some potentially useful
organo-metallic compounds for mineral exploration

Organo~metallic compound Melting Belling
point (°C) point (C)

(CHA?QHg liquid - 95
(CH4?20d oil -4.5 105
(CHn?EZn liquid ~42,2 46
(CHB?BSb 1iquid - 80.6
(CHB?BAS liquid - 70

( CH3 _)3Bi liquid - 110
(CHB?éTe oil - 82.9
(CHn?qu 1iquid -27.5 110

1

from Handbook of Chemistry and Physies, 5lst Edition,
1970~1971, The Chemical Rubber Co,, U.S.A.
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Te3 EXPERIMENTS TQ DETERMINE MERCURY VAPOUR TIN LABORATORY AIR

7.3.1  Introduction

It was apparent afte£ an investigation of literature sources that
the most suiteble methed of determining — mercwry in soil and abtmospheric
air was to emulate the technique of McCarthy et al. (op. cit.). Direct-
reading of Hg vapour in soll gas and atmospheric air using thé James=-
Webb (1964) spectrophotometer required several orders of magnitude of
improvemen% and/or amplification of instrument sensitivity as well as a
speclal power supply for field use. Pre-concentrating of mercury vapour/

volatile Hg compounds on a suitable collector(s) was requlred.

TeBe2 Collectors for Mercury Vapo and/or Volatile Merc Compounds

Collectors for mercury vapour can be essentinlly divided into
two types:

i) Absorbing solutions containing organic and/or inorganic complexing
“ agents.,
ii) Solid collectors, including metal amalgamation or selective sorption
substances.

Absorbing solutions have been successfully used by a number of
investigators. Sergeev (op. cit.) used a mixture of XI solution and
vapours of bromine to trop mercury-vapour in his soil gas experiments.
Linch gt al. (1958) have employed 0.1N iodine monochloride in 0.5N
hydrochloric acid £o absorb dimethyl and diethyl mercury, monomethyl and
monoethyl mercuric chlorides, mercury vapour, and mercurial-bearing
dusts.

The separction of wetallic mercury from some organic Hg vapours
has been accomplished by the passage of mixed vapours through a solution
of sodium carbonate and dibasic sodium phosphate and then through a
HQSO#/permanganate ebsorber. Vapours of ethyl and methylmercury

chloride (100 to 1000 ug range) are retained in the carbonate~phosphate
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absorber and the Hg vapour is captured by the acid permengenate (Kimura
and Miller, 1960).

The writér has not attempted application of absorbing solutions

mainly on three accounts,
i) Difficulty in obtaining mercury-free chemicals (solutions containing
~ less than 0,005 ug/l Hg would seem desirable for good quality
control ).
ii) The absérbing solution may be required to collect both Hg vapour
‘ and any naturally-ocourring organo-mercurials with sultable
efficiency. A lengthy laboratory investigation was envisaged with
little or no guarantee of finding the needed reagent.
iii)} Most important, some difficulties were forescen for field applica-
. tion., Fragile glassware was required for sintered glass bubblers,
and the transport of mercury-bearing solutions adds the problem
of element sorption to glass and polyethylene containers (i.e.
sec Benes and Rajman, 1968 and Benes, 1969).

Solid collectors have been successfully émployed by a number of
investigators, Christie gt 2l.(1967) have collected mercury vapour and
organo-mercurials with CdS-impregnatéd fibre glass filter pads and on
fluidized baeds of active carbon. Preliminary tests by the writer revealed
that prepared CdS pads contained high and erratic amounts of Hg (5 -

50 ng) that could be purged only on heating to temperatures that
dcsi;'réyed the usefulness of the filter. However, Barber et al. (in
press) report 2 successful application of CdS pads in collecting nanogram
J.evelé of mercury in radio~tracer studies.

"Hopealite" (a preparation containing 60% MnO2 and 40% CuO
manufactbured by Hopkin and Williams Ltd., Chadwell Heath, Essex) has
been employed by Magos (1966) to sbsorb radiocactive mercury vapc;ur' in

the range 200 to 1200 ng/l. A further investigation by the writer
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confirmed the scavenging qualities of hopcalite for mercury vapour, but
the preparation contains erratic amounts of contamination. In addition,
loss of chemical activity on heating of hopealite above BSOOC has been
reported by D, J. B. Cox (written comm.).

Iodized active carbon collects ;zll forms of mercury in air at
concentrations approximating 100 ug/m5 (Sergeant et al., 1957). Experi-
ments by the writer have indicated that a small bed of the stﬁstance
readily absorbs mercury vapour down to levels much less than 100 ug/m3
and the mixture has now replaced PdClg-impreglated glass wool as a
de-mercurifying agent for use in the James-Webb spectrophotometer
(see Appendix Two). Unfortunately, the material ignites on heating and
was not suitable for collecting znd desorbing of mercury-bearing compounds.

Fibre=glass filter pads have been used by Barringer Research
Ltd., Canada to collect mercury vapour (A. R. Barringer, pers. comm.).
Similar tests by the writer indicated that newly purchased pads not ‘
only contained erratic levels of contamination, but also exhibited a
low collecting efficiency for mercury vapour. The pads seem best suited
for collecting mercury-bearing dusts.

Mercury amalgamates with most metals, iron being the most notable
exception (Bratt, 1967). For centuries, both Ag and Au have been
recovered from their 01"'es using mercury alloying and amalgamation.

The analytical use of noble metal capture of mercury has been reported
by Holmes and Lauder (1965), Azzaria (1966), and Williston (1968).
Thilliez (1968) has used Pf for collectinghmeroury vapour, McCafthy

et al., (op. cit.) have used both Ag and Au foil in their investigations
at Cortez, Nevada;

The writer decided to employ noble metal amalgamation to collect
mercury vapour as the technique appears to be reasonably efficient.

In addition, noble metals presented little problem for purging and were

easily adaptable to the facilities available,
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A dynamie sampling system was developed based on the pumping of
soil air through a series of Ag gauze filters to replace the static
technique of McCarthy et agl. (1969) which depends on soil respiration

of mercury vapour,

T.3.3 Abparstus snd Maoterdals

The basis for mercury determination In this investigation is
the James-Webb (1964) double=-cell, flameless atomic absorption spectro-
photometer. Discussa;.on here on analysis will be limited to instrument
calibration using mercury vapour and determination of Hg vapour released
from heated Ag gauze. TFurther details on procedural information and
mercury anelysis for soils, etc. can be found in Appendix Two.

Normally, the spectrophotometer is calibrated by injecting known
amounts of mercury vapour Into the instrument and noting the voltmeter
readings over the range O to 7000 mV (0 to 600 ng). Although representing
adequate sensitivity for soils, discrimination beiow 100 mV (about 5 ng
Hg) is poor and a new calibration procedure was required.

' A modified version of the James-Webb (1964) instrument had been
acquired and was extremely stable on the 300 mV scz;le (0 to 15 ng Hg).
By using a gas syringe (Hamilton-2500 ul), a suitable working curve éver
the range O to 20 ng was possible (see FJ-'.g.>39). Now a detection limit
of 0,5 ng Hg was easlly obtainable with good d;:scrimination for
increasing 0.5 ng amounts (when required).

Silver gauze (60 mesh) was purchésed from commercially available
sources and cut into one inchAdiameter circles (to fit filter holders).
For snalysls, gauze was heated (singly) using the existing Radio Freqilency
heating wnit (Appendix Two) to release_amalgamated mercury. Simply,
an exposed Ag gauze was plétced in the sealed glass tube, heated to
redness by RE and the released volatiles quickly swept to the reference

and measuring cells of the spectrophotometer for mercury determination.
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Purging of the gauze by heating to 7OOOC In a muffle furnace
for at least 36 hours was a required procedure to clean (degrease) and
decontaminate the silver. In most Instonces, a background of 1 né/
gauze was maintained, but on occasion this could rise to 3 or 4 ng/
gauze for no apparent reason., Over a period of three to four weeks,
gauze confined from laboratory alr and other 'sources of contamination
usually showed levels of 2 to 3 ng Hg/gauze. All laboratory test experi~
ments were performed on gauze with backgrownd levels <.0.5 ng Hg/gauze.

A trend for gauze to become susceptible to Increased levels of contamina-
tion with usage has been noted,

Table 40 lists the apparatus and materialé used to lmplement a
sampling system for the collection of mercury vapour from laboratory air.
The apparatus was assembled into o dynamic air sampling system as follows:

Filter holders —» Rotameter —>Limiting orifice —
Alr sump —= Vacuum pump

The above system provided a working uwnit to study mercury
amalgamation with Ag gauze using both introduced and laboratory (Hg-
containing) atmospheres. The system was later adapted for field studies
using a 12qV DC battery-operated pump and sultable attachments for
obtaining scil gas.

In addition, a small, battery-operated air sampling wnit
(C. Fu Casella and Co, Ltd., London N. 1) was used for both laboratory

air sampling studies and for atmospheric air sampling in the field.

7.3«4 Results of Laboratory Experiments

The correct flow rate for suitable collection efficiency was
required for the system. Limiting orifices of 14, 5, and 2 1/m were
selected and a series of five Ag gauze contained in "in-line" filter
holders exposed to laboratory air. Figure 40 shows the results and it

is easily seen that a low air flow rate is required for controlled
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Teble 40, Apparatus and materials employed in laborotory air

experiments and in soill gas investigations

Number Descriptilon Purpose Notes
One 1 inch "open”
filter holder To hold one to
' five 60 mesh Ag Manufactured by Gelman
Two or | 1 inch "in-line” | gauze clrcles Instrument Co., U.S.A.
more filter holders Filter holders made of
' ( an acetal plastic
One Limiting - Provides accurate |"DELRIN". Limiting
orifice alr flow rate at orifice(s) made of

given conditions 1 |stainless-steel

-

One Five 1 bell jar Vaguum reservolr Not normally used in
(air sump) +0 reduce "hunting” {field work
. of pump
Two | Rotameters Visual control Two colums used during
(1-10 1/m) thot limiting soil gas experiments
- orifice is
functloning
Two Vacuum alr Vacuum source2 Must have a capacity
pump grecter than limiting
oriflce
- PVC tubing, Linkage for All Joins must be air-
Jubilee clips, filter holders, tight
glass tubing, sump, and pump
rubber bung

2

For a given set of upstream conditions, the dlscharge of gas through
an orifice will theoretically increase for an increase in the value of
Pl/P2 (Pl = upstrean pressurc, P2 = downstream pressure) until the

linesy veloeity in the throat reaches the veloeclty. of sound in the
gas at that point., For ailr, thils condition exists when P, = 0.53 Pl.
The critical or limiting alr flow of an orifice occurs when the
pressure on the downstream side of the orifice is 53% of the pressure
on the upstream side. When using a limiting orifice with o filter
sufficlent vacuum must be maintained at the pump to compensote for
any pressure drop developed across the filter, in order to maintain o
constant flow rate.

12 V DC pump for field use, 240 AC pump for laboratory experiments.
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efficiency when using 60 mesh Ag gauze to collect Hg vapour. Also,
Figure 40 would suggest that the relative efficiency of the system is
such that lower flow rates ( . less than 2 1/m) may be required when
Hg vapour levels drop to naturally-occurring lev;als (thought to be less
than 1 ng/m3 in atmospheric air).

Kalb (1970) reports thai:: a flow rate of 1.88 1/m gives the greatest
reproducible sensi*éivity in an analytical technique using eight gm
of Ag chips to amalgamate Hg vapour. Lower flow rates have been attempted
by the writer in both field and laboratory work, but were discontinued
as the vacwn pump(s) tended to overheat.

That mercm-y'vapour is collected and determined with little
interference is shown by Figwre 41, Ninety-two ng of Hg vapour were
injected into a series of "in~line" Ag gauze filters whose air was
pre~cleaned with lodized active carbon. Seventy-five ng Hg were recovered
representing an efficiency of 82 per cent. A reference series of
determinations 1s also presented to show the efficiency of the active
carbon.

Some analyses on lzboratory air are shown in Table 41, In these
experiments, three Ag gouzeswere employed, but it is apparent that more
filters are required to obtain a more absolute .value of mercury vapour
present. The efficlency of a three gauze system appears to be about
50 per cent. The differences in the estimated content of mercwry in
laboratory air may reflect actual changes in the level of Hg vapour/
volatile Hg compounds as the air was constantly being circulated by
fume cupboard fans. Also, a single heating to redness of Ag gauze l1s
shown to volatilize almost all amalgamated Hg.

Mercury could not be determined in London air as the Ag gauze
quickly reacted (darkened) when exposed and any amalgamation was effec-
tively curtailed. Atmospl:xeric sulphur compounds (probably HQS) are

thought to be responsible, Thils feature has some bearing on soll gas
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2 Radio Frequency heating (70000) of three separate 60 mesh silver gouze

5 Projected curve estimations

4

Total He released

Estimated Hg content of laboratory atmosphere

Table 41. Results of dynamic sampling cxperiments for the determination of mercury vapour in
laboratory air
. . . . 4
Sample Litres of Nenograms of Nanograms Total Hg Estimated Hg Efficiency
No. alr Hg released, Hg released, released content of %
sempled first second (ppb) loboratory 5
heating heating - atmogphere
%3.0 1.8
2817 60 19.0 0.8 66,1 1250 47
D 11.5 < 0.3
A
Y 18.0 1.5
2847 60 11.5 < 0.3 39.4 800 by
0 8.4 < 0.3
N
E 2k,0 2.2
2877 62 15.0 1.1 2.1 985 46
9.8 -
12.5 0.8
2908 40 6.8 < 0.3 25.9 5] 48
D 3.8 < 0.3
A
4 10.5 < 0,3
2157 28 2.4 < 0.3 15.7 5% 63
T 1.8 < 0.3
W
Y 10.8 < 0.3
3143 28 2.7 < 0.3 - 15.0 675 57
1.5 < 0.3
15.0 1.5
3125 36 5.7 <0.3 5.8 815 56
3.6 <03
1 Two 1/m
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investigations as sulphur-bearing volatiles may be emitted from oxi~
dizing sulphides (Blanchard, op. cit.). However, this problem seems
not to have arisen during soll gas safﬁpling at Keel.

Limited experiments have also been performed to show that Ag
gauze collects some volatile mercury-bearing compowmds., Diethyl-
mercury (Hg(C2H5 ) 2) vopour is collegted by Ag gouze when atmospheres
of the compound aré injected into a series of "in-line" filters.
Limited data indicates that the compound is readily token up (or
catalytically reduced to Hg vapour and amalgamated), but efficiency
controls have not been investigated. Dime'bhylmer;n:lry was not invest-
igated (although such information would seem desirable) as adequate
facilities to vent this highly volatile (about 50 t:imes:; that of

Hg vopour) and toxic compound were not readily available.

T35  Traonsport of He-~free ond Exposed Ag Gaovze to and from the
Field Arean

Any contamination of the Ag gauze in the laboratory from
introduced sources (thought to be Hg-containing chemicals and a
polarograph) could be circumvented by purging gouze in a2 muffle
furnace or 1:,he RF heater immedlately before laboratory experiments.
Silver gauze clrcles taken to the field for exposure reguired special
conglderation and the following packaging procedure was adopted.

Cleaned gouze were placed (singly or doubly) in unused self-
sezling polyethylene bags (2% b 2% in. ), the bag foided and placed
with other bags in a wide~mouth jar (2-11; X 1% in.) capped with a bak~
elite screw top lined with a soft plastic sealer; A loose gauze was
placed in the capped jar to mop up any introduced mercury vapour.
Overall, the Jars proved satisfactory, but some contamination was
encowntered from time to time. Exposed gauze were placed (singly)

in numbered polyethylene bags, rcturncl tothe bottles, and only opened
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for analysis at the laboratory. "Blank" levels were determined on both
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batch and individually packaged gauze to maintain quality control.
All field results reported here have been corrected for "background”

contamination levels of mercury.

T4 SOIL GAS COLLECTTON PROCEDURES

Tok,1 trod

The collection of mercury vapour/volatile mercury compounds from
soil gas Involved the tegting and application of apparatus with little
history of use.

The only known collection of mercury from soil gos for peochenical
Purtodes was reported by Sergeev (op. cit.) who pumped alr out of shollow
bore holes., No details were supplied on tﬁe apparatus employed.
McCarthy'gg,g;,(1969) used plastic tents to funnel soil gas into a
noble metal trap. Tﬂis technique depends somewhat on the stimulation
of natural soll respiration processes through alr pressure changes
md slightly elevated temperatures., Obther than the specialized
chambers and hoods required for tropping Rn caanations and the "soil
respirometers” used by soil scientists to monitor oxygen snd carbon
dioxide in soils, little else seems reported on soil gas equipment
and opplication.

The vacuun apparatus described and used in the laboratory
experiments hoas been adepted for field use., A 12 V DC battery-
operated pump (Capex Mark I, Charles Austcon Pumps Litd., Byfleet,

Surrey) replaces the mains-operated vacuum source while "perspex"
and stéinless steel "hoods" (see Fig. 42 and Fig. 43) have heen

devised and/or modified to extract soil gas from soils.

T.4.2 Previous Work ot Keel (Soil gas respiration experiments)
Initial attempts to measure mercury vapour in soil ailr and
atmospheric alr at Keel have been made by the writer and M, D. Leggo

using a tecimique similar to that described by McCarthy et al. (1969).
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Datz and results have been reported by Leggo (1970). These findings
were inconclusive as contaminction of the plastic i.‘vt:.ertrbs" (here nine
litre polyethylene bottles) is believed to have caused spurious readings.
Corrected results showed 1itt1e, if any, readily volatile Hg/Hg compounds
degossing from mineralized soils. It should be noted that less than
optimum sampling sites‘were used during these investigations,

Leggo (op. cit.) discusses in detail cleaning procedures adopted
for Ag gauze and has made voluable comment on analytical problems in

Hg analysis.

TH.3 Soil Gos from Depth (Induced mass flow by pumping)

The techniques employed to gain access to soil a:Lr at depth and
extract gases are essentially those used by Sergeev (op. cit.)
modified for use with the apparatus at hand. ‘

A four inch diameter "collar' in soil is removed to a depth of
three or four inches with a post hole borer (City Timber Ltd., Brasted,
Kent), Inside this collar, a vertical hole (one inch in diameter) is
fashgi.oned using the conventional soil auger to o depth of 24 inche-as (or
deeper). The perspex hood (Fig. 42) is then positioned in the collar
and préssvre gently opplied to prodt-lce a seal with the soil. The
walls of the collar are flatbened ageinst the sides of the hood to
limit atmospheric dilution of soil gas. Once in position, pumping is
commenced through z closed system of Ag gauzes as described in the
Laboratory experiments.

The "tightness” of seal is thought to be adequate. During
pumping on poorly-~drained sites, ground water was occasionally observed
to be "boiling" in the hood. Once, grownd water was brought through
the entire system and, needlessto say, the apparatus had to be completely

dismantled and cleaned.
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T-4.4 Soil Gas in Near-sueface Horizons (Induced mass flow by pumping)

To obtain "near-surfaoce” soil gas, a stainless steel hood
(modified from sn original use as a buchner funnel) is employed (Fig.
§3), The fumel bowl is placed on the ground and ﬁressed firmly into
thé grass., The impression made by the rim in the turf is incisioned
using a stainless steel hand trowel and the hood then forced into the
soil. Soil vepours are pumped off as described above. This technique
was Introduced primarily to investigate volotile Hg/Hg compounds as
found in the near-surface, orgonic-rich horizons with little disruption
of soil structure or fabric. Plate 9 shows simultaneous “from depth"

and "near-surface" soil gas sampling in operation.

Te5 RESULTS AND DISCUSSION OF FIELD THEITS

7.5.1 Introduction

Attempts to measure volatile Hg/Hg compounds in soil gas at Keel
were made during four separate field trips (March-April, 1970; July-
August, 1970; September~October, 1970; and May, 1971). The reader
will appreciate that the techniques employed here wefe subject to
modification and improvement as refinements became known or required.
However, the ultimate aim of the investigation did not change, which
was to determineuthe presence of volatile Hg/Hg compounds in soil gas
in mineralized soils at Keel (see Chapter Four for soil data).

All soil gas results have been reported in ng/ﬁﬁ, as is the
convention with trace constituents in atmespheres. Sample collection
times range from 45 to 120 minutes (normally 60 minutes) and flow
rates of 2.0 and 2.5 1/m were used in 2ll instances as iaboratory work
had indicated  suitable collecting efficiencises were obtainable when
using 60 mesh Ag gauze.

Emphasis has been ploced on the measurement of soil gas as a

supplemental aid to the interpretation of soil anomaly formation at
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Keel, the possible relationship between solid, ionic, and gaseous forms
of mercury in soils, and finally, on the evaluation of soil gas as

a prospective mineral exploration aid in the Irish environment.

7.5.2 Presentation of Soil Gas Regults

Figure 44 is o mercury in soil gas and in soil traverse across
the Decomposed Zone and sulphide=bearing faults at Keel collected
during March, 1970. Soil gas levels of mercury (from depth only)
reflect both the general soil anomaly and the accompanyling Hg :K.nw
soil anomaly.

Purther collecting of soil gas (now using both near-surface
and from depth soil gas sampling procedures) was accomplished during
July-August and Sept.-Oct., 1970. These exl-aeriments centered on the
moderately and strongly anomalous soil classifications (see Fig.

45) to add confirmatory results to the March results and, if pos-
silsle, to observe any seasonal fluctuation of mercury in soil gas.
Figure 46 and Table 42 summarize data from all 1970 scil gas
samplings. Soil gas collections during May, 1971 were confined
mainly to selected experiments (see section 7.5.3).

The level of mercury in soil gas (as colle;:ted by 60 mesh
Ag gauze) may exhibit some seasonal variotion (Fig. 46). The Sept.~
Oct. levéls of mercury in soll gas are much lower than“ the March-
April and July-August levels. This is substantiated by data from
Teble 42 which shows that similar range and mean levels of mercury
in soil were encountered in the July-August and in the Sept.-Oct.
semplings. The differences in soil gas levels may well represent
o seasonal influence on mercury outgassing from soils.

Results from Table 42 also suggest the levels of Hg in "from
depth” soil gas are slightly higher than Hg in soil gas from "near-
surface', This is in some conflict with the previously discussed

soil profile investigations (Chapter Four) as mercury is known to
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Toble 42. Summarized results on mercury in soil and soil gas,
1970 investigations
Mercury in soil gasl Mercury in so0il®

Date of (ng/m?) (ppb)
Field — : .
Trip Near-surface {From depth || % inches;18~24 inches

No. of Samples - 30 30 30
P & -
larch= 1 ponge - <10-180 | 130-6850| 46-11000
Aprils lyeon - 62 1110 1355
1970 | rhreshold - 124 vt | n.c.

No. of Samples 19 26 24 23
July- Range <10-130 <10-175 500-T320| 236-12200°
August, |y oo 1y 58 2100 2190
1910 | preshola 83 116 N.C. N.C,

No., of Samples 11 15 12 18
Sevte= |ponge < 5-57 <5-60 290~7800| 260-8800
9etes  |Mean 14 18 2013 1937
1910 |Typeshold 28 36 N.C. N.C.

1

2 Tncludes all soil determinations

Soil gas measurements > 200 ng/m3 omitted

=
7 Anomaly threshold = 2 arithmetic mean of soil gas
measurements < 200 ng/

4

(see

Fig. 45)

> Cne determination (40 ppm) not included

Thresholds Not Calculated, class limits defined otherwise
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accumulate in the AO and A, horizons, particularly in poorly-drained

1
areas. Discussion on the possible generation mechonisms of mercury
vapouwr and volatile Hg~containing compounds in the soil profile at
Keel is commented on later in this chopter.

Table 43 summarizes data on the gpnomalous soil gas sites
and coryesponding levels of mercury fouwnd in soil ot two depths.
A provisional threshold for anomalous mercury in soil gas was
arbitrarily established as two times the arithmetic mean of all
results except those highly anomclous values (greater then 200 ng/m3 ).
The soil results corresponding to anomclous soil gas sites have also‘
been averaged oand then ratloed against means caleulated for apll soil
results (Teble 42). In each instance, anomaly relief ratios (Table 43)
are greater than ﬁity suggesting that the soil gas levels of mercury ~
are somewhot dependent on soil levels of mercury.

To date, the only other results available to the writer on the
presence of mercury in soil gas over Pb-Zn occurrences are those
found in Teble 28 of U.S.G.S. Professional Paper 713 (see Table 31
in Chapter Six). Here, ground measurements (40 in number) disclosed
a maximum mercury concentration in air of 68 ng/mj over scsils in the
Coeur d'Alene mining district, Wallace, Idsho. It should be noted
that this value is not a true comparison with the Keel soil gas
results as Crosby (1968) has indicated that the technique employed
to collect soil alr was that of MeCarthy et al. (1969) and thus rep-
resents "soil respired Hg” rather then actual "Hg in éoil gas” .

No results are given by McCarthy et sl. (1970) on any accom=
panying soil analyses to the soll gas studies in Idal:xo, but the
Investigation by Crosby on primary halos indicates thot mercury

levels In Pb~7Zn ores, altered products, and brecciated rock of the

Coeur d'Alene mining district are somewhat lower than similarly
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Toble 43. fAnomalous scil gas sites and corresponding levels of
mercury in soil, 1970 investigotions

Mercury in §oil gasl Mercury in soil2
Date of (ng/m”’ ) (ppb)
field : -
trip Near-surfoce |From depth || 4 inches | 18~24 inches
March-|No, of samples - 8 18 8
April, |Range - 124-495 630-6850 | 560~11.000
1970 |Mean - 197 3195 4050
Momaly relief - N.C. 2.8 3.0
rotio (soils)
July~ {No. of samples ) 8 8 7
Aug., [Range 24--2103 74~8563 940-7000 { 540-12200
1970 |Mean 108 246 3205 4460
Anomaly relief N.C. N.C. 1.5 2.0
ratic (soils)
Sept.~{No. of samples 2 3 12 3
Oct. |Ronge Y757 ,’30—603 6200~7300} 4900-8800
1970 |Mean 52 4o 7000 6635
nomaly relief N.C. N.C. 3.5 3k
rotio (soils)

1 Soil gos results > Threshold (Table 42)

2

Mercury in soil values corresponding to cnomalous soll gas results

> Includes one result less than the threshold value, Designated as
onomalous from a comporative experiment(s).

Meszn of onomalous sites

Momaly relief ratic (soils) = Moom of all sites (Table 1)

N.,C. = Nol Calculated
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occurring products at Keel.

T.5.3 Additional HExpepriments

During the course of collecting soil pas for mercury determina~
tion, several selected experiments were cttempted to provide ancillory
information on both the anslytical procedures employed ond the gaseous
(bio )geochemistry of mercury.

T5.3.1 The effect of wolter vapour on the collecting efficiency of

Ap_pouze

It is ensily appreciated thot other volatile substonces may be
present in soil gas that could adversely affect the amalgamation of
Hg vopour/volatile Hg compounds with Ag gauze. The potential influence
of some sulphur gases has already been noted. However, the most latent
Interference when collecting Hg from soil gas would appecr to be water
vepour. Condensation has been observed inside hoods during and after
sampling.

Following o method employed by Rathje (1969) to separate mercury
vapour from water vepour, a short bed of dessicantn(anhydrous MgClO4)
wns positioned after the hood attachment and before the Ag gauze. Tﬂe
results of test pumpings are presented in Table 44 and suggest weter
vepour may have a profound effect on inactivating fig gouze, However,
the writer believes that these results may reflect contamination from
the MgClO, (anclysis indicates about 200 ppb in Analoar reagent) and
not o separation of water vopour from anomalous soil gos. Furfher
research is required to establish this cloim and, 2alsc, the influence

of water vapour on the smalgomntion process.

7.5.3.2 Consecutive pumping tests

The total amount of Hg vopour/volatile Hg compounds in soil gas
at any one site may be limited by equilibrizs with naturally-ocourring

compounds and/or ionic or sorbed suecies of the element. It is also



Toble 4. The possible effect of water vapour on the amalgemation of mercury vapour
and/or mercury-containing compounds with 60 mesh silver gauze

Mercury in soil gas (ng/mj)

Mercury in soil (ppb)

Experimental

Test site procedure Near-surface From depth 4 in, 18-24 inec.

Anomalous 1st pumping 90 <10
peaty, gleysolic 2nd pumping 2550 ™

soil 3rd pumping 1680% 40 4200 1140
4th pumping B50% < 10
1st pumping 120 Q400

Anomalous 2nd punping 85 < 10* 448 328
basin peat 3rd pumping 30 130%
Anomalous peaty, 1st pumping - T95%

gleysolic soil 2nd pumping - H0* 6400 5300

1l
Consecutive soil gas sampling from seme site preperation ( 2 and 2.5 1/m for 60 or 90 minutes)

* Determinations of mercury in soil gas collected by 60 mesh Ag gauze after woter vapour has
been removed by anhydrous MgClOAL. The comparative results were obtained by normel sampling

procedures.

oLT
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possible that a reservoir of volatile Hg in soil gas (mgain in equili-

brium with Hg-rich soils and/or a sub=till source) may be available and

constitute 2 "mercury-teble” that is drawn upon dﬁring soll pumping.
Consecutive pumping at the same sites (Table 45) suggests thet

thg amount of wvolatile Hg in scil pas at any one site ﬁay be limited, but

no real conclusions can be drown. It 1s postulated that complex soil/

g0il gos equilibria exist in soils ot Keel. Considerable time may be

required to produce more Hg—-containing volatiles.

7.5.3.3 Bagtericl evolution of Hp vapour/volatile Hg compounds

Barber gt al. (op. cit.) have reported on mercury volatilization
from bacterial cultures. Suspénsions of Pseudomonus fluorescens were
treated with mercuric chloride solution and then killed with a commercial
disinfectant (Dettol). Atmospheres above the suspension were pumped off
Through CdS—impregna%ed fibre glass filter pods or Ag gauze filters
and in each instance raised levels of mercury were recorded against
similarly treated controls. This stimulation of mercury was also
detected with cultures of o bacterium iscolated from a high mercury-
containing soil from Keel,

The writer has ottempted similar "in-situ” experiments at anomalous
field sites. Soils at pumping sites were pre-treated with a 30%

Dettol solution and soil gases collected in the normnl manner. No
positive stimillction of mercury was detected in these tests, The

writer regards this approach to be o worthy avenue of research that could
eventunlly yield rewarding information on the microbial biogeochemistry

of mercury.

7.5.3.4 Pyrolysis of soil gas vapours

The possibility that naturally-cccurring volatile compounds of
mercury pumped from Keel soils were not collected by 60 mesh Ag gauze

at the temperature ronge encountered in the field (2 to 15°C) has been



Toble 45, Results of consecutive pumping experiments

Mercury in soil gas, Mercury in
from depth (ng/m>) soil (ppb)
Date of 1 ) 1 %T
field trip | First pumping Second pumping 4 in. 18-24 in,
128 127 700 610
March=
132 63 1020 310
April,
153 10% 5700 6200
1970
27 ok 560 730
850 355, 315° 4520 3720
4 63 1080 1100
L 43 37 - 3250
July~-
(20) (13 ‘
August, . - - 3840 1700
43 37
1970,
<10 < 10 4000 2800
25 <10 4000 2800
59 89 1560 2300
1

2 Third pumping

2,5 and 2 1/m for 60 or 90 minutes

> Near-surface soll gas measurements
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investigated by pre-pyrolyzing soil vapours before contact with Ag
filters. Hopefully, a thermal breakdown of natural volatiles would allow
mercury vopour amalgamation to proceed normally.

A 24 Watt heater (simply a three foot winding of nichrome wire
about o section of pyrex tubing supplied with o current from a conven-
tional 12 V DC battery) was positioned after the hood and before the Ag
filters. The results (;',re presented in Table 46 and show some improve-
ment on the amount of mercury ccllected. There would seem room for
Improvement on pyrolyzing soil vapours (perhaps differentisl heating

experiments) and additional research could prove useful.

TH.3.5 Mercury in gtmospheric sir at Keel

Several obttempts were made to measure Hg in abtmospheric air at
Keel. All results showed levels of less than 10 ng;/m3 , even over the
small pile of mineralized waste rock.

Although the results were totzally negative, the writer believes
that the technique employed here is not a suitable one to properly
monitor atmospheric air for Hg vapour., Barren winds and breezes probably
dilubte any atmospheric halo below the detection limit of the test.

It is also possible thot any atmospheric cnomaly couwld be defined in o
range below 10 ng,/m3 « Direct-reading of atmospheric alr mercury levels

would seem required here to determine the presence of an air halo.

7.5.4 Meteorological Considerctions on the Presence of Mercury in
Soil Gas ot Keel

The Irish climate is most wpredictable. Unsctiled periods of
weather may occur at any time of the year. Figures 48 and 49 show mean
monthly temperature ranges and mean monthly rainfall over & 30=year
period at Newtown Forbes, Co. Longford, the closest recording station
to Keel., Temperature and rainfall are seasonally cyclic and indicate

that the months of March through July to be the best part of the year for
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Table 46, Results of pyrolysis experiments

Mercury in soil ‘%s, Mercury in
from depth (ng/m’) soil (ppb)
Date of ‘
field Pyrolyzed 2
trip vepours L Control L 18-24"
130 <10 4200 1140
370 10 900 680
120 ’ < 10 1680 960
<10 < 10 25600 20000
150 140 130 116
380 440 900 2050
420 195 940 3800
May, ‘ 60 <10 9600 480
1971 ‘ 70 25 1860 5560
Mercury in scil gos, Mercury in
necr-surface (ng/mo) soil (ppb)
2 _
Pyrolyzed Control
vapours (from depth) 4 18-24"
25 <10 620 3360
250 70 620 3360
160 <10 1520 2060
250 195 1940 6400

1 at 24 watts

2 soill gas collected in the normal manner
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soll gas sampling. A recording barograph and thermograph have been
employed to gather additional basic meteorological information during
soll gas sampling at Keel.

McCarthy et al. (1969) are of the opinion that mercury vapour
relense from soils may be deiaendent on diuwrnal variations in barometric
pressure and have shown some evidence in support of their claim. Further,
McCorthy et al. (1970) state "the daily content of Hg in air (atmospheric
air) is o function of"the diumal change in barometric pressure resulting
in 'l;he exhalation of Hg through the earth's 'breathing process'. The
effect of temperature is less obvious; the maximum daily tempersture
commonly occurs 2-4 hours later than ihe time when maximum mercury ls
found in air.”

Currie (1970) says thot soil gases (here referring meinly to
oxygen and carbon df-Loxide) respond to barometric pressure and soil
respiration is o common oéclmrence. Respiratiox} rates show a ten-fold
seasonal chenge, mainly associated with soil tegperature. Further,
Currie states that rain cen act as o piston and drive alr into soil and
induce mass flow. Wind may also cause mass flow in soil,

Magos (1966) reports that temperature is o more important factor
then alr pressure t;rhen considering vapouwr pressure and volatilization
of metallic mercury. A, R. Barringer (pers. comm.) reports from findings
in Australia that the ambient air temperature appe;ws to be a major
factor influencing mercury vapour evolution from a sulphide occurrence.

At Keel, barograph recordings showed little more than daily io
weekly fluctuations, probably reflecting advancing weather fronts from
over the Atlantic Ocean. Diurnal variations in air pressure related to
daily tempercature changes were rarely observed.

Other than the broad seasonal pattern exhibited by mercury soil
gas levels (Sept.-Oct. levels much less than March-April and July-

August results) there would seem to be little evidence that barometric
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pressure or temperature chonges influence the presence of Hg vapour/
volatile Hg compounds in soll gases at Keel. On this basis, the writer
is of the opinion that gaseous diffusion (opposed to mass flow which
occurs only in response to external stimuli) is a more importont aspect

of any soil gas movement at Keel.

7.5.5 Physical, Hydrological, ond Chemical Considerations on th
Presenge of Mercury in Soil Gag gt Keel

As meteorological controls on the presence of Hg in soil gas at
Keel are somewhat inconeclusive, physical, hydrological, and chemical
coptrols would appear to be appropriate for comment on the generation
of volatile Hg/Hg~-containing compounds.

In Chepter Four, mercury distribution in soils at XKeel was shown
to differ from frecly-drained to poorly~drained sites to peats. It has
been postulated that the gaseous movement of Hg in unconsolidated over-
burden at Keel is independent of air pressure and temperature controls.
Tt is proposed that the distribution and accumulation and/or depleticn
of Hg in soil gas ot Keel must be dependent on certain physio-chemical
conditions.

Physicel conditions for movement of gaseous mercury from sub=-
111l sources at Keel would scem relotively unfavourable. The clay-rich
and highly compacted drift may effectively block Hg vopour movement.
Currie (op. cit.) has demonstrated how diffusion of gases in various
soil and artificial matrices is affected by the shope ond size of
material. Figure 50 (after Currie, op. cit.) shows that plate-like
micas are not o conduecive environment for gaéeous movement,

Certain hydrological factors (i.e., water~table depth and ground
water composition) are other important features when considering gaseous
dispersion of meréury from depth. Williston (1962) states that mercury
vapour has the ability to mlgrate through o layer éf water and A. R.

Barringer (pers. comm.) has confirmed this from wpublished work.
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Metallic mercury is regarded as virtually insoluble in water, but some
inconsistencles are revealed when attempts are made to measure its
solubility (Wallace et ol., op. cit.). At room temperature in deaerated
water its solubility is 20-3C ppmg a% the same temperature but with
water saturated with oxygen, it is around 40,000 ppm. The increase is
thought to be oxidation to mercuric oxlde, with subsequent hydrolysis
to the relatively soluble mercuric hydroxide. From this, it would seem
possible that mercury could enter into metal-ionic=-gaseous equilibria
reactions to complete dispersion through a layer of water or water-
saturated wnconsolldated overburden.

Other chemical factors (including geochemleal and bilochemical
mechanisms) may be importaont in controlling mercury levels in soil air.
At Keel, mércury soil anomalies correlate well wlth those of Pb and Ag
at most sites and all elements show a preference to accumilate in the
near-surface horizons of peaty gleys. This feature suggests the enrich-
ment of Hg through ionic and/or complex movement as Ag and Pb both have
extremely low vapour pressures and gaseous migrotion of these two metals
seems unlikely., The writer ascribes to "Goldschmidt enrichment” of
Hg~Pb~Ar; through seasonal retention by pasture grasses and subsequent
accunulatlon and fixing by humic and fulvic acids. Once mercury has
accunulated in the near-surface horizons, cquilibria e established
between gaseous forms and noturally-occurring inorganic and organo-
metallie compounds. Some vapours are lost through gaseous diffusion
to the atmosphere. FEquilibrium is maintained (to produce more volatiles
of mercury) and biogeochemical enrichment ensures continued metal
accumulatién in the near-surface horizons from sources in till,

The presence of naturally-occurring gaseous organo-metallics of
mercuwry in solls at Keel has not been directly established. However,
the low~temperature pyrolyzing of soil vapours has improved levels of

mercury detected at anomalous sites and 1s consldered an cncowraging
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sign of biochemically generated and released volatile Hg~containing
organo-metallics.

The nature of mercury has been determined in the clay-rich horizon
immediately underlying the orgonic-rich Ao and Al horizons of on
anomalous, peaty, gléyed,.and podzolized soil profile (see Table 18).
Using o continuous heoting technique (monitored with a thermocouplej
ond plasme emission spectroscopy analysis, meroury vapour release w;s
identified to peak at EOOOC. This peak corresponds to the temperature
ot which a HgCl2 standard thermally decomposes to Hg vapour.

Mercuric chloride is o relatively powerful oxidizing agent, and
can be reduced by many organic materials. Numerous such reducing
compounds would be present .in normal solls.

Frear and Dills (op. cit.) have investigated the insecticidal
action of mercuric chloride and ﬁercurous chloride and have established
several facts concerning the chemical behaviour of mercury salts when
mixed with soil. In 2all their experiments they reported that Hg salts,
whether in the mercuric or mercurocus state, are readily reduced under
favourable conditions to metallic Hg. In addition, several foctors were
found to affect reduction of mercury salts to metallic Hg.

Briefly, these were:

i) The presence of organic matter in soil is required. Without soil
orgonic matter the reduction of mercury salts proceeds slowly,
if at all,

ii) The reduction requires moisture, and is thus presumably effected
in on agqueous medium.

i1ii) The reduction proceeds more rapidly as the soil pH is increased.
At pH 5.25 the reduction of mercuric chloride was neglligible whereas
at pH 6.4 there was considerable reduction. Hydroxides of Na and
and Ca were used to adjust the soil pH, and were of equal effect

on the reduction of mercury salts.
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iv) Like other chemical reactions, the speed of reducktion of mercury
- salts In soil increased with iIncreases in the temperature., Below
2500 the reduction reaction proceeded at o pelatively slow rate.
At Keel, the presence of soil organic matter, ample moisture,
a slightly acid pi, and relatively suitable tempercbture controls appear

favourcble for the reduction of HgCl, to metallic Hg,

2
The possibility of naturaolly-occurring volaotile organo-metallics
of mercury in solls ot Xeel cannot be dismissed lightly. Ximura and
Miller (1964) state that metallic mercury vapour and volatile ethyl
and methyl ofgano-metallics of Hg are present in alr surrounding soils
treated with organomercury funglicides. Naturally-occurring volatile
orgeno-metallic compounds of mercury may be similorly generated.
Recently, Imura gf al. (1971) have shown that mercuric chloride can be
chemiecally methylated to diméthylmercury with methylcobalomin (a
vitamin B12 analog). Also, dimethylmercury may be converted into
methylmercuric chl;ride (also a volatile) by further reactions with

mercuric chloride,

7.6 SUMMARY

Important findings from laboratory experiments and soil gos
investigations at Keel have been summarized here.

The applieation of mercury pathfinding to mineral exploration is
believed to be aided by gaseous dispersion of the element in both the
primery and secondery environment. This aspeet of mercury geochemistry
1s often referred to by applied investigotors as an important dispersion
mechenism; but, little direct measurement has been reported in the
geological literature. However, studies by Sergeev (1961), McCarthy
et al. (1969), McCorthy et al. (1970), and the direct-reaéing of atmos-
pheric mercuéy ancmalies by Barringe£ Resecarch Litd,, Canado hove recorded

gaseous halos of Hg in soil gas and/or in atmospheric air in the
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vicinity of mineralized occurrences.

Laboratory experiments by the writer using o dynamic sampling
system and noble metal (60 mesh Ag gouze) amalgameation of mercury
vapour has indicated good collecting efficiency and reprocucibility con
be obtained on laboratory atmospherces when using low air flow rates.

Collecting mercury from soil gas at Keel employing a dynamic
sampling technique (possibly similar to that originally used by Sergeev,
op. cit.) has been successful and some anomalous soil gas levels of Hg
have beeﬁ recorded.

Soil gas levels of mercury appear to be dependent on the soil
levels of Hg. Thus, air snomalies ot Keel do not necessarily represent
actively oxidizing sulphides ot depth (sece Chapter Four on soil
anomaly formation). The form of the mercury in soil gos has not been
directly determinéd but indirect evidence suggests the presence of Hg
vapour, perhaps organo-metallic vapours (biochemically generated?),
and possibly inorganic vapours (Hg012 has a slight vapour pressuré)
in minerclized soils ot Keel. ‘

Meteorological controls on the presence or acbsence of Hg in soil
zas seem less important in Irelond thon in the Western United Stotes
where McCarthy et al. (1969 and 1970) have produced evidence strongly
supporting mass flow of Hg vapour dufing "s0il respiration” processes
ot reduced air pressures. Physical, hydrological, and (bio)(geo )chemical
conditions and considerations are commentelon ond concludedhas béing
relotively more importont environmental influcnces contributing to
solid~lonic=gaseous mercury equilibris in anomalous soils at Keel.
Mercury vopour and Hg-containing volatiles are thought to be released
to the atmosphere by gaseous diffusion.

The soil gos collection methods and techniques employed by the
writer would seem cumberscme and, more important, inappropriate for use

in mineral exploration in the Longford district as soils suitobly define
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anomolous areas. Productivity of soil gas sampling was poor (four sites/
day/mon) and considerable analytical expertise was required to obtaln
results; Direct~reading of mercury in soil gas (perhaps linking the
writer's soil gas attachments to the high sensitivity (one ng/m3 )
mercury spectrometers as employed by Barringer Research Ltd., Cm%ada)
presents a better opportunity for prospecting. The definition of ‘
anomalous levels of mercury in atmospheric air may provide useful data
for the regional approach to mineral exploration (notwithstanding the
present situation regarding mercury pollution in the environment).

The writer's method of collecting and determining mercury may be

of some use to those investigating Hg pollution in industrial atmospheres.
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CHAPTER 8

CONCLUSTONS AND RECOMMENDATIONS - PART B

8.1 GENERAL

Like Chepter Five, Chapter Eight is 2 concluding summary with
accompanying suggestions for continued applied and research investi-
gations. The subject motter referred to here is that contained in
Chapters Six and Seven. Discussion and comment is not entirely
divorced from the previous conclusions and recommendations, but
emphasis has been placed on the writer's findings regarding the use-
fulness of Hg pothfinding in mineral exploration. Perticular reference
is made to the gaseous migration of the element and related analytical
aspects. Some comment is made on the secondary dispersion of Hg

at large.

8.2  CONCLUSIONS

1) A Qynamic sampling technique hes been developed to
determiné Hg in laboratory atmospheres. Sixty mesh silver gauze is
employed to amalgamate Hg vopour and/or Hg-containing compounds and
dusts. The selectilve nature of 60 mesh silver gouze for Hg has not
been investigated, but interferences are thought to be limited to
some sulphur-containing gases. Control experiments indicate that o
low air flow rate (2.5 1/m or less) 1s required to obtain repro-
ducible results.

ii) The epplication of dynamic sampling and 60 mesh Ag
gauze amalgamation to the cbllection of Hg from soll gas vapours
using specially designed and modifiled attochments and storage battery-
powered vacuum pumps hos also proved successful. "Near-surface”

and "ot depth” soil ges Hg has been collected.



iii) The content of Hg vepour/Hg-containing compounds in
soil gases—from solls covering the range 150 to 40,000 ppb Hg exhibits
a somewhat erratic relationship. Only after "statistically” treating
all the data (averaging and ratioing) has the influence of the level
of Hg in soil been demonstrated to broadly correlote with Hg soil
gas levels. Simply stated, an anomalous Hg-contcining soil does not
ensure the accomponying presence of cnomalous soil gas concentrations
of Hg using the methods and technigues applied by the writer.

iv) The writer is of the opinion that complex soil/soil gas
equilibrié exist in the anomalous (and background) Hg-containing soil
profile, At Keel, the presence of similarly raised levels of Ag and
Pb at moderately and strongly anomalous Hg sites suggests that hydro-
morphic and/or biogeochemical factors rather than upwoerd gaseous
dispersion of mercury are responsible for the surficial enrichment
of elements. Subsequent to or coincident with metal accumulation
(believed to be biogeochemical "Goldschmidt™ eyecling of metals) a
Heg soil/soll gas equilibric is estoblished. -

v) Plasme emission spectrometry hes identified the presence
of & compound in the onomelous, near-surface, inorganic horizons having
a thermel dissociction temperature similor to that of HgCle. Experi-
mental results reported by Frear and Dills (1967) coupled with the
known environmental conditions at Keel suggest the degradation of
mercuric chloride to volatile metallic Hg.

vi) Tne presence of volatile organomercurials in soil air
cannot be dismissed lightly. Pyrolysis of soil goses ot Keel has
shown some improvement in levels of Hg collected. Mercury is known to
bake port in meny orgrno-~metallice interactions and to form many organo-~
metallic compounds. “The Orgonic Compounds of Mercury' by L. G.
Makarova and A. N. Nesmeyonov, North Holland Publishing Co., 1967

is o 540 page book attesting to the offinity of Hg for organo-metallic
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bonding. The term "mercuration” is a well-known phenomena describing
the reaction between aromatic compounds with mercuric acetate, an
important process in the preparation of arylmercury compounds (Coates,
1956). Further, Coates states that slthough mercury-carbon bonds
are 1;10'b formed with silgnificantly greater ease than bonds between many

other metals and carbon, they tend to remain intact, whereas most

orgeno-metallic compounds are generally distingulshed by high reactivity.
Organomercurials introduced to soils are known to degradate to mercury
vapour but some organo-metallic volatiles are also known to escape.

vii) A critical review of literature sources supports the
writer's r;ssul‘ts and opinion of a complex metal=-ion-gas equilibria of
Hg in the secondary environment.

In the hydrosphere (including soil solution) simple inorganic
complexes and ionic forms of mercury are present, éomewhat dependent
on pH and composition of the natwrally-oceurring water. Mercuric
chloride (aq), mercuric hydroxide (aq), metallic mercury (aq), mercuric
ion, anionic:tri and tetrachloro compiexes, anionic monomercnizric
hydroxide and mixed anionic chloro-hydroxides are inorganic species
known or postulated as existing in naturally-occurring solutions.

The influence of the biosphere superimposes organo-metallic
bioconversions on inorganic mercury and current evidence has shown
the presence of biologically generated methyl and dimethylmercury(ic)
compounds in naturally-occurring ecosystems. Mercury adsorption -
(chelating) with sulphhydryl (mercapto) groupings is another important
bio-in‘bera;:‘bion phehomens and probably_accomts for mercury retention
and/or the long half life of the element in humus as well as in some
biological systems.

viii) A cursory exsmination of the present circumstances

surrounding Hg pollution in the environment suggests that while



185

current emphasls is being placed on the cbvicus hazards to man,
eventual contamination problems moy Influence the use of the element
as a geochemical pathfinding in mineral exploration,

ix) The application of new and superior analytical methods znd
techniques (opposed to classical methods of determination) has been
a primory stimulus in the present intercest and research sﬁown in
Hg (bio)(geo)chemistry. Undoubtedly, chromatographic techniques
(particﬁlarly thin~layer and gas-liquid methods) have provided the
most advanced datn on the nature and occurrencerof meprcury in eco-
systems. Tin (II) reduction of mercuric ion to metallic mercury for
determination by flameless atomic abscorption is an Inexpensive, rapid,

and precise method of analysls for total Hg.

8.3 RECOMMENDATIONS

8.3.1 Suggestions for Applied Geochemical Usage of Merc in Soil

Soil Air/Atmospheric Alr in Mineral Exploration

i) The writer contends that the soil gas sampling technique as
developeé and applled by him is not efficient or adequate for present
prospecting requirements and refers to comments in the Chapter Seven
Summary outlining o recommendotion thot future soil gas investigations
employ direct-reading Hg spectrometers.

ii) The spplication of soil gas/atmospheric air for prospecting
seems to hold most promise for those areas covered by alluvium or
loose residual soils. Such overburdens are usually associnted with
hot, dry climates in which Hg may readily and easlly degas from soils
in response to reduced air pressures (mass flow) and/or gaseous
diffusion. Trensported and water-saturated ovefburdens tend to be
more compact and may physicoally suppress Hg migration by agueous oI
gaseous forms,

1ii) The prospecting application of the atmophilic component
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of an ore and/or pathfinding element in naturally-occurring equilibria
currently demands the analysis of associoted soll, rock, water, and
plants to fully interpret goseous anomalies., In this respect,
Tatmogeochemical” prospecting must be regarded as o dependent tool,
an infant deughter of minersl exploration technology; hence, great
care is necessary for present implementetion and future upbringing,
The writer is of the opinion that the monitoring of metal-containing
gases cannet as yet be given much priority in prospecting untll both
research and applied investigations have esteoblished more firmly the
relative importances of (bio){geo)chemical and meteorologiecal
influences on atmogeochemical di éersion. At present, the approoach

can only be regorded as a “notentially useful” regional and detailed

mineral exploration aid.

8.3.2 Additional Research Requirements

1) The writer has noted the relatively wnproductive nature of
his sampiing techniques for collecting and onaolysis of Hg in soil
gas. BResearch ond development 1s recommended for the adapting of
the existing modification of the Jomes-Webb (1964) flomeless atomic
abgorption spectrophotometer for the direct—readiﬁg determination
cf Hg vapour in air and soil gos. This adaptation requires some
improvement of instrument stobility at low mV ranges, additionel
amplification, and perhaps, actusl chonges in the collapsed double
cell arrangement. The writer envisages changing the existing instru-
ment from parallel photocells to o single photomultinlier vealve, o
"mechonical chopper” and/or modulated UV source, and the necessary
mirrvor focusing of the double beams. Gratings and slits may also be
required to reduce line-broadening effects. Implementation of the
above-mentioned modifications should greatly ilmprove both instrument

stability and sensitivity and, when provided with a suitable DC power
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source (or DC-AC alternator), direct-reading measurements may be
possible. —

ii) The data collected by the writer and others investigating
Heg in soii gas and alr suggests sufficlent scope for continued and
comparative research on mineralized solls and assoclated environments.
The importance of bacterial action on the retention and dispersion of
Hg in noturally-occurring environments needs attention.

iii) Further thermal dissocistion experiments seem required
on a wide éange of naturally-occurring inorganic and organic materials;
not only to identify mercury compounds, bub algo to obtain some
information on the relative energies required for the release of Hg,
perticularly in humus and peats. Some work has already been reported
(Koksoy et al., 1967) but the emphasis was directed towerd investigating
simple inorganic forﬁs of Hg. Thermal dissociation experiments could
be run concurrently or comparatively with gas-liquid chromatography.
Here the writer envisages identiflcation of the Hg~containing organo=-
metallic using gas-liquid chromatography, pyrolysis of the vapours,
and flameless atomic absofption determination of total Hg. Carefully
selected partial extraction experiments (perhaps similar to those
reported by the writer in Chapters Four and Five) coupled with thin-
layer chromatography may also be of some use in éomparative identl~
fication of naturelly-occurring forms of Hg.

iv) fbundance and profile distribution studies should be made
on some séils known to have been treated with dnorgenic and organic
mercurials during agricultural practices to assess both lateral
dispersion and vertical penetration characteristics of introduced
metals. Not only would this provide some information on "spheres
of influence” regarding Hg pollution, but may also provide useful
data on the incorporation of Hg into the biogeochemical cycle.

v) When the direct-reading "in-situ" determination of Hg
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vapour in soil air becomes possible, the following experimental tests
would seem to have priority.

a) The rate of formation of soil gas ﬁaercury. Measurements
by the writer have indicated that the amount of gaseous Hg may be limited
at any one site (re: consecutive pumping experiments). The direct~
reading of mercury in soil air would enzble the es‘bimé.tion of the
relative amount of the soil gas component in a naturally=-occurring
equilibrium. Such tests may well show that a relatively short pumping
time iz all that 1s required to establish the presence of an anomalous
mercuriferous site.

b) The pyrolysis of soil gas vapours (preferably over a
range of temp;arecbures) may enable the field separation and/or identi-
fication of Hg/Hg-con'l:'.aining soil gases. Selected "in-situ" experi-
ments similar to the writer's attempts to stimulate the release of Hg
harboured by microorganisms mey also £find some application here.

¢) Modifications on the "soil gas site-preparation”
should be exax;lined in some detail. The shallow holes employed by
the writer can be criticized on the basis that the soil air system
tends to be open to dilution by atmospheric air. A larger diameter
and deeper hole (possibly using a power auger similar to that described
by Saun and Caneer (op. cit.) for extracting Rn gas from soil) may prove
more useful when investigatiflxg "at depth"” Hg soil gos. The aévantages
gained by pumping from a deep, lorge diameter hole are gulte obvious.
Any anomalous Hg vapour could be linked more closely with "sulphide
mineralizotion degassing” and, in addition, the soil air system would
suffer from considerably less dilution from the atmosphere (i.e. a
closed system).

vi) Rc;:sea:och and development on the application of the gaseous

component of those potentially favourable ore and pathfinding



189

elements (A4s, Sb, I, S, Te, and perhops, some metal-containing organo-
metallics) should proceed wherever possible to direct-reading determina-

tions. The obove listed recommendntions and assoclated experiments

hold for these gases as well,
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APPENDIX 1

SAMPLE COLLECTION AND IREPARATION

Al.1 30T

ety

b

Soil samples were collected with the commonly-~used "TV steel-
piece tipped with o conventlonazl wood twist-auger.

Samples to confirm and asugment the originel work by Ricfinex
were seclected at 18 to 24 inch depths, depending on loecal conditions.
Augering during August and September usually met with some difficulty
duc to the partisl development of a "hardpan” (ususlly ot the base
of the Ag horizon) in well-drained areas. Two-depth sites (10 inch
and 20 to 70 inch) were collected in areas of detailed study.

Soils were placed in woter-proof kraft bags (3 x 5 in.)
with metel wire sealing clasps. Pertinent dota was recorded on the
bag with a black felt pen. This information was transfered to

permanent rccord shects during loborotory work.

Al.2 PITS

Pits were excavated ot criticeal sites with the aid of local
help. Ideally, o rectangular plot four feet by six feet was
selected and dug out to o depth of six or more feet, Yrofile wells
were cleaned, visurlly exemined, ond usually photographed for later
reference, Chonnel samples of the observed horizons were then

collected. On-site Eh and pH meocsurcments were made during the

field examination of two pits.

A1.3 STREAM SEDIMENTS

A small number of stream sediments were collected in the

Ardagh aren by normel sampling procedures. Pine-groined inorganic



material was selected from the active channcel and placed in o kraft
bog with the ~id of a stainless steel hend trowel. Excess water was
drained off and required field date written on the bag with a black

felt nen.

AL.L PLANTS

Approximately 30 grass and/or reed samples were collected
in the Keel area. A sampling stotion of approximately ten feet
diometer was chosen and sufficient grass cut using stainless steel

scissors to fill a large lzraft bag (5 x 10 in.).

AL.5  WATER

Wabter was collected in borosilicate glass bottles with
bokelite caps. Bottles were detergent and acld washed in the
laboratory and then pre-rinsed with the station site water before
sample collection. Two hundred and Ffifty ml was sufficient for
Cd, Zn, Pb, Fe, Mn, Ca, K, ¥Na, and Mg determinations but one litre
was required for Hg snolysis zlone. Solutions were stabilized by
the additional of double-distilled, "low-~in-lead" concentrated

nitric ccid (Hepkin and Williams).

A1.6 DECOMPOSED ZONE AND ROCKS

Through the kind permission of Riofinex, scmples of the
Decomposed Zone and asgsocizted rocks were collected from existing
drill ccore ot the Keel site.

Usually, three spot and/or mixed samples of oxidized and
lenched material were selected from che 15 foot core box. This
procedure had to be extensively modified to consider the overall
poor core recovery, lost or previously analyzed lengths and short,

locally weathered sections.
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Limited rock sampling was agaln from drill core. Core splits
were collected from unweathered lengths associated with the Decomposcd
Zone and also from graphitic and shaley horizons in the upper part of

the stratigraphic succession.

Al.7 PREPARATION

Soil, pit, and stream sediment samples were air-dried at
room temperature in the collecting kraft bags. Peats and orgonic-
rich soil samples were dispersed during drying to prevent excessive
hardening.

The dried samples were gently disaggregated by pestle action
in a procelain mortar and sieved through selected nylon meshes.
Normally, only -80 mesh was retained but 2 few soil samples were
split into -38 to -80, -80 to ~197, and »-197 fractions (all dry
sieved). TFines were placed in appropriately numbered coin envelopes.

Grass somples were air dried (two to three weeks) and pulped
in a rotary Wiley mill through o 40 mesh screen.

Decomposed Zone samples usually required only gentle
disaggregation to rcecduce weathered rock, sandy clays, and limonites
to fines. BSieving (-80) mesh wes agein through nylon mesh.

Rock somples were reduced to about one-half inch units and
fed into « "chipmunk” jow crusher. & crushed sample was continually
recycled as the jaw openings were progressively reduced to the finest
setting. Eventually, ~80 mesh was scparcted (Hg nnalysis only) ond
the remaining +80 mesh ground in o tungsten-carbide "Tema” mill for
30 to 40 seconds. A split of the second pulp was then reduced in on
agete mortar until 211 the split passed through a ~80 mesh sieve.
Mercury again, and the remaining elements were determined on the

sceond pulp.
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APPENDIX 2

MERCURY ANALYSIS

A2.1 GENERAL

Description and discussion of analytical methods and tech-
nigues In this appendix is intimately related with the research ond
development of atmospheric air and soil air Hg analysis in Chapter 7.
Apprendix Two is primarily devoted to known and applied techniques for

Hg snalysis in materials other than alr as studied in this research.

A2.2 INSTRUMENTAT TON

The original James-Webb (1964) prototype instrument, a
double~cell flameless atomic absorptién spectrophotometer, was_used
during initial Hg studies, but later research was performed on a
modified instrument manufactured by Instrument Research Laboratories
Ltd., Corsham, Wiltshire.

The new instrument contains the essentisl features of the
prototype. Improvements and modifications include a collapsed
double~cell arrangement to reduce instrument size, mains-powered
photocells, and electronic balancing to assist optical balance.
Also, the Hg~free air source ond by-pass was modified to reduce the
length of the air flow path.

Additonal changes have been introduced for the pre-trealment
of air. Magnesium perchlorate replaces "self-indieating” silica gel
as a woter dessicant end iodized activated charcosl is used in placge
of PdClg as the de-mercurifying agent for atmospheric air. The
palladium chloride impregnated glass wool is still retained as the
Hg absorbent for the refercnce cell., The above changes were intro-

duced to improve the atmospheric 2ir drying and cleaning procedure.



AR.3 CALIBRATION PROCEDURES

Operating parameters hove been optimized for analysis of Hg
vapour and prepared standards. These include:
i) Instrument equilibrotion (warm-up) and optically balanced
with moving air flow
ii) % 1/m air flow for each cell
iii) Calibration by injection of known amounts of Hg vapour-
" soturated air over the ronge of 0 to 7000 mv.
iv) 30 second rodio frequency (RF) induction heating of natural

standards on steel trays

Operating procedures generally follow those described by James and
Webb (1964) ond repeated in detail in A.G.R.G. Technicsl Communica-
tion No. 55.

A celibretion constructed by injecting kmown amounts of Hg
vapour is shown in Figure Al. Note the bending of the curve towards
the concentration axis sbove 2000 mv. This ils in accordance with
observations from flame atomic cbsorption (such as 7n) ond probably
reflects self-absorption and line-broadening phenomené. The proto-
type Instrument calibration hos been quoted as linear to 10,000 m¥.,
but J. Watling (pers. comm.) rcports graph curvature above 3000 my.

A stotistical serieé prepored for control of flame actomic
absorption work proved unsatisfactory for o Hg analysis precision
plot. Instead, o natural standeord containing 1.6 ppm Hg was used
with differing weights (10 to 60 mg ) and results are included in

Figure Al.

£2.4 MERCURY. DETERMINAT TON

42,4.1 Soils, Rocks ond Oxidized Moterial

Twenty-five or 50 mg portions of sample are weighed in
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duplicate on to pre~ignited (450°C) steel troys. Trays are then
hected for 30 seconds by RP induetion (300 mA) in o sealed pyrex
ignition tube. {n optical pyrometer measuremént hes indiented a peok
temperature grecter than TOOOC. Volatiles are swept from the heating
chamber into the cir flow system, equelly divided into reference and
measuring cells and the rclative cbsorption is indiented by the volt-
meter. The mean of duplicate onalyses is token as the amount of Hg
vresent., A detection limit of 25 pub is possible with o 50 mg weight
and ¢ precision of better thon + 30 per cont at the 95 per cent
confidence level is usuclly obtainoble from replicate meolyses (see
Table Al). Samples must be well-mixed to ensure good reproducibility.
Experience by the writer indicates clay~-rich soils end tills duplicate

more precisely thon do sandy or gritty matericls.

A2.4.2 Gross, Orsanic-prich Soils, ~nd Pests

Dried and pulped gress samples (L.00 gm) are leached over-
night with 10 ml concentrated "low-in=lead” nitfio acid (Hopkin and
Williems) and 2 ml of concentrated sulphuric acid (ANALAR graode).
Eight ml of demineralized woter is added, the solution mixed snél
refluxed gently for 30 seconds, ond a 5 ml (or 2 ml, if necessary)
aliguot (ecooled) transfered to o elean 125 ml dreschel bottle fitéed
with o sintered‘vlass bubbler. Sufficient demineralized woter is
added (50 ml) followed by the listed reagents in order.

i) 1 ml of 1% cysteine hydrochloride in 1N HNO3

ii) 3 drops of 5% silicone 'anti~foam' mixture

iii) 1 ml of 20% stonnous chloride in 6N HC1

iv)‘ 5 ml of 30% NaOH

Imgediately wpon addition of the NalOH, the dreschel bottle is secled
and bubbling of Hg-free air commenced. The released Hg vapour is

flushed vic a Mg0104 dessicant, into the spectrophotometer and o



o s . ., 1
Table Al. Precisions of mercury in scil™ analyses
based on replicate determinations

N A (ppb) Precision
6 336 + 2%%
6 1,000 + 12%
6 1,360 + 15%
4 5,080 + 11%
6 10,000 + 13%
6 13,500 + 4,27
1

Samples are ncoturelly-cccurring, well-
mixed, elay-rich scils of glacial till origin.

%% confidence level (after A.G.R.G. Tech.

Comm. No. 46)
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voltmeter reading recorded. Stendnard solutions containing mercuric
ion are treated in o similar manner and Figure A2 shows a calibration
graph. A substantiol blank volue, presumcbly Hg introduced with the
aclds, was subtracted from £l1l enleuloted results.

Tin (II) reduction of mercuric ion to mercury snd subsequent
flomeless atomié ebsorption determinction of relecsed Hg vapour has
been recently popularized by mony investigators researching mercury
pollution problems. The technigue described cbove differs from other
reduction techniques in thet mercuric ion is first complexed with o
sulphhydryl bond (cystelne) and then released (os Hg vapour) ot o
pH greater thon 7. This téchnique would scem to be very weil suited
for the analysis of organic-rich samples as some mercury is probobly
bound by ncturcl protein groupings and may not be eocsily released to
solution by the nitric/sulphuric leach. In such coses, Hg noturally
bound as mercapto complexes may be reduced by stannous chloride ot
o high pll, Jonasson (1970) implies mercury geochemistry and
dispersion mey be highly influenced by organic sulphur comblexes and
naturclly-occurring proteins.

The chove analyticol method was originally reported by Magos
ond Cernik  (1969) as zpplied to the analysis of urine., The use of
magnesium perchlorate as o dessicant for separcting woter vapour
from Hg vapour has been reported by Rathje (1969).

Nitric/sulphuric leaching and vapour reléase of Hg has also
been applied to a limited number of peats, orgonic-rich soils and
sulphide minerals from the Keel area, The efficiency of the concen-
troted ceid leach hos not been investigated. A total digestion would
require both hot acid oxidation and lengthy refluxing in o Bethge
apparatus or an equivalent efficient volatile trap (Analytical
Methods Committee, 1965).

A detection limit of approximctely 50 ppb is possible with &
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one gram sample by the method applied here. A precision of + 50
per cent at the 95 per cent confidence level has been calculated from

limited replicate analyses.

A2.4.3  Water

Mercury anclysis of weter presents o number of difficulties.
The problems surrounding sample pre-filtering, containcer type,
stobilizing cdditive, use of bacterdicides, and length of stay in
container before cnalysis (by any method) have all received comnment
in the literature. It is not within ‘bher.scope of this appendix
to discuss Lliterature findings, but additional study cppears
warranted.,

On reviewing published sources, the most staisfactory weter
sampling technique appeared to be collection of one litre in glass
bottles and the solution stabilized with nitric acid (see Appendix
One). Hopefully, 2ll ionic complexes, colloid bound Hg, and Hg
harboured by microorgonisms would be oxidized and mercury fixed as
mercuric ion.

As the nnolytical technigue of Magos and Cernik introduces
contomination, this approach was soon ruled out as - method of Hg
analysis of natural weters. Instead, addition of SnCl2 solution
only (p¥ now less than 7) is directly followed by bubbling to release
Hg vapour. This method hos produced only particlly satisfoctory
results, but quite similar techniques hove shown good recovery and
analyticnl precision (Rathje, op., cit., Cmong, 1970, and Kalb, 1970).
Mercury determination by SnCl2 reduction/Hg vopour release from |
solution employing the Jemes-Webb instrument suggests the volatiliza-
tion of nanogrom amounts of mercury from notural waters is, perhaps,
2 more Involved and complex analyticnl procedure thon has been

reported in the literature. Certainly the quality of reagents is
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importont, but reaction times, temperature factors, and potenticlly
suppressing and enhancing substances (particulerly naturally-

oceurring) have received little reported investigation.

A2 4.4 A Modified Procedure for Orgonic-rich Samples

' hove been

For several years now, smoll mercury 'sniffers
monufactured for the onelysis of soil ond rock. These instruments are
basically single, short-length absorption cells. It is well known
thot water vapour, sulphur dioxide, ond ‘organic smoke’ (small
unburned carbon particles) arc potentially interfering substances
which can induce false siénals (Jomes and Webb, op. cit.). These
problems heve been partiolly solved in using short-cell ﬁg vapour
meters by pre-filtering volatiles with o fibre-gleoss pad.

In an attempt to study the offect of organic smoke on the
double-ecll instrument, an in~line filter holder (Hawksley-Gelman)
caﬁﬁnmgacmeﬂmhfﬂm&ghmsfﬂtwwde&;mwﬁﬂmalﬂ1ﬂé
vopour flow path., Calibroation with ond without the filter showed
negligible differences. However, cnclysis of organic~rich soils
revealed the double-cell instrument licble to some enhancing inter-
ferences from 'orgonic smoke'. When contrasted with unfiltered
vepours ond acid digestion/mercury relecse results, filtered soil
volatiles showed much better cgreement with the ccid digestion/
nercury releasé values.

Figure A5 shows results of the three analybtical techniques on
a traverse acress the minercnlized pent at Keel. A g anomaly reflects
the subcropping ore in both lower and upper horizons. The anomaly
is shown to be clecrly identifioble with all three analytical
techniques, It would appecr from this dato that pre-filtration of
soll volatiles on adventoge when o more chsolute Hg determinotion is
required, but of less volue in applied investigations or in

prospecting.
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APFPENDIX 3

ATOMIC ABSORPTION AND FLAME EMISSTON PROCEDURES

AA.1 GENERAL

The study of Hg dispersion required sensitive and precise
analysis of additionnl trace and minor elements in soils and assoclated
moterial. TFortunately, the elementsz of moin concern are all easily

estimoble by atomic acbsorption and flame emission spectrophotometry.

A>.2 TOTAL ATTACK PROCEDURE

A3.2.1 Inorgonic Moterizl and Peats (Ref. A.G.R.G. Tech. Comm. No. 50)

Samples were weighed with o single beam torsion balonce, |
placed in pyrex test-tubes (16 x 150 mm with rim), ond 5 ml  of
concentrated nitric perchloric ccid mixture (4:15 added. Tubes were
then placed in an cir-bath ond the temperature gfadually reised to
about QOOOC. Digestion wos completed when 2ll troces of perchloric
aeid had been distilled off.

The cooled smmple wag leached with 10 ml  of 1N HCL to bring
metals into sclution. Gentle warming on o sand~both was applied to
facilitate dissolving of the residue. Iron and mongenese-rich
regidues reguired prolonged heoting to dissolve completely. In such
cases, 25 to 50 mg of potassium metobisulphite were added to the
leach to reduce Fe ond Mn oxides to free ions. Eventuolly, digested
samples were lenched with 2 m1  of &8 HC1 which proved more effective
in dissolving e and Mn residues. This solution wos then brought

w to 10 ml with demineralized woter.

A3.2.2 (Crass

One gram of accurctely welghed, dried and pulped grass was
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leached over-night in concentrated nitrie acid. Enough concentrated
perchloric acid was then added to mnke o 4:1 nitric-perchloric mixture.
Heat was opplied, gently =t first, and then more strongly to evaporcte
all troces of perchloric aecid. Digestion was completed when residues
turned white or near white. The cooled flasks were gently warmed with

10 ml of 1IN HClL to bring metols into solution.

A5.2.3 Woter

One hundred ml of the collected sample was £iltered into n
250 ml conical flask. Two glass beads were introduced ond the flask
covered with a watch glass., Heating was applied and the sample evaporated
to dryness. The cooled residue wos leached with 10 ml of 1N HCL

(wormed) to bring metals into solution.

A3 DETERMINATION

The leached residues were rnllowed to settle and considered
ready for atomic absorption and flame emission anclysis. Codmium,
n, Pb, Mn, Cu, =nd Fe (atomic sbsorption) were determined directly
(with required dilutions) on the 10 ml leach.

Caleciun and Mg (étomic chsorption) were analyzed for on 1 ml
aliquots diluted to 10 ml with one per cegt lanthonum solution in
normal hydrochloric neid.

Sodium and K (flame emission) were determined on suitable
oliguots diluted with basic ammoniuﬁ carboncte solution. The pre~
cipitated Fe and Al hydroxides were nllowed to settle before sample
aspiration. Rubidium (also flame emission) was determined directly on
the original 1N HCl lench volumes, H

Total Ag was estimated by o modified procedure. Samples
(0.5 gm) were digested in mercuric nitrate-stabilized conecentrated

nitric acid (Ward et gl., 1969). The leach and residue were centri-
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fuges and the supernatant analyzed by atomic sbsorption.

Calibrotion curves (except Ag) were constructed from synthetic
stondards prepared in 1N HCl. Silver standards were prepared in
dilute nitric acid. In the case of Cd and Ag, strong soclutions of
Co and Na (1000 ug /ml )} were sproyed to observe any molecular
absorption effects. Iﬁ both cases smell, but meosurable, signols
were obtalned and sample results judged nccordingly. Anglno and
Billings (1967) indicate Cd determinction by atomic absorption
is influenced Ey Ca end Na molecular absorvtion. Belcher et al. (1964)
report no interference on the ~tomic obsorption determinction of

silver with 1,000 fold mole excesgses of Ca and No,

730 COLD-EXTRACTABLE PROCEDURE

The following cold-extraoctable solutions were used:
i) 1N XCl
ii) ¢ glocinl acetic acid

iii) 0.1 M EDTA (Diammonium salt)

Somple weights of 100 or 200 mg were placed in 18 x 180 mm
test~tubes. Ten ml of extractant were added and the somole thoroughly
mixed by the vortex action of o test-tube shcking instrument
(‘Whirl-i-mixer' - Gallenkamp). This operation wos repented five or
gilx times over three hours after which solubtions were centrifuged
and supernatonts decanted into clecn test-tubes. Cold-extractable
lecoeh volunes were sprayed Circetly for Cd, Zn, Pb, Mn, and Fe.
Chemical blenk values were determined and subtracted from the
calibration graph for corrected results. Other than some trace
impurities, the extrnctonts gave no cbservable enhnncement or suppres-~
sion to calibration graphs compored with stonderds prepared in

1N HCL.
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A3.5 PRECISION OF ANALYSES

A steotistical series of 11 samples was prepared (after Craven,
1954) for analyticol control of Cd, Zn, b, ¥n, and Fe determinations.
Tablé A2 summarizes precision dota by atomic chsorption analysis
for total (nitric-perchloric digestion) and partially extraocted
(EDTA and glacial ccetic acid) elementé. Precisions‘haVe not been
determined for 1N KCL extract&ble elements as initial experiments
showed the lench to be ineffective on Keel somples. Such studies
were terminated very ecrly on; hence, only a limited number of
velues are included in the text.

Batch centrol wes implemented with occasionally duplicated
samples (2 every 50), some replication (5 every 150) and chemical
blenks (1 every 50). _

Calecium, Mg, K, ond Eb precisions have been calculcted using
replicate rnelyses (see Table A3). Individuol determinations were
made on selected samples ond precision (ot the 95 per cent confi-
dence level) estimated with the following formulo:

/

/ 7 (n - B)P 200
Ly ST 0x
\j N -1 A

N = number of determinotions
A = crithmetic mean of determinstions
A = individual determinations

(after A.G.R.G. Tech. Comm, No. 46)

A3.6 ADDITTONAL NOTES

Sample weights woere sclected according to the type of
moterinl mnalyzed ond the ronge of values expected. Soll weights
of 100 and 200 mg ond Decomposed Zone weights of 50 ~nd 100 mg were

normally selected. Rock weights were 100 mg. Metal extraoction on



Teble AZ. Precisions 1 of atomic absorption amalyses (Zn, Cd, Pb, Fe, Mn)

}E\?Oj/EICIO4 digestion 0.1 M EDTA leach 3% ccetic acid leach
Element Range pom Precision Range pom Precision Ronge pom | Precision
7n 6 - 2200 + 7.0% 2 = 570 + 2 ~ 240 + 1.8%
Ccd 3 -k + 13% 1 - 26 + L0.5 - 17 + 327
Pb {10 - 3000 + 15% <10 ~ 1500 + all values not
{100 calculated
Fe (£ 0.0L ~ 2.9%) + 5.4 50 ~ 1050 + 21l values not
: L 200 caleulated
Mn 10 - 10,000 + 2.3% 3 - 4850 + all values not
<200 calculated

1 after James (1970), 95% confidence level



Table A3. Precisions 1 of ztomic cbsorption (Ca, Mg) and
flame emission (K, Rb) analyses

Element N A (pom) Precision
Ca 5 32800 + 2.2%
Co 5 7170 + 1.1%
Mg 5 4930 +3.2%
Mg 5 18500 + 5.8%
X 4 k2rs + 12.0%
Rb L L7 + 135.0%

1 . 7 .
ot the 95% confidence level
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small weights oppesred marginally more effective with the nitric-
perchloric attack.

All chemicals used were of cnalyticol grade (PANALAR' or
equivalent ) and water was deminernlized by a cation/anion exchange
column . |

Atomie cbsorption ond flame emission determinntions were
performed on Perkin~Elmer '30%3' and '403" instruments employing
dircct~reading digital accessorles for calibration and element

determination.
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APPENDIX 4

SPECTROGRAPHY

ALY GENERAT,

Semi-quantitative spectrographic onalysis hos been employed
to increase dote of secondary ond tertiary importance. The method
used is basically that described by Nichol ond Henderson-Homilton
(1964). Sixteen elements (Ag, Ba, Bi, Co, Cr, Cu, Fe, Mn, Mo, Ni,
Pb, Sﬁ, Sry, Ti, V, and Zn) were sought in soils, rock, Decomposed
Zone, ond pecbs. Instrument specification and method briefs are

outlined in Table A4 while the useful ranges of the respective

elements of the cnalytical wave lengths are shown in Toble A5,

Ah.2 SAMPLE PREPARATION

All samples were pre-ignited in a muffle fwnoce at 45000
for five hours. Soills, Decomposed Zone material, and rocks were
ignited using the already prepared -80 mesh fraction while peats
were ignited on whole alr-dried portions and followed by disaggregation

and sieving to -80 mesh.

AL 3 CONTROL, AND PRECTISTION OF ANALYSES

The ~uthors of the nmethol state that precisions averaging
4+ 35 per cent to + 45 per cent ot the 95 per cent confidence level
can be obtained. Here, plote control was established using =n
internal-external checking system. Germanium (400 ppm), as an
internal standard, was determined on each somple ond aﬁ operator's
reference sample wos included on each plate. In addition, o prepared

statisticnl series coupled with replicate anclyses (see Toble AG)

were used for control of Keel somples. Generally, this approach
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to quality control hes indicated precisions somewhat poorer, usually
approximating + 60 per cent ot the 95 per cent confidence level.
Abnormally high (poor) levels of precision on any one element can
usually be attributed‘to samples containing amounts close to the

detection or upper limit of the method.



Teble AL, Spectrograph specificationsand operating perameters

Source unit
Spectrograph

Arc stand
Comparator
Wavelength range
Emulsion

Anode

Cathode
Exposure
Gap

Are current
Siit
Collimator

Step sector

Processing

Scmple buffer

Hilger and VWatts FS 131
Hilger and Watts Large Quartz S 55
Hilger and Watts FS 56

Hilger J. Co. L. 90

A,
2800-4950 £
Ilford N. 30
Morgmnite SG. 305H - 5 mm Carbon
2,91 mm diameter and 5 mm crater
Morganite SCG. 305H - flat ended
20 seconds
% mm
12.5 A
15 u
Internal
Two steps giving three intensities in
proportion 1: 1/4: 1/16
5 min. Kodak developer at 2OOC, 10 sec.
stop, 10 min. fix, wash 30 min.
Spee-pure graphite, lithium carbonate,
germanium dioxide mixture. Mixed 1:1

with ignited sample.

(after Nichol and Henderson-Hamilton, 1964)
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Teble A5. Spectral wave lengths and useful ranges of elements
determined

O

Flement Wave length (4) Renge (ppm)
Ag 3%82.9 0.2 -~ 1000
Ba 4esd 0 20 - 10,000
Bi 30677 5 - 200
Co 3453.5 5 - 10,000
Cr Losh ., 2 - 500
Cu 3274.0 2 ~ 200
cu 2961 .2 200 - 10,000

Tel(as Fegqj) 3273%,1 1% ~ 30%

Gre 2943 .6 2 - 10,000
Ge 3039.0 Internal Standagd
Mn 403k .5 2 - 500

Mn 2933.0 500 ~ 10,000
Mo 3170.3 2 - 10,000
Ni 3h14.8 5 - 200

Ni 3050.8 200 =~ 10,000
Pb 2833 .1 2 ~ 100

Pb 2873.3 100 - 10,000
Sn 2840.0 5 - 10,000
Sr 4o77.7 20 - 10,000
Ti 3377.6 50 - 10,000
v 3185.4 2 - 10,000
Zn 33545.,0 50 - 10,000

(modified after Larsson, 1970)

N.B. Iron, Mn, Pb, and Zn enalyses were used only when atomic

absorption results were not available.
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Tchle 46. Precisions of semi-quentitative spectrograpnic enalyses by replicate determinstions.
Element No. of No. of Range of Range of Mean Preci- Notes
Samples Determinations Mean Values pom Precisions sion Value
Ag 10 4 % - 29 10 - 108% 48% A statistical series (¢0.2 to 5.0 ppm)
gave o precision of + 81% ot the
95% confidence level. 2
Bo - - (50 =~ 1600) -~ (%6% A statistical serics used to
celculate precision. 2
Bi 10 4 Not detected - -
Co 1C 4 ) 21 - 158% 89% Lerge prooortion of determinations
less thoan 10 pom
Cr 10 n 11 - 42 o1 ~ T9% 165
Cu 10 4 22 - 275 26 - 105% 65%
Ga 10 4 <2 -8 2% - 170% 62% Most determinations less than 10 ppm
Ge 10 4 300 - 400 10 - 43% 31% Internal standard
Mo 10 4 4 - 14 21 - 145% 68%
Ni 10 4 90 - 165 10 ~ 625 34
Sn 10 4 <5 - 20 - - A1l somples less then 20 ppm, most less
then 5 ppom. Precisions not celculated
Sr 10 4 32 ~ 215 40 - 110% 68%
Ti 10 4 800 -~ 5200 10 - 1044 46%
v 10 4 16 - 50 24 - o5% 6U4%
1

after James (1970)

after Tech., Comm, No. 46, 95% confidence level

¢z
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APPENDIX 5

COLORIMETRIC AND TITRIMETRIC PROCEDURES

A5.1 GENERAL

Atomic absorption and emission spectrogrophy have been
supplemented by colorimetric procedures for As, Sb, Se, P, Au and
titrimetric methods for carbonote and organic czrbon.

The methods used are briefly discussed with some accompanying

notes.

A5.2 COLORIMETRIC PROCEDURES

45.2.1 Arvsenic (Ref. A.G.R.G. Tech. Comm, No. 49)

A modification of the Gutzelt test has been used to analyze
s0il, rock, and oxidized material. Normally, samples were fused
with bisulphate and acid leached. Asg orgeanic-rich samples nnd peats
tended to congecl on heating into o solid, and perhaps, not fully
attacked melt, such samples were fluxed with potassium hydroxide
(after Almond, 195%). Pit somples were digested with o HN%,—HClO4
mixture (4:1) (unpuglished method, Barekso and Delavault), acid
leached and As determined as sbove. The reference quotés a precision
of + 25 per cent at the 95 per cent confidence level., A graophical
plot of precision using o prepared stotistierl series confirmed
precision estimctes, but also indicated precision somewhat less

(i.e. > + 25 per cent) with valuecs less then 50 ppm.

A5.2.,2 Mntimony {(Ref. A.G.R.G. Tech., Comm. No, 17)

Antimony onelysis of soil, rock, and oxidized moterial
required NH4C1 . fusion, acid leaching, billiant green complexing of
Sb, and solvent extraction with toluene. Precisions of + 25 per cent

at the 95 per cent confidence level are quoted by the reference.
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Experience by the writer revealed good internal duplication and
replication of analysis but poor external control. Overall, preecision
would appear to be much poorer than the quoted figure. A prepared
stotistiecal series did not respond to produce a meaningful grophical
plot. The writer believes reapent quality, particularly that of
toluene and perhaps brilliont green, may serverely limit the continued
use of the test. Also, the possibility of As, Tl, organic carbon,

and ferric iron interferences must not be ruled out.

A5.2.3 Selenium (Ref. A.G.R.G. Tech. Comm., No. 51)

Selenium in so0il, rock, and oxidized material was determined
using 2 3,3'=-diaminobenzidine method. A nitric/perchloric (4:1)
digestion is followed by several filtration, precipitation, and.~
masking operations before Se complexing, solvent extraction, and
colorimetric estimation. A precision of + 25 per cent at the
9% per cont confidence level is obtalncble by this technique over

the 0.2 to 500 ppm range.

A5.2.4 Phosphorus (Ref. A.G.R.G. Tech, Comm. No. 52)

Phospheorus in soil, till, and oxidized mater::LaJ. was determined
by a vanadate~molybdate method. A bisulphate fusion is acid
leached cnd a suitable aliquot is allowed to develop the phosphate/
voanadate~-molybdate coloured complex, Results within + 25 per cent
at the 95 per cent confidence level may be obtained over the range

20 ppm to 10 per cent.

A5,2.5 Gold (Ref. A.G.R.G. Tech. Comm., No, 48)

A few somples were analyzed for gold us:.ng a brillisnt green
colorimetric method. The Initial acid digestion 1s followed by
separation procedures, buffering, complexing, and solvent extraction.

Precision is quoted at + 40 per cent at the 95 per cent confidence
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level. The lower limit of detection is 50 ppb.

A5.5 TITRIMETRIC PROCEDURES

A5.%,1 Organiec Corbon (Ref. A.G.R.G. Tech. Comm. No. 32)

Orgonice cerbon in soil was estimated by o modifiéation of &
method originally reported by Schollenberger in 1927. Simply, organic
matter is oxidized in o dichromote-sulphuric acid leach and the excess
dichromate titroted with ferrous smmonium sulphote. A precision has
not been reported but internnl and external duplication by the writer
hrs shown the test to be extremely relicble on somples containing

less than ten per cent orgonic carbon.

A5.3.2 Carboncte (Ref. A.G.R.G. Tech. Comm. No. 53)

Carbonote in soil and oxidized material has been determined by
base (sodium hydroxide) titrotion of excess acid (hydrochloric)
remaining from o samplé leached in known ccid strength. No précision
has been reported but duplicote cnelyses suggest the test setisfactory

for semi-guantitative anaolysis.



APPENDIY 6

DATA RECORDS
As Lpom
Sh Ppm x
Hg ppb x
Cd pim
Pb Piom x
n Dpm X
Mn Dpm x
Fe % x
Ca % x
Mg % ox
Cu Ppm
Ag Ppm x
Ba Ppm x
Sr ppm
Ni Ppm
Co Pom
Cr bpm
Ga pom
A% Ppm
Mo Ppm
Ti ppm



Table A7 Elemental data on Decomposed Zone material- used to
. calculate relative enrichment ratios
Brillhole / . -
Footage As Sb  Hg Cd Pb Zn Mn Fe Ca Mg Cu Ag Ba Sr Ni Co CrGa V Mo Ti
1 1 1 1 [} 2 I 1 L 3 1 ] 1 [} L] 1 H ] 1 1
83 25 20120910 1320 5 35 49 85 28 14 85 60 40 40 40 20 2 8520130 11600
83 54 86 3 5 44 110 9 SC0 3%0 50 7 10 2 60 30 20 30 2 13 4 20 1 850
83 58 64 80160 225 250 22 920 530100 12 28 5 40 60 %0 8% 10 30 5 20 21600
83 66 66250 45 44% 210 20 920 950165 22 4 5 60 60 50100 20 16 5 20 81000
83 67 70 45 5 2 210 10 860 900140 26 14 2 60 60 20 40 2 10 2 10 6 500
83.79 79 13 S 250 150 8 690 730115 17 1S 2130 170 20 30 2 16 5 20 21300
83 85 85 7020C. 95C 180 111 760 450 90 50 35 20130 60 60 50 10 20 5 40 51000
83 88 88 43180 850 170 93 1000 380 70 15 15 20 85 100 85100 10 16 S 20 5 850
63115115 45 60 450 150 50 1200 S0 95462200 20 85 100 60 40 10 20 6 30 61000 .
86 61. 61 55150 395 30 360 160 55 28 2 74 30 13 10 20 10 10 8540130 13000
86 65 70170380 1800 50 370 988 49133 1 12130160 100 20 85 20 3013 40104000
86 72 75 45 85 380 150 220 588 27 53 1 12 10 40 20 40 50 5 20 8 30 22000
86 77 80 85180 310 170 12 794 28 53 1 10 10 85 10 30 85 10 8 5 20 2 850
86 82 68 8270 900 330 22 2100 77133 5 46 13130 100 20100 30 20 5 40 41600
86 95100 ©5100 825 60 200 168 25 33 5 55 20 20 4,20 S 10 4013 40 12000
86102107 38 65 225 601200 600 330 58 5 32 30 85 2 30 40 2 2010 30 21300
86111115 95190 175 40 220 425 140 51 S 67 40 20 13 20 4G 20 4020 85 23000
36116118 8190 350 70 780 413 390 80 2 29 40 €5 100 20 60 30 30 8 40 51600
86123123 5170 410 30 750 350 350 73 3 44 30 20 30 20 60 20 3010 50 22000
86135135 18 95 700 170 400 B50 520112 10 51 20 30 40 40 40 2 30 6 40 11600
£6147150 63 35 1370 2602200 1688 9302073 28 33 302C0 100 40100 20 4010 40202000
117 33 36 % 35 420 g4 875 1125 640150 7 13200 €5 170200120 S0 30 5 85163000
117 38 42 45110 102 AR pr 329 240 65 2 2 40 230 170200 8% 20 4010 40104000
117 98 583120.50 1500 31 200 1730 14300 4 2160 40 10 50130 2 4010 20 12000
117 62 62 60 43 3000 64 285 7312 150 93 2 2200200 170120 8% 10 20 5 30 21600
117 €4 64 48 5 175 736 13 1870 660225 2 31003200 170 40130 10 20 2 70101300
117 .06 ¢6180 445 300 711 o IHZ,*OIF;{’,OF."SO 5 310C200 170 40160 10 20 1 20101300
117 71 7% 45 55 168 406 45 1700 ©20 0og 6 22 20130 170 40130 20 40 5 60 21600
117 75 77 45 LS 775 43500 70 000 %40 930 & 5 202CC BO 6QI30 10 13 5 20 21300
117 &8 22190 U5 65 171 18 1080 320102 62 36 40160 0 851606 20 £0 8 30 81600
" Pee A1 1108 16 0120 L0 H0120 S 10 3 530 5 850

P17112112140

33

WA R ETTEN 'l



Table A

8 Elemental data oh'mineralized tills used to calculate
relative enrichment ratios

Oritthole/ ‘ _ :
. Footage .AS. Sb Hg Cd Pb In  Mn Fe Ca Mg Cu Ag Ba Sr Ni Co Cr Ga V Mo Tj-
1 X ) } 1 1 1 1 1 1 | $ 1 ' iy 1t ]
B2 1 1 43 35 113 10 80 91 3 23 18 34 30 10 ~ 5.40 30 20 3010 40 52000
82 3 3 45170 330 20 260 119 65 28 5 34 30 20 5 50 40 30 5010 40 23000
82 5 5 70285 700 30 650 300 230 38 3 32 40 40 30 20 30 S0 3010 40 81600
83 12 13 45285 172 7 310 165 10 29118 45100 20 30 60100 30 8513200 B1600
83 20 20 93330 480 101 900 650 482 62 10 43 85 16 40 30 85130 4013 40 21000
63 25 25120910 ,1320 5 35 49 B85 28 14 85 60 40 40 40 20 2 8520130 11600
84 10 10 20 30 25 16 10 110 5 18850160 40 1 4300 85 20 8513 60 11600
84 14 16 5 40 23 4 B8 10 7 23600116 40 1 10100 S0 13 5016 50 11000
93 1 20 50285 240 78 84 400 30 65 47 65 30 30 40 40 85 20 5010 40 22000
93 27 31113 60 560 61 11 280 720135790 40 5 10 170959 40 10 30 2 40 2 850
95 18 21 8140 23 3 10 12 ° 7 25173 59 40 1 20 85 50 16 4013 85 21300
95 29 38 43285 1350 52 100 515 45 34123 45 60 85 30 85100 16 8520100 51300
96 8 12 40 S 124 13 26 30 6 26180 73 40 16 20 60 60 20 5013 85 12000
96 12 15 85425 186 22 25 242 168 85 61 52 30 40 S50 S0 40 13 4020 S0 23000
96 15 18 70225 127 22 10 250 840195 42 73 13100 170 50 50 10 30 5 10 81300
109 10 12 20150 22 10 28 124 6 34 93 84 50 13 16 60130 30 8520100 31600
109 13 16 15190 28 7 14 114 22 30130 79 50 13 9 85100 20 8520100 51300
109 18 22 45110 260 8 10 180 42 39 30 99 30 16 10 30100 3010020 85 51000
109 23 29113110 340 12 8 206 S8 40 19 03 85 16 - 9 40160 4013016130 32000
117 12 15 15 30 . .28 3 10 19 S 27192 S8 40 1 10 60 85 20 4010 85 21600
117 15 18 18 40 49 & 13 25 6 27151 39 30 2 13 60 60 16 4010 60 12000
117 18 21 5 5% 85 7 18 41 9 32138 57 30 S5 20 50 85 20 4013 85 22000
117 21 23 3 55 115 6 24 66 12 19108 54 40 13 40100 85 16 5020100 23000
117 31 32 1111 71 4 98 250 95 45 7 2 20 30 13 40 50 16 1310 20 11600
120 1 23 3 35 78 4 14 43 18 28136 45 40 3 6 50 40 13 30 5 50 11300
120 23 27 8 40 44 2 24 28 14 29141 64 50 2 16 60 50 13 4010 B5 22000
120 27 29 5 65 94 3 13 31 1% 27125 48 40 2 13 50 60 16 4010 50 21600
120 33 33 5 70 65 3 18 40 15 29103 50 30 2 13 40 60 20 40 8 50 11000
120 26 38 5 70 87 a4 24 36 18 29133 50 30 6 30 60 60 20 5010100 21600
120 44 48 20 45 62 6 13 68 16 351064 66 30 2 40 85 85 20 6013 60 22000



Flemental data on rocks used to calculate

Table A9
_ relative enrichment ratios

Drillhote/s ‘ . S

Footage As Sb Hg Cd Pb Zn- Mn Fe Ca Mg Cv Ag Ba Sr Ni Co CrGa V Mo Ti

1 H ] 1 ] ] i . ] ! L 1 1 [ [] .} 3. i 3. 1 kB 1 1 I |
Mb] 98 82 83 50 45 73 22 13 82 1 5 2 5 13 10 20 60 50 40 8525 45 23000
BL | 12212220 '8 10 12 6& 10 3 3 10226 18 10 "1 1300 85 20 6010 40.1 850.
8l 12330342 10 55 . 10 '8 10 4 8 14248 14 5 1 2130 40 10 30 5 30 2 600
Mb] 12478478 43 75 113 2 16 11 7 30 24 22 20 2 4160130 4013020100 12000
Mb] -~ 12485490 58 65 S0 . 6 23| 11 13 24133 18 40 8 16400130 2010013 .85 11300-
Bl 17293297 2 25 8 5 7 6 4 36°92 14 20 1 3200 60 30 6016 40 11000.
Bl ] 17312315 . 3 35 13 3 5 4 B 32208 7. 30 1 4130 60 20 6020 40 11300,
Bl ] 17366370 8 30 14 7. 10 3 23 18206 7 3 1 4130 30 13 40 5 40 2 850
Mb 18185203 25 65 ° 10 2 2 15 8'22 339 16 1 6 60 S0 40 B520 85 12000
BL] 22222235 50 90 130 9 19 16 28 28182 44 16 40 9 85 40 20 6013 40 21300
BL| 24112125 8 45 10 . 6. 7} 5 1030131 14 13 1 1100 40 16 4010 40 11000
BL 52112118 3 25 17 5k 2 S 7 23183 13 10 1 3300 60 16 6010 40 11000-
Mb] 52134140 2 5 29 2 ‘2 4 29 26 65 9 5 1 2 60 40 16 6013 40 11600
Mb 52630640 3 35 20 2 2 3 619 61 9 50 1 3 10 85 20 8516 60 11600
Mb] 52684688 40 65 20 .3 .2 4 11 29 74 14 13 2 3 85 60 20 8516 40 11600
Bl | 61167170. 2 35 . 9 5 .5 .. 7 2 24204 16 13 1 1400 50 16 6010 40 2 850.
Mb] €6 80 80 15 20.. 10 .3 2 130 11 2080 38 4 6 4 60 10 285 2 8 2 300
BL] 721351535 35 30 6 2 10 5 31121 19 3Q 1 9300 85 3010020 85 21300
Mb] 75265275 45170 100 70 15 159 1 21 310 16 2 1 30 16 3010040 40 33000
Mb 73108108 3 40 26 4 6 7 95. 1 4 1 1 4 10 3 2010 2 40 3 20 1 600
Mb] 83108108 2300 5 8 10 S 320 47184 80 1 10 4 40 2 2 10 2 20 1 200
Mb]1 92163163 45 35 19. 10 15, 8 6 24135 58 3 20 2 85 20 10 30 2 20 8 400
Mb] 95124124 40 S0 22 15 14 400 168 30165 S3 2 10 20200 16 2 16 1 30 2 300
Bl 109 30 31 2 235 16 22 13 92 92 16241 8 10 1. 10400 60 2 60 5 40 2 850
Mb ] 109160170 63400 116 17 176 200 52 335 11 10 S0100 6 50160 4016020 60 24000 -
Mb ] 1091751804%0255 184 40 69 310 14 42 4 13 20120 5 20 2.40 8520130 21600
Mbq 110193197113180 172 49 40 550 15 23 33 21 40200 S 30 85 30 8516 40 81300
Mb] 110202208 43 45 34 4 9 84 48 17 23 19 10 40 a4 40 16 5 8510 20 2 BS0
Mh 117113113 43 25 18 10 9 P 90 31171 BO 3 2 1 20 10 2 20 1 13 1 400
M j 117124124 43 30 18 14 10 . 17 266 46180 38 10 20 13 B85 13 2 16 5 20 1 600

517
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