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Figure 5.4 Trace element variation with 
lithology and alteration in pluton. 
Values in ppm unless otherwise noted. 

Non pheno - non-phenocrystic monzogranite 

Sl. pheno - slightly phenocrystic monzo­
granite<l-5 modal "> 

Pheno - phenocrystic monzogranite 
<>S <7 5 modal ~> 

Tan alt'n - sample adJacent greisen with 
tan-coloured alteration 

Kaol. alt 'n - sample with kaolinite vugs 
and veinlets 

Post gsn veining - samples with those 
quartz veinlets which cut 
greisen zone 

Shear - sheared monzogranite 
containing a pre-shear quartz 
vein.let containing schee.lite, 
molybdenite and chalcopyrite 

AdJ. mafic dyke - 2 samples<78-27) 
adJacent a mafic dyke 
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5. 3 .l Relationship of Elements 1Nith Respect to Different 
Lithologies 

Trace element distributions were compared within each 

lithology~ i.e.~ among gross mineralogical types arbitratil y 

established in each rock group. For example~ meta-psammitic 

samples were classified on both mega- and microscopic 

features such as presence o£ biotite~ feldspar and carbonate~ 

as well as by grain size; meta-argillites were typed by 

presence of carbonaceous material; samples from the pluton 

were grouped arbitrarily by the presence of phenocrysts . 
<none, 1 to 5 mo~al percent, greater than 5 modal percent>, 

presence of greisens~ alteration~ velnlets~ shears or mafic 

dykes. Obviously the meagre number of samples precludes any 

definite conclusions about trace element distribution within 

each lithology; however~ a rough estimate of the ranges may 

be inferred. Accordingly~ there appear to be no maJor 

differences in trace element contents among the various 

unmineralized ·meta-psammitlc samples. Within meta-pelitic 

samples~ wider ranges o£ metal contents are observed in the 

carbonaceous meta-argillites., due either tC? slightly greater 

number o£ samples or to primary $edimentologica1 differences; 

organic-rich sediments appear relatively enriched in metals, 

by adsorption or by forming metallo-organic or chelate 

compounds <Krauskop£,1979). Both metasediment types have 

relatively high contents of molybdenum, tungsten, lithium and 
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fluorine in samples close to the pluton.- implying possible 

addition o£ these elements from the intrusione Background 

values o£ both lithologies are similar except for those o£ 

tin.- copper., zinc and bismuth; the meta-pelitic samples have 

aohigher copper background, and the meta-psamm.itic samples 

have higher backgrounds in the other elements. This may be 

due to the presence of discrete met~l-bearing particles, 

minerals with those metals in solid solution, or 'sorption of 

those metals or their complexes to particular mineral 

grains. 

Arsenic has a long paragenesis, occurring principally as 

arsenopyrite in sediment disseminations (detrital or 

diagenetic?), in pre-crenulation veinlet.s, in main-stage 

mineralization veins and patches, and in post-mlneraliza~ion 

veins and breccias. 

Determination of variations within plutonic samples is 

more difficult as consideration must be taken of sample 

location within the pluton <endocontact vs. the interior) 

and of the ubiquity of metal-rich veinlets which may go 

unnoticed but cause high trace element analytical results. 

Therefore.- only general conclusions are made. No maJor 

differences in trace element contents exist in samples of 

different crystallinities., although the non-phenocryst.i.c 

samples <of the interior of the pluton) usually have slightly 

lower ranges than those samples with phenocrysts. Two 
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unmineralized samples adJacent. a mafic dyke <DDH 78-27) 

contain biotite with inclusions of arsenopyrite, causing high 

concentrations of arsenic, antimony and bismuth. This has 

not been observed in any of the other plutonic samples and 

may due to the mafic dyke intrusion, although it is not known 

how this occurs. 

5.3.2 Relationship of Elements With Respect to Style o£' 
Mineralization 

(i) Sulphide-Cassiterite Veins 

Certain mineral assemblages are associated with the 

sulphide-cassiterite veins in the metasediments and this is 

reflected in the trace element distributions. Two main types 

of veins exist: tin-rich <> 10 0 0 ppm), arsenic-poor and 

arsenic-rich <> 1000 ppm), tin ... poor. Tin-rich veins have 

relatively high concentrations of copper and bismuth due to 

the existence o£ cassiterite and chalcopyrite; the high 

bismuth content may be due to native bismuth, solld solution 

within such minerals as native silver or galena .. or to 

presence of unobserved rare bismuth sulphides or 

sulphosalts. Veins rich in arsenic have relatively high 

contents o£ lead, zinc, antimony and bismuth. Bismuth 

content within the two vein types is not clear - both types 

·have background and anomalous concentrations. A plot of 

bismuth against arsenic <Fig. 5.5) appears to show a negative 

correlation with several deviations, whereas that o£ bismuth 

216 



against tin shows no correLation <Fig. 5.6). Bismuth 

therefore seems to occur in other forms not associated with 

arsenic or tin mineralization. Most of the arsenic-rich 

veins have a higher range of fluorine content than the 

tin-rich veins. 

There appears to be a chemical and physical relationship 

between the two vein types. Chemically, there is a positive 

correlation between tin and copper, and a negative 

relationship between tin and arsenic, lead, zinc and antimony 

<Fig. 5.6). Physically, tin-copper-rich veins occur deeper in 

the country rock and closer to the pluton than the relatively 

shallow, more distant arsenic-rich veins with their more 

'mobile' base metals and fluorine. Figure· S. 7 gives a rough 

metal pattern observed in this vein system. The two vein 

types are not observed together in drill core, so their 

relationship is only inferred; however, there is a 

mineralogical <and therefore elemental) zonation in the maJor 

veins in the metasediments surrounding the pluton. Veins 

close to the pluton are relatively rich in tungsten and 

molybdenum <in the form of scheelite and molybdenite, 

respectively). ·Tin, zinc and lead become dominant farther 

from the intrusion. Arsenic and copper, of variable 

concentrations, are ubiquitous. Shallower and more distant 

veins show a decrease in tin and an increase in the other 

base'metals. This type of zonation has been described by 

Grigoryan (1974), and may be of use in exploration, to 
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Figure 5.5 Variation of Sb and Bl with As 
content in veins in the 
ntetasedimen ta. 
Sb is proportional to As 
content. Bi, with a Eew 
exceptions, shows a negative 
correlation. 
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Figure 5.6 Variation of various metals with 
Sn content in veins in the 
Jaetasediments. 
Note the antipathetic relationship 
o£ As, Pb and Zn<with one 
exception) with Sn. Relationship 
with Cu and Bi is not as clear. 
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Figure 5 .. 7 Plot of metals commonly 
occurring in mineralized vein 
systems in both the pluton and 
surrounding metasedimentsu 
There is a pattern of metal 
concentration £rom the pluton 
outwards and upwardsp £rom 
W and Mo to Pb and Zn; As and 
Cu are ubiquitous; Sn has an 
intermediate range(· 3-5 km 
£rom pluton) .. 

Lower case metals have relatively 
lower abundances • 
.. Mid•• refers to those metals 
occurring in veins at "middle,. 
depths 'o£ 50-100 m .in DDH 78-34. 
"Bottom .. refers to those metals 
occurring in veins at .. bottom .. 
depths greater than 100 m in 
DOH 78-34. 
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indicate possible directions and depths £or further 

geochemical or geophysical work. 

The veins are rather thin (commonly on the order o£ mm) 

and have relatively narrow alteration haloes <mm to several 

em>.. There has been no wide mineralogical or geochemical 

response associated with these veins. I£ a stockwork of such 

veins occurred within a small volume of rock, the geochemical 

effects may be enhanced to such an extent as to produce a 

broader, noticeable response, but this has not been 

observed. 

<.iD Greisen Veins 

Greisen veins and their associated haloes are relatively 

high in tin <about 200-800 ppm) with respect to the rest o£ 

the pluton, although low compared to sulphide-cassiterite 

veins. The greisens are also relatively high in tungten, 

copper, lithium, fluorine, total iron and rubidium; they have 

wide ranges of molybdenum, arsenic, zinc and bismuth - this 

is probably due to multiple-stage, cross-cutting veinlets 

containing molybdenite, arsenopyrite,sphalerite and 

scheelite. Both sodium and strontium are depleted in the 

greisens <Fig. 5.8). 

Contact of the greisen with the monzogranite varies from 

sharp to gradational. Trace element contents of unaltered 

.samples adJacent gr·eiaena show either no change or a alic;~ht 
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Figure 5.8 Variation o£ several maJor 
oxides<in %) and minoz:- elements<in 
ppm) in plutonic samples from study 
area and two other granitoid bodies. 

Greisens have higher concentrations 
of Fe20a<total) and Rb<addition 
o£ sulphides and white mica>; they 
are relatively depleted in Na20, 
Sr and K/Rb<destruction o£ feldspars>. 

Non pheno - non-phenocrystic monzogranite 

Sl .. pheno - slightly phenocrystic monzo­
granite<l-5 modal %) 

Pheno 

•Biot gte 
•Gsn 

II: 

••Adam 
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enrichment in tin and fluorine. One sample o£ slightly 

altered monzogranite <tan alteration adJacent greisen) is 

relatively enriched in copper and depleted in antimony and 

bismuth (addition of chalcopyrite~ removal of 

arsenopyrite?). 

As with veins in the metasediments, greisens do not have 

a wide zone of influence - usually several em, rarely up to 

about 20 em. Trace element contents have a narrow zone o£ 

enrichment around each greisen vein, e.g., see Figure 5.10 

for variation of tin and copper in grei.sens and their 

adJacent country rock. Unless there is a concentration of 

such veins to produce a broad geochemical effect~ they cannot 

be traced geochemically. I£ the overlying country rock had 

behaved in a more ductile fashion, with less fracturing, the 

ore-bearing 'greisen' fluids may have instead remained within 

the apical parts o£ the intrusion, 'ponding' against the 

country rock, forming broad greisen zones of economic 

interest. 

(iii) Stratiform Mineralization 

The stratiform patches are relatively enriched in tin, 

copper and bismuth, due mainly to the presence of cassiterite 

and chalcopyrite; bismuth may occur in the form o£ sulphides 

or sulphosalts, as submicroscopic inclusions in the other 

sulphides, or as solid solutions within native silver or 

galena. All boron analyses are below the detection limit < 10 
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ppm) (leaahinrJ ef£t:!ct£•). Other els::ment distribution patterns 

are not as distinct: tungsten contents have a slightly higher 

range, with larger values in samples close to the pluton; 

zinc contents are similar to those of unmineralized samples, 

with the. exception of two samples containing much sphalerite; 

meta-psammitic samples have a higher range of antimony 

contents but they are not always directly related to arsenic 

content <Fig. 5. 9) as observed in veins - perhaps Sb 

substitutes for other elements, e.g., Fe, Sn4 : Ti3 +. 4!n.stead 

of existing as a sulphosalt within arsenopyrite.. Sb analyses 

are also not very precise <see Appendix III for accuracy end 

pr:-ecision estimates>. 

Samples adJacent psammitic mineralized zones show 

slightly elevated tin contents. Copper contents are 

ambiguous: seven of the eleven adJacent samples are in the 

upper ranges of the normal population; the other four samples 

are below the detection limit of 0. 5 ppm <leaching ef £ ect? >. 

Figures 5.10 and 5.11 show th.e variation o£ tin and copper; 

and tin and bismuth in mineralized patches and their adJacent 

zones. Other elements show no significant observable 

changes. Figures l2a,b show cross-sections o£ parts o£ the 

study area containing tin mineralization but show no 

clear-cut geochemical haloes. 

Again, a restricted geochemical dispersion exists around 

the minerali2ation. No widespre.9.d halo occurs which Yould be 
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Figure 5.9 Variation o£ Sb e.nd Bi content 
with As in mineralized 'patches'. 
There is no apparent relationship 
o£ the two elements with As<sonae 
increase o£ Sb with As). 
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Figure 5.10 Variation o£ Sn and Cu within 
mineralized 'patches' and greisens, 
and their respective adJacent 
unmineralized zones. The sharp 
decrease in both elements indicates 
their restricted ranges in both 
mineralization types • 

• Hinerali::ed 'patch' 

0 Barren sample adJacent 'patch' 
<em to lit distant) 

A Greisen 

6 Barren sample adJacent greisen 
<em to m distant> 
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Figure 5.11 Variation o£ Sn .and Bi within 
mineralized Jlpatches' and their 
adJacent unminerali::ed zones. There 
is a sharp decrease in both elements 
£rom mineralized to unmineralized 
samples, indicating the restricted 
extent o£ these elements. 

II Mineralized 'patch' 

0 Barren adJacent samples 
Ccm to m distant) 
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o£ use in a geochemical explor.ation program .. 

5 .. 3.3 Relationship of Elements With Respect to Distance 
From the Pluton 

Establishment oE a trace element zonal pattern in any 

region can aid in subsequent geochemical exploration 

programs. Once position in any 'zone' is known, one can 

travel toward the ore-bearing zone with some degree o£ 

con£' idence. 

Based on the present study, the mineralizing event<s) 

exerted no broad geochemical influence upon the country 

rock. Vein and stratabound mineralizatlon are of limited 

lateral extent, with only a few em of altered wa!lrock. 

Rarely, veinlets in the pluton have relatively wide greisen 

alteration haloes. 

Because of the restricted nature of the minez:-alization, 

an attempt was made to investigate tz:-ace element distz:-ibution 

in minez:-alized samples at vaz:-ious dis.tances from the pluton. 

Two cross-sections wez:-e made: one roughly follows a fold 

hinge from the metasediments to the pluton <A-A'); the second 

cuts z:-egional foliation <B-8'). Sample point locations from 

each diamond drill hole wez:-e translated onto the plane of 

each cross-section. The cross-sections were arbitrarily 

divided into 'top', 'middle', and 'bottom ... zones, 

representing depths of, respectively, 0 to 50" 50 to 10 0, and 
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more than 100 metres. This was to look £or trace element 

variation with depth. Several of these cross-sections are 

shown in Appendix 5. There appears to be little variation in 

trace element content in unminerallzed metasedimentary 

samples, either with depth or with distance from the 

intrusion. Small variations in their concentrations may be 

due primarily to their lithology <pelitic vs. psammitic), so 

no definite conclusions can be made about geochemical 

dispersion in barren metasedimentary country rock. 

Relatively high contents o£ some trace elements in 

unm.ineralized samples occur close to or adJacent the pluton 

and appear caused by metalliferous veinlets <containing 

tungsten, fluorine, lithium and copper). Zinc decreases 

slightly with depth. Arsenic is ubiquitous, disseminated in 

the metasediments and within several stages of veins as 

arsenopyrite. Bismuth is erratic, and is related to both 

arsenic and tin. 

Within the pluton, there is a alight decrease in trace 

element content in the interior. This may result from 

primary differentiation or the absence of metal-bearing 

veinlets found in the endocontact. 

Few analyses were made of vein samples in areas of the 

cross-sections, so interpretation includes megascopic and 

microscopic preeence o£ the metal-bearing minerals. There is 

a metal zonation within vein systems from the pluton lnto the 
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metasediments and this was discussed in a previous section of 

this chapter. 

Trace element distribution within stratabound 

mineralized patches appears regular. There is little change 

with depth or distance from the pluton~ except where cut by 

veinlets bearing tungsten~ molybdenum~ lithium and fluorine .. 

Zinc content appears to increase with distance from the 

intrusion in two samples - possibly related to higher zinc 

content in distant parts of the vein system? Arsenic is 

erratic because of its common occurrence throughout the 

area. 

5.3.4. Relationship of Elements With Respect to Other 
Variables 

Trace element distribution may vary with other factors 

such as stratigraphy and secondary dispersion processes. Due 

to time and monetary constraints, it was not possible to 

perform a study of these types of element distribution. 

It is conceivable trace element concentrations vary with 

depth or lateral extent in the sedimentary package. The 

geochemical study has been simplified by assuming there is 

little variation in trace element concentrations with depth 

or lateral extent. 

Mafic dykes in the area do not change the trace element 
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patterns in the host rock. Several samples adJacent the 

dykes were analysed and only the arsenic content in two 

monzogranite samples increased. Arsenopyrite was included in 

the biotite flakes - it is not known how this occurred, a~ 

arsenic contents in the dykes are low. 

Chemical weathering of the country rock can disperse the 

trace elements at surface, along fracture systems, or through 

breccia produced by late shearing. Examination of some core 

proved difficult because of weathering effects from storage 

at surface - iron sulphides became oxidized. Clean core with 

fractures or breccia zones usually show little oxidation and 

it was assumed that little secondary dispersion took place; 

however as a precautionary measure these cores were not 

sampled. Some mineralized patch~s show elongate, 

'shreddy'-textured sulphides, as if they had been stretched 

out by later movement, possibly the late-stage shearing 

event. It does not appear these chlorite- and sulphide-rich 

zones fractured cleanly with a minimum of rock powder 

<'gouge') to permit movement of fluids to disperse any 

elements. Other, more brittle, barren psammitic layers are 

well brecciated with later infillings by calcite, quartz and 

minor sulphides; a restricted bleached zone and rarely, a 

stockwork of veinlets <'crackle breccia'> surrounds this 

breccia. Dispersion of elements appears limited. 
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Figure 5.12 Pseudo-three-dimensional sections 
of two mineralized area with tin 
concentrations o£ sampled core 
<in ppm except where noted>. See 
Fig. 5.1 Eor drill hole locations. 

A. Intersecting drill hole grid 

Ei3 Minerali.zed 'patch' 

+ Unminerali:zed core 

& Mineralized vein 

adJ -unmi.nerali2ed sample 
adJacent mineralization 

78-12 -diamond drill hole 

Boxes with two numbers indicate a 
mineralized 'patch'<higher value) 
with an adJacent sample. Inset 
depicts general bedding and 
crenulation('"") orientation. 

B. Parallel drill hole grid 
Same symbols as ~bove, plus 

Sn -relatively high amount oE 
mineral containing this metal 

sn -relatively low amount of 
miner~! containing this metal 

. . . 

sample location described but not 
geochem.icall y analysed 

general bedding orientation 
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A group of barren and mineralized diamond drill core wes 

analysed for 13 trace elementse Chlorine analysis was 

disappointing as most wet"e below the detection limit:. <SO 

ppm). Boron analyses were not much use as the values were 

multiples o£ l 0 and 25; however they proved useful in the 

mineralized samples, as all values were belor.,.~ the detection 

limit < 10 pmm>. 

Analytical control was erratic: precision was adequate~ 

but accuracy was not. The analyses may be useful for 

comparisons within the sample group, but are not to be 

considered 'true' values. 

Background values between pelitic and psemmitic samples 

are similar for most trace elements, with a few exceptions 

<Sn, Cu, Zn, and Bi>. This may be due to primary 

sedimentologic factors. Element contents are similar to or 

lower then the average values £ound in Cornish tin-bearing 

metasediments, and the clarkes of shale and sandstone <Table 

5.1 ). Trace element background values of plutonic samples are 

lower than those usually associated with 'specialized', 

tin-bearing granitoids. Accordingly, the wedgeport pluton is 

not considered a maJor tin-bearing intrusion. 

Alteration haloes around mineral12ation are limited 

(wallrock 'pattern o£ Hawkes, in Levinson, 197 4) and thet"efore 

llthogeochemical exploration is of little use in terms of 
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discovering trace element haloes. However, there is a metal 

zonation within the main-stage vein system, from the pluton, 

outwards. Accurate determination o£ the stage o£ a vein and 

its mineralogy may aid in tracing the more economic members 

of the system. 
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Table 5.1 

ELEMENT 

Sn 

SUMMARY OF LITHOGHOCHEHICAL SURVEY 

Meta-pelitic Samples (n =23) 

2 Populations: 

Anomalous<>lOO ppm> 
All known mineralized 
samples 

Background<<lOO ppm) 
All known unmineralized 
samples 

No significant differences 
in background [Snl between 
meta-argillite and carbona­
ceous meta-argillite. 
In mineralized patches a 
posit! ve correlation exists 
among Sn, Cu, and Bi; all 
B values at or below 
detection limit( 10 ppm>. 
Relationship with other 
elements less clear. 
Background and threshold 
are lower than those of 
meta-psammites. May be due 
to small data set or to 
primary sedimentological 
differences, i..e., Sn as 
cassiterite more likely 
occurs in psammitic layers 
<rarely in pelitic scours>. 

Meta-psammitic Samples <n=Sl> 

3 Populations: 

Anomalous<>l80 ppm) 
Mineralized samples 

Intermediate <<180 >128 ppm> 
Mineralized samples and 
samples adJacent mineral­
ization 

Background<<l28 ppm> 
All known unmineraUzed 
samples, plus several sam­
ples adJacent mineralization; 
1 in a D\ineralized patch; 
1 in a vein. 

No significant differences in 
background [Snl among meta­
paammitic lithologies<wacke ... ,_ 
biotite, feldspar, carbonate>. 
In mineralized patches a ... ve 
correlation exists between 
Sn and Cu;less so with W,Sb, 
and Bi; most B values at or 
below detection limit. 
In veins a +ve correlation 
exists between Sn and Cu; a 
-ve correlation between Sn 
and As,Pb,Sb and Zn. Other 
relatlonshlpa leas clear. 

Monzogranite <n=25> 

3 Populations: 

Anomalous<>48 ppm) 
Greisens; 1 sample with 
kaolinite alt 'n; 1 
sheared sample 

Intermedlate<<48 >15 ppm> 
Samples adJacent 
greisens..,. cut by 
several vein stages; 
unmineralized samples 

Background(< 15 ppm) 
UnmlneraU:zed samples 
and 1 adJacent greisen 

No apparent distinction 
in [Snl based on presence 
or absence of phenocrysts. 
Endocontact background 
samples have a higher 
range(?-35 ppm> than 
those in the interior 
of the pluton<J-1 0 ppm)e 
Ha!( be due to: small data 
set; presence of a myriad 
of Sn-bearing veinlets 
in endocontact: primary 
differentiation of magma. 



Table 5.1 cont'd. 

-------------------------------------------------------~-----------------------------------------------------
ELEMENT Meta-pelite 

1 Population:usua.lly 
assume upper 2 1/2~ 

anomalous until 
proven otherwise 
CS1nclair,l974), i.e., 
60 ppm threshold. 

Similar values occur 
in min 'd and barren 
meta-pelites<2-23 ppm); 
slightly higher fWl 
in carbonaceous and 
min'd ~eta-argillites. 
Higher [Wl near pluton. 

Heta-psammite 

2 Populations; 

Anoaalous<>19 ppm) 
1 0 a in 'd patches 
and veins; 1 • 
sample adJacent 
aln'n 

Background<<19 ppm> 
Hostly unmln'd 
<22/40 samples>; 
11/4 o adJacent 
min'n;7/40 are min'd 
patches and veins 

Slightly higher values_ 
occur in min'd patches 
and zones adJacent 
min'n. Higher values 
occur in samples near 
pluton-possibly cut 
by scheellte-
bearing velnleta. 

Monzogranite 

2 Populations: 

Anomalous<>65 ppm) 
1 greisen and all 
samples with non­
greisen veining 

Background<<65.ppm) 
All other samples, 
including 3/4 greis.ens 

High W values appear rela­
ted to non-greisen achee­
lite bearing quartz vein­
leta. Similar values exist 
for different phenocryst 
concentratione;[Wl increases 
from non-phenocryetic 
to phenocrystic samples. 
W values in greisen slightly 
higher than unmln 'd samples; 
23-38 ppm vs. <1-24 ppm 
respectivelyaHndocontact 
samples have higher values 
than interior samples; 
8-24 ppm vs.<l-9 ppm~ 
respectively. 



Table 5.1 cant 'd. 

BLBMBNT Meta-pelite Heta-psammlte Monzogranite 

------------------------------------------------------------------------·--------~---------------------------

Mo 2 Populations: 

AnomalouaC>S ppm) 
3 unmin'd carbona­
ceous meta-argil­
lites near the 
pluton Cl is adJa­
cent a mafic dyke) 

Background<<S ppm) 
16/23 samples below 
detection lim! t 
<0.5 ppmHncluding 
rnin 'd patches and 
vein; 4/23 are <5 
and >0.5 ppm(3 are 
min'd patches;! is 
barren) 

In population partiti­
tioning, value of 0.05 
ppmCl order of magnitude 
lower) was used for all 
values below detection 
limit, producing an 
interpolated background 
of 0.4 ppm. Use this 
value with caution. 
Mo content appears 
related to pluton 
proximaty .. 

1 Population: 
Host high Ho values 
associated with veins, 
either near pluton 
with molybdenite 
+1- scheelite, or 
containing arsenopy­
rite and other sul­
phides<?>. [Mol in 
min 'd patches erratic 
C<O.S-2.5 ppm) and 
cannot be correlated 
with [Snl. 35/51 values 
< 0.5 ppm, so 0.05 
ppm was used in popu­
lation partitioning, 
giving an interpolated 
background of 0.4 ppm. 
Use this value with 
caution. Mo content 
appears related to 
pluton proximaty. 

2 Populations: 

Anomalous(>32 ppm> 
In samples cut by vein­
lets containing molyb­
denite +/- scheelite 

Background<<32 ppm> 
In unmin'd, altered, 
and greisenized 
samples. 

Host low values are from 
interior pluton samples; 
endocontact samples are 
higher in [Mol and are 
also cut by stockwork 
hair veinlets bearing 

d molyoenite +/- scheellte., 
Greisen Mo values are 
ambiguous-appear to 
depend on presence of 
non-greiaen veinleta .. 



Table 5.1 cont'd. 

ELEMENT 

As 

Meta-peUte 

3 Populations: 

Anomslous(> 1 0 0 ppm> 
1 vein; 2 min'd patches; 
1 barren asmple with 
disseminated arsenopyrite; 
1 barren sample with pre­
crenulation arsenopyrite 
veinlet. 

Intermediate<<lOO >16 ppm) 
1 min'd patch; 3 barren 
samples 

Background<<l6 ppm) 
5 mln'd patches; 9 barren 
samples 

Arsenic has erratic distri­
bution in metasediments, 
patches and veins. Have to 
know its stage in paragenetlc 
sequence before using As in 
exploration. 

Heta-psammite 

2 Populations: 

Anomaloua<>l60 ppa> 
6 veins; 1 mln'd 
patch and 1 barren 
sample with dissea­
inated arsenopyrite. 

Background<<l60 ppm> 
Includes barren and 
mineralized samples, 
samples adJacent min'n 
and 1 vein. 

Appears to be an anti­
pathetic relationship 
between Sn and As in 
veins and patches. 
Those veins with [Asl 
>7000 ppm have [Sol 
<500 ppm and are at 
shallower depths 
farther from the 
pluton. Low £As1 <<220 
ppmHn veins have high 
(Sn1<> 1500 ppm) and 
are found closer to the 
pluton at deeper levels. 

May use Sn-As content in 
veins aa exploration guide. 

Monzogranite 

2 Populations: 

Anomalous<>70 ·ppm) 
3 aamples(barren; 
grelsen; h.aoUnlte 
alt 'n> cut by 
arsenopyrite-bearing , 
hair veinlets; 2 sam­
plea tldJacent aafic 
dykes contain biotite 
with inclusions o£ 
arsenopyr ita<?>. 

Background(<70 ppm> 
All other samplea8 
both barren and 
mineralized; 
actually ali 
<3U ppm. 

Arsenic content ap­
pears related to syn­
& poat-greu-sen 
ve1n1ng .. 



Table 5.1 cont'd. 

ELEMENT 

Cu 

Meta-pelite 

2 Populations: 

Anomalous<>250 ppm) 
All mineralized 
patches, 1 vein and 
1 carbonaceous meta­
argillite adJacent a 
mafic dyke and the 
pluton. 

Background<<250 ppm) 
All barren samples; 
1 carbonaceous meta­
argillite <190 ppm) 
is near pluton and 
and contains chalco­
pyrite within pyrrho­
tite. 

There exists a definite 
gap between minerallzed 
and unmineraUzed samples. 
Get interested in values 
>125 ppm. 

Heta-paammite 

2 Populations: 

Anomalous<>365 ppm) 
8 mineralized 
patches; 3 'high Sn', 
1 'high As' veins. 

Background<<365 ppm) 
All barren samples; 
samples adJacent min­
eralization; 3 aineral­
ized patches and 3 
'high Aa" ve1ns. 

No maJor differences be­
tween unmineralized samples 
and those adJacent mineral­
ization. In adJacent miner­
alized samples there is a 
gap between very low values 
<<0.5 ppmJ and those above 
background<poasible leaching 
effect?>. 

High [Cul <<150 >70 ppm) may 
be due to chalcopyrite or Cu 
solid solution in the ubiqui­
tous pyrrhotite blebs. Good 
correlation of Sn and Cu, but 
restricted range of Cu in 
patches precludes its use as 
a pathfinder .. Try veins. 

Monzogranite 

2 Populations: 

Anomaloua<>135 ppm) 
3 greiaens 

Background<<l35 ppm> 
All other samples, 
including 1 gretsen 

Those samples adJacent 
to grelsens, are greisen­
ized, cut by non-greisen 

· veinlets and are sheared, 
have high Cu values higher 
than the background. 
Interior pluton samples are 
on average lower than the 
endocontact samples;<O.S-
5.5 ppm vs. 1.5-35 ppm .. 
respectively. May be due to 
ubiquity of veining in 
the endocontact. 
Both greisen and non-greiaen 
vein samples have erratic 
Cu values, possibly because 
of low sample size. 



Table 5.1 cont'd. 

-------------------------------------------------------------------------·---------------------------------
ELEMENT Meta-pelite Heta-paammite Monzogranite 

-------------------------------------------------------------------------·---------------------------------
Pb 2 Populations: 

Anomaloua<>50 ppm) 
2 mineralized patches~ 
1 barren sample 

Background<<50 ppm> 
All other samples 

Pb distribution erratic; 
gives a poor population 
aplit.Hlgher values 
<> 15 ppm> associated 
with mineralized patchea, 
1 veln,l pre-crenulation 
arsenopyrite vainlet and 
1 barren sample. Pb 
usually in galena, often 
associated wlth arseno­
pyrite. 

2 Populations: 

Anomalous<> 120 ppm> 
4 'high As-low Sn"' 
veins, 1 barren 
sample 

Background<<l20 ppm) 
AU other samples 

Most values <23 ppm 
C3 9/51 samples> ;higher 
valueaC<90 >23 ppm> 
include 3 mineralized 
patches, 1 'high-Sn 
low-As' vein and 3 
barren samples<1 near 
pluton with rare mo­
lybdenite on fracture 
surf ace>. 2 barren 
samples from 1 drill 
holeC78-29> contains 
relatively high £Pbl 
(40 & 170 ppm>;not 
known whye Not much 
difference between 
mineralized and un­
mineraUzed samples. 
In veins, there is a 
+ve correlation be­
tween Pb and As; a 
-ve correlation 
between Pb and Sn. 

2 Populations: 

Anomalous<>l5.5 ppm> 
1 sample adJacent a 
greisen; 1 cut by 
non-greisen veining; 
1 barren sample 

Background<<l5.5 ppm) 
All other samples 

Pb values are erratic 
with respect to litho­
logic types and miner­
alization; higher values 
appear related to post­
grelsen veinleta(contain­
ing arsenopyrite, molyb­
denite and scheellte). 



Table 5.1 cont'd. 

ELEMENT Meta-pelite Heta-paa~tmite Monzogranite 

------------------------------------------~----------------------------------·----------------------------

Zn 2 Populations: 

Anomalous<>275 ppm> 
3 mineralized 
patches and 1 vein 

Background<<275 ppm) 
All other samples 

Little difference among 
meta-argillites, carbon­
aceous meta-argillites 
and mineralized patches: 
Heta-arglllite - narro\..r 

cluster of values 
<79-130 ppm> 

Carbonaceous meta­
argillite - wider 
range of values 
<41-260 ppm> 

Mineralized patchea-<5 4-
680 ppm and 14.6~> 

Vein<'high Sn-low As' 
type>- 1500 ppm 

2 Populations: 

Anomalous<>330 ppm> 
3 veins of 'high 
As-low Sn' type; 1 
mineralized patch; 
1 sample adJacent 
JJtineraUzation. 

Background<<330 ppm) 
All other samples 

Little difference among 
various p.sammitic types 
or between mineralized 
and barren samples. 
Veins high in As have 
high Zn contents. 

1 Population: 

Most valuea(21/25) 
<41 ppme 2 anomalous 
values exist in 
greisen zones<l40 & 
2900 ppm) 

Little difference 
among different 
granitoid types. 
[Znl in grelsen 
erratic-may be due 
to cross-cutting 
post-greiaen veinlets. 



Table 5.1 cont'd. 

ELEMENT 

Sb 

Meta-pelite 

2 Populations: 

AnomalouaC>2.0 ppm> 
1 mineralized patch; 
2 carbonaceous meta­
argillites with pre­
crenulation arseno­
pyrite; 1 meta-argil­
lite 

BackgroundC<2.0 ppm> 
All other aample.l7/23 
aamplea < 1. 0 ppm 

[Sb] appears tied to 
[Aal; those samples with 
arsenopyrite have higher 
Sb contents. 

Meta-paammite 

2· Populations: 

Anomalous C> 1. 4 5 ppa > 
4 veins of 'high 
As-low Sn' type; 1 
'high Sn' type; 4 
mineralized patches. 

Background<<1.45 ppm> 
All other samples. 
2 5/51 samples 
<0.5 ppm 

No maJor observable 
differences among 
various paa.mmitic 
types; both wacke 
and calcareous wacke 
values are less than 
backgroundC<0.44 ppm>­
may be due to low sam­
ple alze.Hlgh [Sbl in 
mineralized patches 
and veins tied to [As1. 

Monzogranite 

2 Populations: 

AnoJAalousC>0 .. 6 ppm> 
1 grelsen<with ar­
senopyrite-bearing 
veinlet>; 1 sample 
with kaolinite 
alteration; 2 with 
non-greisen veining; 
2 samples adJacent 
mafic dyke<with 
arsenopyrite in 
biotite flakes> 

BackgroundC<0.6 ppm) 
All other samples 

Slightly phenocry­
stic samples have 
lower Sb contents 
than other unminer­
alized aamples;not 
known why .. · High [Sb] 
tied to [Asl .. 



Table 5 .. 1 cont'd. 

ELEMENT 

Bl 

Meta-pelite 

2 Populations: 

AnomalousC>3.5 ppm> 
All mineralized 
patches & the Sn­
rich vein 

8ackgroundC<3.5 ppm> 
AU unmlneralized 
samples 

There is a definite 
difference between 
mineralized and 
barren samples. 

Heta-paammite 

1 Population: 
Host C7 I 8 > mineralized 
samples have higher 
8i contentsC>lO ppm> 
than the other samples. 
No observable differ­
ences among various 
psammitic types or 
between unminerallzed 
& adJacent mineralized 
samplee<restricted 
range>.(8ll erratic 
with respect to 'high 
As' & 'high-Sn' type 
veins .. 

Monzogranite 

1 Population: 
Lower 8i content 
in non-phenocry­
stic samples 
<interior pluton) .. 
Tan altered sample 
below detection 
limit(<Oe 1 ppm). 
Other samples 
have wide spreads 
of values. 
Bi does not appear 
related to Sn miner­
alization as in the 
metasediments. 



Table 5.1 cont'd. 

------------------------------------------------------------------------------------------------------~-~ 
BLBHHNT 

Ll 

Heta-pelite 

2 Populations: 
<Possibly 1 > 

Anomaloua<>IOO ppm) 
l carbonaceous meta­
argillite adJacent 
pluton 

Background<<IOO ppm) 
Rest of data set 

Little difference 
between pelitic types. 
Tightly grouped<Jl-
70 ppm). 
Exceptiona:aample with 
pre-crenulat!on arseno­
pyrite velnlet(89 ppm>; 
l sample adJacent mafic 
dykeC13 pp1n>. Mineralized 
patches - values spread 
out<8-5 9 ppm) 

Heta-pasmmite 

l Population: 
Host values (35/51> 
<60 ppm. High [Lil 
usually occurs near 
the pluton. One high 
value<lOO ppm> found 
in a 'barren' sample 
in a DOH with other 
high trace element 
contenta(78-29>. 
Primary cause? Little 
difference among 
paammitic types, be 
they barren or 
mineral12ed. 

Monzogranite 

2 Populations: 

Anoaalous<>8 0 ppm> 
3 greiaens: 1 kao­
linite alteration; 
2 non-phenocrystic 
barren samples. 
from the interior 
pluton<78-31 ><?>. 

Background<<80 ppm) 
Rest of data seta 
10/25 samples 
<49 ppm. 

Restricted range of 
Ll in greiaens. 
Little difference 
among non-grelaen 
aamplea;uaually in 
range of 26~80 ppmc 



Table 5 .. 1 cont'd. 

ELEMENT 

F 

Meta-pelite 

1 Population: 

Carbonaceous meta­
argillites ha.ve 
wider apread<100-
820 ppm>than meta­
argillites<320-
630 ppm>. 
Mineralized patches 
not different<360-
660 ppm>except for 
2 aamplea<l90 & 

200 ppm>; not 
known why. 
Highest value<820 
ppm>found in barren 
sample adJacent 
pluton<S0-0 1 >. 

11eta-psamaite 

2 Populations: 

Anomaloua<>1000 ppm) 
4 barren samples 
and 1 mineralized 
patch, all adJacent 
the pluton<79-05; 
80-01>; 2 'high 
As' type veins. 

Background<<1000 ppm) 
Rest of data set. 
41/51 samples <760 
ppm. Little differ­
ence among various 
psamJ•litic types or 
mineralized patches. 
(fl J in veins not 
clear cut: 3/4 'high 
As" > 'high Sn' 
types; 670-1500 ppm 
vs .. 280-530 ppm 
respectively. 

t'fonzogrenite 

2 Populations: 

Anoaa1ous<>l550 ppmJ 
Ali 4 greisens 

Background<<l550 ppmJ 
Rest of data set 

Slight differences 
among various types 
of non-gcelsen 
samples. In tee loc 
pluton saaplea have 
a slightly lower 
range than endo­
contact samples .. 
Gre!aens have 
'classic" high F 
contents; but are 
of restricted ranqee 



Table 5 .. 1 cant 'd. 

ELEMENT 

B 

Cl 

Population partitioning not performed as all values 
are multiples o£ 10 or 25<.10, 25, 50, ?5, 100 and 
150 ppm). This does not appear .. n~tural ... Little 
difference among mata-peUttc and ~aeta-psa.Jaalt.ic 

lithologies., except in Jl\lnatal.ized patches o£ both 
rock types - at or below detection limit o£ l 0 ppm. 
Due to leaching? 

Not performed aa most values below detection limit 
of 50 ppm .. 



·. 

CHAPTER SIX 

CONCLUSIONS AND RECOMMENDATIONS FOR 

FURTHER WORK AND EXPLORATION 

6., 1 Conclusions 

Mineral and geochemical study o£ the Wedgepo~t pluton 

and edJacent metasedimentary host ~ocks has provided the 

following impressions concerning the genesis o£ tin 

mineralization in the area. 

1. Tin as cassiterite, occu~s in several habits and 

mineral associations, ~e£lecting variable conditions of its 

formation. It is a ~are detrital mineral within 

Cambro-Ordovician Meguma metasediments; it ~arely occu~s 

within greisen veins in the pluton; it occurs as a minor to 

common mineral within sulphide vein!ets and stratiform 

sulphide replacement bodies in the metasediments. 

2. Partial melting of carbcnaceou~, cassiterite-bearing 

metasediments produced a low £02, ilmenite-series melt with 

divalent tin<and othe~ lithophile elements) concentrated 

within a later evolved aqueous phase(s). Tin may have been 

transported as chloride and fluo~ide complexes. Fracturing 

o£ the pluton margin provided a means of escape fo~ this 

phase. Healing of the fractures by mineral precipitation and 

~efractu~ing by later aqueous phases resulted in several 
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generations o£ veinleta.. Sulphide-cassiterite precipitation 

occurred in a ~middle' stage o£ vein formation, after barren 

quartz veinlets and before quartz-kaolinite veinlets and 

shears.. These ore-bearing fluids caused Hmited 

greisenization within the pluton margin. They then travelled 

through fractures near or along an anticlinal fold hinge; 

sulphides and cassiterite precipitated in veins and replaced 

calcareous layers within the metasediments. Apparently there 

was insufficient initial water in the melt to generate 

economically significant amounts of ore-bearing fluid. 

3. Mineralization is found in a zonal sequence away from 

the pluton, reElecting the changing physico-chemical 

conditions of the fluid<.s> ·as it travelled through, and 

reacted with the metasediments<e.g. P, T, f02, £S2, pH, Eh, 

wallrock chemistry). 

4 .. Alteration effects associated with mineralization 

within both the pluton and metasediments are restricted - no 

broad geochemical or mineralogical halo is observed. 

6.2 Possible Guides £or Tin Exploration 

1. Ilmenite series granitoids appear associated with tin 

deposits <Ishihara,.l981) and those containing biotite or 

biotite-muscovite may have contained sufficient water to 

evolve a separate aqueous phase o£ adequate volume to carry 

ore metals. The characteriatica uaed to recogni~e euch 
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. intrusions are <Ish-ihara~ 1981 >: 

-4 
- magnetic suac:eptib!lity below 1 ~ 10 emu/g 

- low bulk Fe20a/FeO ratio 

- magnetite and ilmenite content < 1 vol. % 

- contains accessory pyrrhotite<look for limonite staining on 

weathered surfaces) 

Possibly look for these intrusions in carbonaceous sediments, 

which were supposedly assimilated to produce such melts. 

2. The Wedgeport pluton and granitic bodies associated 

with known mineralization <e .. g. East Kemptville deposit in · 

the.Oavis Lake pluton; New Ross-Vaughan Complex in the South 

Mountain. batholith) contain high total radioactivity and high 

thorium values <ChatterJee and Muecke,l982). Airborne gamma 

ray spectrometric measurements may serve.to locate potential 

ore-bearing intrusions <Yeates et al., 198 2 >. 

3. Mineralization within the study area is structurally 

cont~olled - .in fracture systems and ~eplacement layers 

within a fold hinge. Such axial structures may therefore be 

of interest in the location of this type of mineralization. 

Tin mineralization at the East Kemptvi11e deposit is 

contz:-olled along an irt"egularly-shaped contact <"inflection 

contact"') of the Davis Lake pluton with the Goldenville 

metasediments <Richardson et al., 198 2 ). In E~ropean and some 

Tasmanian deposits, minet"alization is found ln apical zones 

('cupolas") of an intrusion,> in contact with impet"meable 
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country rock. Therefore, it would be of benefit to 

inve5tigete any g~enite-country rock contacts. 

4 .. Some o£ the tin mineralization occurs in 

sulphide-cassiterite replacement bodies of calcareous 

metasediments. It may be of interest to look for such beds 

adJacent relevant plutons in structurally prepared 

ground<e.g. fold hinges, intrusive contacts). 

5. Pyrrhotite is the maJor sulphide !n veins and 

replacement layers. It gives a good magnetic and electrical 

response and could be of use in geophysical exploration. 

Unfortunately, this mineral also occurs in tin-barren 

graphitic layers. 

6. I£ minerallzed veins and replacement layers have been 

found~ it is possible to use the mineralogical and 

geochemical zonation o£ the vein systems to locate the 

tin-bearing sections. 

6.3 Recommendations for Further Work 

Much o£ the work accomplished within this thesis has 

been of a qualitative nature. A more quantitative 

investigation o£ the mineralization in this area would serve 

to define the parameters of ore genesis more rigorously. 

These include: 
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to obt.ain estimates of gross salinities and filling 

temperatures; possibly use the latest techniques <lasar?> to 

obtain fluid chemistry. 

2. Age dating o£ unaltered and mineralized samples of 

the pluton to obtain better estimates o£ time of emplacement. 

and time o£ mineralization. Studies of various mineralized 

plutons <Reynolds and Zen till!, in prep.) point to a 

Hercy~ian mineralizing event, which may have implications in 

future mineral exploration. Possibly dating of the lead in 

galena-bearing veins would further tighten age of 

mineralization. 

3. A search for coexisting sulphide minerals in vein and 

replac~ment bodies to obtain estimates of' temperatures ·of 

equilibrium. 

4. A study of sulphur isotopes in veins and in 

mineralized and unmineralized layers; are there any 

differences? 

5. A study of the tin concentrations in the 

ferromagnesian minerals of the pluton. Are there appreciable 

amounts in these minerals, as is indicated in other plutons 

<e.g. Nigerian Younger Granite, Erzgebirge plutons)? The 

microprobe can only analyse for elements in concentrations as 

low e.s 500 ppm .. which. is too high for tin in such minerals 

<more in the 1 O"s ppm range). 
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60 A study of the reactions between ore-bearing fluids 

and wallrocks to get a better understanding of mass 

exchangeQ 

7. A study o£ the ~rusty shears' within the pluton. 

They apparently.contain radioactive minerals <Cullen pers. 

comm.,l982J and are the probable cause o£ the high values 

obtained in airborne gamma ray spe~trometric measurements 

<ChatterJee and Muecke,l982>. They are therefore an integral 

part o£ the evolution o£ mineralization in the study area. 
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APPENDIX I 

SAMPLE PREPARATION 

1 .. Remove surface drill marks and weathering effects by 

drill-mounted garnet paper. Blow away ensuing dust. 

Drill core should be o£ a lighter hue, with a clean 

smooth surface. 

2. Split core into approximately 1 em cubes. Discard 

any pieces with saw marks o~ marker labels. Clean the 

splitter with brush anc air hose. 

3. Reduce the sample further into mm-sized pieces by a 

ceramic Jaw crusher. Preclean crusher with a portion 

of the sample and discard the crushed result. After 

crushing clean with ny!on brush and air hose. 

4a.Grind crushed sample in a ceramic shatterbox. Preclean 

sample holder with an aliquot<about 10 mD o£ the sample. 

Run the machine for about 1 minute. Discard the powder 

and blo•o~~ out holder with the air hose. 

4b.Place a larger aliquot<about 3 0 mD o£ the sample in 

the holder and run £or about 8 minutes. Check resul-
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tant powder - if small granules are evident 

<i.e. > 0.5 mm>, sample must be ground a further 5 

minutes. If in doubt.., sieve a portion of pow·der to 

check its size. For ease o£ acid digestion, sample 

powders were -200 mesh. 

4c.Trans£er powder onto a clean folded sheet of paper. 

Pour powder from sheet into a labelled 4 0 ml 

polyethylene vial. 

4d.Clean holder after use by these steps: 

i. Air blow holder. 

H. Run an aliquot <about 10 ml) o£ silica gel for 

about 1 minute and discard powder. Air blow again. 

iii. Wash out shatter box - 5 rinses with tap water 

1 rinse with distilled water 

1 rinse with alcohol 

iv. Air blow dry inside and outside of holder. The 

stael rim will rust if left damp and can cause 

sample contamination. 

Sources o£ Contamination: 

1. Dust is a maJOr problem during sample preparation and 

may result in appreciable contamination. Rigorous 
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cleaning between each stage may decrease this effect. 

2. Remnant. marker, drill and saw marks; remnant powder and 

chipped material £rom splitter Jaws, Jaw crusher and 

shatter box .. 

3. Excessive grinding may oxidize ferrous iron, p:-oducing 

decreased FeO contents <Jeffery and Hutchison, 1981). 
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APPENDIX II 

ANALYTICAL METHODS 

Powders of 122 samples were analysed for 13 trace 

elements by various methods <Table II.l) by X-Ray Assay 

Laboratories Limited in To~onto, Ontario. Of these, 13 were 

duplicate samples and 6 were reference samples. Powders of 

30 additional samples were sent for whole rock analyses by 

XRF, and of these, 3 were duplicates and 2 were reference 

samples. 

The following outlines the analytical methods used by 

the laboratory <J.H. Opdebeeck, X-Ray Assay Laboratories, 

written commu.n.icetion,l982). 

Tin Determination by Emission Spectroscopy<EMS) 
: 

Low concentrations of tin are determined using a 0 .. 1 g 

sample, mixed with. graphite and burned in a direct current 

arc. The spectrum is photographically recorded and 

interpreted using a densitometer. For small samples with 

greater than 50 ppm tin, O.lg of sample is fused with 0.7g of 

lithium metaborate <L.iB02) in a graphite crucible, and the 

melt is dissolved in 5% HN03. The solution is run on a 

direct-current plasma emission spectt"ometer. Calibration in 

both setups is done on synthetic standards. Larger samples 

with values above 50 ppm are determined by x-ray fluorescence 
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Tabl~ I 1-1 Elements AnOJlrsP.d, Hethods and Uetecti.on Limits 

Element ~let hod* Detection Limit 
(ppm except ...,here noted) 

Sn {ppm) EMS 3.000 

~n ( :) XRF 0.010% 

w NA 1.000 

Mo DCP o .• soo 

As NA 1.000 

Cu (ppm) OCP 0.500 

Cu ( :t) XRF 0.010% 

Pb (ppm) DC? 2.000 

Pb ( %) XRF ~.010% 

Zn (ppm) DCP 0.500 

Zn ( %) XRF 0.010 

Sb NA 0.200 

:ai FAA 0.100 

Li AA 1.000 

F StE 100.000 

B DC? 10.000 

Cl XRF 50.000 

FeO (%) Wet Chemical O.lOOi. 

WRG-Major Oxides (:!:) XRF 0,010% 

t.mG-Minor Elements XRF 10.000 

(Cr,Rb,Sr,Z.:) 

*EMS - E~ission Spect~oscopy 

XRF - Wavelength Dispersive X-ray Fluorescence Spectrometry 

NA - Neut.ron Activation 

DCP - Dircc.:-Cucrent Plasma Emis$1on Spectrometry 

FAA - .Flamcless Atomic Absorption Spectrometry 

AA - Atomic Absorption Sp~ctrometry 

SlE - Scl~ctive Ion Elcctro~e. 

268 



spectrometry using a Philips PW 1410 sequential ~-~ay 

fluorescence spectrometer interfaced to a Digital PDP 11/40 

computer. 

Tunastene Arsenic and Antimony Determination by Neutron 
Activation<NA> 

Powders are irradiated in a high density neutron flux, 

producing isotopes of elements contained in the sample. A 

multi-channel gamma spectometer determines element 

concentrations. 

Molybdenum, Cooper, Lead and Zinc Determination by Direct­
Current Plasma Emission Scectrometry<DCP) 

Samples are prepared by the acid soluble procedu~e. 

Sample powders <0.25g) are digested with 2 ml of HNOafor 1/2 

hour in a water bath, then l m1 of HCl is added and digestion 

continues a further 2 1/2 hours; test tubes are agitated at 

regular intervals. Samples are made up to volume with a 

lithium buffer. A high temperature argon plasma is used to 

excite the elements in solution and the spectrum is analysed 

by a direct-current Spectrametrics plasma emission 

spectrometer using an echelle grating interfaced to a 

microprocessor. Higher values (in the percent range) are 

analysed by the XRF method. 
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Bismuth Determination by Flameless Atomic Absorption 
Sp~ctrometry 

Samples are prepared by the acid soluble procedure and 

solutions are run on an atomic absorption spectrometer where 

the flame has been replaced by a heated quartz tube. Bismuth 

hydride is formed using sodium borohydride and is emplaced 

within the furnace containing the quartz tube. 

Lithium Determination by Atomic Absorption Spectrometry 

Sample powders are digested by HF an~ H2S04<tota! metal 

digestion method) followed by HCl to redissolve ~ny residue. 

Solutions are run through the atomic absorption 

spectrometer. 

Fluorine Determination by Selective Ion Electrode 

Sample powders <0.25g) are £used with NaOH in a nickel 

crucible for 1 S minutes at 650° C. The resultant solid is 

dissolved in an ammonium citrate buffer solution. A 

fluoride-selective ion electrode determines the fluoride 

concentration in solution. The electrodes are used in 

association with reference electrodes and the reference 

samples are run with every batch. · 
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Boron Dete~mlnation by Direct-Current Plasma Emission 
Spectrometry 

Sample powders <O.OSg> are £used with KOH in a· nickel 

crucible and the resultant solid is di.ssol ved in 5% HCl. The 

solution is run on a direct-current emission spectrometer. 

Chlorine Dete~mination by X-R~y Fluorescence Scectrometry 

Sample powders (4g) ere mixed with 4 g of sand end 2 

binder pellets and ere pressed into pellets. The analysis is 

performed on a sequential x-ray fluorescence spectrometer. 

Peak and background readings are taken using a germanium 

crystal .. 

Whole rock maJor and minor element determinations are 

performed by x-ray fluorescence spectrometry; FeO, by wet 

chemica! methods. 

The analyses are calibrated on synthetic standards and 

reference samples; in house standards and previously analysed 

samples are run as controls o£ the digestion procedures. 
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Rock Coding for Lithogeochemistry 

Explanation 

Maior rock classification; 
this case, a metasediment 

in]-------111 [Average g~ainsize; in 
T this case~ medium silt-slzed 

I:iE.£ of metasediment; 
in this case, a graphitic argillite 

I l-1ETASEDIHENTARY ROCKS 100 SERIES 

(a) Type 
J:Q_ Argillite 

.1:!_ Graphitic Argillite 

1~- Calcaraous Argillite 

1~- Siltstone 

j!!__ Biotite Argillite 

1:2_ Wacke 

1~- Felc!spathic ~~acke 

.ll_ Calcareous t.Jackes (±Feldspar) 

J&_ Biotite Feldspathic lhcke 

.12,_ Biotite ~-lacke 

(b) Size 
l_Q. r'ine Silt (0. 00.:.-t•. 0156 nun) 

lo~ Medium Silt (0.0156-0.0312 mm) 

]:_~Coarsf! Silt (0.0312-0.0625 nun) 

l_t Fine Sand (0. 0625-0.25 mm) 

]:_~Medium Sand (0.25-0.5 mm) 

1-~ Coarse Sand (O.S-2.0 mm) 

II VARIATIONS IN METASEDIHE.'iTARY ROCKS 

_1 __ Sulphide Vein Zone 

j __ Sulphide Disseminated Zone 

III NO~ZOG!V\..'HTE 500 SERIES 

(a) Typt.~ 

jQ_ Nonporphyritic 

51 Slightly Porphyritic 
--- (<5 modal ~~ phenocrysts) 

2~- Porphyritic (>5, <75 modal % 
phenocrysts) 

~Type and size var~stion~ ~s above 

(b) Size (if porphyritic, 1 Qize' 
indicates phenocryst size) 

2_Q Fine (<1 mm) 

..2,_1 Hed ium (1-5 tttm) 

2_ ~ Coarse (> 5 mm) 

IV ALTERED :-!ONZGGRAJ.'UTE 600-900 SERIES 

6 Tan Alteration 

l __ Grei~en Alteration 

8 Kaolinite Alte~ati(.ln 

~-- Sheared Monzogranite 

l Type and size vaEiationo as above 

J 
.2QQ. Mafic Dyke 
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Table 11-2 Trace Element Contents of Selected Drill Core SAmples (Metasediments) 

DDa 78-32 78-29 Je-29 78-44 78-1;4 78-44 71!.-40 78-40 77-29 77-29 78-38 78-38 78-38 
D.::rth (tn) 19.8 57.72 80.3 29.10 59.94 100.0 83.6 132. 68.30 99.50 30.18 68.5 129.22 
Ro.;k Ty?e* 100 164 164 16) 164 164 102 352 184 184 164 164 164 

\'alut!s in ppm 
except wher~ noted 

~!1 3 50 60 J 12 3 3 60 5 7 20 50 20 

w 3 5 6 2 5 9 6 6 3 3 3 1 

f'!o <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 < 0.~· 8.0 <0.5 2.0 <0.5 1.0 3.0 

J..s n 12 50 13 17 8 39 7100 19 12 10 23 19 

Cu 29.0 31.0 9.0 84.0 7.5 44.0 23.0 310 33.0 5.0 15.0 2.5 1.0 

~ 
Pb 6 40 170 <2 4 4 4 1.44% 10 4 6 16 8 -.1 

Ct.i 
Zn 110. 270. 230. 97.0 70.0 98.0 79.0 0.90% 86.0 80.0 57.0 61.0 55.0 

Sb 7.9 . 0.7 0.6 0.6 0.2 0.6 1.5 280 0.4 0.3 0.2 0.2 0.5 

Bi 0.9 1.0 9.1 0.4 0.2 0.2 0.2 1.5 0.2 0.1 0.7 1.3 0.7 

L1 60 42 100 51 48 63 38 <1 65 54 27 36 60 

470 460 720 480 400 480 420 190 320 300 360 500 540 

B 50 25 25 25 10 50 75 <to 50 50 50 50 75 

Cl 50 100 50 50 <50 <50 <50 <50 50 <so <50 <50 <50 

:: Ta~lo.> oi definitions on previous pa~e. 



Tub1 e 11-2 (Cent' d) Truce Element Contents of Selected Drill Core Sample~ (Metasediments) 

DD.l 78-34 78-3ft 78-34 78-10 77-34 71-3•· 78-03 78-03 71-25 17-1.5 17-25 77-25 71.25 
['E>pth (m) 72.16 75.61 109.24 93.5 4R.30 154.90 44.18 132.0 53.88 132.11) 135.56 186.2:> 186.35 
iZo.:k Typo:" 35-i J(J'; 364 110 110 1,22 100 1M lo55 301 16) 1,12 173 

Sn 200 160 o.1n 30 15 o.·nA 80 60 380 1.21% 200 1.07'1.. 200 

\.l 550 <25 12 16 6 10 6 l 16 34 5 9 4 

Ho 1.0 <.0.5 1.0 <0.5 <0.5 2.5 <0.5 <0.5 <0.5 <0.5 1.5 <0.5 o.s 

As 9uooo 15000 HO 7500 2600 1]0 220 10 17 86 8 9 6 

Cu 1000 89.0 l.OO 48.0 24.0 400 41.0 ).40 160 860. <0.5 95.0 140. 

Pb 40QO 1000 26 22 <2 26 I} <2 60 26 16 <2 4 

Zn 1300. 440. <.1} .0 2~0- 120. 89.0 120. 120. 0.96% 1501)- 220- 680. 480. 

l\j Sh 200. 29.0 1.1 16.0 5.8 0.6 0.7 0.7 0.4 0.6 0.3 0.6 0.2 
-.1 
~ IH 220 72.0 11.).0 1.3 0.9 13.0 0.6 0.2 0.6 6.2 1.1 9.7 1.5 

Ll 43 83.0 35 89 60 '·6 56 34 70 72 47 46 38 

F 1200 l5JO 530 630 650 (J60 630 410 650 450 690 500 420 

!i 25 so 10 25 100 11 50 50 <10 <10 75 <10 10 

Cl <50 <-50 <50 <50 <50 <50 <50 <50 50 150 50 50 <50 



Tuble II-2(Cont '•]) Trace Element Contents of Selected Drill Core Sanples (Hetast!d!ments) 

llull 78-11 78-11 78-11 78-11 78-11 78-H 78-12 78-12 78-12 78-12 78-12 78-12 78-12 
Depth (m) 19.3 56.6 77.45 85.45 85.45 123.6 70.25 ll8 118 130.27 163.3 166.3 183.67 
R.)ck Type* 164 163 432 432 132 452 421 422 153 453 423 161. 164 

Sn 50 200 0. 74% 0.73% 160 0.52'7. 250 0.331 160 0. 76~ 1. 39i; 1,0 ]01) 

1-1 10 19 21 19 ll l5 4 14 11 25 19 11 7 

~!o <0.5 <0.5 <0.5 <0.5 <0.5 1.5 <0.5 1.0 0.5 <0.5 4.0 2.0 <0.5 

.\:i 34 6 66 14 36 9 25 6 14 6 

Cu <0.5 55 510 2000. <0.5 670 670 430. <0.5 1000 260 41.0 140 

Pb 6 <2 34 6 ,, 70 <2 22 4 18 18 8 2 

Zn 170. 100. 98. 150. 85.0 93.0 14.6% 100. 100. llO. 54.0 90.0 77.0 

tv Sb 0.6 0.9 1.6 1.6 0.3 0.6 0.3 0.6 <0.2 0.6 l.l 0.2 0.5 
-1 
01 Bi 0.2 2.1 16.0 11.0 1.2 10.0 26.0 S6 l.tl 20.0. 15.0 l.O 1.0 

lL 40 46 45 63 31 27 8 40 3') 30 18 53 42 

F 440 540 460 740 450 490 190 560 570 550 430 610 680 

B 25 25 10 <10 25 10 10 10 50 10 10 50 ]00 

Cl <51) <50 50 <50 <SO <50 <50 50 50 <51) 50 <50 <50 



T .. t> L•· 11-2 (t'l'1't 'J) Tr•\.:c f J CUll•nt Contcntw of Sc 1 cctcJ Dr J 11 Con: SunlJllus (H·~tascdJmcnta) 

-------------
{;lJ:l 78-13 78-13 77-12 77-12 77-06 77-06 77-06 77-04 77-04 77-07 77-07 77-07 
Dc;•th (m) f-1.40 31.)7 135.70 135.77 74.7 127.5 12EI.ll• (,2 .1 105.9 31.85 106.75 181.10 
K, .. ._.-:, Tq•o.:• 4"'' 172 !.100 JJJ 18) lt22 uv. lU 184 184 394 18) 

!in o. )tli 160 1) 0.45% 60 0.66% 80 500 25 50 0.1~% 12 

I< 20 17 6 < l 64 1 .. 25 l 5 21 2 

:·lo 1.5 <0.5 2.0 4.0 <0.5 <0.5 <0.5 <O.:i <0.5 <0.5 1.0 <0.5 

1\) 
.\::; 12 28 8 40 59 100 49 28000. 26 74 220 190 

...., 
Cu ]50. <0.5 40.0 91•0. 27.0 (1) 1100. 16.0 23.0 38.0 !S.O 410. 25.0 

1'1, 10 6 4 22 16 4JO 6 430 4 <2 8 2 

ln 1.10. 150. 95.0 220.' 240. 200. 1~0. lliO. 150~ 89.0 120. 91.0 

:ih 0 ... 0.) 0.2 2.5 O.ll 0.6 O.l 120. <0.2 0.9 0.7 1.0 

.rH 30.0 4.0 0.2 32.0 0.1 21.0 0.3 O.J 0.5 0.5 0.9 4.2 

1.1 Itt 31i 30 65 41 40 35 15 60 37 29 51 

F 1!.0 61i0 1100 280 340 540 340 670 410 340 350 680 

8 10 25 10 25 2') < 10 50 )0 25 25 50 100 

Cl <50 <50 50 <50 <50 100 <50 <50 50 50 <SO <50 



T.:b1e II-2(Cont'd) Trace Element Contents of Selected Drill Core Samples (Meta~ediments) 

DI:•H 17-05 77-05 77-08 77-08 77-08 77-0!l 77-08 77-01 77-01 78-24 78-24 
n~rth (l!l) 71.93 74.5 7.6 J). )4 36.37 1175 1311.7 80.1 173.35 ~4.75 91.8 
~'-~-=k Type* 183 !.J] 422 1.03 183 Qtz ~ .. c!n 183 163 163 102 100 

Sn 40 160 0.5% 300 120 3 120 20 17 3 l 

w 250 20 8 <1 2 <l /0 2 3 

~lo <0.5 <0.5 <0.5 <0.5 <0.5 1.5 <0.5 <0.5 <0.5 <0.5 1.5 

As 21 1.,200 5500 12 13 120 4 ll 16 

Cu 43.0 woo. 1100. 1000. 14.0 1.5 36.0 38.0 77.0 39.0 60.0 

Pb " <2 24 460 70 1~ 16 <2 <2 100 

Zn 68.0 HO. :Juo r4o. 130. 25.0 67.0 97.0 100. llO. 130. 

t..:> Sb · 0.6 7.8 0.6 1~.0 0.4 0.3 0.7 0.4 0.2 0.7 0.9 
4 
--1 Bi 8.2 52.0 9.1 15.0 9.0 3:1., 1.0 0.3 8.2 0.1., 0.7 

L! 38 34 59 24 29 2 3~ 83 99 31 48 

F 180 620 360 200 290 110 280 1000 700 320 420 

B so <10 <10 10 25 50 25 75 so 50 25 

Cl <SO <SO 50 <50 <SO 200 <50 <50 <SO 50 <50 



T:'ll:>},! IJ-2(Ct>nt'd) Tr~l<·.._. El,,nk'nt ,;.._,tlt<!nl:i of Selc.:tt.•d I>.-! II Ctlrt.• S.tmplt.•B (H<!UtscJiment:s) • 

Dllll 73-.W 78-20 78-20 77-31 77-31 77··31 77-31 77-31 77-ll 
O<!pth (m) 53.88 86.67 10~.61) 55.61 55.61 59. 9tl 60.16 78.94 115.79 
1\,··ck Typt!* llt) 110 1')4 901) 110 ')1)0 110 112 141 

Sn }I) 3 

\~ ~ -;] 4 2 6 11 5 

~lo <0.5 <0.5 <0.5 4.5 0.5 3.5 ss.o 23.0 <0.5 

As 8 8 2! 4 ') 12 3 4 }() 

Cu 34.0 44.0 39.0 62.0 270. 64.0 8.5 45.0 21.0 

l'o:l 
Pb <2 6 <2 2 4 46 <2 b 6 

...:J Zn 43.0 68.0 57.0 SILO 42.0 190. 32.0 45.() 120. 00 

Sb 0 . .3 0.2 0.2 0.7 0.3 0.3 0.2 0.4 0.8 

Bi 1.(\ 0.3 0.1 0.1 0.1 5.4 0.) 0.3 0.7 

Li 52 6l 41 '32 l) 51 32 so 70 

f 350 550 440 820 230 820 260 370. 360 

B 100 150 25 10 10 • 10 50 75 5() 

Cl <SO <50 <50 100 <SO 50 <50 <50 so 



Table 11·2(Cont' d) Trace Element Contents of Selected Drill Core Samples (Contact and Endopluton) 

DDH 79-05 79-05 1~-05 79-05 79-05 79-05 7~-05 80-01 80-01 80-01 80-01 80-01 SD-01 80-01 
De;:>th (m) 15.07 51.60 53.48 54.0 6J.C8 6J.OS 81.54 24.3 37.2 47.68 51.25 52.0 76.0 85.85 
Rock ·ryp.:>* lin 183 154 5)1 tll 700 521 no 433 193 194 920 522 521 

Sn 40 15 15 15 25 460 10 5 50 80 50 35 20 

IJ <1 9 19 8 15 :.!4 3!. 23 430 3 16 21 29 5400 

flo <0.5 4.5 17.0 ).0 5.0 6.5 10.0 65.0 2.5 1.5 <0.5 280. 5.0 10.0 

As 16 13 17 3 ; 6 42 9 11 9 14 11.0 2 

Cu 18.0 J.i) 6.5 2.0 13.0 220. 4.0 190 )40 11.0 80.0 20.0 4.5 17.0 

Pb <2 <2 6 10 10 6 lb. 6 <2 82 <2 8 6 30 

Zn 170. 97.0 110. 21.0 18.0 u.o 311.0 41.0 47.0 220. 250. 14.0 21.0 30.0 

Sb 0.4 0.3 0.2 ~o.2 0.2 0.3 0.3 0.8 3.7 0.9 O.J 0.5 0.5 1.3 
1:\:) 

4 B1 2.6 0.5 6.8 4.4 '0.1 0.9 1.4 1.4 88.0 4.3 0.7 16.0 20.0 210. 
C!) 

L1 160 150 120 23 59 150 7b 130 76. 190 170 46 41 50 

F 2400 2500 2300 520 1000 . 5400 1200 820 1500 2000 2200 500 620 830 

B 10 10 10 25 25 50 ~{I 50 25 25 25 25 25 50 

Cl <50 <50 <50 <50 <50 <50 .... so <50 <50 50 <50 <50 <50 <50 



Table II-2(Cont' d) Trace Elem~nt C?ntents of Selected Drill Core Samples (Endopluton) 

ODii 79-06 79-0f 79-06 79-06 79-07 79-07 79-fHJ 79-01~ 79-08 79-08 78-L27 78-27 7!3-,27 
l'eplh tm) 10.45 48.24 32.0 85.30 70.66 70.66 3£:.22 55.62 72.93 72.93 66.19 6&.37 73.55 
1,.:..,•:k Typcl"; 5:1 500 700 511 511 711 ~11 800 521 721 5(11 !i01 511 

Sn 25 30 ,.r 7 10 + 12 t 25 200 1 30 I~- 'I 
\1 170 39\l 38 300 24 

f3 
11 18 190 14 10 20 y r ,'c /;: 

+· \'·" Mo 3.5 19.0 63.0 5.5 ltO. 10.0 6.5 120. 12.0 2.0 1.0 

As 3 150~ 

'~·· 
4 3 0. 3 3 0 20 7400. H.OO 1100 18 

I 
Cu <0.5 12.0 1.5 10.0 

l 
3.5 4.0 0.60% 7.0 5.0 12.0 

cb 12 8 

,~. 
b 16 1') 4 14 a 8 6 

f\:) 

00 Zn 54.0 35.0 16.0 30.0 2900. 31.0 21.0 140. 15.0 35.0 39.0 -, 

0 I 
Sb 0.2 3.8 ~ls <0.2 0.3 

1

C.4 0.3 0.4 14.0 3.7 2.2 0.2 

Bi 8.7 22.0 olz 11.0 16.0 12.0 5.0 19.0 4.0 210 24.0 190. 14.0 

3301 
i l) Li '/4 57 2b 37 155 40 57 120 56 47 53 41 

2.\sox 25~ I 
F 960 1100 610 1300 900 850 660 8100 440 840 960 3~ () 

I 

'~ R 25 25 25 50 25 50 25 25 25 25 25 25 

Cl <50 50 <50 <50 <50 <5) <SO <50 <50 .5(1 100 .<sJ 



Table 11-2 (Cont' c.l) Trace Element Contents of Selected Drill Core Samples (Endoplo.~ton) 

:>••H 7U-33 78-33 78-33 78-31 78-31 
!:lepta l). 73 46.6 13.33 9.4 71.75 
~~>ck Type* 501 501 511 SOl 501 

Sn 5 3 3 10 

\~ 9 4 1 '1 4 

~to 0.5 <0.5 0.5 1.0 <0.5 

A~ 15 20 7 3 

Cu 5.5 <0.5 1.5 <0.5 <0.5 
{lj 
00 Pb 6 10 10 10 10 ....,. 

Zn :n.o 21.0 29.0 40.0 25.0 

Sb 0.4 0.1' 0.2 0.5 0.3 

a: 0.7 0.3 0.3 0.3 0.2 

L1 30 49 48 97 92 

F 270 310 230 620 500 

B lS 2) 25 2) 25 

Cl ,~o <50 <50 <SO <50 



Table 11-3 l1hole Rock Geochemistry (Meta-argillites) 

DDH 77-25 77-34 78-24 77-31 77-31 78-10 77-31 78-20 
Depth (m) 132.10 48.30 92. 78.94 115.79 93.5 60.16 53.88 
Rock. Type 301 110 100 112 141 110 110 110 

Values in 
wt.% 

Sio
2 

31.8 55.8 57.5 52.3 60.4 46.5 66.6 61.9 

Ti02 
0. 76 1.02 0.95 1.22 0.83 1.21 0.68 1.00 

Al2o3 14.3 19.4 18.0 19.6 17.1 23.4 16.4 15.7 

Fe2o3* 3 2 2.04 1.64 2.07 1. 71 3.4 0.88 1.84 

FeO 31.8 7.5 6.8 ·s.5 5.9 7.2 Ll 5.5 

MnO 0.42 0.17 0.14 0.06 0.14 0.24 0.02 0.12 

MgO J.98 3.88 3.14 2.42 3.33 4.31 1.18 2.92 

CaO 0.19 0.52 2.88 0.42: 2.19 1.08 0.39 3.17 

Na2o 0.26 1.63 2.28 2.22 2.37 1.56 2.85 3.46 

K2o 0.20 3.49 2.90 4.51 3.26 4.79 3.57 1.83 

P205 0.09 0.14 0.14 0.18 0.13 0.18 0.11 0.15 

L.O. I. 7.08 4.16 4.23 10.00 2.54 5.62 6.77 1. 62 

TOTAL 94.08 99.7'j 100.60 100.5 99.90 99.49 100.55 99.21 

Trace Elements 
(in ppm) 

Rb 0 140 110 140 120 170 120 120 

Sr 0 90 200 130 240 '100 150 280 

Cr 130 130 140 160 100 170 100 120 

Zr 110 180 140 260 170 220 210 230 

---- ------

*Fe
2
o3 = Fe2o

3 
(total) - FeO 
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Table 11-3 (Cant f d) wnole Rock Geochemistry (Neta-wackes) 

DDH 78-29 77-25 77-06 77-04 78-20. 79-05 
Depth (m) 80.3 135.08 74.70 105.9 104.68 51.60 
Rock Type 164 163 183 184 194 183 

Si02 42.6 65.3 66.4 46.9 66.7 69.3 

Ti02 1.21 0.78 0.85 1.54 0.86 0.71 

Al203 23.0 13.6 14.3 21.5 13.9 13.6 

Fe 0 * 2.6 1. 61 1.40 4.73 0.92 1.24 
2 3 

FeO 9.5 6.6 5.0 4.9 ·4. 9 3.8 

MnO 0.22 0.19 0.11 0.20 0.14 0.09 

MgO 5.93 2.28 2.36 2.91 2. t,o 2.00 

CaO 2.54 1. 83 1.68 2.79 3.56 2.19 

Na.2G 1. 95 2.85 4.16 2.11 3.26 4.49 

K
2
0 4.08 1. 36 2.04 5.43 1.03 2.03 

P205 0.19 0.13 0.14 0.22 0.13 0.13 

L.O. I. 5.0:.7 2. 70 1. 39 5.31 1.16 0.85 

TOTAL 99.3 99.23 99. 33. 98.54 98.96 100.5 

Trace Elements 
(in ppm) 

Rh 220 110 140 220 50 220 

Sr 110 150 250 240 310 290 

Cr 180 120 110 180 110 100 

Zr 190 140 170 210 140 110 
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Table 11~3 (Cont 'd) Whole Rock Geochemistry ('t>tonzogranites) 

DDH 
Depth (m) 
Rock Tvpe 

Si02 

Ti02 

Al203 

Fe 2o 3* 
FeO 

MnO 

MgO 

CaO 

Na 2o 

·K
2
o 

P205 

L.O.I. 

79-06 
85.30 
511 

76.60 

0.14 

12.60 

0.60 

0.8 

0.02 

0.11 

0.64 

3.92 

4.60 

(:.04 

0. 77 

79-07 
70.66 

511 

76.70 

0.12 

12.30 

0.54 

0.8 

0.02 

0.09 

0.67 

3.49 

4.98 

0.03 

o. 93 

78-27 
78.55 
511 

75.40 

0.20 

12.40 

0.95 

1.0 

0.04 

0.36 

0.93 

3.73 

5.07 

0.06 

0.70 

78-33 
46.6 
501 

76.70 

0.09 

12.80 

0.38 

0.8 

0.03 

0.14 

0.52 

4.16 

4.51 

0.03 

. 0.62 

78-31 
72.0 
501 

75.00 

0.20 

13.40 

o. 75 

0.9 

0.03 

0.29 

1.21 

4.28 

4.51 

0.23 

79-05 
81.45 

521 

74.60 

0.22 

13.20 

o. 76 

1.3 

0.03 

0.23 

0.93 

3.60 

4.99 

0.09 

0.77 

80-01 
85.85 

521 

78.20 

0.17 

10. i 

0.83 

0.9 

0.04 

0.16 

0.89 

2.86 

4.54 

0.05 

1.00 

79-08 
72.93 
521 

74.80 

0.2.3 

12.9 

o. 84 

1.3 

0.03 

0.27 

0.90 

3.59 

4.69 

0.07 

1.23 

TOTAL 100.84 100.67 100.84 100.78 100.87 100.72 100.34 100.85 

Trace Element~ 
(in ppiC) 

Rb. 300 

Sr 20 

Cr 40 

Zr 150 

370 330 

0 110 

30 30 

120 160 

Quartz 34.37 35.54 31.97 

Orthoclase 27.19 29.53 29.95 

Albite 33.14 29.60 31.51 

Anorthite 2.91 3.14 2.10 

Diopside 0.00 0.00 1.74 

Hypersthene 1.05 1.09 0.83 

Magnetite 0,87 0,78 1.38 

Hematite 0.00 0,00 0.00 

Ilmenite 0.27 0.23 0.38 

Apatite 0.09 0.07 0.14 

Con.nclum 0.10 0.02 0.00 

320 

0 

40 

90 

33.45 

26.63 

35.14 

2.38 

o.oo 

1. 41 

0.55 

0.00 

0. li 

0.07 

0.20 
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220 360 

60 70 

50 30 

130 160 

29.79 31.82 

26.51 29.53 

35.98 30.47 

4.00 4.03 

1. 25 0.00 

0.8.) 2.03 

1.08 1.10 

0.00 0.00 

0.38 0.42 

0.16 0.21 

0,00 0.40 

270 

10 

120 

300 

80 

40. 

160 

42.35 33.32 

27.03 27.85 

24.36 30.49 

2.96. 4.02 

0.98 0.00 

0.67 2.05 

1.21 1.22 

0.00 0.00 

0.33 0.44 

0.12 0.16 

0.00 0.45 



Table 11·3 (Cont 1 d) Whole Rock Geochemistry (Greisens) 

DDH 79-05 79-06 79-07 Biot. porphyritic gte from 
Depth (m) 63.08 52.0 70.66 Pine Hill - Renison Bell area, 
Rock Type 700 700 711 Tasmania (Patterson et al, 1981) 

(avg. 6 anah·sesL 
Si0

2 
76.10 49.60 75.30 73.04 

Tio
2 

0.14 0.13 0.13 0.36 

Al203 12.0 27.5 11.9 13.34 

Fe 2o3* 2.58 2.42 2.05 
I 

2.14 Tot:al iron as FeO 

J FeO J..O 2.0 2.4 

MnO 0.03 0.06 0.04 0.08 

MgO 0.16 0.26 0.16 0.66 

CaO 1.20 3.85 0.37 1. 98 

Na
2
o 0.38 0.42 0.67 2.76 

K2o 4.88 9.59 4.51 5.23 

P205 0.05 0.07 0.04 0.11 

L.O.I. 2.08 4.54 2.62 1.05 
----

TOTAL 1qy.6 100.44 100.19 100.75 

Trace Elemencs 
(in ppm) 

Rb 630 1410 650 

Sr 0 0 0 

Cr 40 30 40 

Zr 120 110 140 

CIP\-1 Norms 

Quartz 53.31 1.31 53.33 30.79 

Orthoclase 29.30 59.15 27.34 30.88 

Albite 3.26 3. 71 5.81 23.91 

Anorthite s. 71 19.44 1. 61 7.80 

Diopside 0.00 0.00 o.oo 0.82 

Hypersthe.ne 0.40 2.31 3.05 4.57 

Nagnetite 2.96 3.66 3.05 

Hematite 0.58 0.00 0.00 

Ilmenite 0.27 0.26 0.25 0.68 

Apatite 0.12 0.17 0.10 o. 26 

Corundum 4.09 10.00 5.47 0.00 
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APPENDIX III 

GEOCHEMICAL REFERENCE MATERIALS AND 

DETERMINATION OF ANALYTICAL ACCURACY AND PRECISION 

In an attempt to assess the accuracy o£ the analytical 

results a set o£ 5 samples o£ known trace element content and 

a set of 2 samples of known maJor oxide content were randomly 

placed in the sample batch <Tables I!I-1 and III-2 ). 

Problems exiat with such reference materials in that a 

wide ~ange in values exists in the analyses among 

la~oratories. Because of this uncertainty the values 

obtained by such laboratories are termed 'usable' or 

'"recommended', meaning they may be used with caution and not 

as exact concentrations. Most of the variability in the 

analyses appears to stem from inter- laboratory bias and a 

set o£ guidelines is used to determine the "usefulness" o£ a 

laboratory"s results <Abbey.,l980). 

The reference samples used £or trace element analysis 

include: 

1. Silica gel - this was essentially used as a "blank" sample 

on the premise that it contained insigni£ lean t 

trace element concentrations and thls is shown 
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in the ~esults. Actual trace element contents 

are not known. 

2., GSE - one of a series of 4 artificial glass ~e£erence 

standards containing 46 trace elements and made by 

Corning Glass Works. This sample contains the 46 

elements at concentration levels of about 500 ppm 

each. The 'accepted values' are defined as the 

medians of the analys~s by different laboratories 

<Meyers et a1.,1976). Because analyses for Mo, Cu, 

Pb, Zn and Bi involve acid digestion, these elements 

were not totally liberated in the digestion process 

and therefore give low values. These were not used in 

accuracy calculations. 

3. NIM-L - one of a set of 6 igneous rocks from South Africa, 

this sample is a luJavrite <a coarse-gt"ained 

nepheline syenite) from the Pilanesberg Alkaline 

Complex. The means and medians o£ the sets of 

results are used in the published values <Abbey, 

1980; Steele et aL.,l978). This sample was 

submitted in duplicate to assess the precision 

of the analysis. 

4. SY-2 - a syenite sample £rom the Canadian. Certified 

Reference Materials ProJect <Abbey,l9.80). 
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5 .. TLG-l - a sc::::heelite ore sample that is useful only £o1:' 

the analysis £or tungsten. 

Two reference samples used for the whole rock 

geochemical analysis are: 

1. NIM-G - a granite £rom the Bushveld Complex in the 

Transvaal, South Africa <Abbey, 198 0; Meyers 

et al.,l978>. 

"' 2. CMC-M2 - a pelite £rom the Queen Mary College, United 

Kingdom <Abbey, 198 0 >. 

The accuracy of an analysis is a measure o£ the 

'correctness' of a result or how close the observed result is 

to the 'true' or recommended result. Put another way, it 

reflects the absolute error of a measurement and is the 

difference between the measured value and the true value of 

the element being analysed, where 

Accuracy= Cl-I«X-T>IT>IJ * 100% where X = observed value 
T = 'true' value 

In this study, accuracy was determined graphically by 

obtaining the 'lertical difference between the sample value 

furthest from the ideal value <slope = 1) ;these graphs are 

shown in Figures III-1 and III-2. Results are .Plotted on 

log-log graph paper, where results o£ analyses are plotted 
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against the recommended or 'usable' values documented in 

v.sr·ioua public:ationste.g. Abbey, 198 0 ). A 4 5° line is dr·awn 

!£ the analyses were carried out satisfactorily, the points 

should lie on or very near this line <analysed values = 

·recommended values). Minor deviations may be expect~d due to 

procedural errors. Limits of : 10% <and in some graphs, : 

25~> are marked of£. on the graph parallel the 45° line. 

Of the 13 trace elements analysed, 2 were not plotted: 

chlorine, because all values were below the detection limit 

of 50 ppm, and bismuth, because no reliable 'usable' values 

could be obtained from the literature for the above samples. 

0£ the remaining 11 elements, analytical control ranged from 

acceptable to poor Ce.g. Mo accuracy for 3 samples ranged 

from +117% to +183%). 

Analytical control of whole rock analyses of the 2 

samples fares much better, as most are within : 10% • The 

graphs do not include those samples which have no known 

element content. 'Known' values include those with question 

marks, which are considered by the originating laboratories 

to be inadequate to recommend as usable values; however, 

because of the low number o£ samples, they were included for 

comparison purposes. 

The precision <reproducibilty) o£ the analyses was 

checked by sending duplicate samples for both trace element 

and maJor oxide analy•se.s <Tables III-2 and III-3>. Duplicate 

289 



~ample values for each element and oxide are plotted <Figa. 

III-3 and III-4 >,and precisions are determined graphically as 

well. Precision o£ trace element and whole rock analysis 

ranged from fair to excellent. Poor analytical results may 

be due to inadequate homogenization of sample powder prior to 

analysis <causing fluccuating results), inadequate analy·tical 

technique, or low element concentration within the samples. 
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"'ableiD -t"'race Element Reference Standard Analyaea~ 

Silica Gel GSE Recommended SY-2 Recommended NIH-L 
Sa:::!ple "Blank" Value \'alue 

Values in 
r:-p:a. 

Sn <). )00 440 5 4 

"ol 3 510 420 1 -
~:o <0.5 12.0 500 6 • .5 3? 

As 6 490 450 19 18 

Cu <0 • .5 16.0 300 2.0 5 

Pb <2 16 .500 92 80 

Zn 1.0 15.0 500 110 250 

Sb 0.3 490 470 0.5 0.2 

Bt 0.3 1.2 48{) 1.0 -
L1 <1 470 480 63 93 

F 140 260 300 3600 5100 

B 25 400 500 15 851 

Cl • <59 NSS 600 NSS ll07 

CSE Trace element l~l;osa stnndnr•l !rom th" USGS. Lov valu<!~ of SCifPP. 

elem~nts due to in~ufficient dlssolurton from their gl3ss matrix. 

SY-2 Syenite, fro~:~ Canar.U an Ccrt lfied Reference ~1atcrials Project. 

NUl-L - Lujavrite (a tracbytic ewH~ll)'tc-bf'arins nepheline ·syenite fro~:~ 
the Pilancsbcrz Alkaline Co111plcx). from Lhe Naticnal Institute of 
MetallurGY. South Afrlcn. 

TLG--1 Scht<t:Utc on?i u:;cd for tun;;st en only. 

Recommended valt:·~s nrc tabuhtcd in A~b•·y (lj80) • H<!y(,rs et al. (1976) and 
Steele et ~1 (19~8). Valu~s wJ~h ~acstlon Qartn are considered by thP orlstnal 
laborator1l·s to l>c JnadetJaatc to r.-co::lm<·:ltl as usnhlt, values. 

3 

8 

7.0 

4 

10.0 

56 

360 

0.3 

0.5 

45 

2800 

10 

· 'fSS 

Reco111111ended TLG-1 Recommended 
Duplicate Value for W only Value 

3 11 20 -
9 <2017 890 830 

8.5 31 54.0 -
3 <1577 2.5 -

11.0 13 330. -
62 43 100 -

350 400 140. -
0.3 0.31 3.7 .. ; 
0.7 <3?7 24.0 -

39 48? IS -
2600 4400 480 -

'10 <2011 10 -
NSS 1300 <50 -



Table TIT-2 Wl~<>le Rock Duplicate and 1\cfercnn• Stun1.bn.l Anrtly:ws 

DUH___ 18-l () 

f)cpth (m) 9).5 
Rock Type 110 

79-0b Dupli.:urc 
85.30 

511 

79-08 Dup! !"",;ale ~1~1-C 
72.93 (gran-
52! il~) 

ltl:C­

or.tnl."lldt!< 

\'alu<' (P~lira) ~a1ue 

r------r--------------+-----------·--r---------------
Q>IC-1!2 • ----;;;;;,::::,~ 

-----1----, -----------
Values Jn 
we.% 

~lnO 

~I gO 

CaO 

1(20 

0.24 

4.22 

1.08 

1.57 

4.80 

46.5 

1.21 

23.4 

3.4 

7.2 

0.24 

4.31 

1.08 

1.56 

'•. 79 

76.6 76.0 

0.14 0.15 

12.6 12.8 

0.6 0.58 

0.8 1.0 

0,02 0.02 

0.11 0.23 

o.o4 0.6il 

3.92 3.88 

4.60 

74.8 

0.24 

13.0 

0. 7) 

1.4 

0.0) 

0.26 

o.h9 

3.59 

4.66 

74.8 /6.2 75.70 48.86? I 
0.23 0.10 u.o9 O.t8 0.12. 

1~.9 12.2 12.06 23.7 23.97? 

0. B'• 0.7~ 0.6? 3.06 2. 31"! 

1.3 1.2 1. 30 6.2 6.3G? 

0.03 0.0! 0.02 

0.27 0.01 O.OlJ1 2.37 2.45 

0.90 o.tso 0.78 1.72 ]. 75 

3.59 3. 72 3.36 1.38 LitO 

4.69 :).07 4.99 8.13 7.!i0 

0.54 0.50? P205 0.18 0.18. 0.04 0.04 I 0.08 O.ll7 0.01 0.01 

1
_L_._o_._r_. --+ __ s_._6_z ___ s_._6_2 ·-r: __ o_._'_7 ____ o_. _n ____ ~--~~--~~~ ~----~-t----J_.c_a ___________ ~ 

1
_r_o_T_"-_L __ ~.--9_9_._l_J __ 9_9_._'•_9_y__._I_o_o_._&4 __ J_o_o_._79 _ _.1~o~~ IC.0.8!. jl00.54 - ! 100.0~ 

Trace El(:r:-;-en_u _________ --------·- ·------- ---------------.---------------1 
( in pptn) 

Rb !50 170 

lsr 110 100 

lcr 110 170 

~--~-~o_ __ 2~--

)00 3)0 ~. , •• --r:~----~:-~-2~0---------_--1 
20 JO I 60 £;:) I 0 JO 1 tiO I 

,:: ,:: 1,:: ,::: I,:: ,:: :: _________ l ______ --· ___ J_ --- .. _____ _._ _____________ _, 

~-F~2o3 ; fc
2

o
3 

(Tnlal)-Fc·O 

~aH-G- Cntnlt:e from ~he llushvtdd Complex in Lh•~ Trans'-<Hll (St ... ·..:h.: cL nl., 1978) 

Q~IC-H2- 1\.:llt<!, from Qu<.·NI ~:ary Collcl~''• U.K. {AhiJ<·y, l!Jt!O) 

Question mnrks nrc usc.-d fur values considen::d uu.:err;.dn or in:Hil"tu<~U.· hr Lh..! 
original l~hurnlories. 



Table ][-3 Trace Element Duplicace Analyses. 

DDI! 78-.:.4 Duplicate 78-29 0Utl1icate 77-25 Dop1icate 78-10 Duplicate 78-11 l>uplicate 78-12 Duplicate 
[',:pth (m) 100 57.72 132.10 93.5 85.45 118 
Roc:- T)"pL! 164 164 301 110 432 153 

\':a lues in rrr.: 
('XCCpt wnere noted 

Sn 3 3 50 50 1.23% 1.30% 30 25 o. 73% 0.74%. 0.33% 0.36% 

H .s 6 5 6 34 35 16 16 19 17 14 10 

No <0.5 <0.5 <0.5 1.0 <0.5 <0.5 <0.5 <0.5 <0. 5 <0.5 1.0 1.0 

As 8 9 12 12 36 81 7500 8500 14 15 7 7 

Cu 44.0 50.0 31.0 30.0 860. 960. 48.0 36.0 2000. 2000. 430 450. 

Pb 4 2 40 42 26 28 22 28 6 16 22 22 

Zn 98.0 100. 270 2~0 1500 1500 260 230 150 160 100 88 

::ib 0.6 0.2 0.7 0.7 0.6 0.9 16.0 19.0 1.6 1.7 0.6 0.6 

Bi 0.2 0.2 1.0 1.0 6.2 8.2 1.3 2.0 11.0 15.0 56.0 70.0 

L1 {>) 62 42 51 72 81 89 61 63 42 40 51 

F 480 560 '·60 480 450 ,,zo 630 670 740 590 560 610 

B 50 50 25 25 <10 <10 25 25 <10 25 10 10 

Cl <50 50 100 <50 150 <50 <50 50 <50 <50 50 100 



To.b lc IIf- 3 (Cor.t' d) Trace El.!ment Duplicate Analyses 

..-----~-- Duplicate 78-24 llu()licate 73-20 Duplicate 79-05 Duplicate 79-07 Duplicate 79-08 Duplicate 79-06 DuplJcaU: ~u~ 7J-24 
D~pth (r:1) 44.6 92 53.86 51.60 70.66 72.93 85.30 

nxk T~·pL 102 100 110 183 711 521 5ll 

\'.1 1 ees i~ ppm 
•!:ic...t·.pt ~<:ht!rEc" noted 

Sn 3 5 3 5 5 5 15 25 360 340 25 20 7 5 

u 3 <1 3 3 4 !I 9 14 23 23 18 17 300 320 

~lo -=0.5 <0.5 1.5 3.5 <0.5 <0.5 4.5 4.5 130. 120. 6.5 6.5 63.0 69.0 

As 13 12 16 12 8 7 13 12 30 24 20 21 4 7 

Cu 19.0 4t..O 60.0 84.0 34.0 34.0 7.0 6.5 430. 410. 4.0 4.0 1.5 2.0 

Pb 4 2 100 90 <2 <2 <2 2 8 8 4 4 6 6 

Zr. 110 110 130. 100. 43.0 72.0 97.0 96.0 2900. 2800. 21.0 22.0 16.0 17.0 

Sb 0.7 0.5 0.9 0.2 0.3 0.4 0.3 0.4 0.4 0.3 0.4 0.8 <0.2 0.2 

:H 0.4 0.3 0.7 0.3 1.0 0.5 0.5 0.3 12.0 9.0 4.0 0.2 11.0 6.3 

L1 31 37 43 52 52 55 150 130 55 170 51 57 26 25 

f 320 310 420 420 350 480 2500 2200 2500 3500 860 noo 610 510 

B 50 25 25 25 100 25 10 10 50 50 25 25 50 25 

Cl 50 <50 <50 <50 <50 <so· <50 <50 <50 <50 <50 <50 <50 50 



Figure III-1 Accuracy o£ trace element analyses 
using reference samples. Results o£ 
analyses are plotted against 
'uaable' values. Precision limits 
o£ % 10~ are marked. Bi is not plotted 
as recommended values are unreliable 
or, in the case o£ GSE, Bi was not 
totally digested. 
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10 Mo by D.CP 100 Pb by O.C.P 

. --~ D.L= 1 ppm O.L:2ppm 
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ppm Mo 5 10 10 ppm Pb 50 100 
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10 
.. /{ 
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.. f? 2S() 
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100 
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10 
5 10 ppm As 

CO Li by AA5 
D.L= 1 ppm 
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5000 

1~00 pom F 
soo 8 by O.C.P 

D.l= 10ppm 

1 
10 
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.. ~ 

s . 10 
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Figure III-2 

·, 

Accuracy of whole rock analyses 
using reference samples. Results of 
an8lyses are plotted against 
'usable' values. ?recision limits 
o£ ± 10~ are marked. 
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7 FeO byX.RF 
D.L : 0.01 •;. 

5 

2. 

10 Kz() IJ.fX.R.F 
OL: 0.01•1. 
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" ; 

2.5 

100 SiO~ 't:Jt XRF 
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20 L.O 

,~~--------~~~0 ----~100 l(.L~------;5~-~1 0 1 o •;.si Oz ,J ·;~ K1.0 
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I 

2 CoO by Y-R.F 
o.L = o.o1•;. 

0.5 

0 
0 
u 

~~~------~~--,---~2 0.1 0 0.5 0.1 •;, Ca 

p 't 0, ty X.R.F 
O.l= 0.01'/. 

0.5 

0.1 

0.05 
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0.01 "/o l 5 0.05 '0.01 
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Sr by XRF 
10 D.L:: 10~ 

~Sr 

S Cr by XRF 
D.L = 10~m + 
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Rb b(XR.F ff 
D.L = 10wm~ 
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MqO bf XRF 
Ill. f 0.01'/0 
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Figure III-3 Precision o£ trace element analyses 
using duplicate samples. Duplicate 
results are plotted against e4ch 
other. Precision limits o£ : 1 0~ 
are marked. In the graphs o£ Bi 
and Li, :t: 25" limits are also 
•arked. 
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Figure III-4 Precision o£ whole rock analyses 
using duplicate samples. Duplicate 
results are plotted against eech 
other. Precision limits o£ :t l 0% 
are merked. 
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APPENDIX IV 

PARTITIONING OF POLYMOOAL DISTRIBUTIONS 

· This section aummari2es the procedur·ea used by Sinclair 

<1974> to choose background and threshold v~lues from a set 

of geochemical data. It is an arbitrary method o£ 

segregating the data into background and anomalous groups by 

partitioning a cumulative probability plot. Other methods 

<e.g. Levin.son,l974) established the mean <background) and 

standard deviation of a set of data, with the threshold 

arbitrarily chosen to cor.respond to the mean plus two 

standard deviations, i.e. the upper 2.25" o£ a normal 

population. This procedure is not recommended as it assumes 

that 2.25" o£ any sample population will be anomalous~ also, 

the ranges o£ background and anomalous populations in a data 

set may overlap, so that the mean and standard deviation are 

actually obtained from the sum o£ two populations and thus 

would be of no use. 

Sinclair's method uses lognormal probability paper ... with 

a lognormal abscissa scale and an ordinate scale o£ 

cumulative frequency percent. A lognormal cumulative 

distribution o£ a single population will plot as a st:-aight 

line; that of two populations will plot as a curve. The 

appro~imate proportions o£ each population is shown by a 
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change in curvature or slope, i.e .. , the inflection pointo In 

an example taken from Sinclair <Fig .. IV-1), 2 0 percent o£ the 

anomalous population A is combined with 80 percent of 

background population B. The slope o£ the combined 

populations changes at about the 20th cumulative frequency 

percentile, forming an inflection point. The less 

perceptible the change in slope, the greater degree of 

overlap in the populations. 

To separate multiple populations in a data set, a 

cumulative frequency diagram must first be constructed. The 

steps are similar to those used for creating histograms and 

are presented here. An example using tungsten values in the 

mon2ogranite will be shown later. 

1. Determine range o£ log values. 

Range = log<Xmax) - log<Xmin) 

2. Deter.mine width of each class interval by dividing the 
range by the number of intervals desired. Constcuction 
of a histogram may aid in deciding on the number of 
intervals. 

Width = Range I # of intervals 

3. List the ranges of each of the class intervals and their 
corresponding antilogs. 

4. Record the number o£ samples in each interval and determine 
their percentages o£ the total. 

5. Sum <cumulate) the percentages o£ samples in each class 
from the maximum to the minimum value and record the 
cumulative value for each class interval. This is done 
because of the poor precision of values in the lower ranges 
<due to poor sample preparation or analyses or both) and of 
the impor-tance of the higher values in establishing the 
threshold. Cumulation ft"om highest to lowest values will place 
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the lowest <and there£o~e less desirable) class interval in 
t.he 100 percent cumulative range, which will not be plotted 
due to the nat.ure of the gr~ph paper<Lepeltier.,l969). 

6. Plot points at the a~tilog o£ the lower class limit o£ each 
class against the cumulative percentage for that interval. 
Draw a best fit line or lines through the points. 

Acco~ding to Koch and Link( 197 0 > a small sample 

populat!on<lesa than 100) gives a poor estimate of the metal 

content in a data set because the standard deviation is 

l~rger<giving a less precise confidence interval) than that 

o£ a population with more than 100 values. They have derived 

an arbitrary 'correction factor' to replace the cumulative 

frequency percentages by a 'plotting percentage' where, 

Plotting Percentage =100 * C3<Cumu1ative Frequency)-1J/3n + 1 

where n is the sample size. 

This manipulation was accomplished in the course of 

population partitioning and an example is given with the 

usual cumulative frequency determination. It was found that 

there is not much difference between the two partition 

models. The background and threshold values changed slightly 

within the same order of magnitude, and so the plotting 

percentage formula was not used. 

Figure IV-2 shows a graph for tungsten with both the 

cumulative and plotting percentage points. Note the 

existence of essentially two lines of different slopes. This 

implies the existence of two lognormal populations, a higher 

anomalous one end one o£ a lower background~ Points 
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Figure IV-1 Two idealized hypothetical populations 
A and B are combined in the proportions 
A/B = 20/80 to produce the dotted curve 
with an inflection point at 20 cumulative 
per cant. 
<Modified after Sinclair,.l974) 

321 



t-z w 
~ 

99.9 

99.8 

99.5 

99.0 

95.0 

90.0 

~50.0 

w 
> 
~ 
~ 20.0 

a 
10.0 

5.0 

1.0 

05 

0.1 

.. 

POPULATION 8 

1 0 
PPM METAL 

322 



Figure IV-2 Cumulative frequency plot o£ 25 values 
o£ tungsten in plutonic samples, using 
both cumulative frequency and plotting 
percentage formulae. Solid lines denote 
cuMulative frequency populations; dashed 
lines denote plotting percent~ge popul~­
tions. There is little di££erence between 
the two methods. 
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representing class intervals accounting for 0 percent of the 

total population <e.g. 662-1950 ppm interval) are plotted but 

are not connected. The types of curves obtained in the study 

range fr-om straight lines <one population) to smooth curves 

<more than one population> to r-agged curves~ Data points 

wer-e connected by straight lines instead of smooth curves to 

facilitate drafting and this may account for some departure 

from a smooth curve. Other reasons for such departures 

include: incomplete sampling of the data set; 

non-lognormality of the distributions <although most trace 

elements have log-normal distributions <Levinson,l974)) or; 

pplymodality of data due to different bedrock types or change 

in element concentration by secondary dispersion effects 

<Parslow, 1974). Care was taken to ensure appropriate sample 

collection <unweathered> and adequate preparation o£ core 

before analysis, but e·rrors can occur, resulting in poor 

cumulative frequency plots. 

The graph can now be partitioned into lts constituent 

populations. According to Sinclair < 197 4 ), the position of 

the inflection point indicates the relative proportions of 

the data set. I£ the populations are very different from 

each other <background vs. anomalous), there is a 

discernable change in slope o£ the curve, making the 

inflection point readily apparent·. Less disparate 

populations or populations with a greater degree of overlap 

have more subtle slope changes, complicating establishment of 
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the inflection point. Parslow <1974) states visual 

estimation of the inflection point position may result in 

e~rors of : 5-10 percent; he also states that because most 

anomalous populations constitute a small portion o£ the total 

data set Cless than or equal to 10 percent>, this estimation 

may not compound any large error. It may be possible to 

formulate an equation of each cumulative frequency curve end, 

by using second derivatives obtain an accurate position of 

the inflection point. For the purposes of expediency, this 

was not done; instead, visual estimations were performed. 

Uncertainties in the inflection point position occurred, and 

so several different values were tried to obtain the 'best 

fit'. On the tungsten curve, the point was estimated at 32 

cumulative percent, corresponding to 27 ppm on the abscissa 

scale. 

Once the inflection point is obtained, each population 

of the data set can be defined. Each data point plotted on 

the graph represents a certain percentage of the total data, 

but also represents a certain cumulative percentage o£ one o£ 

the populations. For example, the last point plotted on the 

tungsten curve at the 1951 ppm abscissa level represents 4 

percent o£ the total. data. It also corresponds to <4132 * 

100) = 12.5 cumulative percent o£ population A, so a point is 

plotted at this ordi.nate level on the 1951 ppm level. This 

formula is repeated until there are enough points to draw a 

straight line, representing population A or until the point.s 
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start to curve. This would indicate the influence o£ the 

other population<s>. The lines are fitted by regre.ssi<?n 

analysis.. One o£ the problems encountered were too few data 

points to effectively partition the population. Where this 

h~ppened~ points from the cumulative curves were used and an 

approximate line was drawn .. 

The second population (B) is derived in the same way~ 

although the complements of the cumulative frequency scale 

are used instead, e.g.,. 3 0 cumulative percent on the A scale 

is equivalent to 70 cumulative percent on the B scale .. 

Defining three or more populations is more complex and 

is described in Sinclair <1974> .. 

To ensure the method .is correct, the two populations are 

recombined using their defined proportions (e.g. 32 

cumulative percent o£ A plus 68 cumulative percent of B> at 

various abscissa levels. I£ these 'check points' do not plot 

close to the original curve, the process should begin with a 

new inflection point or different proportions o£ each 

population. 

The geometric mean of each partitioned population is 

chosen at the 50th cumulative percentile. The background 

corresponds to the mean of the lower population. Choosing a 

threshold is more difficult.. If the populations did not 

overlap too much, t:.here would be a significant change in 

327 



slope and the threshold could be chosen at that point. 

Usually this does not happen and thresholds are often chosen 

arbitrarily from various cumulative percentiles. Threshold 

values were chosen arbitrarily by Sinclair <1974> at the 97.5 

<or 98; or 99) and the complementary 2.5 <or 2; or 1> 

cumulative percentiles of the partitioned populations A and 

Bp respectively. This divides data into three groups at the 

corresponding ppm leve~s, so that for example, 99 percent of 

populati~n A <and 1 percent of population B> is above a 

certain ppm value, and 99 percent of B <and 1 percent of A> 

is below a certain level. See Sinclair for further 

information. 

The purpose of choosing the threshold is to e£feccively 

segregate the anomalous values from the normal background 

data set. Sinclair's method o£ choosing a threshold value 

from each population divides the data into three groups. The 

upper group contains most of the anomalous population; the 

middle group contains a mixture o£ anomalous and background 

values; the lower group contains most of the background 

values. In this way priorities can be attached to the data 

for subsequent work: top values demand top priority for 

follow-up investigation, whereas those of the middle group 

are o£ secondary importance. 

It is important to compare the values in each group with 

rock types, sample locations and topography - do not simply 
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look at the numbers. For example# those values in the middle 

group which occur in the same location as those o£ the 

anomalous group can be included in any follow-up 

examination. 

The following is an example o£ constructing a cumulative 

frequency diagram using tungsten in monzogranite. 

1. Range : <1 to 5400 ppm Use 1 in the computations, so that, 
Range = log 5400 - log 1 

= 3. 7 3 Round to 3 .. 7 5 

2. Use 8 intervals; thus Interval Width = 3.75 I 8 = 0.47 

Interval Antilog o£ Count % Total Cumul. 
Range Range(ppm) % 

.. 
0-0.47 1-3 2 8 100 

0.47-0.94 4-9 4 16 92 
0.94-1.41 10-26 11 44 76 
1.41-1.88 27-76 3 12 32 
1.88-2.35 77-224 2 8 20 
2.35-2.82 225-661 2 8 12 
2.82-3.29 662-1950 0 0 4 
3.29-3.76 1951-5754 1 4 4 

TOTAL 25 

• 1 includes values <1 ppm 

Cumu1. Plotting 
Freq. " 

25 97.4 
23 89.5 
19 73.7 

8 30.3 
5 18.4 
3 l 0.5 
1 2.6 
1 2.6 
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Partition the population : 

3 .. Inflection Point<visually) = 32 cumulative % <equivalent 
to 27 ppm) 

Therefore# Population A consists of 32 % of the data set 
and, Population B consists o£ <1 00 - 32> = 68 % 

of the data set. 

4. Partition Points o£ Population A 

i. at 1951 ppm level = 4 cumulative % = 4/32 * 100 
= 12.5 % o£ pop"'n A 

U. at 225 ppm level = 12 cumulative " = 12/32 * 100 = 37.5 % 

iii. at 77 ppm level = 20 cumulative % = 20/32 * l 00 = 62.5 % 

5. Partition Points o£ Population B 

i. at 19 ppm level = SO cumulative %(A scale> = 50 cumul. %(8) 

= 50/68 • 100 = 73.5 % <on B scale) = 26.5 % <A scale) 

ii. at 10 ppm level = 76 cumulative %(A scale) = 24 cumul. ~H8) 

= 24/68 * 100 = 35.3 % (8) 

iii. at 4 ppm level = 92 cumulative %(A scale) = 8 cumul. %(8) 

= 8/68 • 100 = 11.8 % <B> 

Plot partition points on graph; draw best £it lines 
through the points. Recombine the two populations in the 
proportions 32 percent A plus 68 percent 8 at various ppm 
levels to see how well the partitioned populations correspond 
to the original curve. 

6. Check Point Calculations 

Recombined Populations at a particular ppm level 
= .. Point o£ Mixture"<Pm> 

Pm = £APA + £BPS 

where £A = 32 " or 0.32 
PA = A"'s cumulative . ., at any ppm level .... 

£B = 68 % or 0 .t,8 
PB = a~s cumulative " at any ppm level 
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Tht.lS: 

i. at 5.6 ppm level, Pm = 0.32(90 .. 5) + 0.68{84) = 86. 1 y., 

i i. at 15 ppm level, Pral = 0 .. 32{81.5) + 0.68(43) = 55.3 ~ 

iii. at 23 ppm level, Prn = 0.32(78) + 0.68(24) = 41 • .3 ~ 

i v. at 40 ppm level, Prn = 0.32(69) + 0.68(8.5) = 27.9 '1-

v. at 150 ppm level, Pm = 0.32(48) + 0.68(0.175) =15.48 " 
vi. at 390 ppm level, Pm = 0.32(32) + 0.68(0) = 10.24 '1-

vii. at 1000 ppm level, Pm = 0.32(20) + 0 = 6.4 1-

The check p•:t i nt s appear tt;:. Clt:tSely cort"es pond the 
,;:.., .. i g i nal Cl.ll'"Ve, so the pat"t it i •:•n i rag is Jttdged a sa.tccess. 

The above steps WSl'"e t"epeated f·~l'" the pl•::.tt irtg 
pet"cent age CIJl'"Ve ( 'i'"t•:tt sh•::.wn het"e) and simi lat" popiJlations 
we'r"e ,:,bt a i ned. 

Pl'"OBI:Il'"'t i •:Jl'"l Pro p•:•'r"t i •:.n * N Back g t"•:• tt rtd 
(# of samples) (50th 1--i le) 

Pc,pul at i •:•n A 32 ~ a ~ 135 ppm 

l='•:tp•.tl at ion B 68 % 17 12 ppm 

7. Arbi tt"at"Y Th'f'•esh•::.l ds 

i .. By eye I:J'f'"l graph; at i raflect ion P•:t i nt = 27 ppm 
Use as a ' l•:twer thresh•:. 1 d' 

i i. 99 cttmr.t l at i ve '1- •:•f pt:•pu1 at i •:trt A = < 1 ppm 
1 c•.lmu l at i ve 1- of p•::.p•.t 1 at i •:tn B = 90 ppm 

iii. 98 c•.lrn•.tl at i ve y. •::.f pt:tp•J 1 at i ·~l"• A = < 1 ppm 
2 cumulative % •:tf pa:tpt.tl at ion B = 70 ppm 

iv. 2.5 c•.tmu 1 at i ve '1- l:)f p•::.p•.tlat i•::.n B = 65 ppm 
Use as an 7 llpper tht"'esho 1 d~ 

# samples in group 

G'r"'S:•'JP I <27 ppm 17 

Gt"•:•'-lP I I >27 <65 ppm 3 

Gr"•:~•.lp I I I ) 65 ppm 5 
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This appears to correspond well with the population 

partitioning. When compared back to the samples# those of 

groups II and III consist of 2 greisens and 6 

'unmineralized "(with regard to tin) samples .. containing rare 

to minor scheelite-bearing quartz veinlets. Tungsten does 

not appear associated with tin mineralization in greisens .. 

but with other vein stages. 
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Figure IV-3 

·. 

Cumulative frequency graphs o£ 11 elements 
in 3 lithologiea(33 graphs> 
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Figure V-1 Variation of selected trace elements 
in two cross-sections, A-A' and B-B'. 
See Fig. 5.1 for location of cross­
section lines~ There are slight 
increases in trace element content of 
barren samples toward the pluton, but 
these appear due to thin veinlets 
containing those elements. There does 
not appear to be any variation in trace 
element content with depth, either in 
barren samples or mineralized 'patches'. 
However, there is an apparent variation 
o£ some elements<Sn, Zn> in metasediment 
veins with depth and distance from 
pluton<cros.s-section A-A'). 
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