


















































































































































































































must also include detrital float fragment&. This syngenetic halo of 

fine detrital grains has been referred to by Kauranne (1958) as a 

micro-float train, as a microboulder fan by Bolviken (1967), and by 

Wennervirta (1968) as a glaciogenic fan. 

Since the fine grained (200 mesh) fraction of glacial till is 

postulated to have only been transported a very short distance (Bayrock 

and Pawluk, 1966) a study of its elemental composition "up ice" should 

reveal, ·even more precisely than the macroscopic float clasts, their 

common provenance in the subcropping bedrock. 

It is also apparent that in areas of deep overburden the optimum 

sampling depth is within the unweathered, undisturbed glacial till 

material (the "C" zone of the podzol profile) where detrital sulphide 

grains are almost insoluble in the reducing conditions that predominate 

there (Scott and Byers, 1964; Kauranne, 1967; Forgeron, 1971 Parslow, 

1972). Of importance, as well, is the determination of elemental 

variations with depth in the overburden as a further criterion 

for source determination, since elemental concentrations in both the 

horizontal and vertical components of the micro-float fan should increase 

in proportion to the proximity of the suboutcropping source (Figure 5). 

This purpose is best served by the collection of profile samples at 

regular intervals in a pit opened into the glacial drift (Ermengen, 

1957; Hawkes and Webb, 1962; Hyvarinen 1967; Brotzen, 1967; Halonen, 

1967; Kauranne, 1967; Wennervirta, 1968; Larsson and Nichol, 1971; 

Gunton and Nichol, 1974). 

In the Sheffield Lake - Indian Pond area, 108 trenches were dug 

from which 167 bulk samples were collected for geochemical analysis 

(Appendixc). Samples at two depths (designated High and Low) were 



collected from 28 of the trenches, and at 6 selected sites profile 
r 

samples (designated A, B, C, etc.) were collected at one foot vertical 

intervals. In all cases only "C" horizon parent till material was collected. 

At two locations sample pits bottomed on andesite bedrock and in each 

case bedrock samples were collected for geochemical analysis (Table 1). 

Pre-Treatment and Analyses 

Critical to any geochemical exploration program is the choice of 

a suitable analytical method. The geochemist must consider (1) the size 

fraction of the sample (2) the number of samples and elements to be 

analyzed (3) the pre-treatment and extraction techniques to be used 

(4) the reliability, ease of implementation, and detection limit of the 

method and (5) the accuracy and precision to be expected from the method. 

As outlined in the general principles of Drift Prospecting (Chapter 

III) most geochemical exploration programs in glaciated terrain concen-

trate on the unweathered "C" zone of the glacial till, and specifically 

on the -80 mesh fraction of the till. Gunton and Nichol (1974) 

have pointed out, however, that the clay-and-silt-sized 

fractions (-230 mesh) must be removed to avoid the variable effect they 

can have on elemental concentrations. 

The Sheffield Lake - Indian Pond area samples were first wet sieved 

to remove the -230 mesh (0.063 mm) fraction. The +230 mesh fraction was 

then dried, and sieved on an 80 mesh stainless steel screen to obtain 

the -80 to +230 mesh fraction. This fraction was then split into 3 

subsamples for geochemical analyses. (Appendix C). From prior analyses 

of float samples (Table 1) Cu, Pb, Zn, Mn, Co, Ni, Fe, and S were chosen 

to be the tracer elements analyzed. 

Studies are available on the merits of one pre-treatment extraction 



over another (Foster, 1971). Generally, the methods available 
r 

can be divided into Total and Partial extractions. 

A total extraction technique is performed by fusion or by the 

addition of strong, hot acid to the sample which results in complete 

sample dissolution. This method is best adapted to lithogeochemical 

surveys, since it extracts even the silicate complexed-and strongly 

bonded-metal in the sample. 

A partial extraction technique is performed with weak or dilute 

acid which takes into solution only discrete sulphide grains and the 

relatively loosely bonded and absorbed metals in the sample. This partial 

dissolution is best adapted to the study of unconsolidated sediments 

(e.g., glacial till) when the survey is directed toward the pinpointing 

of anomalous metal concentrations which should reflect the presence of 

sulphide minerals rather than silicate bonded metal. 

However, some partial extraction methods (e.g., cold buffer THM 

extractions) are often insufficinet to delimit anomalous areas in gla-

ciated terrain, where anomalies may be only lO ppm above threshold. A 

balance must be struck then between a too weak partial extraction and 

a too strong total digestion when glacial till is the sampling medium. 

In this investigation Ward's (1969) extraction method (HOT 16N 

HN0 3 ) was first tested but later rejected. It was very time consuming, 

required specialized equipment, and failed to produce the degree of 

precision desired. 

A boiling dilute acid (10/1, lN HN03 16N HCl) (F. Goudie, 

Personal Communication, 1974) was found to be superior for partial 

digestion of the -80+ 230 mesh fraction since neither nitric (HNO) 

nor hydrochloric (HCl) acid decompose the more stable rock-forming 



silicates (Levinson, 1974), but they do leach all forms of sulphide 
r 

minerals. 

Elemental analyses were performed by Atomic Absorption Spectra-

photometry (A.A.S.). The advantages of A.A.S. are its sensitivity, 

precision, reliability, and speed (Brotzen, et al., 1967). One special 

appeal of A.A.S. in exploration geochemistry is the fact that, from one 

sample digestion, as many as 40 elements can be determined, thus resulting 

in a considerable saving in cost while at the same time providing a 

wealth of information (Levinson, 1974). 

In this study, each subsample was analyzed for Cu, Pb, Zn, Co, 

Ni, Mn, and Fe on a Perkin-Elmer Model 303 Spectrophotometer using 

standard procedure (Figure 54), after a 1! hour hot acid digestion 

(10/1, lN HN03 16N HCl). 

Elements to be analyzed in the digestion solution by A.A.S. must 

be in the atomic state. This is readily achieved by aspirating the 

solution at a controlled rate into a flame fueled by a mixture of air 

and acetylene. A light beam at one of the characteristic wavelengths 

(i.e., 2139A for Zn) of the element of interest is directed through 

the flame, into a monochromator and into a detector which measures the 

intensity of the light beam. The amount of light absorbed by the flame 

when a sample is being aspirated is proportional to the concentration 

of the element in the sample. This reading is then compared with read-

ings obtained from standard solutions of known concentration, and the 

concentration in ppm of the element in the sample is attained. 

Sulphur content of 77 of the samples was determined using a LECO 

Sulphur Analyzer which is generally thought to be the best method of 

sulphur analysis (Foscolos and Barefoot, 1970). The method involves 

the combustion of the sample in a stream of oxygen in a high frequency 



furnace. As the sample is combusted, all sulphur compounds are vola­
r 

tilized, primarily as sulphur dioxide. The S02 is carried by the 

oxygen to the titration vessel where it is absorbed by bubbling through 

a dilute HCI solution, which also contains free iodine. The absorbed 

S~ is titrated with standard LI03 using starch indicator, and the 

amount of S~, hence sulphur in the sample, is determined. 

In exploration geochemistry, precision (which is the ability to 

produce and repeat the same result) is often more important than 

accuracy (which is the approach to the true value), at least in the 

initial stages of a project (Levinson, 1974). Precision and accuracy 

by A.A.S. are thought to be better or comparable to any other method 

of trace element analysis (Brotzen et al., 1967). 

For precision determination, within each batch of 22 samples 2 

were weighed, digested, and analyzed twice each; also within each batch, 

2 control samples (#59L and #67), of high and low elemental concentrations 

(determined in the first batch) were always included resulting in each 

being analysed 10 times. Samples were analysed at random, that is, all 

of the samples from one till unit or within a small part of the project 

area were never analysed in one batch (Table 9). As a check of accuracy 

and precision 30 representative samples were sent to Atlantic Analytical 

Services, (Springdale, Newfoundland) and were analysed by A.A.S. for 

Cu, Pb, Zn, Ni, Co, ~m, and Fe; comparative results appear in Table 10. 

Generally, good agreement is apparent from this comparision, with the 

possible exceptions of the Zn and Ni values where the Atlantic 

Analytical Services determination are generally lower than those 

recorded by the author. 

All of the sulphur analyses were performed over a 48 hour period 
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Table 9. Precision of Atomic Absorption Analyses 
r 

Sample II X s EX N. 

6 7 ppm. Cu 16.5 2.0 0.7 10 
" Pb 6.9 1.5 0.5 10 
" Zn 37.0 8.9 3.1 10 
" Co 4.1 0.8 0.3 10 
" Ni 11.1 3.2 1.2 10 
" Mn 189.0 11.4 4.0 10 

%Fe 0.75 0.13 0.04 10 

59L ppm. Cu 164.6 13.9 4.9 10 
" Pb 7.4 1.2 0.4 10 
" Zn 98.8 5.8 2.0 10 
II 

Co 21.5 1.2 0.4 10 
II Ni 17.3 1.5 0.5 10 
II 

Mn 628.0 100.6 33.5 10 
%Fe 2.63 0.57 0.20 10 

6 ppm. Cu 19.0 5.7 4.0 2 
" Pb 9.0 0 0 2 
II 

Zn 51.0 12.7 9.0 2 
II 

Co 3.0 0 0 2 
ll 

Ni 28.0 2.8 2.0 2 
11 

Mn 329.0 12.7 9.0 2 
%Fe 1.45 0.21 0.15 2 

31 ppm. Cu 47.5 3.5 2.5 2 
" Pb 7.5 0.7 0.5 2 
11 

Zn 20.0 0 0 2 
II 

Co 2.0 0 0 2 
" Ni 24.5 0.7 0.5 2 
II 

Mn 152.5 0.7 0.5 2 
%Fe 0.45 0.21 0.15 2 

47 ppm. Cu 24.0 5.7 4.0 2 
" Pb 6.5 2.1 1.5 2 
" Zn 30.5 0.7 0.5 2 
" Co 6.5 0.7 0.5 2 
II 

Ni 8.5 3.5 2.5 2 
II 

Mn 256.5 4.9 3.5 2 
%Fe 1.00 0.14 0.10 2 



Table 9 Continued 
r' 

Sample II X s EX N. 

66L ppm. Cu 8.0 0 0 2 
" Pb 8.5 2.1 1.5 2 
" Zn 17.0 1.4 1.0 2 
" Co 3.5 0.7 0.5 2 
" Ni 4.0 1.4 1.0 2 
" Mn 125.0 7.0 5.0 2 

%Fe 0.50 0 0 2 

70A ppm. Cu 151.0 2.1 1.5 2 
" Pb 175.0 0 0 2 
" Zn 202.0 3.5 2.5 2 
" Co 30.0 0 0 2 
" Ni 26.5 2.1 1.5 2 
" Mn 575.0 35.3 25.0 2 

%Fe 5.60 0.10 0.10 2 

79 ppm. Cu 9.5 0.7 0.5 2 
" Pb 5.5 0.7 0.5 2 
" Zn 18.5 0.7 0.5 2 
" Co 20.5 2.1 1.5 2 
" Ni 7.5 0.7 0.5 2 
" Mn 189.5 2.1 1.5 2 

%Fe 0.75 0.07 0.05 2 

92L ppm. Cu 185.0 0 0 2 
" Pb 13.0 0 0 2 
" Zn 37.5 3.5 2.5 2 
" Co 39.5 0.7 0.5 2 
" Ni 26.5 2.1 1.5 2 
" Mn 681.0 26.1 18.5 2 

%Fe 12.1 0.10 0.10 2 

94H ppm. Cu 16.5 2.1 1.5 2 
" Pb 8.0 1.4 1.0 2 
" Zn 24.5 0.7 0.5 2 
" Co 8.0 0 0 2 
" Ni 25.0 0 0 2 
" ~1n 175.0 14.1 10.0 2 

%Fe 0.85 0.07 0.05 2 



Table 9 Concluded 
r· 

Sample II X s EX N. 

96L ppm. Cu 37.5 3.5 2.5 2 
II Pb 9.5 0.7 0.5 2 
II Zn 90.0 14.1 10.0 2 
II Co 18.5 0.7 0.5 2 
II Ni 15.0 0 0 2 
II Hn 725.0 35.3 25.0 2 

%Fe 2.20 0 0 2 

102A ppm. Cu 38.0 0 0 2 
II Pb 5.5 0.7 0.5 2 
II Zn 29.0 1.4 1.0 2 
II Co 7.0 1.4 1.0 2 
II Ni 14.0 1.4 1.0 2 
II Mn 136.5 2.1 1.5 2 

%Fe 1.90 0.07 0.05 2 

102D ppm. Cu 25.0 2.8 2.0 2 
II Pb 8.5 0.7 0.5 2 
II Zn 16.0 0 0 2 
II Co 3.5 0.7 0.5 2 
II Ni 15.5 0.7 0.5 2 
II Mn 112.5 3.5 2.5 2 

%Fe 1.30 0 0 2 

* Control Samples 

X Hean 

S Standard Deviation 

EX Standard error of the mean 



using the standard procedure of Foscolos and Barefoot (1970). As in the 
r 

A.A.S. work, the samples were analyzed at random and each tenth sample 

run was a blank containing accelerator and flux only. Two control 

samples (#86 and #59L) were analyzed periodically until the S content 

of each had been determined 10 times. 

Subsamples of 20 representative samples from the area were separ-

ated in TETRABROMOETHANE (S.G. = 2.92) into heavy and light fractions, 

again following standard procedure (Allman and Lawrence, 1972) (Appendix 

C). All of the heavy separates and 11 of the light fractions were then 

analyzed by the A.A.S. method for the elements listed formerly. 

Good estimates of the accuracy of A.A.S. and Leco determinations, 

except those done by Atlantic Analytical Services (Table 10) were 

difficult to obtain since no unconsolidated glacial sediment standards 

are available, as are rock standards. As well, the acid dissolution 

used in the study was adjudged too weak to leach the silicate bound metal 

in rock standards. Nevertheless, an attempt was made using Geological 

Survey of Canada rock standards U.M.2 and U.M.4 to obtain accuracy 

figures for the A.A.S. and Leco methodologies. Values obtained in the 

A.A.S. analyses of rock standards U.M.2 and U.M.4 appear with the 

published trace element values in Table 11. An acceptable degree of 

agreement between the values is apparent, however, in all cases the 

published values are somewhat higher than those obtained by the author. 

This discrepancy can be traced to the weak acid dissolution used by the 

author in the pre-treatment of the standard samples. 

Statistics 

It is in vogue to apply statistical manipulations to geoanalytical 

data to "better" define anomalous areas (Le Peltier, 1969). Levinson 



Table 10. 

ACCURACY AND PRECISION OF ATOHIC ABSORPTION ANALYSES 
A RAW DATA - COMPARISON OF VALUES OBTAINED IN THIS STUDY AND BY ATL&~TIC ANALYTICAL SERVICES LTD. 

AT.A. * AT .A. * AT.A. * AT.A. * AT.A. i'~ AT.A. * AT.A. * 
SamEle Cu Cu Pb Pb Zn Zn Co Co Ni Ni Hn Mn %Fe %Fe 

1 8 8.0 5 4.0 12 21.0 5 5.0 5 20.0 170 152.5 0. 70 0.57 
14 5 2.5 5 4.5 10 14.0 5 3. 7 7 15.0 150 135.0 0.50 o. 45 
50 12 17.5 5 6.0 15 20.5 5 8.8 5 12.5 215 225.0 1.10 1.00 

** 591 160 164.6 15 7.4 100 98.8 25 21.5 25 17.3 850 628.0 2.80 2.63 
63L 22 22.5 5 2.0 20 2 7. 5 5 2.1 5 6 .. 0 225 212.0 1.10 0. 85 
65H 18 17.5 5 6.0 13 17.0 5 4.5 5 6.0 140 140.0 0.90 0.80 
65L 25 30.0 5 9.5 20 30.0 5 5.0 10 6.0 230 250.0 2.00 1. 80 
66L 8 8.0 5 8.5 10 17.0 5 3.5 5 4.0 135 125.0 0.65 0.50 

** 67 15 16.5 5 6.9 25 37.0 5 4.1 5 11.1 190 189.0 0.90 0.75 
t 6203 7 25 90 15 30 295 1. 20 

70A 165 151.0 175 175.0 340 202.0 40 30.0 15 66.5 590 575.0 7.50 5.60 
70B 60 62.5 65 62.5 200 187.0 30 26.5 15 19.0 560 540.0 3.30 .J. 80 
70C 15 15.0 15 19.0 48 62.5 12 8.8 10 12.5 330 300.0 1. 30 1.00 
87 27 30.0 5 3.0 10 19.0 18 19.0 5 10.0 460 500.0 0.60 0.56 
89L 15 15.0 5 3.0 18 28.0 5 7.5 5 6.0 190 180.0 0. 86 0. 86 
91B-H 42 48.0 10 8.0 20 26.5 10 6.4 10 15.0 230 240.0 1. 80 1. 30 
91B-L 20 22.5 10 7.0 25 28.5 10 6.5 10 26.0 350 310.0 3.30 3.00 
92B-A 380 300.0 20 19.0 50 50.0 15 10.5 15 14.5 595 550.0 10.00 10.00 
92B-B 50 54.0 30 37.0 35 80.0 10 7.5 15 12.5 440 332.5 4. 70 4.50 

t 6204 7 15 390 12 20 185 1.10 
92B-C 42 52.5 25 23.5 25 31.5 12 7.5 15 15.0 330 275.0 3.00 3.40 
92B-D 37 37.5 10 6.5 18 24.0 15 12.5 5 10.0 285 260.0 1. 30 1.10 
92B-E 35 40.0 5 6.5 18 24.5 10 2.5 5 15.5 255 135.0 1. 20 1.10 
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ACCURACY A.'iD PRECIS ION OF A TO~II C A:BSOR!'TIO:\ A.'lAL YS E5 

RAW DATA - C0~1PARISON OF VALUES OBTAl:-;ED r:-; THIS STUDY Al'W RY ATL\.'iTIC i\~P.L YTI{:AL SERVI CES LTD. 

., 
AT. A. * AT.t\. * AT. A. * --- .\T. A. * xr. ,\. * AT . A. ;'(. · AT . A. 

,p· 

Sam12le Cu Cu Pb P.b Zn Zn Co ~ .?L__?:!i_ '1n '1n ~ Fe 

93H 8 7. 5 ) 7.0 16 2'3. 5 5 . 2 . 5 :;. 30.Q 150 135.0 0. 80 

93L 7 7. 5 5 6.0 8 15. 5 5 7. 5 . 5 . 6 . 0 1.35 130.0 0.60 

'94L 221 24.0 10 16.0 20 25. 0 5 7. 5 5 20 . 0 120 240.0 l. 00 

9 5 t: 8 7. 5 5 7. 5 10 85.0 5 5.0 5 10.0 140 120 .0 0 .60 

9fll 42 3 7. 5 10 9.S 48 90. 0 ·18 18. 5 '!0 . 15.0 800 725 . 0· 1. 70 

97H 35 . 33.0 8 5. 5 30 . 6 3. 0 15 11.5 lQ. 15.0 390 450 .0 3. 30 

6105 ·5 5 20 5 
. 5 135 0 .45 

102-A 38 38.0 10 5. 5 20 29 . 0 5 " 7 10 '1 4 . 0 145 136 . 5 . 2 . 00 

103 :no 231.0 J.O 7. 0 . 35 36. 0 65 50 . 0 15 18 . 5 960 . 900 . 0 3.16 

104 65 60.0 10 6.0 35 39. 5 15 8 20 15.0 510 480 . 0 3.60 
.. 

AT.A. -·.Atlantic Analytical Servi ces Determinations + B l.:~nks run by AT. A. 

* - Thesi~ Determinations ** - Control Samples Ana lyze d 10 •x · 

,... 
' 

* 

ZFe. 
0 . 60 . 
0 , 50 
0 . 90 
0 . so 
2 . 20 
3. 40 

1. 90 
2 . 80 

·3-. 60 

..... 
O · 
w 

.. 
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ppm. C:t 
o!'b 
Zn 
Co 
Ni 
Mn 

Tah 1<> 11: ACCURACY OF CHEMICAL ANALYSES 

315 540 
N.A, 
64 
70 

490 5 
5 
5 

:7. Fe· ' 

9'i0 
N. l\.' 
32 

120 
3850 
619 

10.06 
0.94 

28 
105 

2700 
575 

10.00· 
0.9R 

2514 
1161 
9 . 94 
o': 44 

57 
54 

1500 
1088 
9 ". 50 
0 .46 

. 5 
5 
5 
5 
3 7, s 

X* 
• 

mean of val ues obtained by. the author 

\ n umber of analyses 

** puhlishl' d values in Faye (1972) · 

,. 

:> • 

' . 

1 0~ 

I 

. I 
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Tabll~ 12: PRECISION OF LECO SLTLPHUR 

SAHPLE ~-
s, 

*Bb .. 496.20 37.39 

• 
*5.9L 72.20 10. 79 

• 
67 Trace 

91BL 393.66 9 . 81 

92L 253'0 .'DO 21. Zl 

97H . 197.50 3. 54 

• 

X mean 

S Standard Deviation 

number of determ i nations 

EX Standard error of the mean. 

* Control samples 

. · 

--------:- -·"· ------ ~ ·- -- --~---~ ··~........___._ ...... -·- ··· ' ' 

~'iAl.YSES 

t:X s 

11.82 10 

3 . 4 1 10 , 
3 

5 .66 3 

15. 00 2 

2.50 2 

. · --~- ..__ __ .. ' _._... .. .,._ __ -: ___ ....;_,_ . . : · . 

~. ; 

.... / 
.. ...-----

.. 

\ . 

I , 

· ~ 

I . 
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( 1974) !'l'ints out thnt gt'<'Cht·m i ,·,tl. anomali e s, and numerous mi~es, wen.. <> 

I . \ 

fo und long hcf,)rC COm pUtl'rS C<.lnft' int n 01:ing, ·and S lOC P tht•n ilS WE'll by_· . < 
c.. . 

virtue i> f tlw prope r i ntv rpr~'ta.t ion p f ava i lob i e ·geoch emi c a l d;tta. l~1wkes 

" . ;ind \.'e bb ( l 962) strL·ss that statistical meth.otls ·sh.pu1d b e use-d solely 
. . ' . 

as . a disci pi in;try guid l! .1nd n eve r .1s .1 r eplaceme nt f o r -qualitative 

appr.1 is a!. 
'. 

The· Sheff it•ld . Lakv Indian Pond ·geochemical- d .;;ta is presented, I 

insofar as poss ib_l_,e, as "real" da t <l (Shilts, 1973) with a m-in i mum ·o f 

transformation ~ y· st a t isti~al ma~ipulat-ton. 

Ba,·kground is d e fin e d as t l;ie normal ab undance o f .1n c leme nt ·in 

' b;tr r l'n L:a rth mater ia l (Hawkes .end .Webb, 1962). Thre shold is defined as · 

fluctuAtion 6r, statisti c~l.l y . as 
. I " 

·· ,...~ · 

, r 
tht· uppe r 1 imi t of normRl ha .i'kground 

r 
tlw mL•a n"plus twi.ce thl• . standa rd deviAti o n. An ~nb~aly is def ined a s a 

d<·vi.1ti,\n fr nm th <· n o rm o,t those v.1lues; which lie beyond thresho ld <~ n. <l 

f n·quvncy d istribut i fm yurvl' o f th e da t a . 

F;-tc·h l'lPmL•nt has 1,ts.. own dlst ·i n c tive background, thresho l d, a n d 

pnssih l y Anomalous v~lues~ I n the Sheifield Lake· - I ndian ~ond area 

~wo till u·nits ar:e ;~JrPS('nt. Sam·p Jes fr om e ach unit . will ha v e separnt e 

h ack gr~und, · thres_iold , ilnd anomal ous values for each e lement '(see b e low): 

I . I 

I 
I 

...... \. round Su~ face 

Rt>cl Till (t>.g., Zn Thrt>shn ld . 1, 300 'ppm). 

• 

.•. 
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'• 
F.-l e mcntal Ci:-ochcmistrv and R('sults 

• 
Kr;111sknpf (19n7)_.points out that thP process of c hemidfl 

. ' 
Wl';Hlwrlng·. n f Rulphid('s 1) g(•ts the met-al ions into solution or int o 

s t ah It- insnluhle c nmRounds, 2) produces r<>lativel y r~cid fioluti ons ,• 

and 3) converts .sul phid(•s to sulpha'tes. 

Optimum c onditinns for sulphide dissolution natur.,tly oC'c-ur 

:·thov,u the z unl' of permant>nt saturation (the water tahll, ) , however, ' 

desn~ ndlng oxygena ted wat e rs can <>x'tend oxidation to· de~(hs far below . 

t ill· ph rea tit' surfac (• (Hawke.s and ·Webb, 19n2). Cr~venor and Stupavsky 

(19l4) s tate that o xidation in t ,tlls c.an 9e found at depths o f three 

rn<'trt•s or mL're. 

In pol Ymetallic s ulphidl' o rchod i~s the oxidation of one· mine ral 

\ ,. 
.i .<; nftt'n favoured o ve r th<lt pf o thers in sulph;ide aggregates.. Th us. 

't 
in a deposit cons i sti ng of c't,lcopyrit c r~nd pyrit e , the cha l copyrite 

i s Px idi zL'd prefPren_tiallv to the p y rit t> · (Hawkes a nd _Wt>bb , 19n2) • 

In the final stages o f ctwmi cal' weathering 

s uh<~utcropping on: i1ils hecomt'•~;les ulphuri zed aL 

. 
of 'sulphides, the 

disburdened of most 

heavy metals (Ki~iter, 1968), leav'fg .only those'Redentar:t compo,unds 

dt>riv<' d from tht· weath<c' ring of ' t he s ili c:;r~ t e gan g ue. 

RegA rdl es·s o f the ordE'r in whi ch sulph.ides ox id·ize, they 

usuallv· go through a s ulphat e s tage "(Kreit e r_. 196/i). Most metal 

s ulphatt·s diss;1lvt> readily in wall•r. The greater the acidity of the 

' ~oundwat~r ; the st ronge r i s its le<Jching action, and the more 
,• . 

sr~tur<'lted -i t ht> comes with. so.luhh• sul.pllr~t es- . As~ result, many e'leme nt s 

,Jf ( • "wash~d out" of tiH' primary, s ub outcroppi.np, s ·uJphides wi.th a 

mark<•d .t ende ncy toward disp<>rsfon gQverned o nl y- ·bv the · llligrati on 

~ . 

·. 
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, 
l) ropens i~ ies of the c> lc>mc>nt involvPcl. 

~icke 1 (:-Ji) 

General Occurrence 

(Hnwkt•s and Wt•hb, 1962L It 0ccur s , "prim:trd ,· :1s [',>ntlandite- NiS f . . . 

( t o :1 ll' sse r (' x ten t as M i I l <' r · i t <' .; '\ i ;; and ~ i , ·, · o 1 i t e f\1 i A.~) wh i c h i s . . , 
l:thile ~n oxirlizlag cond itions ;m d q 11 ipklv a ] t,·r ~: to nic:kcl sutpMft_e . 

Nickt'l is a l <>ss mnhi le (•lt•mt •nt' tl1.111 Cnhalt h ttt is mo re so · than 
,• 

("Hawkes and. Wc hh, 1962) is ,1f't~n limit ('(! in riH· P p i~<' nf'tic e nvironment : 
_.,;.·~ 

h C'C1ttse of its affinitv for r"pr<>c ipit :tt i c\f1 or s :'r rri nn f r om s o lution 

'' " hvd rntis m;mgan('S(' nnd ~ ·r0n ''Xidl' p r ec I r i rates :mel hv 'c lav mi ne ra ls 

Nirkc> I i s n 11sef ul t \ <leer P lt>men t t11 t lw Dr"i ft l~rospl'\ct ci r 

primaril y hC' c auRt< of its high mob i,l itv. flue to this· propert y · a much 

1arg(•r N.i'anomal0us . area can O<'<'llt; in till t han th,lt produce d hy the ,. c' 

IPss moh i i f' t> lements ( i .<'; l'h). 

A st;!m;lnrd mPth od of Ni ;ma l vsis hv 1\ . A,S. i s available . in the 

• 
litt•rature <1nd Ni lends itsP lf t o _cli.ssolutinn, jn the . h 'o t, HN0 1 .- HCl 

19 74) . 

As· a fir st approximat i o n t o the r eg innal hackground o f an 

vlemt>nt in· tlH' "c" znn<' of i'l j'X)d zol dcvC'lnpf'cl on glac)al ti 11, 

avPr<lg( ·. d:1ta o n · tin' tmdcrlvin~.: hedrock of the ~?t udv are a c an he 

u ti li z Pd. /\s described in r.h .- Jpt~r Tl the.ht•droc k of the art"a of 

.) .. 

·. 

• 

J . .. 
.-,_ 



most intensivC' study wi. thln the She ffi e ld L<tk P - ln'\ian Pond are a 
...... . 

cnnsists dominantl y 11 f ·:m·d<'Si tl:' ( o r da ci t e ) wi th g r ,{ni'to id litho l ogies 

Jn thl' "up--ice" <lire(·tion. 

Res ults 

Thurlow · (1973) I n a stud y of barren andesitP se q·uences assodat~d 

with ttw · n(•arh y Buchans orehodies (whi c h hAve been dencr'l.hed as heing . 

dl'\Wsit e d in the same environment AS tlw Sh e ffield L<~kP- Indian Pon-d 

:mdl' s itC's h:>· 14illiams, l<Jt17)" rq10rted Ni con ct>n ~rati ons . of 19- 29 ppm. 

nll~ :01na lysis nf t wo ande.:;itP samples from the study a r l:' a ( h'y t he same 

parri.1l Pxtraction tPchn.ique us Pd fo r the till samp .l es ) y iel ded va lues 

nf '10 ppm ( t,ut"s id(• the z on<' nf maxim11m f1o a t il<'c umul at·i nn) and 55 ppm 

(s 1 i ght I y ".11p-i ce" from tJw main f !oat zone ) (Fi_gure 2) , 

Tlw " C" z nnP of th e g lac ial till direc tl y overl yi ng t~cse r ocks 

wnul d hl' l'XpC'c t e d to have a hackgro~rld value l'Onsiderabl y lowe r than 

that ,,f tlw ho;>drock ( Erme n gen , ·19 5 7; Mehrten s ~ 2..!_, 197 1) u,nl ess 

s ul phide miner <di z ation, wh i ch in c luded an appreciable 

wa s in the s uboutcroppi ng he drock, . 

TIH' Lowe r Red till in thl' Sheffield Lake- Indian Pond a rea 

h()\,pm.· T1ll' l on£' anoma l(liJS V;ilue of o7 ppm. 

~hre~hold (~of 

(X + 2S+) o c c ur s in sample 

has :1 hack~rnuod (X) va lue o f 22 ppm Ni an d a 

'!1 701\ - (Fi~ure )0') • . 

,\ sP concl ovPrlyln g . till-unit would be e xpe~: t ed to show somewhat 

lowt> r hac kp;round values , (a diluti o n factor) <' Ve n taking into account 

the· migrill!ion p rnpe ns it v n f Ni. I'(l th P llppP r f.rpv t i II. t hP ha c kground 

. ,.-- .. 
20 ppUJ, i: s.11rpris inR l.v c 1 os(' ~ () that of thP Lower Red t'i ll. Thi s is . 

prnh ahlv :1 rt>flt>ction o f the mohillt"v nf Ni in ttit• epigf' net il' 

llO 

: ' \ ., 
'· 
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l ' rtvironmt•nt. 11w tltn.•shold is 55 ppm. Two anomalous values of oR and 

fi "l ppm. l)C c ur tn t i ll' east n f tht' zone of main float occurrence 

~Figure 11), 

In tlw study art'a thl•n, Ni, which should he in anomalous 

C]uantitit•,; in trte main float zone an'd, therefore, be a good tracer 

t'll'm<'nt and lwlp dl•limit the float source, does not do so. It must 
"" 

hl· ;.t:;;;-;umL'd, tlwrl' forl', that the source sulphide mineralizati on is 

C!:!ne ral Occurrence 

Coha It i·s a Side roph Lle (to a lt>sse r degree cha leo phi I e) <' lement 

usual!~· associated in sulphide deposits wit h iron, copper, ni ckel, . 

<Hsen ic, and silvt>r. It occurs primarily as cohaltite - CoAsS or 

smaltitl' -'f\,As ' · , hot:h of whi ch are labile. in an oxidizing environ-
'-x 

ment and soon alter to cabalt sulphate in the secondary environment 

(Kreitt>r,. 196H), 
} 

( 

Cobalt is COflsiderah l v more . mobile than copper or nickel (Canney 
·• 

ilnd I.Jing, 19h6); tPwf'ver, its relative l y high mobility is often limited 

in thP . e p·igenetic environment by the._presence of arsenic which retards . 

' its migrdti on by •fixing cohal ~ sulphate in the mineral erythrite-

Thl' e l emental distrihution and conc~tration -of· Co in till is 

~tl so restricted by co-prec-ipit a tion or adsorption in the secondary., Fe . 

.. o r Mn produrts of we a thering a nd a l so by clay minerals (Hawkes & Webb , 

19fi 2 ; ,Je nne , !966; Cave tt, 1973 ; Covett' £_£ .al., 19.74; Levinson, 1974). 

113 

f .• 

1 
t 
l 

I 

f 



Coha lt is ubi quit ous as a trace element in sut'phide deposits 

<I IHI is, ttwrefon· , a useful indicator element t o the Drift ProspE>c t or, 

A standard method of.Co analysis b y A.A. S. is available in the litera-

turt' , how~·vt• r, Co is not readily attacked by dilute acids particularly 

dilute HNO l . Fustn (1971) points out that Co is attackt.!d more 

vigt>rously by HCl . than by HN0 1 par.ticularl y if the acid is heated. 

1~w bui ling HNO , - HCl ·acid extraction, utilized,, although not the 

optimum medium fo• .Co dissolution was conside red sufficient ·for the 

purpose o f this s .t ud y . 

ResuLt,; 

The average · concl'ntrat ion of Co in a ndesi t es similar t o· those in 

tlw . Sheff i P ld Lakl• Ind ian Pond a r ea (Thurlow, lf.J73) is in the rangE! 

o f 2 1 to 10 ppm. In the 2' a nalyzed samples of bedrock andesite from 

th~· · SheffiPld Lakt:• - Indian Po nd area Co. va lues were 47 and 29 ppm. 

A some wha t lowf'r background value than this would be expected in 

ovP rlying gl acia l sediment s unlE>ss bedrock ~ulphide mineralization 

.con ta ining Co occurs ·in the v~ ci nity. ~ -

Tlw Lower Red ti 11 in the study area has a background (X) val ue 

o f 2 1 ppm. Co and thrt!shold (X+ 25) value of n4 ppm. The lone anoma-

lous valtw (X .+ 2St) nf 70 ppm. O('curs in sample 97-Low (Figure 32), 

Background (X) is only 6 ppm. Co in the Upper Grey till; which 

prnh ah]y reflects thl' scave nging of Co by limonite and . c lay mine rals 

in tlw Red til l, t.hu~ r estri c t ing its dispe r sion into the overlying 
, . ., 

unit. The threshold (X+ TS) value is 20 ppm. Three ano~lous values 

do ·nccur in the Cre'y .till at sample s ites 69, 87 and T03, · ~11 . of l<lhich 

4lr.(") in the main float occurre nc.e area (.Figure 33). 
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c;oh<llt, thPn, prohahly is a very worthwhile tracer element in 

the Sht>ffield Laker Indian Pond area since it outlines the main float· 

area. Its use is hind~red somewhat by low background contrast due tit 

its affinity for limonite sorption and possibly to some extent, by 

the acid dis~olution used in the study. 

Copper, Lead, and· Zinc 

The ,.'old .standbys" of exploration ge'ochemiilts the world over are 

0 f primary. importance to this study since all three elements have been 

r.eported as . occurring in the float, but only Cu is present in economic .. 

}luantities (up to 8,2%, Malmquist, '1961), 

·• Copper, lead a~d zinc art> Chalcophile elements, u'sually as·sociated 

with each o.tl'ler in sulphtde deposits and variously ..,ith Mo, Ag, Au, 

. Co, Ni, Fe, Mn and As. (Hawkes and Webb, 1962). Chalcopyr;ite' - C1,1FeS; 

and bornite - Cu.c FeS, are the c!re minerals most often mined for copper 
' ) l . •. . . 

although their oxidized equivalents, malachite· ell.; (Co
3

) (0H)
2

, cupri-te 

Cu? 0 7 ) , e~c., are locally importan,t. The two primary ores of copper 
# : . 

have been rel?orted in the Sheffield Lake. - Indlan Pond float (Mal•quist, 

· 1961) • . Both miner~ls are labile in oxidizing cond!ti?ns and quickly 

ar.e we a thered to osulphate or carbonate. 

Galena - PbS, is the most important ore mineral of lead. In 

oxidizing conditions ~alena is we athered to relatively insoluble " 
/ 

anglesite - PbS04 • 

' 

J • 

' The most import ant ore taineral of zinc is sphalet:ite 
I 

ZnS, a 

labt"le mineral, It qui ck~y alters· under'oxidizin-g conditions, first 

... 
' 

. ' 



to the sulphate phase ·. possibly due to bacterial acti on (Starkey, 

1966) and then to simthsonite - Znco1·, which is often visually 

mistaken for limonite. 

\ 
The three E!lernents have widely varying migration propen~ities. 

Zinc, the most mobile, has amphokeric properties (Ermangen, ·1957; 

Haw9s c:nd Webb, 1962; Riddell, 1967; Garrett, 19p9?. ,ijo~~ver, the 

' ·. 
hi,gh rnobili~y of Zn, is restricted by adsorpti6n on iron and manganese 

~ydrated qxid~s (Hawkes ' and Webh, 1962; Hoyle !.£_ !!.!_, 1966; Krauskopf •• 

1961; Shilts, 1971; Govett !.£_Q, 1974); by ehsla.tion with <>r.ganics, 
, 

and because Zn is preferentially sorbed into latti ce poS'itions by . . . . 

cl'ay minerals ' (Hawkes and Webb, 1962; Shilts, ~971). 

Although . the mobilities of Zn, Co, and Ni, are somewhat greater 

th~n that of' Cu (Ermimgen, 195?; Hawkes and Webb,, 1962; Canney and 

Wing, 1966; Levinson, 1974) the latter is still considered to be ·a 

relatively'h{ghly mobile element in acid envir.on01ertts (Kreiter, 1968; 
. ' 

Morrissey and ~o111er, 1973}, especi.alJ.y below pH 5.5 .(Hawkes and Webb, 

1962). The mobility of Cu,· however, like Zn, is restrieted · in the .. . . 
epigenetic envir:on~nt, b/ chelation with ot;gan.ics·. (Horsnatl an~ 

Elliott, 1971), sorptioo with clay mfnera.J.s ·(Hawkes and Webb, 1962) 
• • • 4 • . • 

. • . 
and coprecipitation' occlusion and absor-ption ·With Hn - ~nd Fe 

-hydroxide precipitates· (H~wkes and Webb, 1962; C~nney and Wing, 1966; 
· , 

·Jenne, 1966; Hor"sriail: and Elliott, 'I971; ·. ~hilts_, i973). 

The l.~~ast mobile .Qf.· t~e three· .elements in the. ,episenetic environ­

ment is lead. ·The sulphtlcie form, ·gal~na, i; relative:ty unstable and 
· . I . .- · . · o . 

weat_her:~ eas~ ly to ~he }ulphat~ f~rm ~hic':t is Jn_s~luable in water 

(Hyva rinen, ' 1967, R:tdde-il; 1967.; : K~ller, ·1968; Kreiter, 1968; Mehrtens 
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~ ~. 1973). 
• I 

As well as its demonstrated insol~bili ty and, 

therefo~e, low mobility, its dispersion is even furthe~ restricted 

.bY the same scavengers that affect Zn and . c~-organics, clays and 

limonLte (Hawkes and W~bb, 1962). For these reasons then, Pb is 
often relatively_ enriched in t.he epigen~tic .till e•hvironme!lt .near 

its suboutcropping bedrock SOIJrce, as a result of the leaching~ o'f the . 
' .. , • . f . 

more·mobile co~stituents of th'e .deposit .. · , . 
·~ . 

·Copper, l~ad and zinc are usef:ul traeer elements to .the Drift 

Prospector prim~h\ly because of their varyi,ng mobiliti~s and their eco-

nomic .potential. Zinc, the most mobile, ~an indicate an6malous ~reas 

at the reconnaissance level of explora-tion. Copper, btdng less mobile, 

is important' in the follow-.up phase in . that its anomalous area is 

smaller.in area, and .'lead, the least mobi"le, is generally effecthe 

in idelil'bi tin.g the source area ip t"he detailed phase of. the stvdy, 

since its anomalous cot1cen.trations are only located· close .to bedro.ck 

mineralization.·; 

Standard' methods of Cu, Ph and Zn ana;Lys'is by A.A.S. which are 

·capable of High precision and ~cc..uracy wit~ a mini~um of experi~e .and 

time per analysis are availab~e in t~ literature. Copper, zinc · and · 

lead at'? easily dissolved in the 'hot HNq ~HCl ·add e.xtr:action 
. . . ' ~ . . 

0 i 

prevLqusly outlined (F. Goudie, Pe:rsonal Communication, 1974) • 

Results 

BedrO'Ck background 'values for these eleme~( in similar andesites 

(Thurlow, ~73) are·: G:u .. 53-72 ppm., Pb=24-25 ppm. ~nd Zn=-83-9~ ~ppm • . . .. 
The corres.~onding :va lues fro~.the two She~fie ld Lake- Indian Pond · 

...... 
. andesite': samples are Cu=l5 and 120, Pb= 3 and 6, and Zn=l4 artd 30. ppm • 

·' 

.. 
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The Pb background value in the Lower Red till samp les is 25 ppm., · 

well aboye rhe J-6 ppm. in the bedrock samples from the vicinity. 

The threshold value is 120 ppm. One anomalous value of 175 ppm. 

occurs attsample site 70A (Figure 34) • 
. , 

Zinc in "the Lower Red till has a background value of 63 ppm~, 

also well above the 14-30 ppm. occuring in the andesite bedrocL The · 

threshold value . is .168 ppm. Ag~in sample 70A has the lone anomalous 

value (200 ppm.), 

Copper has a background va~ue of 92 ppm, and a threshold value 

of 254 ppm. The anomalous value of 281 ppm. ocours in sample 92B . 

(Fig~ 
Dreim is (1960) has stated that a 200 ppm. value for Cu in 

till reflects a 2% concentration of that element· in its bedrock source, 

These results, therefore, suggest the abundann> of Cu in . the 

/ 

bedro<;k of the ~icinity. It must be considered then · that sample site 

92B is close to but probably s~ill some distance "down-ice" · from the 

. ' I 
bedrock source of the Cu-rich float j)ou!ders. I 

I 

.Both Pb . and Zn are enriched 'in sample 70A which is some .d~stance 

"down-ice" from the main float occurrence•, however·, as- will be 
I 

/ 
discussed in a later section~ this anomaly is probably a spurious one, I 

l 
due to the high Mn concentration associat'e'd with it • . . 

J ' I 

1 
• The Upper Grey till iq the region has background values of 7 PP'li• . ' 

· for Pb, 34 ppm. for ~n. and 29 ppm. for cu.. The corresponding thref old • . 

values are 14 PPD1·, 8J ppm. and 93 ppm • . (Figures 35,37,39). I 
Contamination from outside so,urces is often an 

~tidn in glacial drift studie~, especially for Pb. 

I . / . 
.important cQtisider-

: I -
Lead enric~ment 

/ 

I 
I 

I 

X 
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can oc,·ur up to hundrPds of fePt from highways as a re s ult of aut omohi l!:! 

l!xhaust and the Ph l'Ontent of fu(;l sl (Levinson, 1974). As mentioned, 
I 

in the introduction, tlit' study area is b isected hy the old trans-Ne·w-

foundland highway (#2) - the only road across the province unti l 1967, 

and so Ph contamination must h(~ consid!:!red as possible in the sample s 

co llected in the area. 
I 

!~ad contamination,.if present in t~e area, would he e xpe c ted t o 

· give erratically high Pb values in the Upper Grey till. Apparently, 

such contamination has had little or no effect here, probably b!:!(:ause 

th~ sampl e s were taken frol)l the " C" horizon in .the til l , .below the 

zone where downward perco lating meterori c water has had any ~ffect on 

thl:! Ph conceotration. 

Va I ues -s-1 ight ly above Pb threshold occur at 7 locations in the 

s tudy a rea, howe ve r, none of these seem to define' any one anomalous 

area , a nd therefort' they must be coniidere d as insignificant erratic 
~ 

highs (possibly due;' to contaJ!Iiilation). 

Anomalous Zn concentrations occur in 5 samples · from .the Upper 

Crey till, 3 of whi ch (1196H, 89H and 69) are in the ma in flva t a rea 

(Figure 39). The · ~meari'ng, masking~ and dilution effec t of the second 

i ce advance in t he regi on is here again demonstrated due to their 

relatively low concentration~. 

Three s~mples from the Upper r. r ey Till have anomalous Cu values . ··· 

Numbe r 26 ( 200 ppm.) is loc ate d to tt'\e north east of ,the mai,n 

occurre nce . Othe r samples in this area have relatively. high 

·, 

so this area. be ars further· if1V~stigation. This is particularly true 
J 

in li ght of Dreimanis (1960) conclusion concerning Cu values in till, 

., 
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mentioned previously. Numbers 69 and 103 are also anomalous in Cu 

(98 and 231 ppm respectively). Both are in the main area of float 

occurrence. Number 1Q3, because .of its high · value and proximity to 

red till outcrop, (50 f~E?t to the East) must be cons-idered to represent · 

reworked Lower Red till material, Number 69 is well "up-ice" from }03 

and possibly its high value can be more easily linked to a proximal 

bedroc.k source . 

The Cu and Zn values in the Upper Grey till and Lower Red till 

tht>n, generally outline the main float occurrence area . Lead values 

are, however, erratic in the grey till anel might be t..r)l~d :,:to contamination. 

From the above results, it is suggested that overburden drilling 

in th~ vicinity of 1126 hnd "up-ice" from 92B (near #69) would be an 

' \ 
obvious next step to delimit the ftoat source, (Figure 12), 

-Mangant.' St> (Mn) 

c;eneral Occurrence 

Hydrous oxides of Mn and .Fe are nearly" ubifJi tous . in· glacial 

sedime nts, both as partial coa tings on other minerals and as discrete 

oxide particles. Some 36 o xidic manganese minerals are recognized as 

opposed to only about a halfo dozen iron oxides. Dominant among the . ~ 

con e ret i_onarv Mn minerals in un c onsolidated sediments are lithiophorite,. 

hirn<>ssi t e <1nd hollandite (Jenne 1968). Other Mn minerals of importance 

in c lude pyrolusite- MnO:· • hraunite- (Mn, Si) 20 3 , pSilomelllne- (Ba,JI
2

0 )
2 

I 
Mn 0 a nd rhodoc rosite - MnCO , . 

' 1 r; ' 

Manganese is a lithophile ele!llent which is often associated with 

massiv,, sulphide deposits (usuall y in pyrite and spt-JaleriteJ (
1

Boy l e 

e t ~'.l· 19h6). It . i s readily nxidized even under . onl y slightly 
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oxidizing conditions (i.e. below the water table) ·(Hawkes and Webb, -

'• 1962) to dioxide or hydrpxide forms. How~ver, the primary importance 

of Manganese hydr9xides to the Drift Prospec;tor is their great 

capacity .for co-pre"cipitating or scavenging cations of Co, Cu, Zn, 

Ni, Pb, Au, Ag, etc. from solution. (Hawkes and Webb, 1962'; Boyle !! .!!_, 

1965; Brotzen, 1967; Hornsnail and Elliott, 1971; ShUts, 1973; Govett, 

.1973; Meyer and Eva.ns, 1973; Govett et .!!.!_, 1974; and others.) 

· ,Manganese and 'iron' oxides control the fixation of many elements 

in ~lacial till. Since they : often occur as coatings on other minerals, 

they can exert chemical activity far out of proportion to their total 

concentrations ('J~nne, 1968). Brotzen (1967) has pointed out the strong 

correlation between Mn .and Fe concentration and that of heavy metals in 

un~onsolidated sediment;s. 3oyle ~ al . (1968) reported similar results 

from a stream sediml!:nt survey in:New . Brunswick. 

·. TI1e presence of Mn compounds !s consid.er~d significant ~n explora-

t!on · - hoth as a pathfinder element and as a means of E.'nhancing minor 

met ;J l anomalies (Cavett -et .!!..!.• 1974). However, the scavenging ·ability 
• 0 . 

of Mn conu>ound;_; can produce spurious'anomalies of other elements in 

!(l..:lcial sediments (see discuss ion of sample 1170A in the sec tion on 

Mode ~f Occu.rreT]ce.) . 

Manganese is readil~ attacked by the diiute ac.ids used in the 

pre-treatment of samples in this study, and standard proced'utes of 

Atomic Ahsorption Spec·trophotometric analysis are available in the 

/'\. 
litl•rature . • 

'· i 



Results 

Unmineralized anliesites associated with the Buchan's orebodies 

analyzed·by . Thurlow (1973) . were foond to contain approxi!f!ately 1239 
~ . . . 

ppm. Mn after a strong acid digestion . ..... 11'l~ two andesit;e' samples analyzed 

·in the Sheffield Lake - Indian Pond are·a, by means of the partial e-x-

traction outlined form~ .. rly, yielded values of 163 and 680 ppm. ·Hn 

. ·• 
respectively. The higher of the two values was obtained from .an 

andesite sample · collected nea.r the IIKlin,float ar:ea . 
. . 

The Lower Red till ove'I'lying these rocks would be expected to 

have background values lower than those of the andesite. The back-
• f 

ground vaiue for Mr1 in the Lower Red till is 491 ppm. and the threshold 

value is 1J38 pp.m. Sample /197 low is anomalous· (1700 ppm) ' (Figure 40). 
• r !/ . 

In the Upper Grey . till the background ~alue is considerably' 

. . 
lower that:~ that of the red ti 11 (254 ppm), indicating the low mobility 

of Mn in the eJ?igene~ic environment. The threshold is 530 ppm. 

Samples /169 and tfl03 from the . ina in .1'roat area ha.e anomalous valu~s · of 

625. and 900 ppm., respe c tively • . Samples 1112, situated near Sheffield , . 
'Lake, and /148 and 1/49 ·Straddling the trans-Newf().undland Highway a mile 

t 

eas t of the· mai'n float zone, are a lso an9malous·, with values of 800, 

585 a od 750 ppm., ·r espec tively • . 

It must be interpreted then, that the significance of Mn in the 

study arE>a is twpfold. First, Mn, as we .ll as Fe Oxides which were 

alwa-y s present in the samples ·(Table 14) are apparently capabte of 

concentra t,ing the other ~lements . of interest.. Second, because of the 

genera'Jl.y hig~ concen'trations it t>xh.ihits in the Lower Red till (Table 

13) a~ad in the Upper Grey till of the main float zone, Mn must be 

• 
f 

' 130 



131 

.. 

•·· 

~ 

•• • • . .... . , 
l j" 6 . 

.. y l 
N 

()(0 

A r.Mn 
w >t (Anomalou~) 
e i to t (Thresh~! d) ,,, 

. t 
• i(Background) 4fl 

.· 
Figure 40- - Distribution of Mn in Lower Red Till 

,, 



• 

• • ... .. " • 
• L} 

• • •• 

J y 
•. N . 

• u~ 
,( ~ 

iO 

~ . u.g.~n 
. .• >t (Anomqlou~) · 

e :• tot (Th'reshold) no 

~, ... 

· • · i (Baclc~round) u• 

Figure 41 - Distribution 6( Hn in Upper Grey Ti 11 



.. 

.. 

considered a very important tracer eleme,nt in th~ Sheffield I?ke -
• 

:fndian ·Pond a·rea. 

/ 

Iron (Fe) 

General Occurrence 
--~---------------

Iron is a siderophile element which usually occurs in sulphide 

deposits primarily as pyrite - FeSz, marcasite - FeS2 pyrrhotite .~ . 

· Fel-xs' and chalcopyrite - CuFeS2 , all of which are labi;le min¢rals • 

. 
The oxidation of the polymorphous iron sulphides~ pyrite and marcasite, 

produces an acid environment that promotes the migration not only of 

the iron, but of IGllnY assoc.iated elements as well (Kreit~r, 1968; Hunt, . . 

1972). The oxidation process also r:esults in the production of 

e.).emental sulf:lhur and in the formation of higher v .alency oxides or 

hydroxides (Hawkes and Webb; i962; Hunt, 1972). Predominant among 

these secondary products of iron sulphide decomposition are hematite 

- Fe;- 0 , , amorphous f..erric iron- Fe 3 (0H) 3 , or, one or both of -tvo 

FeO (OH)'polym~rphs, goethite and "lepidocrocite.··" The last three 

minerals, which are · hydrat~fd oxides, cannot be readily identified on , 

sight and a~e therefor~ commonly labelled as limonite, a. non-cOlllllitta.l 

group name (Kelle r, 19~8) .• 

. The hydrous iron and ·manganese ox-ide.s are of particular concern 

to the Drfft Prospec tor because 1) they copr~cipitate wi'th a suhe'' of 

other elements, 2) during and afrer precipitation they have an affinity 
0 ' 

for scAvenging e l emental cations _with which they come i!l contact, 3) 

,.t hey, limit the mobility of a ll other e l ements ~normally associated with 

sulphid~ deposits, e ven unde r the 'low pH conditions caused. by Fe . 

' 

••• 
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oxidation which otherwise wo"'l-d promote tion~ 4) sp_urious anomalies 

cao r~surt from 1) through 3) above, 

• and ··wing, 1966; Jenne, 1968; Brotzen, 

1973; Nichol,, 1973;_ .Levin!ion, -1974). 

B~cause hydrous Fe oxides .in . 

·as coatings on silicate minerals, 

"creased far out of proportion to 

reactive surface attained • 

and Webb_, 1962; Canney 

et_ai, 1972; Govett, 
t? . 

ial sediments generally occur 

i r scavenging propensity is in-

concentr-ation due· to <the expanded 

. 
Nevertheless, although t hydrous ox"ides must be used with 

. ' 

caution by the Drift. Prospec or, theY, are i~portant tracer elements 

. . 
for sulphi-de mineralizat 

their-scavenging ability 
.. 

(Covet~ ~ al, 1~74), and the bonus of 

rves to enh~nce the generally law threshold 

contrast ~ormally endo .tered. in 6gJ.acial till samples. In fact, 
. . 

Hawkes and Webb (1CJ62 •point out that, 

"rnos t · of the· 
metal, · is c 
the cl9y mi 

Jenne (1 

al of c~astic patterns, including anomalous 
ained in secondary· minerals, principally in 

rals .and hydrous oxides. u 

states that the principal control on the fixation 

of heavy 100ta ... 
ppssibly the 

in sops is the hydrous oxides of Mn and Fe, and · that 

. ' 
orptiqn ot he~vy metals by clays can be traced to 

limonit~ c tings . on thes~ 'minerals as weil. 

.. It apparent then, that if a series of geochemical samples are 

to b~ · n in an· area, they ~hould include only one sorbent (organics, 

c lay~ o~ oxide~) (Shilts~ l9Jl) and that sorbent should be ~he hydrous 

~ 
s ..of Mn and Fe which are ubiquitous in all soil horizon!'! (e xcept 

s ibly, the l e a c hed,A in a pod:z;ol) (Jep.rie, 1968). The organics 
.. e. 

mofi t easily avoide d by sampling only"~," hori~aterfal and 
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organics and clays . are. readily removed by. wet sievi~g the samples 

(Appendix C). 

Iron exhibits low mobility in the epigenetic ;,e.nvironment, due to 

its rapid precipitation as limonite and hematite. Even so,4figh {~ 

values (in the percent, rlmg~) are to be expected in glacial tiU 

because virtually every rock type overiddE!n and eroded ~y ice contains 

Fe as o·xides, hydroxides·, : sulphides, silicate~, etc. 
4 

Howeyer, only • • 

near increased b~drock concentrations of one ·or more of the many Fe. 

minerals (e.g. a . sulpnide de.posi.t) should the values be appreciaply 

higher thah expected • . 

Limonitic precipitates an-d their adsorbed ions are easily digested 

in the dilute hOt acid leach used for. this investigation and a standard 

·, 
method of Fe analysis by A.A.S. i-s available in the literature. 

Results 

Andesites from the Buc hans area ' contain 6.6 to 8,4% Fe ..(Thurlow; 

1973). Co~p~r.a,ble rocks from th~~field Lake - Indian Pond area 

(digested by we.aker reagents) have i ted values of 4.8% in the main 

f1oat a rea and· 1.7% outside that zone (Table 1). 

The Lower Red till overlying the main . float zone andesite is . 

.. 
enriched in Fe but has a slightly l.,ower concentration than the bedrock. 

The background value is 4,65% and the threshold, 11.2%. An anomalous 

val.ue of 12~ occurs in s~mple 9-ZL. a short dist,nce . "up-ice" from 

the main float occurrence · (F.igure 42). 

The Upper Grey till would be expected to have much lower Fe 

"' conc~ntrations than the Lower Red till because of. the ~ow mob.ility of 

' Fe, A hackground value of l.H and a ~hresho ld of only _2·.4% seems to 

J 
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Figure 42 ;.. Distribution. of F.e ·in Lowe-r Red Ti.ll 
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Figure ·43 ..,. Pistribution o f Fe in Upper Grey till 
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bear out this dictum, Four anoma-lous value occur in the· main float 

area (Figure 43), These anomalous .values for samples 1169, 1196, #97 

.., . . :· , 
and /!103, Stretch along the dominaRt early ice flOW direction, and 

ou,tline the suboutcrop and outcrop o·f tlie Lower Red till amaz"ingly 

. ' well. Two other anomalous samples -1175 and 11100, occur to the e.ast; 

and ndrth e·ast of -the main float area, respectively. 

Iron, then, is a very worthwhile tracer element in the Sheffield 

Lake - Indian Pond area, The domi.nant metallic mineral in the float 

samples is pyrite (Table 1 ) • · Therefore; high iron \concentrations 

would be expect;ed in till -?verlying a:·nd ·"down-ice" dr~m ~he subout-
1 ' . I . . . 

cropping bedrock source, since the main dispersion mechanism in the . 

area ·seems to be mechanical rather than hydromorphic (see section 

on Mode of Occurrencei. 

Sulphur (S) 

-General Occurrence- · 

"Sulphur , although the one eleme~ common to all Sl.llphide 
deposits, has been· neglected in exploration geochemistry 
in favour of the more specific metals derived from the 
ore minerals ,forming the -exploration target" (Meyer and 
Pe ters, ·1973). 

Sulphur is a chalcophile element, and occurs in Cu sulphide de-

posits primarily as pyrite - [ eS
2

, marcasi.t e - FeS
2

, pyrrhotite -

Fe_l'-xs' bqrnite - Cu5 FeS4 , chal copyrite - CuFe S
2 

and possibly_ i n 
. . 

"" associated sphalerite .:. ZnS and gal"ena- PbS (Hawkes and Webb, l<f62), 

The weathering of sulphides produce s transient elemental sulphur 

.whic~ seldom pers ists {n. the epigenetic environment. Host of the 

i norganic sulphur in soi l s is in the sulphate form (Starkey, 1966; · 
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Hunt, 1972). As oxidation of sulphides progresses theparent deposit 

is gradually desulp~urized (Kr'eiter, 1968) and the _.sulphate thus 
~ ' . . .... 

produced is, in pa~~· adsorbed by silt and clay particles and, 'lfo .. •. 
' ' - , . . ~ 

importantly by f1n and F~ hydrous oxides (Meyer and Peters, 1;'{ . 
' 

product of sulphide oxidation is sulphiJri~ acid 'whic'h drastically -, 

lowers the' pH to 2. 5 or less (Le11dnson, 1974) and thereby .increase~ 

the mobility of all of the associated sulphide elements and'sulphur 

' ' 

,(Krauskopf, 1967). The sulphate form exhibits extreme~y high mobility 

especially under. low pH conditions and for this reason it . .is att 

important tracer element to the Drift ~rospector. 

It is a fairly obvious dictum that where metal sulphides occur in 

some quantity in bedrock, the overlying soil or _till in the vicinity 

can be expected to contain anomalous quantities of a 'soluble' mobile 

t.dement like sulphur. 

' 
In 1971 Brinex conducted a survey of the sulphur .:~ontent of soils 

in their Newfoundland Halls Bay concession area (Peter,s, 1971). The 

samples were analyzed for Fe, ·cu, and ~ Whe re an anomalous value for 
, ' . 

S coinc ided with anec for Cu then copper mineralization ·in ti\e f 'orm o f . 

chalcop'yrite was sus pected. Conve rsely, when a S anomaly coincided 

with an Fe a n oma l y : then pyrife mi nerali zation ~as,suspected in the 

underlying bedrock. This hypothesis was tested in areas o'f known · 

mi neralization and a good de g{ee of success _was attained. However. 

severa l S anomalies were found to he unre lated to /ei ther Fe or ·cu 

anomalies· and , t heir occurre nces are inadequat~ly e xplaine d by Pete rs 

(1 9 71). Quite possib l y they are due · to the st,pling method ,used, 
, -J , . • 

wh e reb y organic rich humus was included in the S:amp l e s . Since p l ants 

' 
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require sulphur ,i.n varying amounts as a- nutrient they te_nd to 

concentr?te it, thus more erratic concentrations would be expected-

in humus 'than in the "C" horizon, due .solely to botanical differences. 

Gunton and Nichol (1974), using ·the sulphur content of the -80, 

+230 mesh fraction of basal till, likewise had good success in 

outlining bedrock mineralization. They found tha-t values in the ra_nge 

of l.O?o sulphur in the till were anomalous. 

Th~ use of s ulphur as a pathfinder element' in drift prospectin~ 

studies has been hindered by the lack of a quick, accurat~, and reliable 

meth od of analysis. With the advent of the LECO SULPHUR ANALYZER in 

gl'0Chemica1 prospecting however, this obstacle has_ been largely removed-

(Foscolos and Barefoot, 1970;· Peters, 1971; Hausen et .!!..!_, 1972; Meyer 

and P~te:s , 1973) (Append ~x C). . . 
Re s ult s . 

The analyzed samples of andesite bedrock t:.rom the Sheffield Lake - _ 

Indi an Pond area contains 0.34~ and 14_.5% S. The lowe r value r~sents 

tht' andesite sample collected out_side the ma in float area. Three f l oat .. 
b oul~ers from the area contai n _be tween 23. 6% and 39.1 % sulphur (Tab]~ 

1) a nd Ma lmq.W,..c;t (1901) re ports the S content in one clast as 42.9%. 

The overlying Lower Red till of the area has a backgroun d value 

. o f on ly 579 ppm S, but a muc h hi~her threshold value of 2110 ppm, 

Sampl e 92L i,s anomalous (2530 ppm). These - re l ati-vely l ow va lues 

prohah l y indicate the· t e moval of_ the h ighly mobile sulphate ion by 

ci rculating acid groulidwater with only a very s mall propo rtion of tf1e 

S remaining adsorbed~to limonit e , or occ~:~ring in discrete sulphide grains. 
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· The Upper Grey till has a bac~ground S level of only 46 ppm, 

and a threshold value of 120 ppm. Anomalous. values occur in samples 

1192H (153 ppm) and #103 (245 ppm). Again the extremely .hifSh mobility' 

of S~ indicated'. although both of the anomalous values occur. in the 

~loat zone, 

Summary 

!:!anganese, the. only litholphile element stud~d, is rapidly oxidized 

in the ti 11 and almost as quickly co-prec,ipitated with ferric hydroxide 

or precipitated. in neutralized groundwater as o~clusions on·various 

miner.~! dasts in the i: i 11. It is a good pathfinder eleme.nt in th.at 

it is E>nriched in hoth till units in ·the main float ~one. 

Nickel, cobalt arid iro11, th£> siderophile elemenrs studied; have 
~ 

wid(•ly varying mobilities and effic&·y as tracer elements in the 

SheffiE'ld Lake- Ir:tdian Pond re.gion .• Nickel is · probaply . not a 

.worthwh.i.le tracer here b~cause of it.s low concentration in 'the b e drock 

, so~rcf' of tl:le float c l~sts, Manganese and iron hydrated oxides are 

pilrticularly ader.t at scaven.gihg soluble cobalt sulphate liberated from 

tlw ~ulphide source in t .he .SbPffieJd Lake - Indian Pond area and thus 

its high mobility is, in part, restr i cted. Nevertheless, cobalt ~s 

anptlwr good tracer e}e111('nt her€' sin ce the only anoma.lous values for 

Co an· f ourld in tin• ma l.n float zone. The low moh111ty u'sua ll·y 

t:>xlilhited in th(• epigent i t (•nvironlllt'nt hy Fe holds true in the study 

a rl'a . How£'ver, dtJl' to tlw prPdomir1ant mechanical dispersion (e. g.· .. 
f I (Jat c l ·as t .s) v(try high Fe values .1r£> "'encountered ovpr the whol~ 

~ <'Ogth nf RE'd till outcrop .1nd !n the superimposed grey till in the 
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. main float zone: se:cause of. the pyrite rich source in the ar-ea, ·and·. 

the low mobility of Fe, it must b'e considered·, an indiseensible tracer · 

element for ~e purposes of this study_. 

The chalcophile elements, Cu, Ph, Zn and- S represent a tremendous 

. range of elements~ mobility in the Sheffield Lalte - Indian Pond tills. 

' 
The· e-xtremely high mobi:Uty of S has resulted in much lower concentrations 

• of this element irr tt'!e tills than expe_cted f .~om the andesite' and float 

concentratio~ts • . However, S still outlines the main float a-rea with 

high or anomalous concentrations and htgtl'er concentrations are seen in 

. a fJ!w location,s "up-ice" of ·'the main float occurrences in the grey ·tql. 

Zinc, the next most mobile of the chalcophil.e elements studied, is 

hlnder~,d as a tracer element betaus~ 'of the .pres~nce of Fe and Mit 
.· . 

~ ... c:wengers which re.strict its mobility and. becau.se the suboutcropping 

. . 
. fLoat fiourct> (as ascertained fronr float analyses ls indigent in Zn). 

Even so~ Zn must be conf'.lldere.d · as a relatively worthwhile tracer 

c•lt•ment, since the h ighes"t concentraqons are found either in the tills 

.of the main float area· or a sho. distance "down .. !ce" from there. 

Goppl'r 1 which rs considered t<f he less mobile than Zri or S in 

tl Ll" is, nowever, · the main elemer:H of interest in the Sheffield Lake-

Indian Pond area. The concentrations enco,urtt~·red, particularly in th·e 

f I oat houlders a nd· l.ower Red till, w~rrant further . work "up-lee" from 

sampi (•' site 1192R whi c h was anomalous in Cu. 

Ll•ad, ~he(. l eas t,mohi l e of tQe r hal cophi l e elements. studied, has 

not· proved t o b p a good · pathfinde·r element in the Sheffield Lake-

fndlan Pond nn'a. Tills c an lw .primarily a.ttr i huted to a · paucity of 

Ph in tlw hedrock s ourn' (as ascertaine d by no<Jt analy!'les) and ··possibly 

• Q 
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· also to its very immobile nature, wher'eby it should occur .in anomalous 

coric~ntration ·i~ the ti 11 .of the IMMED~vicinity of the suboutcropping 

deposit, but should rapidly diminish down-ice from it. Sirice . no p}ts 

were opened lmmediate~y over suhou~cropping sulphides, till enriched in 

Ph ·was· not found. 

It ls important to not~ here that the weathering·bf the floAt 

boulders themsei'ves is not the source of the anomalous trace element • . 

concentt'ations ~n the two till units.. The anomalous values for Cu, 

Fe and S, the· three most import_ant tracers (since the float amilyses 

reveal that high concentrations of these 3 e.Iements exist .. .in the 

bedrock source), do not .corre.spond to the areas whe.re hundreds of 

•ulphide float cla,ts are cpncentrated in the tills, but rather are 
' • j 

generally up-ice from. 'them. 
. , 

(fredtik:sson and Lindgren, 196 7) ·ot. t-ained 

similar results from .a survey in Finland, . . ' 
. 0 

.. 
Profile · Samples 

. ·, 
Six of the 108 pi:ts dus in - the trenching aqd sampling phase of 

the Slieffield Lake · - 1ndian Pond project w~re profile· . s~mpled to 

1} determine elemental variations with dep~li. and in that way to find 

the optimum sampling dept.h . in the "C" horizon and .to 2) ·. tr.ace the 

mf c ro.,.float train in its ve-rtic·al , as well as its hori.zonta'l, ct;)fllponent 

(Hawkes and Webb, 1962) (Figure 5). 

· ' 

Pits 1146 and #64 were 10 and 8 (eet dee_p, respe·ctively. Only . 
> 

. th£> Upper Grey Till was ~ncountered in each (Table 13)~ Pit /164 .wf!s 

located withln the main float area, while #46 was approximate l.Y two 

mile s to - th~ East · (Fig_ure 1 2), 

~ -
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TABLE i3: ELEMENTAL .,CONCENTRATIONS IN ·f!ROFILE SAMPLES ,. . 

PPM. ~! ppm. · ppm. PP!Il• % ppm. 
Cu n Co Ni -Hn Fe s 

• • 1146 Grey H Dep~h -1' 16 7 21 oS 6 183. 1.2 · N.A • . .. Till G with 2' . 20 5 38 10 6 263 1,0 N~A. 
Ill " F refer- 3' 15 5 20 6 6 228 1.0 N.A. 

·" E . ence 4' 23 7 28 7 .18 240 o~6 N.A • .. • " D · to 5' 23 4. 24 8 1(). 218 0~9 N.A. 
II c ·top 6' 18 . 5 . 23 5 6 232 1.2 N.A. · ~ 
" B of ""c" 7' 18 8 35 8 3) 230 . 0.8 . .N.A. 
" A Hori- 8' 16 6 25- 5 10 253 0.9 N~A. 

zan -#64 Grey E Depth -1' 23 7 36 8 33 "280 1.1 20 
. Till D with 2' 23 3 . 18 5 "17 · 110 0~6 . 97 

" c refer- 3' 28 :3 28 12 15 . 273 i.2 20 . . 
" B ence 4' 28 10 .30 10 zs 300 "l.o 29 
" A to top 5' 23 5 25 ; to 1J2 •285" 0.9 5 

of '·'C" 
tf70 Grey E " Hori- "1' 1 i2 50 . 8 , · 6 140 0.9 JO 

Ti 11 D zon 2' 8 l3 60 8 25 · 245 1 .• 1 5 
!! 3' "15 19 63 9 . 13 "300 1.0 5 

• Red B Depth 4' 63 63 187 27 19 540 318 .120 
Till A with 5' 111 175 202 . · 30 . 2i • 575 ~.6 284 

refe~-

ence ' 
fi70B Grey E to t~p 49 5 50 135 . Till D of "-C" 92 15 15 '488 ... 

·C Hor Pl i9 20 700 .· 
" B 155 .. 18 28 .4.00 

Red. .. 
Ti 11 

A 5'. 9~. . 16' . 11.0 . 29 26· . 562 .. . 
fi92B Grey E ·, , .. l ' ~0 7 25 3 16 

Till D lilt ' ' .Z' 38 ' 13 . 10 

Red <;: ''" 3' 53 2'4 32 8 292· 
Till B "" 6. 4' 54 . 37 $) 8 1481 

" . A . "" 5' 300 19 50 11 ' 1635 " . 
"1!102 Mixed F "" 1' 30 10 23 8 10 .4 65 

Red E uu . :2' 211 . 1 26 5 19· 1:7 35' 

" ~ and D rttt 3' 25 9 16 4 16 1.3 35 
Grey r. ... , 4' 28 7 16 4 6 1.5 -N.A. 
Ti 11. B r.ftt ('J 5' 15 8 io 4 . 12 1.5 N.A •. ,. 

~ "'' 6' 18 6 . 29 7 14 1.9 · 27. 

.· 
N,A, ., No t ana~yzed~ 

... 

I 
: 

I 
I 

I 
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,. Irt pi~. /164, Cu, Co, Ni, Mn va],ues are generally highet" than in 

pit 1146. This coUld. be because of the proximity of pit #6/.t to the 

outtcrqps of, the . Lower Red till (appr9lCi~ately . . 400 feet to the east). 

Possibly the red till 'occurs below . the 8ft~ depth of the pit. 

In both pHs the Pb, Z.n aad. Fe val~~S...$re . •ia!.lar:; .• · 'there is no 
;f" ·• 

• .systematic· vari~tiotJ. in e!eroen~al c.oncentratio,ris with. depth i.n either .. 
profile,. as would· be ·e~pected in l/64 if red till was, indeed, ,below 

the base of the ~-t. The.se re,sult:s sug.lest that in the Upper Grey .ti H 
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any "C" zone SamPle would be ~qually representative of the· unit as. a whole. 
. . , . · . Q 

. ·. <. . 

Pit 11102 is located 6 miles to the north east of the main float· . ' ., 
area. The 8 foot deep pit was lo<;ated on ' thE! lee side of. and 2.00 feet . 

• ' ~ · ~· 
"dciwn-iceu- from bedrock outcrop. It· was apparent. frcim the mottled 

. nature of the .pit wall·s that grey and red till are mixed at tKts 

locality. In fact, a rather angular block of red :ui ~ could be 

. . 
· out 1 ined which appeared to h·a.ve bee.n "ripped up" fram . the red till 

near the base of the pit and incorporated into the· .overlying grey J:ill. 
. . ' 

The profile sample; wer~ colle'cted so as to avoid this red. till 'block. 

The profile samples taken at pit #102 show a very :slight 'in~rease 

in Cu and Fe toward the base o{ the pit (F •• >A), (Teble 13). ~11 

other elemental conc-entrations are relatively constant throughout th~ 
" . · ' 

profile with _the possible. exc~ptiot;' of· s, whic.h seems tQ increase in 

ronc.e ntration upwards (A •• ;.f) ·in· the profile, re.flecting its high 
41 

moh i 1 it y • ~· 

'The reddish till a~ this site bears 1Hqe che~ical similarity 

t o the LowPr Red til.l in the main f l.,oat· area, as can be seen from 

• 
' " 
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Table 13. It may have been emplaced ,contemp~ran'e~us ly with the Lower 

Red Ti 11 and been oxidized during ,an interstadial period as was the 

Lower Red till • . Apparently, . it has been diluted with barren · rock 

' 
mat~rial incoporated into the till. The grey till at locality 10~; · 

however, -seems to b~ar- a strong cheJQical similarity to. that in the .. 
main float area, as is . apparent . froiJI a comparison of 1164 -or #46 

with 11102 on •Table 13. 

Pits ' #70, 1170B and "11928 all bottomed in Lower Red .till. 

Numbers 70 ·and 70B were locat~d in the same small bedro~k depression 

about one mile to the west of the main float zone and approximately 

30 ' feet apart. They .were 7 and 6 feet in ,depth, respectively and 

we re dug perpendicular to e ach other to Qhtain a J dimensional v i ew of 

the· t i 11 stratigraphy, as shown be low: 

) 
~-

The 

t;- v_i de n ced 

·. 

occurre n ce 

by h i ghe r 

s in samples' . A and B 

7h 

tlll'in ' of Lowe r Re d the base 

concentrations o f Cu, Ph, An, 

of pH 70, and byCu, Co, Fe 

of each pit is 

Co_, Ni, t:fn, Fe agd 

and s 'in sablpl~ A 

of pit 70B (Tab l e 13). The lack of c ontrast in elemental concentration 
, .. 

fo r the other J. elements s tudied in the red and grey till i n 70B mi~ht 
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' 

.. 
be explained bY a greater incorporation of r¥ till material · in the 

grey unit during Cietws;Lt~on. 

Pit #92B bottomed on chlod~ized andes~te bedrock which contains 

very minor ·pyrite disse_minations, as sholffl b~low, 

E 
-. 

GREY TILL 
/ 

./ B 
.~ ,.,.,..,.------- . --· 

A 
RED TILL 

- , ' 

A sharp hreak is -apparent between the elemental c?"ce.ntr~tions in 

the Lower Red, and Upper Grey tills -(Table 13). ·The - .~r Re'd till is . 

. endched in every e lement a1;1alyzed and- the concentration, as would be 

. ' 
expected, inc::_reases as the weakly pyrtt tzed bedrock is approached. From 

the very high con~entrations encountered in the Lower Red till . in this 

pit - even a llowing"'frir the proximity of bedrock - it is apparent that 

hedrbck Cu sulph.ide mineralizat ion is to be expected a short distance 
· ' 

up-ice fr,om this locality., The high concentrations, especially for Cu, 

Fe, Mn and S, are no't sedentary or r~sidual deposits be cause the bedrock 

at the site ba_s no visible mi-neralization - other than the very minor 

iso 
f 
1. ' 

) 
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pyrite alluded to above - which could have been oxidized, and 

re-:-precipitated in the "brief" interstadial interval between red and 

_grey till emplacement. It is conjectured then that the hun~eds of 
- ··- -·---··-·--- --- . 

. sulphide float boulders "down-ice" and the high_ trace element concen.,-

t rat ions at pit fi92B ha.ve a conmon bedrock source "up.-ice" from this 

sample site . 

.. ~ 
Mode of Metal Occurrence 

The prof us~ float ·· clasts~ in the ,Sheffield Lake - Indian Pond area 

apparently indicate mechanical (clastic) dispersion as the dominant · 

syngene.tic dispersion process in the ·area. as opposed to hydromorphic 

dispersion. 

M~st of the metal compri~ing ~lasttc diipersidn patterns including 

anomalous metal, is contained in secondary minerals (Le. hydrous oxides 

"' of Mn and Fe) and as discrete primary (sulphide) g_rains. 

As a means of obtain).ng ·a reliable prognosis, · of which of · these two 

mode s 0 f oc c urrence • . secondary minerals or primary sulphide_s. is dominant 

in the Sheffield Lake - · J~dian Pond are-a, the heavy and light fractiOI;IS 

of sample s .from both till units were analysed. Twenty samples selected 

as r~presentative of bo th till units and a r.ange, of metal content were 
~ , 

separ~e'd wi tll tetrabromethane in Hutton centrlfuge tubes (Fi gurE;" 48) 
., -· accordi ng to the procedur-e of AflmaA and Lawrence , (1972). Each of the 

heavy ~epa ra t es and e leve n of the light fractions we re the n analysed by 

A. ,\.S. using th.e same methodology ~s f o ; the_ bulk s·ainp_les (F . Goudie , . . . 

Pers0na l Communica tion, 19 74 ). The r e sults _a ppear. i n Table 14 , Sample 

pre-t r (.'a tment i~ dutlined ~n Figure 54. 

) 
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Table 14 He avv and Light Mineral Fractions Analyzed hy 
Atomic Absorption ~pectrophotometry 

l. 
ppm. ppm. ppm. pplll. ppm. ppm. % hle igh t per cent ligh t 

:>Jo, cu Ph Zn Co Ni Mn Fe · -a~d heavy minerals 

1 Hvy. * 27 16 44 25 47 245 2.0 4.6 
Bulk 8 4 21 5 20 ;1 153 0.6 
Lt. * N.A. 95.4 

15 Hvy. 25 20 46 8 50 255 1.9 4.8 
B!J1k 10 4 20 . 2 ..... 9 168 0.8 
L:t. N.A. . 95.2 

22L 'ivy. 914 17 315 . 12 35 297 7.5 ?..5 
Bulk 208 9 60 3 5 325 2.1 

. 
~ 

Lt. N.A~ 47.5 

')9L Hvy. 218 8 113 60 32 6i2 4.0 16.9 
~ulk 165 7 99 22 17 623 2.6 

" Lt. 87 5 110 35 . · 23 585 2.6 83.1 

64A Hvy. 38 17 44 30 19 332 1.9 7.1 
Bulk 2 3 5 25 10 12 . 285 0.9 
Lt. N.A. . 92.9 ., 

• ~ I. 

"' 65L Hvy. so 8 43 8 26 .. 475 3. 7· 6.5 
Bulk 30 10 30 5 6 250 1.8 
Lt. 15 3 . 14 5 2.0 138 1.5 93.5 

66H Hvy. 15 19 49 12 7 192 1.4 4.0 
Bulk 8 5 25 4 13 158 0.5 . ; 

" Lt. N.A. - 96.0 

67 Hvy. 31 22 72 14 . 34 332 1.9 6.8 
Bulk 17 7 37 4 11 189 .75 
Lt. 12 2 34 5 32 145 0.9 93.2 ., : ..... 

\Jl 
~ . , ~ .. . . 

I ,. 
I. 



Tahle 1!. · (Continued) 

ppm. ppm. ppm. ppm. ppm. ppm; ? Weight per cent light 

:.;o. Cu Pb Zn Co ~i Mn Fe and heavy minerals 
0 

70:\ HvY. 160 425 244 )0 48 282 19.0 5 . 2 
Bulk 151 175 202 30 27 575 5.6 

Lt . 115 175 252 28 28 588 5. 7 94.8 

86 Hvy. 30 4 34 8 25 213 4 .5 6.2 

~ Bulk 1.5 9 35 10 13 188 3.5 

Lt. 10 8 · 20 5 13 200 . 2.9 9.3. 8 

89L Hvy. 40 18· 70 25 44 . 332 2. 1 5.9 

Bulk 15 3 28 8 6 180 0.~ 

Lt. 1\,A, 94 . 1 

91AL Hvy. 28 .lO 46 13 40 175 2.1 5.3 

Bulk 18 . 9 20 5 24 105 1.5 

Lt. 17 . 7 36o:- 8 24 205 o.9 94 ."7 

91AH Hvy. 27 1 7 . '36 12 J2 122 2.4 3. 8 
Bulk 18 7 18 5 11 155 0.9 

Lt. 10 3 19 15 3() 105 o.s 96 .2 

. 30 463 11.4 
92L Hvy . 266 17 70 15 8.4 

~ulk 185 13 38 40 27 681 12.1 

Lt. 160 12 24 . 34 25 620 10.1 91.6 

92H Hvy. 95 17 54 21 40 385 3.5 4.9 
Bulk 41 4 31 17 15 450 L5 

Lt . . 27 • . 6 73 9 .. 30 282 1.2 95.1 

94L Hvy . 110 17 59 17 23 332 2.4 7.5 

Bulk 24 16 . 25 8 :.20 240 ' 0.9 

Lt. 8 15 25 6 2{) .._.._ 202 ·0.8 92.5 

.... 



) 

,., 
Tal-de 14 ( Con,,luded) . 

' ;)pm . :> pm. ~ prn . :)pm. ppm. ['>pm. Weight per ce nt light 
~ (' ; Cu Pl-:> Zn Co \\i :-In Fe and heav~· minerals 

4S'L :.tvy. 18 15 44 21 30 332 1.9 4.6 

Bulk 8 8 AS ') " 10 120 0.5 

Lt. '\.A. 95. 4 

102A Hvv. 40 11 37 19 25 87 3.4 4 . 9 
Bulk 38 6 29 7 14 137 1.9 
Lt. ~.A., 95.1 

103 . HVY. 125 7 24 50 30 577. 3.4 PLO 

Bulk 231 7 36 so 19 900 2.8 
Lt. ~.A. ' 81.0 ~-

104 Hvv. . 68 7 31 10 26 500 3.9 20 .3 
Bulk 60 6 39 8 15 " 480 3.6 - -
Lt. 55 6 32 9 28 425 0.7 71.7 

.. 
:\.A. :-.o t a nalyze d 

"to- * See fk:w chart (Appendix C) 
......__ -

Hvy. Heavy mineral frac tion (+- 2 .92 S. G.) 

Lt. Light mineral fraction (- 2.92 s.G.) 
Bulk -80, • 230 Mesh sample ·"' ' 

l · · · 

... ....... . ....... ;·- .. --~- ... , -..-· ....... ~ -...~. ____ . -· -·-~·----· ..... _. _ ..... ..... . . ... · ... - : ·~-. 
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ln a few ca::;cs (Tah h~ 14) the elemental c.oncentradon values 

urt:> somewhat erratic. Ln th.at _the he<~vy and/or light fractton values 

greatly ext~eed or are less .than the hulk sample concentratio~ of the 

l'h!ment in the same sample. This i\3 e'tplained by either inhomogene-ous 
. . 

sub-sampling or by_ precision effects, For example. the value. for · 7.n_ 

In tlH' l!ruTR sample 59L is less than either the ligh~ _or heavy fraction ' 

va 1 ut.•. :rhe value of 99 ppm recorded is the :mean of lO analyses ranBing 

from QO to 10'> ppm, whereas the light ~nd heavy f,ot,c tton value's are 

s i ngll' ~et;erminat ions onLy, 

. . 
Manganest• hydrous o xide"' arC' noted for t~teir metal st;avenp,ing 

ahllity and also for tlwir ahilHy to pre c ipitatc · on slli cate mineral 

grains, thert- hy e xerting a che mi cal act ivity out of proportion to th~-lr 

~· oncl·ntratlon, A n'sult o f this effe<'t is the higher lin c-ontent of 
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th(• llKht than heavy f.r,al'tion vf samples 1170A, 91A Low and 'l2L0 w. (Tahle14). 

Sample 11 70A, · in which the lip,ht Heparate coi'ltilinfl'almost . twi.ce as .. 
much Mn as dot•s the. corre s ponding heavy fra<.;t ion also contaln!l :more 7.n 

and ls ' rl'lativ(•l y highly enr lchl' d 

as'wt•ll , l1Ji.• c o-pn•c.LpltatimJ,f 

in Cu, Co andPb in the . ltgh-t fraction 

Zn, Cu, Co a nd Pb, · ln such quantltit•s with · 

~1n has ohvlnut:!l.y het•n thl• domin ant mt•tal fixing .process in this sample. 
/ 

Zn <1nd Ph anclmallcs in /170A, · tiH•,n ,_ mnst hl• constr ued a~ ·rt>su ltlng from 

tht• hi~h ~In concent rati on in tlw samph• a nd can he Lntl'rpre~ed as a 

~pur!ous anomaly. ~ 

Sa~p)(•s /ltJlAL and // (}21. are a lso enrldwd In Mn in the "lights", 

howt•vt•r, nn ut ll(•r ell'm\·nt i s rnrn•spondlnJ~ly · t·n r i C'ht•d iiS ln the c <HH:'' 
' ' 

hii:her valm·s Ol'cur 1 n Llw "lu.• avt es" for 

in t lw s t' s amp l c s • 



Mn content of the light fraction o{ the other eight samples is 

lower than that in the corresponding heavy fraction which indicates 

that most of the metal in the Sheffield Lake - Indian Pond samples 

occurs as discrete sulphide grains, with the Mn and Fe oxides, 

relegated to a secondary, but important, role. 

The role of hydromorphic dispersion in the samples cannot be 

determined because the complex soluble salts, evolved from this 

mechanism, were removed during the pre-treatment wet sieving of the 

samples. 

Elemental Correlations 

Upon completion of the A.A.S. and Leco analytical programs, the 

"tracer" element concentration data was punched on separate computer 

cards according to the format shown in Figure 49. Pearson correlation 

coefficients were calculated for all of the elements analyzed in both 

till units, (Wennervirta, 1968; Nichol, 1971; Levinson, 1974) on a IBM 

370/155 computer, using Fortran IV language and a program developed 

by G. Cawthorn (Personal Communication, 1974). The correlation 

matrices calculated (Table 15) indicate strong correlations between 

iron and sulphur, copper and iron, and copper and sulphur. Samples 

of float from the Sheffield Lake - Indian Pond area are rich in pyrite, 

chalcopyrite and bornite, with traces of galena, sphalerite and 

pyrrhotite (Table 1 ). The bedrock source must, therefore, be enriched 

in these minerals, in approximately the same proportions, and this 

is reflected by the correlations obtained. 

As a test of the significance of the correlations, the confidence 
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Figure 49. Keypunch Card Format. 
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· TABLE 15 .. 
Correlation Matrix for Lower Red Till ·nata: 

... I 

Cu 1.0 0. ':12H · 0.2316 o. 24p9. 0.1844 0,8727 · o. 6276 
f 

Pb 1.0 0.9446* 0.1629 0.4544 O.ORSl .;.0 ~ 6276 

Zn ... 1.0 0.2542 0.4075 0~0887 -o. i 810· 
I .. 

Co 1.0 ~" . 0 •. 6229" ,0.3262 
-~ .. ..0847 .. _ 

" 

Ni 1.0 . a. 261·~ . 0,,0399 

Mn ... l. O o. 3025 0.0566 

Ft• 1 ~0 0.8566* 

s - . 1.0 .. 

,, t Cu . Pb Zn Co Nl Mn Fe 

-I 
Si gnl. f ! canc<·· ---- o. 553" (<I 95 7. 

... 0. 684* (a 99% 
. .. 

' · 
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levels (95% and 99%) haw been calculated, .and appear on the Tables_. 

The correlations obtained seem to indic.ate that, although the 

mixing of till .r~~ateria 1 during e~pl4icement natur~lly reduces the . . . . ' 

correlations,_ the mutual order of the :coefficient · remains unchangf!d . 

, - ~ :If 
(Wennervi rta ,. 1968) (e. g. although the Zn and Pb contents of the source · 

!lre l~w, an~ -even though 'the actual concentrat ion11 have been further 

. r.educed hy dilution, the. correlation between them ls _still·stron$). 

Ott)cr correlations of interest ·a·re: · 

l) Mn <Jnd Fe with Cu, ·eo, Pb and Zn - reflecting the scavenging 

propenst'ty of . limonite in the epigenetic .till environment. 

2) Ni,con:elates only weaklywithCo in the Lower Rad till t .hus 

rt!fletting its l?ck of association with the other elements . .' 

analyzed and Its ahsence in' the . source rocks. .Nickel · is~ . 

then_; fore, not a worthwhile tracer element ' in this study area. 

~ . 
· A c'~parison of elemental correlAtions for · the .. Upper Grey .and 

Lower Red t li Is under~cores .the dominant . mine_ralQgy of the bedrock float 

soulfn· . Cu/Fe, Cu/S and Fe/S tnake up half the . Lower Rad nu 
<·otr\.'lati~Jn:-; and r ef lec.t the dominant chalcopyrite- pyrite mineralization ­

_in tlw _vicinity, The ' Uppe~r Grey till elemental ·correlations include 

all of thos e . found in the Lower Red till (with the except~on of the 
/ '-. . 

Wl'ak Co/Ni i~or rt' la ti on) (Tabl t>s 15 a nd 16),~however, these domina nt 

on,•s ;in! .r -endered obs c uri· dul' t o the occurrence of a we lter of 

l'quall y ~-;ignifi c ant c orrdations of the less intl:'resting elements. 
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lABLE 16 

Cornda-tioti Matrix for Up{Jer Grey til.l Data: S Included .(52 sa111ples) 

'. 
Cu 1.0 -0.0204 0 /)810* 0,7360• :0~1685 0.7257* 0.6439* 0.~154 

Ph . 1.0 0 .'4025* 0.(}929 . G. 2098 0, 0885 I 0•1021 ·. -0.1480 
7.n . 1.0 ' o. 3'286;, o. 2175 '0. 5037* 0~6382 -o.ou2 
Co 1.0 o;o2u 0.8798* 'Q,6646* . o. 6129* ' 
Ni i.o 0,.0935 0.0867 '0.0646 
Mn l.O 0. 80.36* o. ~138* 
Fe - 1.0 0.~447* 

,' s 1.0 ;, 

I 

f. Cu Ph Zn co Ni" . Mn Fe . s 

~ . 
Signi f icanee 0.273" (il 95r, 

.· 
0.354* (a 99r. 

... 

• . 
. . 

·, 
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TABLE 17 

. 
Corndatlon Matrix far Upper Grey· Till Data: S. EXcl\lded (142 samples) 

Cu . r.o 0. 326. 0.3295* 0·. 4682* 
. . 

Pb · l.O 0.3845* 0. 1126 . 
Zn . 1. 0 o •. 317M 

Co 1.0 

Ni. 

Mn. 
; 

Fe ...., 

Cu , Pb Zn Co 

t . 

Si~niflcance --- · 0. 166" ' (<1 9 5% 

o. 216* (a 9.9% 

, . 

0.0430 0.4411* . 0,4261* 

0.0600 0 . 1758 .. 0.40~4* 

0.1158 0 .• 5335* ,0 . 5'Z. 99*. 

-0.0207 0.5761* 0. 4 382* 

1.0 0.0940 -0.0711 . 

· 1.0 . ·0.6Z64* 

1,. 0 

Ni Mn Fe 

Q 

. ' 

.. 
.. , . 

' . 



The ramifications of this obseryati~n coupled wlth ·the thres'hoJd 
\ 

contrast and profi 1~ sample data formerly presented (Figures 30-45 and 

, 
· 47) include 1) the importance of sampling the stratigraphically 

lowest" unit in any geoche'9ical study based on glacial till sampling, 

and 2) the impqrt~nce of obtaining a giac)al geological interpr!'tatlon 

of th<> area to he studied prior to the glochemical survey. 

., 
! 

• 

, . 
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TARLF. 18 S.l'MMARY. Of SIGNIFICANT CORRELAT.IONS. 

UNIT 
---.1-

Lowe r Red Till 

... 

* Strongest _significant correlations 
·-.... 

** Weakest . significant correlations 

4 

· . 
... , 

-' · 

CORRELATIONS 

Cu/Zn; Cu/Co; Cu/Hn; Cu/Fe; 

. Cu/S; Feizn; Fe/Co: Fe/Mn*; · 

Fe/S ; ·S/Mn; S/Co; Hrt/Co*; 

Mn/Zn; Zn/Pb; ZnfCo**; Fe/Pb** 

C.u/Fe; . ~e/S; Zn/Pb*; .Cu/S; 

Mn/Co· Co/N{** ___ , . 

. . 

. . 
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CI"\APTF.R .Vl : 

CONcLUSIONS AND RE'COMMENDATIONS 

CONCLUSIONS 

A reiter<~don ·of the three main a~.ms of the Sheffield Lak~ - Indian 

Pond Project is in order h~re. They were to: 

1) Interpret the Glacial History of the region 

2) Oel tneate a source area for th.e ' su,lphlde .float clasts which 

uccur in the vicinity ·on the ha/is of combined Drift Prospecting tech-•. 
11 iqUl' S; .and 

'-:~~: 

) ). · Evaluate tht' applicability of each· of th~se techniques to 

Newfoundland terrain and condition~. 
0 

A thorough St!arrh of rele vant literature, an extens.ive air photo 

, intl·rprt•tation arid field measun•ment of striae sets., · grooves anrl 

crescentic marks all ind~cate R dominan~ . ic• . flow toward the northeast. 

However, <l l'lOrt' cmhplex re&ional ice f~ow hist.ory was revealed during 

tlw analyses of till fabrics in the study area. An early,. stroh_gnorth 

l'astn I y in.• flow is preserveil in· the till fahr ics of the Lower Red till 

and in tlw basal portion of the. Upper Crey t i 11 in the are-a. Howeve,r, 

higher in t lw Upp.er Grey till, the · flow is i ndicatt¥1 as moving toward 

tll'' north and northwest. 

Tlw two ti 11 units, differentiatl'd .. on tLfe hasis of va rious physico-

chl'mical par anwtt>rs, record two ~cparate i ce advanl'l'S in the area, the 

varlier of whi ch may antedate the Wisconsinan Pe riod. TI1is i s the first 

166 

n>nclusivt> t•vidcnce L>f multiplt• glaciation in north-central l'te wfqundl a nd. 

• 

I 
) 
I 
; 
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The primary float fan, which occurs in the Lower Red till, has · heen 

masked, smeared, and at.tenuated by the &)l.aci~~re-advance which emplaced 

167 

the Upper Crey till. Much of. the past confusion in interpre ting the sosrce 

of the sulphide float f'n the Sheffield Lake - Indii!n Pond area has derived 

from the failure to recognize and correctly interpret the relationship of 
' . 

. • 
these two distinct till units as representing separate ice advances. 

Tilis also accounts .for the o,ften "patchy" surfici,al occurrenceseof the .. 
float in the r~gion, 

Malmqubt (1 %1) concluded his report on the ,Bohden-Brinex joint 

boulder tracing proj~ct in the sll'effield Lake Indian Pon4 area with 
. ~ 

the, ohscrvation that "without doubt • there. must be •• ·• copp~r mineraliz.,-

at "ion ~omewhen! " in the regi'on, however, "whether the mother lode · is· 
" 

an ore hody of large . or s mall size (or several such bodi,es) is a very 

difficult question to answer." 
··.: i 

-These concl1,1sions, with a few importa!lt new c~nsic;Jerations, are 
, 

still hasi c ally applicahle to the resvtts of the. present study., Unless 

tlw sourC'(' of the hundreds of sulphide float clasi::s was co'IPletely eroded 

away during the pre-glacial .-md glacial periods since its formation, 

tht•n cupp<>r minL•ralization must exist 111 the bedrock up:-ice from the 

indicator train outlined during thi s s tudy (Figure 27). 

flt•c• a use of tlw h o st rock of the float, (andesi t e ) the · o r e body( s ) 

mttst he· within the a n•a of suho.utct;ppping andesite rock, no rth of the 

ArHksitl•/Sve ni'te and Cranite /Andesite contacts. 

Tht• sma ll imglP of div~rgence of t h l' primary indicat o ~: t~:ain in 
•" .. . 

I 

tlw Lowt•r RPd t i ll indi cates that. the s o urce area prohahly consis t s of 

<>lll' nrt.' hodv of 1 imi.t ed !iuh-outcropping e xtent (hut quit e- poss ibly of 

0 ' 
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tabular shape and steep inclination) enclosed within one of the . ' 

alternating andesite "bands" revealed during the diamond drilling ppase 

of the Roliden-Rrinex project (Figure· 51). 

A short ' distance of transpor~ is indicated by the angularity of the 

float c lasts, the high ~hlorite content of the clays in the vicinity, 

the generally low resi~tance t o comminition of sheared, chloritized 

ancl hi-ghly mif!~?ralized float clc;J.sts, ct-.e transport dfostances of associated 

~indic•1tnr pebble lithology ., t .n the till,·~nd the anomalous concentrations 
I . . . 

o( trace r eleMents in the . till matrix of the vicinity. . . 

On tlw basts of th.e ccimbined n~.ift Prospecting t~~hn"iques utilized 

a probable sourc!'! area o·n which .to concentrate more · intensive exploration 
• 

(Figure ')0) has bt.~en delineated. This target area encompasses· a zone 
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of small, l e nticular rhyolite outcrops, so mineral ization may he associat~d 

wi til the andesite-rhyolite contacts (H. R • .,Peters, Pe rsona l CoJTllllunicaqon,, ~ 

l 97 4) . 

Thl' ai r photographic interpretation .and ·bedrock pre se rved ice flow 

i nc! icat<•r measu r e ments performe.d in the r'egiqn gave a good ind i;cat;ion 

nf tlw dom i nant regional ice f low, !'owever., little indication of the 

imph.,rtant, late, topographically · contrpl l e d i ce flow (revea l ed in the 

ti 1 l fahdc~) was indicated · h y t hese te chniques. 

Tilt• vari<~u~ sedimentological te chniques utiliz.ed were particula d;y 

,.ff l• c tivl' in diffe rentiating the two till units in the s tudy area on the 

basis ~o~f c t, Jour, t e xture, c l ay mine r n ls, and pebble li th~•logy . As well , 

thest• ·techniques were in.val ua h le duri. ng the pre-trea tme nt spiitting, 

wpt and c~rv sieving, and heavy ·mine r al separatiori of _ the samples. · 

J · 
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The Seismic refraction survey was useful in determining drift 

thickness, however, the contact between the two tills did not represent 

a significant velocity increase and so could not be mapped with this 

instrument. The survey was also limited due to the restricted penetration 

achieved using the hammer and plate mode instead of more efficient 

explosive boosters. 

Stemming from the geochemical phase of the project are the 

observations that the -80, +230 mesh fraction of the till matrix is an 

exceptionally good size range on which to perform geochemical analyses, 

the hot HCl - HN0 3 digestion, and both the Atomic Absorption Spectro­

photometer and the Leco Sulphur Analyser are well adapted to a study of 

this type, and the generation of Pearson Correlation Coefficients and 

correlation matrices were very useful to the final source determination, 

since important, obscure elemental affinities were enhanced. Cu, Fe and 

S were found to be the best tracer elements in the area, especially 

where they were mutually associated. 
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Recommendations 

Malmquist (1961) recommended that any further work in the Sheffield 

Lake - Indian Pond area should concentrate near the Main Float Zone 

(his area "A"). The study area should "be extended further to the west 

and south (from Highway #2) as far as the boundary between andesite and 

syenite". He also recommended "a more extensive diamond drilling program 

complemented by bulldozer digging for ore boulders in order to follow 

the copper mineralization from the showings to the source". He further 

suggests that "it would also be of value to take samples for geochemical 

analyses in connection with digging in the till". All of Malmquist's 

(1961) recommendations, with the exception of costly diamond drilling, 

were incorporated in the present investigation. 

As a result of the Sheffield Lake - Indian Pond study, it is 

recommended that: 

I. Intensive exploration for the suboutcropping source of sulphide float 

be confined to the area shown in Figure SO. 

II. Rotary overburden drilling on a grid pattern in the delineated 

source area be utilized for further intensive exploration. A unit of 

this type could quickly and efficiently collect basal till and bedrock 

chip samples for geochemical analyses and ultimately define a diamond 

drilling target. 

III. The combined methods of Drift Prospecting, including glacial 

geologic, sedimentologic, geochemical and geophysical techniques, be 

used in the future for similar investigations in Newfoundland. Glacial 

geologic studies provide an understanding of glacial history, and most 
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importantly of former ice flow and sediment transport directions. 

Sedimentologic investigations provide a means of differentiating drift 

units and estimating transport distance of drift. Geochemistry provides 

a further means of differentiating drift units, and more importantly, 

of tracing metallic float to its source. Geophysics provides an idea 

of the thickness of glacial drift and topography of buried bedrock. 

IV. Of the various specific techniques and equipment employed in this 

investigation, the following were particularly well adapted to a study 

of this type: 

a) Trenching with a backhoe (where possible) provides an investi­

gator with a vertical section through drift for examining stratigraphy, 

measuring till fabric, and collecting samples at known depths for 

sedimentologic and geochemical analysis. For this lat~er aspect, trench­

ing proved far more suitable than overburden drilling with a Pionjar 

drill, and extra information was obtained. 

b) The Huntec seismic refraction unit utilized was suitable for 

determining drift thickness. However, it was not possible to differentiate 

drift units nor bedrock types. 

c) Geochemical analyses of sediments should be confined to a 

specific size range (with a lower and upper size limit), such as the 

0.180-0.062 mm. (-80, +230 mesh) fraction used in this investigation. 

By doing this it is possible to eliminate several sources of metals under 

investigation which ultimately simplifies interpretation. Spurious ano-

malies resulting from sediment textural variations are also eliminated. 

L/L 



d) Of the various elements investigated Cu, Fe and S are particu­

larly good tracers, especially when the three are mutually associated. 

Mn, Zn, and Co were also found to be useful tracer elements. All six of 

these elements were anomalous but showed lower threshold contrast in the 

Upper Grey till of the main float zone, therefore, geochemical prospecting 

of surficial deposits is of some value in outlining areas of potential 

economic importance. However, geochemical analyses of stratigraphically 

lower parts of a till provide more useful imformation. 
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A~PENDIX A 
TABU: 19 

( 

DIAMOND DRILL HOI;E I.O<:S: RRINEX-80LIDEN JOINT l'ROJE(:l: 1961-1962 

0 

· I 
/ 

/ 

(Fro.m Ma_lmquiHt, 19fil . and Peters, .1962) 

Rcfe.r to Figure 51 for r>ri 11 Hole Locations 

D.O. H. 61-.1 Length 
Di,p 
Azimut.h 

() 

]()' 
45' 
60' 
J9'i' 
210' 

. 225' 
2 ')()"' 
'}40' 
]60' 

, · . 

D. n.tr. 

I) 

1) ' 
'i 'l' 
7')' 
22 ')' 
2fl'j I . 

2«-JO' 
. 31 (}I • 

'NO' 
400' . 

- Cad ng 
- Andcsit~-minor pyrit~ 

Rhyolftt:> Porphyry 
Andt.'s I te-pyr,l te 

- Rhyol f t(' Porphyry 
Ahdcs n(' 
Rhyoll tt.• Porphyry 
Ande site a 

Rhyollte Porphyry 
·Andl'S l te 

/ 

61-2 

Cas·[ ng 
- i\ndt•sl tt•-nii nor pyr Itt· 

l{hyolit <• Porphyry 
· And<• s l t e-m l nor py.r.l t t• 

·IUty<) 1 i te Porphyry 
. i\ndPs it t· 
~hyo ll'tt• 
Anq<'sit<• 
Rhyo 1 i tt• 
Andt•s I lt' 

Po rphyry 

Porphyry 

Length 
Dip 
Azhauth 

·. 

400' . 
45° 

075 

4o·s, 
45·0 • 

l'>~ 

/ 

.. 
... . 

'" • 

, . 
. . 

. . 
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D. D.H • . 62-3 

0 Casing 

Length 
Dip 
Azimuth 
Core. Recovery 

466' 
45° 

142 
93% 

15 1 

112 I 
Anl:leslte Porphyry 

- Rhyolite 'Po,rphyry 
chloritic with epidotized.se~tlans 

- Andes 1 t .e 140 1 

2'l1 1 

262 1 

292 ... -
·ro4 I 

Quartz Feld~par porphyry 
Andesite 
Rhyolite porphyry 

, Dad te 
)2) I 

1'>0 1 

17~' 
454 t . 

ll. n.11. 

"'Andesite 
'Q~Hrtz Feldspa·r .Porphyry 

- And<>site 
Quartz Feldspar Porphyry 

. 62-4 

- Ca~ 1 nl( 

Length 
Dip 
Azimuth 
Co~ Re,covery 

H~t.'<'<·i'att·<~ . iuideHltP 1)<Jtp.hy~y-mlnor pyrite . 

349 1 . 

" 50° 
142 

84% 

!I 

'i l t 

7H' 
I 77' 
Ill''>' 
} I \' 

i~uart;.o; F't>ldspar Pprphyry (considerable ml!tsing cor<>)• 
AndL~site-mlnor · pyriti:• 

. I "t , . , 

•. t .... 

.'411 1 

</uart i J.'t•ldspar Porphyry 
Aod~sit~-mlnor pyrlt~ 

- t)1~art z Ft•ld~p <tr Porphyry 
Rr,.,.,· l att•d .Andl·s itl' · 

.. 

. • 

• . ' 

.· 

,. 

,. 

. . 

-. 

.. .. 
.. 



' . 

' . 

i •• 

\ 
. I 

·, 

-· 

\ 
\ 
\ 

\-
\ 

'·· 

. . 

n.n.H. 62-5 I,.eng.th 487' 
Dip 5(}0 

.A~irnut.h· 142 
Core. Recovery 987, 

0 
. 2n I 
]]' . 
39' 
78' 
90' 

' f32~ 

J 17' 
1.6 7' 
)0}' 

]t ·v 
311' 
JS<;J 

. '179' 
.JRI' 
45n' 
462' 
461i . 
4701 

. . . 4R 1 I 

O.D.ll. 

[). 

Casing 
- Po.-phyritic Andesite.- epidote pAtches 
- Quartz ve.in 
- Andesite , 
...; Silit~f .ied An~cslte mi~or chalcoexrit~ 

Porphyritic An~as'lte . · · • 
: - _Quartz, Felds~ar Porphyry 

'- Andcslt<' 
"' Porphyr~tic Andes.it~ .;. minor c'halcQpyrite. 

. a • 
Quartz, Feld~par Porphyry 
Lampor'phyre Hike 
Quartz Fe I cls,p i1r Porphyry 

,.. AnCiesitl' 
.- Mas~iw fine 'gr.-lined Pyrite .,· 
· - ,And(•site-mh1o~ pydt«.> .. : 
.- ,Fe'lds.par . parphyt"y .. · 

Andesite .. 
- ·lladte 
- Andesitt• 
qua~tz Fe ldsiHlt ~orp~1yry 

, 
fl2-6 

'• . 
f. 

-" - (~as l n~ 

' · 

!.. And~~ s j t'l' .. . h r:~·l·i: latt.•d T m~l nor p:; ri tt.• 

Le11gth 
Oip 

·. Az .lmuth · 
. Core Re c overy 

... 

. ·7} . - ~ive pyrite 70'-.71'· 
- . 11uart z F~1 d!'lpar Porphyry . · · · 

~2· -· Aodl·s H~-rn-~niJr r.yrit.t.· · 
141' · Oiorlt~ ·· 
1'47 1 And•sltl' minor pyr,lte 
lt-.2' . Quartz .Fi.>ldsp<H ~~~rphyry 
't7f/ .Andesite : ." 
Hl9' Quartz F"cldspar ,. Poi-phyry · : · 1 

201' -·Andt•sitc · . · : · · · · . : • .. ' 
·• 207''· - 'Qu;\rtl!! re]dRpar Porptryry .. . 

. 24 2,' : - ' l\ndt·~ 1 t'e:.ft\1 fl-or pyr.ft e . . . ' • . 

2h2.! ·. ·:.. Q:uart z . FeldsRar Pnrphyry' · . 
2H7' ·- 'AJ;ld('site'-mi~or pyrite· strlngt•r's, .· 
·itt~' - ·Qt!artv. Ft'lds_p<\r 'rorphy'ty-m.fnoi 'chalcop)'!rltt> 
:no'" · - Diabase qtkt>-:-minor · t·lial.coP;'rlh\ · . · . ... 
-, 1~ (}' ..: ·Andes 1 tt•-l!ll qor, pyr l U! . . " 
177' ·~ .Qu;;'rt.i: f4•1dspar. P\).rpll\:ry'/Rhvt~.l1tl' 

·. 
·. 

4on' 
_45° 

llZ 
97% 

'. ~ . 

./ · 

176· 

.. 

... 

.· 
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.. 

. 

. · .. 

n.u.H. 

0· 
10' 
50' 
59! 
0 7' 
ll 'l' 
no• 
135' 

' ' I '>2' 
I) 7 I 

207' 
·22R' 
254' 
2'6 7 '· 
276' 
286' 
299,' 

vo· 

0 
26 ' • 

. II h' 
127'· 
129'' 
140' 
168' 
179' 
I'll '>'. 
200' . 
221' 
249\ 
2'>0.' 
2nf' 

62-7 

~ising . 
Porphyritic- Dacite 
P~lrphyrith,'Rhyoltte · 

- Andesite-minor hemat it.,;. 
-· Porphyritlc RhyolitE." 
- Andesite-minor pyrite 
- ·Porphyrit 1~ 'Rhyolitl~ 

Andesite .:: ehlodt i<· 

Porpllyri"t·ic Rrlyolitt' 
Andesite · ' · 
Por_phyrlt lc RhyoJH•• 

Length. 
Dip. 
Azimuth 
Core aecove r'y 

And(•si te - ~ " string't•r nf PY!ite · 
Porphy('lt ic Rhyolite . 
Andes! te 
Dacite 

- Andesite~m'in;_,r ·chalcopy~ite and pyrit~· 
Rhyolitt> Porphyry 

1 
Andesi~e-minor pyrit~ 

0 

62-8 Length 
Dip · , 

· Atimuth 
Core Recovery 

.. 
:.. Casing 

325' 
45° 

135 
96%. 

300,' 
<.so. 

135 ; 
95.% 

- Fragmenta-l tmdt.·~l tP - con~"iderab le pyrite througl:wut se'ct ion 
~orne chalc-opy.rite. esp~c ially · 45' to· 89' 

. -at 47';~" stringer estimated ·0.3,% cu' 
Quar~~ ~~ldspai Por~hyry ~ . 
Andl•sitc- s'om<' . hClll~tite . 
c:ranltt> - P~l)k - coarse grained 
Chloritic Andl'Slte - some pyrite 
Quartz Feldspar Porphyry 
1\hd(•Sitl' . . . , 

QujHt'ii Fl•ld~par l'orphy r y 
Andesite.- mlnor ' pyrit~· 
Quartz F£' ld!-;-pnr _Porphyry 

:-·Andesite 
. - Qua~tt Feldspar Porphyry 

- ·Attdes1.te 

. . · . 

, . 
. ., '-

•· ~ -· 
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1 ' 

. ·. 

h.n.H. 

o. 
25 1 

174' 
I R6' 

. i 8H I 
I<) 5 I • 

. ~· 

.· 

62-9 

,.. · ca~lng 

Length 
Dip · 

· .Azimuth 
Core.Recovery 

Fragmental Andeslt~ l" mas.sive pyrit~ at 113' 
- minot chalcopyrite 

Porphyriti<· Rhyolite 
Andi:'S·i tE> 

- Grnnlt~ - inclusions of andesite 
Andesit~ ~minor ~yrite 

·. 

' . 

, 

·. 

300' 
·45° 
ns 

97% 

' . 

178 

f 



.179 

.. 

t 
-N 

~ 

• •62-7 

•62-t -~ , 

) •. l 
.<;:J ,.'\ 

a~ J 

.... t . , 

~ 
~ 
' 
.• 

e BRINEX ~ BOLIO.EN DRILL 
HOLE LOCATION 

Q 2000 Ft. 
j 

. . I 
; . . , 'J :·. l 

~~_;___---r---· - · -----.. 

:· igu<e " .- Brinex-BolldPn dia1.0nd drill hoi< L,atlon• .. { 

i 
t . \ _ .. 

.. , . 



APPE~DIX B 

FIELD METHODS 

Till ~abric Analyses: 

As a means of determining regional ice flow directions in the 

Sheffield Lake - Indian Pond area, 108 pits were dug in the till to 

depths of between 5 and 12 feet. A depth of at least 3 feet was thought 

to be sufficient to restrict the affects of frost heaving and plant 

roots on pebble alignment. The pit sites chosen were always located on 

relatively flat ground to avoid, as much as possible, rhe affects of 

soil creep and solifluction. Usually, two till fabric analyses were 

performed at different depths in the deeper pits or where the Lower Red 

till unit was encountered, to determine ice flow variation with depth. 

Fresh surfaces were cleared on the pit walls to avoid clasts 

disturbed by digging. The strike and plunge of at least 50 elongate 

pebbles with a visually determined A:B axial ration of 2:1 or more 

(Andrews and Smith, 1970), and a long axis of at least one centimeter 

(Young, 1969), were measured with a Brunton compass corrected for 

magnetic declination o 

At least two workers were always employed in the measurements of 

clasts in any one pit, thereby, limiting personal bias. 

If there was any doubt that the pebble had one dominant axis, it 

was discarded. Pebbles for measurement were selected, not from only 

one pit face, but rather a few were taken from each cleaned surface 

of the pit. 



Results were plotted on Rose Diagrams and the dominant orientations 

obtained were plotted on Figures 13-15. One hundred and thirty one till 

fabric analyses were completed in this way, and an interpretation of 

regional glacial movement obtained. 
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COLLECT PEBBLES IN 
48 OZ . CONTAINER UNTIL 
1/2 - 2/3 FULL, WASH 
AND SIEVE THROUGH 8fo'l1 . 
SCREEN . DISCARD 
REMAINDER 

I DENT! FY AND GROUP 
INTO SIMI LAR 
LITHOLOGI ES . 

PERCENT PEBBLES 
OF EACH LITHOLOGY 

APPENDIX C 
FLO\.J CHARTS 

8 KG. CHANNEL SAMPLE OF 
ENTIRE "C" HORIZON OR 
LOWER & UPPER HALVES 
SEPARATELY* 

I 
HAND SIEVE THROUGH 16r.4. 
SCREEN. DISCARD > 16r.4 . 
FRACTI Ofl . SU8SAMPLE 

WET SIEVE 1 KG 
SAMPLE THROUGH 
• 063MM. SCREEN. 
STORE REMAINDER 
FOR REFERENCE. 

SETTLE OVERNIGHT , OVEN ry 
STORE WET IN 2 SOML . POLY BOTTLE 

I 

16 - 2r.4 . 
(GRAVEL) 
FRACTION 

WEIGH 

I 

DRY SIEVE THROUGH 
2r.4 . AND 0 . 180r.4 . 
STAINLESS STEEL 
SCREENS. 

I 
I 

2r.4 . - 0 . 1801+1. 
FRACTION 

WEIGH 

I 
I 

WT . % 
GRAVEL, 
SAND, I'RJD 
(SILT + CLAY ; 

I 

0. 180r.4 . ( 80 MESH) 
TO . 063HM. (230 
MESH) FRACTION 

WEIGH WEIGH 

I 

80-23(1 MESH 
FRACTION, FOR 
GEOCHEMISTRY. 

SEE APPEitHX C 

FIGURE 52 : PROCEDURES FOR SEDIMENT ANALYSES AND FOR 

OBTAINING SAMPLE FOR GEOCHEMICAL ANALYSIS 

I 
AIR DRY TO SLURRY 
- SUBSAMPLE 10-20 
GM . I 

REMAINDER 10 - 20GM. 
OF SLURRY SLURRY 

I I 

PI PETIE OVEN DRY 
WEIGH 

I 
I 

TOTAL WEIGHT 
i 

ANALYSIS .~ SEE APPEt«l IX C 
I 

SIPHON OFF 
20ML. < .002 

MM . FrCTION 

< .002r.4. 
FRACTION FOR 
CLAY MINERAL 
ANALYSIS. 

SEE APPEND IX C 

* - IN 6 OF THE 108 PITS DUG, PROFILE SAMPLES WERE COLLECTED AT 1 FT . 
INTERVALS, DENOTED A, B, C, ETC . FROM BASE OF PIT. 

- - LEE, 1965 



Retuhr Scan 

fl • XJ0 • 1° 29/min . 

"folk, 1968. 

10 - 20 91ft· < 0.063 11111. mud 
subsaMPle in 4L. beaker 

I 
preparation for pipette analysis 

I 
25 Ml. H202 + 1 ml. MgC1 2 

- overnight -(renoves organics and flocculates) 

I 
siphon off water. transfer mud to molt mixer cup with 5% 
calgon solution until cup 2/3 full. blend for 10 minutes 

I· 
transfer to lL. cylinder and bring to volume with calgon solution 

I f 
pipette analysis of silt and clay fract ions* 

I 

I 
siphon off 20 ml. clay (< 0.002 11111) 

I 
preparation for clay mineralogy 

add 1 - 2 ml . clay suspension to each of 
4 glass sl i des - air dry 

I 

Slow Scan 
24°- 26° . 0. 25° 29/mi n. 

X-ray analysis 

Place in dessicator with 
200 mls . E0hylene Glycol. 
Heat in 80 C. oven overnight 

I 
Scan 3° - 15° . 1° 29/min . 

Place in 600°C . muffle 
furnace for 1 hr . 

I 
Inmedi asely scan 
2° - 14 • 1° 29/min. 

FIGURE 53 PIPETTE ANALYSIS AND CLAY MINERALOGY 

Place on rack over container 
of 2N. HCl for 1 hr. in aoo 
oven I 
slow

0
scan 24° - 26°, 

0. 25 29/min . 



• 0.400GM. INTO 
20Ml. TEST TUBE 

1 
DIGESTI ON 

10ML. 1N.HN03 THEN 1ML . 
16N.HCL 

1 
PLACE IN 100°C 
WATER BATH FOR 1.5 
HOUR. STIR WITH 
Vo"RTEX ACTION STIRRER 
EVERY 30 MINUTES 

COOL, THEN BRING 
TO 20ML. WITH DISTI1D H2D. 

ATOMIC ABSORPTION 
ANALYSIS. SEE 
APPENDIX 

~ 
PPM. CU, PB, ZN, 
Co, NI, MN; %-FE 

* FOSCOLOS AND BAREFOOT, 1970 
**ALLMAN AND LAWRENCE, 1972 

OVEN DRitD 0.180 
0.06Jtolol. FRACTION, 
STORED IN PLASTIC 
VIALS 

SPLIT INTO 
3 SUBSAHPLES 

1 
5GM. CRUSHED TO 
POWDER IN PORCELAIN 
BALL MILL. 

1 
0.100GM. INTO DISPOSABLE 
CRUCIBLE . ADD TIN FLUX 
AND IRON CHIP ACCELERATOR* 

FIRE AT 3000°C FOR 
5 MINUTES IN LECO 
INDUCTION FURNACE . 

184 

{SEE FIGURE48) 

+ ADD 2Gl·1. SAMPLE 
INTO EACH OF FOUR 
HUTTON CENTIFUGE 
TUBES FILLED WITH 
TETRABROMOETHANE . 
STIR WITH GLASS ROD . 

1 
SPIN WITH CENTRIFUGE 
AT 2000RPM FOR 3 
mNUTES** 

ISOLATE HEAVY FRACTION 
WITH 0-RING ON GLASS 
ROD. DECANT, FILTER 
AND COLLECT LIGHT 
FRACTION ON FILTER 
PAPER . RINSE WITH 
ACETONE AND OVEN DRY. 

1 
DECANT HEAVY FRACTION, 
FILTER AND COLLECT 
ON FILTER PAPER. 
RINSE WITH ACETONE 
AND OVEN DRY . 

l 
~lEIGH BOTH 
FRACTIONS 

I + • 
WT.% WT. % 
HEAVY LIGHT 
MINERALS MINERALS 

EL£MENTAL ANAL YS!S 4 I ... I OF EACH FRACTION ___ _...,."''III .. __ .....J.... ________ -4"'1111-----__J 

FIGURE 54 SA~LE PRE-TREAT~ENT AND GEOCHEMICAL ANALYSIS 



SET If 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Orientation 

COARSE 

030 

025 

020 

030 

020 

060 

020 

060 

020 

035 

020 

025 

020 

035 

030 

035 

030 

020 

025 

045 

040 

025 

020 

315 

0 20 

025 

020 

030 

050 

060 

FINE 

090 

090 

APPENDIX D 
TABLE 20 

I ce Flow Indicators 

TYPE 

Striae 

"Nailhead" Striae 

Striae 

Striae 

Groove 

Striae 

Striae 

Striae 

Crossing Striae 

"Nailhead" Striae 

Striae 

"Nailhead" Striae 

Crossing Striae 

Striae 

Striae 

Striae 

Striae and Gouges 

Striae 

Striae 

Striae 

Striae 

Striae 

Striae and Gouges 

Striae 

Striae 

Striae 

Striae 

Striae 

"Nailhead" Striae 

Striae 

Location 

LATITUDE 

49° 20' 00" 

49° 20' 00" 

49° 20' 15" 

49° 20' 45" 

49° 20' 45" 

49° 20' 20" 

49° 20' 30" 

49° 21' 30" 

r9° 21' 30" 
49° 21' 45" 

49° 22' 30" 

49° 22' 50" 

49° 20' 00" 

49° 22' 00" 

49° 21' 40" 

49° 24' 40" 

49° 21' 35" 

49° 21' 45" 

49° 22' 05" 

49° 23' 00" 

49° 23' 50" 

49° 24' 40" 

49° 25' 00" 

49° 25' 30" 

49° 25' 30" 

49° 25' 55" 

49° 26' 00" 

49° 26' 15" 

49° 27' 00" 

49° 28' 00" 

LONGITUDE 

56° 39' 00" 

56° 38' 35" 

56° 37' 40" 

56° 36' 00" 

56° 35' 00" 

56° 35' 00" 

56° 34' 30" 

56° 34' 00" 

56° 33' 45" 

56° 32' 15" 

56° 32' 00" 

56° 31' 50" 

56° 30' 45" 

56° 30' 45" 

56° 29' 30" 

56° 29' 30" 

56° 29' 20" 

56° 29' 00" 

56° 29' 00" 

56° 28' 35" 

56° 28' 30" 

56° 28' 20" 

56° 28" 15" 

56° 27' 50" 

56° 27' 15" 

56° 26' 50" 

56° 26' 15" 

56° 23' 50" 

56° 23' 10" 

56° 23' 00" 



APPENDIX E 

Cost Sheet 

Capital Expenditures (Seismograph-Lab Equipment-

Field Equipment, etc) 

Transportation and Living Expenses 

Salaries (3-man Field party) 

Backhoe Rental (incl. operator) 

Check Analyses (Atlantic Analytical Services) 

Misce llaneous (Aircraft Rental- Air Photographs etc.) 

Total 

$6,600.00 

1,400.00 

8,200.00 

510.00 

120.00 

3,040.00 

$19,870.00 



APPENDIX F 

TABLE 21 

SEDIMENTOLOGICAL DATA 

% % % 
Sample 1 6mm-2mm 2mm-0.063mm -0.063mm 
Number Depth Material (gravel) (sand) (silt & clay) 

T-1 4' grey till 38.0 54.6 7.4 

T-2 4' grey till 54.3 33 . 0 12.7 

T-3 4 ' grey till 23.2 42.0 34.8 

T-4 4.5 ' grey till 35.3 43.8 21.0 

T-5 4.5 ' grey till 46.8 39.0 14.2 

T-6 8 ' grey till 49.3 47.0 3.7 

T-7 4' grey till 34.0 t 41.0 25.0 

T-8 4' grey till 17 . 6 56.6 25.8 

T-9 4' grey till 44. 7 41.0 14.3 

T-10 4' grey till 27.8 63.6 8.6 

T-11 4' grey till 62.3 33.5 4.2 

T-12 6 ' grey till 49 . 6 22.6 27.8 

T-13 5.5' grey till 38.0 39.0 23.0 

T-14 4.5' grey till 36 . 2 34.8 29.0 

T-15 6' grey till 20.2 47 . 8 32.0 

T-16 4' grey till 47.2 47.0 5.8 

T-17 5' grey till 37 .6 35.5 26.9 

T-18 5' grey till 50.0 33.9 16 ol 

T-19 4' grey till 63.6 23.1 13.3 

T-20 4' grey till 53.9 26.0 20.0 

See Figurel2 for pit locations. T dug by hand, TB dug by backhoe. 
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SEDIMENTOLOGICAL DATA 

% % % 
Sample 16mm-2mm 2mm-0.063mm -0 o063mm 
number Depth Material (gravel) (sand) (silt & clay) 

T-21 5' grey till 56.1 27.0 16.9 

TB-22 high 4' grey till 35.8 38.6 25.6 

TB-22 low 7' grey till 72.4 16.9 10.7 

TB-23 high 3' grey till 54.6 33.0 12.4 

TB-23 low 5' grey till 54.6 28.8 16.6 

TB-24 7' grey till 43.2 53.0 3.8 

TB-25 7.5' grey till 63.5 r 35.3 1.2 

TB-26 7' grey till 45.3 31.2 23.5 

TB-27 7' grey till 63.1 24.7 12.2 

TB-28 high 3' grey till 49.3 47.0 3.7 

TB-28 low 6' grey till 60.2 25.9 13.9 

TB-29 high 4' grey till 52.7 33.7 13.6 

TB-29 low 8' grey till 51.6 33.8 14.6 

TB-30 7.5' grey till 47.2 36.2 16.6 

TB-31 7.5' grey till 45.6 40.6 13.8 

TB-32 7' grey till 44.1 49.7 6.2 

TB-33 high 4' grey till 49.0 37.5 13.5 

TB-33 low 8' grey till 45.0 44.7 10.3 

TB-34 7' grey till 47.2 45.7 7.1 
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SEDIMENTOLOGICAL DATA 

Sample 
% % % 

16mm-2mm 2mm-0.063mm -0.063mm 
number Depth Material (gravel) (sand) (silt & clay) 

TB-35 6.5' grey till 48.1 45.0 6.9 

TB-36 high 4' glacio-fluvial 58.4 36.4 5.2 

TB-36 low 8' glacio-fluvial 35.8 42.0 22.2 

TB-37 high 4' grey till 36.8 41.4 21.9 

TB-37 low 8' grey till 39.2 41.3 19.5 

TB-38 high 4.5' grey till 45.6 43.9 10 . 5 

TB-38 low 8' grey till 35.1 ~-4 25.5 

TB-39 7' grey till 45.0 3.2 21.8 

TB-40 7 ' grey till 55.5 41.2 3.3 

TB-41 8' grey till 36.5 41.3 22.2 

TB-42 high 3 ' grey till 42.0 41.9 16.1 

TB-42 low 7.5' grey till 44.0 41.8 14.2 

TB-43 high 4' grey till 49 . 0 37.0 14.0 

TB-4 3 low 7.5' grey till 38.9 49.4 11.7 

TB-44 7' grey till 64.8 30.4 4.8 

TB-45 7' grey till 59.7 35.3 5. 0 

TB-46 p A 10' grey till 52.0 40.0 8.0 
r B 9' till 53.4 35.4 11.2 
0 

grey 

f c 8' grey till 50.4 42.0 7.6 
i 

D 7 ' till 55.3 37.5 7.2 1 
grey 

e E 6' grey till 48.1 40.4 11.5 
s 

F 5' till 44.3 41.8 13.9 grey 
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SEDIMENTOLOGICAL DATA 

% % % 
Sample 16mm-2mm 2mm-0.063mm -0.063mm 
Number Depth Material (gravel) (sand) (silt and clay) 

G 4' grey till 53.2 38.8 8.0 

H 3' grey till 48.7 39.6 11.7 

TB-47 7.5' grey till 27.5 37.3 35.2 

.. TB- 48 7' grey till 60.3 28.5 11.2 

TB-49 8' grey till 65.9 25.0 9.1 

TB-50 7' grey till 51.1 36.7 12.2 

TB-51 7.5' grey till 60.3 ' 28. 7 11.0 

TB-52 7.5' grey till 50.3 44.0 5.7 

TB-53 7.5' grey till 44.3 39.9 15.8 

TB- 54 7' grey till 67.8 22.0 10.2 

TB-55 8' grey till 46.7 48.5 4.8 

TB-56 8' grey till 45.8 38.8 15.4 

TB-57 7.5' grey till 46.8 36.4 16.8 

TB- 58 8' grey till 23.6 51.5 24.9 

TB-59 high 4' grey till 48.1 34.7 17.2 

TB- 59 low 8' grey till 48.9 37.7 13.4 

TB-60 high 3' grey till 39.5 35.0 25.5 

TB-60 low 6' grey till 45.4 37.6 17.0 

TB-61 7' grey till 18.4 45.0 36.6 

TB- 62 6' grey till 24.8 44.0 31.2 
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SEDIMENTOLOGICAL DATA 

Sample 
% % % 

16mm-2mm 2mm-0.063mm -0.063mm 
Number Depth Material (gravel) (sand) (silt & clay) 

TB-63 high 4' grey till 37.4 38.7 23.9 

TB-63 low 7' grey till 40.0 40.5 19.5 

TB-64 p A 8' grey till 37.3 38.1 24.6 
r 

B 7' till 33.3 36.1 30.5 
0 

grey 

f c 6' grey till 51.3 38.2 10.5 
i 

D 5' till 40.0 36.3 23.7 1 
grey 

e E 4' grey till 41.6 t$.8 13.6 

TB-65 low 7' red till 53.5 31.0 25.5 

TB-65 high 4' grey till 25.2 40.3 34.5 

TB-66 high 4' grey till 38.8 50.6 10.6 

TB-66 low 8' grey till 26.0 45.5 28.5 

TB-67 7. 5' grey till 38.7 33.2 28.1 

TB-68 6' G.F. (?) 30.4 50.1 19.5 

TB-69 7' grey till 59.2 33.3 7.5 

TB-70 p A 8' red till 51.2 32.1 16.7 
r 

B 7' red till 47.1 37.5 15.4 
0 

f c 6' grey till 44.5 40.1 15.4 
i 

D 5' till 35.4 47.8 16.8 1 
grey 

e E 4' grey till 18.6 42.3 39.1 
s 
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SEDIMENTOLOGICAL DATA 

% % % 
Sample 16mm-2mm 2mm-0.063mm -0.063mm 
number Depth Material (gravel) (sand) (silt & clay) 

TB-70B p A 7' Red till 73.9 18.2 7.9 
r 

B 6' till 66.1 25.4 8.5 
0 

grey 

f c 5' grey till 57.7 32.0 10.3 
i D 4' till 42.4 36.9 20.7 1 

grey 

e E 3' grey till 43.7 35.2 21.1 
s 

T-71 5' grey till 39.6 47.7 12.7 

T-72 5' grey till 55.2 ,6.8 8.0 

T-73 4' grey till 55.0 32.4 12.6 

T-74 4.5' grey till 69.7 17.5 12.8 

T-75 5' grey till 50.3 44.2 5.5 

T-76 4' grey till 44.1 36.1 19.8 

T-77 5' grey till 69.8 22.1 8.1 

T-78 4.5' grey till 38.9 40.3 20.8 

T-79 4' grey till 34.7 38.8 26.5 

T-80 4' grey till 45.7 35.7 18.6 

T-81 4' grey till 38.0 45.1 16.9 

T-82 4.5' grey till 44.9 36.0 19.1 

T-83 5' grey till 31.8 42.5 25.7 

T-84 5' grey till 42.6 26.3 31.1 

T-85 4' grey till 61.7 24.7 13.6 

T-86 5.5' grey till 65.9 23.8 10.3 
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SEDIMENTOLOGICAL DATA 

% % % 
Sample 16mm-2mm 2mm-0.063mm -0.063mm 
number Depth Material (gravel) (sand) (silt & clay) 

T-87 4.5' red till 42.2 36.0 21.8 

T-88 5' grey till 60.6 27.8 11.6 

TB-89 high 4' grey till 14.6 53.5 31.9 

TB-89 low 8' grey till 12.8 53.5 33.7 

TB-90 high 4' grey till 28.5 44.1 27.4 

TB-90 low 8' red till 28.7 50.8 20.5 

TB-91A low 8' grey till 31.4 4,.3 28.3 

TB-91A high 4' grey till 34.6 38.0 27.4 

TB-91B low 8.5' red till 49.4 33.3 17.3 

TB-91B high 4' grey till 16.8 41.2 42.0 

TB-91B middle 6' red & grey 50.4 27.9 21.7 

TB-92 high 4' grey till 38.2 39.0 22.8 

TB-92 low 8' red till 62.9 28.8 8.3 

TB-92B p A 7.5' red till 58.4 31.0 10.6 
r 

B 6.5' red till 63.7 25.0 11.3 
0 

f c 5.5' red & grey 64.0 18.7 17.3 
i 

D 4.5' till 49.7 31.2 19.1 1 
grey 

e E 3.5' Grey till 34.1 42.5 23.4 
s 

TB-93 high 4' grey till 18.5 59.1 22.4 

TB-93 low 8.5' grey till 13.1 56.2 30.7 



194 

SEDIMENTOLOGICAL DATA 

% % % 
Sample 16mm-2mm 2mm-0.063mm -0.063mm 
number Depth Material (gravel) (sand) (silt & clay) 

TB-94 high 4' grey till 30.1 43.5 26.4 

TB-94 low 7' grey till 13.2 50.5 36.3 

TB-95 High 8' grey till 15.1 51.0 33.9 

TB-95 low 4' grey till 19.6 51.8 28.6 

TB-96 high 5' grey till 42.3 32.2 25.5 

TB-96 low 9.5' grey till 26.5 45.6 27.9 

TB-97 high 4' red till 46.6 (2.4 11.0 

TB-97 low 8' red till 29.7 44.3 26.0 

TB-98 high 5' grey till 24.0 55.1 20.9 

TB-98 low 9' grey till 32.9 44.9 22.2 

TB-99 high 4' grey till 50.4 37.5 12.1 

TB-99 low 8' grey till 43.8 41.0 15.2 

TB-100 high 3' G. F. (?) 46.1 29.7 24.2 

TB-100 low 6' G. F. (?) 53.2 28.0 18.8 

TB-101 6.5' G.F. (?) 11.5 53.6 34.9 

T B-102 p A 8' red till 44.7 39.2 16.1 
r 

B 7' red till 51.9 31.8 16.3 
0 

f c 6' grey till 48.1 35.9 16.0 
i 

D 5' till 47.9 34.4 17.7 l grey 

e E 4' grey till 53.3 34.7 12.0 
s F 3' till 42.0 44.0 14.0 grey 



195 

SEDIMENTOLOGICAL DATA 

% % % 
Sample 16rnm-2mm 2mm-0.063mm -0.063mm 
Number Depth Material (gravel) (sand) (silt & clay) 

T-103 5' grey till 52.2 33.4 14.4 

T-104 4' red till 47.0 37.6 15.4 

T-105 5.5' red till 51.8 31.6 16.6 

T-106 4' grey till 44.3 34.4 21.3 

TABLE 21 SEDIMENTOLOGICAL DATA (Concluded) 



APPENDIX G 

TA.BLE 22 

PEBBLE COUNTS TILL FABRIC 

Till Dominant Secondary 
% Granite % Rhyolite % Andesite Total Type Depth Mode Mode 

Sample II (18) (llA) (14) % Others Counted (Grey or Red) (in feet) (Az.) (Az.) 

T-1 59 8 33 203 G 4 030 345 
T-2 91 7 2 330 ~ 4 015 090 
T-3 30 61 9 252 ~ 4 315 020 
T-4 15 50 35 236 G 4.5 325 045 
T-5 24 22 47 7 315 G 4.5 300 
T-6 40 39 21 345 G 8 335 060 
T-7 36 64 252 G 4 320 035 
T-8 46 40 14 353 G 4 045 100 
T-9 63 19 18 357 G 4 000 065 
T-10 40 25 35 587 G 4 345 
T-11 46 18 36 463 G 4 015 130 
T-12 NONE TAKEN DUE TO COMPACTED TILL 
T-13 56 32 12 224 G 5.5 060 015 
T-14 35 30 35 316 G 4.5 015 
T-15 37 23 40 362 G 6 335 020 
T-16 17 17 66 302 G 4 000 035 
T-17 3 97 410 ~ 

G 5 045 
T-18 14 4 82 415 G 5 060 350 
T-19 2 98 284 G 4 040 075 
T-20 100 324 G 4 355 
T-21 5 95 360 G 5 340 

TR-22 low 2 5 92 1 570 G 7 270 290 
TB-22 High 7 14 75 4 387 G 4 335 030 

See Figure 12 for sample locations. 
Rock type numbers correspond to those of Neale and Nash, 1963. 
G - denotes grey till; R-denotes red till; GF - denotes "\-lashed" grey till. 
T - denotes pit dug by hand; TB - denotes pit du8 by back hoe. 



TABLE 22 

PEBBLE COUNTS TILL FABRIC 

Till Dominant .Secondary 
.% Granite % Rhyolite % Andesite Total Type Depth Mode Mode 

Sample If (18) (llA) (14) % Others Counted (Grey or Red) (in feet) (Az.) (Az.) 

TB-23 low 26 18 49 7 366 G 5 335 
TB-23 high 13 14 49 24 385 G 3 000 090 
TB-24 26 13 59 2 335 G 7 340 040 
TB-25 30 30 40 419 G 7.5 015 110 
TB-26 20 80 490 G 7 090 015 
TB-27 36 8 52 4 494 G 7 080 045 
TB-28 100 316 G 6 015 095 
TB-29 low 19 81 344 G 8 005 060 
TB-29 high 20 80 239 G 4 015 
TB-30 9 3 88 450 G 7.5 035 135 
TB-31 52 6 42 316 G 7.5 285 
TB-32 98 2 454 G 7 290 355 
TB-33 low 58 8 34 442 TB-33 high 37 G 8 310 350 

11 35 17 291 G 4 330 065 TB-34 88 8 4 
TB-35 99 

513 G 7 340 065 
1 318 G 6.5 040 320 TB-36 low 32 68 

TB-36 high 32 352 GF (?) 8 RANDOM ORIENTATION 
6 62 

TB-37 low 49 370 ........ GF (?) 4 020 095 
13 38 471 G 8 070 000 TB-37 high 28 18 51 3 326 TB-38 low 19 G 4 015 100 11 59 11 535 G 8 050 100 TB-38 high 34 11 49 6 488 TB-39 34 G 4 085 005 
13 43 10 TB-40 56 296 G 7 345 2 42 

TB-41 77 261 G 7 030 
11 9 3 504 G 8 350 270 TB-:-42 low 36 9 55 

TB-42 high 21 403 G 7.5 095 005 10 65 4 691 G 4 010 315 TB-43 low 28 7 65 
TB-43 high 31 607 G 7.5 045 110 7 62 485 G 4 030 350 TB-44 6 94 f-' 

TB-45 468 G 7 000 315 \.0 

9 4 87 -....) 

739 G 7 030 



rTABLE 22 

PEBBLE COUNTS TILL FABRIC 

Till Dominant Secondary 
% Granite % Rhyolite i, Andesite Total Type Depth Mode Mode 

Sample If (18) (llA) (14) % Others Counted (Grey or Red) (in feet) (Az.) (Az.) 

TB-46 low 21 3 74 2 641 G 10 340 
TB-46 high 11 9 72 8 260 G 4 290 005 
TB-47 22 10 68 495 G 7.5 270 
TB-48 3 97 544 G 7 005 075 
TB-49 13 12 75 478 G 8 030 115 
TB-50 20 7 66 7 544 G 7 030 
TB-51 49 48 3 584 G 7.5 015 105 
TB-52 26 6 68 319 G 7.5 045 105 
TB-53 70 4 21 5 417 G 7.5 045 115 
TB-54 31 26 43 477 G 7 010 130 
TB-55 43 7 so 491 G 8 355 100 
TB-56 22 13 60 5 414 G 8 020 130 
TB-57 70 6 24 515 G 7.5 330 
TB-58 21 15 64 469 G 8 345 
TB-59 low 1 99 433 G 8 355 285 
TB-59 high 15 2 83 385 G 4 335 305 
TB-60 low 10 5 85 347 G 6 345 270 
TB-60 high 14 4 82 382 G 3 330 260 
TB-61 11 62 27 466 G 7 270 350 
TB-62 15 5 80 271 G 6 315 10 
TB-63 low 22 17 61 470 G 7 005 110 
TB-63 high 42 7 51 292 G 3.5 345 085 
TB-64 low 20 4 76 442 G 8 345 255 
TB-64 high 18 8 74 274 G 4 280 355 
TB-65 low 3 3 94 358 R 7 040 
TB-65 high 42 11 47 349 G 4 015 045 
TB-66 low 48 11 41 407 G 8 060 
TB-66 high 49 11 40 400 G 4 030 330 

f-1 
1..0 
CX> 



TABLE 22 

PEBBLE COUNTS TILL FABRIC 

Till Dominant Secondary 
% Granite % Rhyolite % Andesite Total Type Depth Mode Mode 

Sample II (18) (llA) (14) % Others Counted (Grey or Red) (in feet) (Az.) (Az.) 

TB-67 20 21 59 394 c; 7.5 300 
TB-68 29 45 26 402 GF (?) 6 000 050 
TB-69 100 352 G 7 060 300 
TB-70 low 2 87 11 386 R 8 355 330 
TB-70 high 3 91 6 451 G 4 335 000 
TB-70B low 99 1 366 R 6 000 085 
TB-70B high 3 94 3 198 G 3 330 
T-71 so 1 49 415 G 5 015 095 
T-72 63 37 286 G 5 065 165 
T-73 15 8 75 2 398 G 4 030 125 
T-74 88 1 11 550 c; 4.5 005 
T-75 22 76 2 360 G 5 040 
T-76 20 14 62 4 427 c; 4 320 020 
T-77 27 1 65 7 589 G 5 345 
T-78 34 15 43 8 343 c; 4.5 280 000 
T-79 27 10 57 6 369 G 4 060 350 
T-80 37 7 53 3 334 G 4 015 
T-81 36 9 52 3 439 ........ G 4 060 
T-82 20 34 41 5 288 G 4.5 130 040 
T-83 35 13 49 3 367 G 5 095 000 
T-84 62 17 20 1 363 G 5 290 345 
T-85 63 3 34 326 G 4 275 
T-86 15 12 73 175 G s.s 025 
T-87 39 10 47 4 297 R 4.5 055 335 
T-88 29 8 61 2 404 G 5 020 275 
TB-89 low 22 27 so 1 472 G 8 350 
TB-89 high 27 11 62 422 G 4 275 
TB-90 low 31 18 49 2 348 G 8 015 250 
TB-90 high 34 17 45 4 249 G 4 270 330 

f-J 
~ 
~ 



TABLE 22 

PEBBLE COUNTS 

% Granite % Rhyolite % Andesite Total 
Sample II (18) (llA) (14) % Others Counted 

TB-91A low 20 7 72 1 358 
TB-91A high 31 10 59 305 
TB-91B low 5 3 92 331 
TB-91B high 16 7 73 4 374 
TB-91B middle 19 76 5 249 
TB-92 low 12 88 150 
TB-92 high 19 16 65 424 
TB-92B low 43 57 145 
TB-92B high 27 14 56 3 389 
TB-93 low 43 19 37 1 339 
TB-93 high 40 19 38 3 357 
TB-94 low 21 13 63 3 297 
TB-94 high 18 30 51 1 262 
TB-95 low 40 13 46 1 351 
TB-95 high 24 18 58 495 
TB-96 low 8 13 75 4 333 
TB-96 high 9 9 82 472 
TB-97 low 1 99 389 
TB-97 high 100 423 
TB-98 low 29 18 50 3 400 
TB-98 high 35 23 40 2 306 
TB-99 low 11 89 425 
TB-99 high 20 3 77 336 
TB-100 low 24 8 68 458 
TB-100 high 14 20 66 294 
TB-101 36 8 54 2 365 
TB-102 high 20 43 37 338 

,TILL FABRIC 

Till 
Type Depth 

(Grey or Red) (in feet) 

R 8 
G 4 
R 8.5 
G 3 
R 5.5 
R 8 
G 4 
R 7.5 
G 3.5 
G 8oS 
G 4 
G 7 
G 3.5 
G 8 
G 4 
G 9.5 
G 4.5 
R 8 
R 4 

......... G 9 
G 4.5 
G 8 
G 4 
GF (?) 6 
GF (?) 3 
GF (?) 6.5 
R 8 

Dominant 
Mode 
(Az.) 

015 
335 
040 
005 

030 
345 
045 
340 
020 
010 
000 
345 
015 
000 
355 
325 
045 
030 
350 
330 
085 
110 
285 
085 
030 
330 

Secondary 
Mode 
(Az.) 

045 

270 

335 
065 
330 
070 
065 
065 

230 
090 
090 

050 
345 
310 

275 
015 
035 
010 

125 

N 
0 
0 



PEBBLE COUNTS 

% Granite % Rhyolite % Andesite 
Sample II 

T-103 
T-104 
T-105 
T-106 

TOTAL SAMPLES 
141 

(18) (llA) 

1 2 

22 

Average of 385 pebbles/sample counted 

PEBBLE COUNTS (COMPLETED) 

(14) 

97 
100 
100 

TABLE 

% Others 

78 

22 

Total 
Counted 

376 
423 
376 
246 

TOTAL PEBBLES 
54,581 

TILL FABRIC 

Till 
Type Depth 

(Grey or Red) (in feet) 

G 5 
R 4 
R 5oS 
G 4 

Dominant 
Mode 
(Az.) 

330 
065 
065 
015 

Secondary 
Mode 
(Az.) 

055 
325 
330 
105 

N 
0 
J--1 



APPENDIX H 

TABLE 23 

GEOCHEMICAL DATA 

ppm ppm ppm ppm ppm ppm % ppm 
II Cu Pb Zn Co Ni Mn Fe s 

1 8 4 21 5 20 153 0.6 34 
1"H" 27 16 44 25 47 245 2.0 NA 
1"L" NA NA NA NA NA NA NA NA 
2 18 6 14 2 9 220 1.4 NA 
3 8 8 25 1 26 185 0.6 30 
4 8 9 so 2 6 268 1.0 NA 
5 35 11 so 10 33 280 0.8 NA 
6 23 9 60 8 26 320 1.6 " 
7 10 5 24 2 26 173 1.0 " 
8 10 65 20 7 99 118 0.3 " 
9 13 15 20 2 13 155 r 0.9 " 

10 45 95 63 2 45 ·260 0.9 Trace 
11 20 65 34 3 26 280 0.8 NA 
12 13 105 75 6 68 500 1.1 NA 
13 5 7 18 2 44 135 0.6 Trace 
14 3 5 14 4 15 135 0.5 NA 
15 10 4 20 2 9 168 0.8 Trace 
15"H" 25 20 46 8 30 255 1.9 NA 
15"L" NA NA NA NA NA NA NA NA 
16 28 5 35 2 6 315 1.5 " 
17 13 7 18 2 10 265 1.3 " 
18 16 2 26 2 13 200 0.9 " 
19 30 9 45 5 18 390 2.1 " 
20 18 5 48 3 20 335 2.0 " 
21 46 4 34 2 16 350 1.1 " 
22L 98 7 65 5 10 308 1.6 " 
22L"H" 250 17 315 35 35 297 7.5 " 
22L"L" 208 9 60 3 5 325 2.1 " 
22H 24 6 25 2 8 178 0.7 " 
23L 27 30 23 3 12 205 0.6 " 
23H 33 60 21 1 26 240 0.7 " 
24 18 11 21 3 13 163 0.7 " 
25 WATER FILLED N.A. 
26 200 8 36 5 28 275 0.8 " 
27 38 3 24 6 20 185 0.9 " 
28L 73 5 25 2 12 218 1.7 " 
28H 63 5 20 3 14 153 1.3 " 
29L 53 9 21 6 20 180 0.6 " 
29H 75 5 20 2 17 275 0.8 " 
30 68 3 29 3 110 190 0.6 " 
31 45 8 20 6 18 153 0.6 " 
31(2) so 7 20 6 20 153 0.4 " 
32 15 3 26 7 19 238 0.7 " 
33L 45 6 16 2 26 174 0.9 " 
33H 43 60 21 6 25 143 0.8 " 
34 53 3 16 3 20 198 0.7 " 
35 18 6 20 6 20 155 0.7 20 
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GEOCHEMICAL DATA 

ppm ppm ppm ppm ppm ppm % ppm 
II Cu Pb Zn Co Ni Mn Fe s 

36L 15 7 20 2 13 160 0.6 NA 
36H 15 7 20 2 6 220 0.6 " 
37L 10 6 15 1 5 148 0.7 " 
37H 28 65 20 6 63 143 o.s " 
38L 18 4 21 2 3 205 0.9 " 
38H 30 3 28 7 16 230 0.8 " 
39 22 3 35 8 22 215 0.8 NA 
40 55 8 18 6 24 165 1.3 " 
41 37 19 48 7 26 445 1.5 " 
42L 13 8 18 2 4 165 0.8 " 
42H 18 8 34 2 13 225 1.2 " 
43L 13 6 28 2 3 185 0.8 " 
43L(2) 15 5 28 2 20 195 0.9 " 
43H 14 8 20 2 25 220 0.8 " 
44 13 6 32 3 19 315 2.1 " 
45 15 9 20 6 20 230 f.o " 
46 A 16 6 25 2 10 253 0.9 NA 

B 18 75 35 8 33 230 0.8 " 
c 18 5 25 2 6 233 1.2 " 
D 23 4 24 8 23 218 0.9 " 
E 23 65 28 7 18 240 0.6 " 
F 15 5 20 2 6 228 1.0 " 
G 20 5 38 10 21 190 1.0 " 
H 16 7 21 2 6 183 1.2 " 

47 28 5 30 3 12 260 1.1 " 
47(2) 20 8 31 2 10 253 1.1 " 
48 8 8 90 9 20 260 2.3 " 
49 6 60 34 6 28 500 2.1 " so 18 6 21 9 13 225 1.0 " 
51 23 3 30 9 6 266 0.9 " 
52 13 6 28 3 19 240 0.8 5 
53 15 3 25 11 18 215 1.0 Trace 
53(2) 23 75 26 3 15 220 0.8 Trace 
54 38 75 so 3 18 435 1.0 NA 
55 23 15 42 6 5 238 1.9 " 
56 28 9 26 2 10 230 1.1 " 
57 23 9 38 1 9 200 1.0 8 
58 15 30 26 8 10 240 1.3 NA 
58(2) 16 4 28 8 13 235 0.8 NA 
59L(l) 150 6 100 7 28 475 2.5 74 

(2) 145 9 105 8 16 500 2.3 54 
(3) 133 6 100 7 20 600 2.7 81 
(4) 164 9 320 22 15 600 2.6 93 
(5) 170 7 240 30 18 825 2.4 62 
(6) 178 7 80 22 18 628 2.4 65 
(7) 185 4 105 21 17 633 2.5 77 
(8) 180 8 100 20 16 640 2.6 68 
(9) 165 7 99 23 15 610 217 74 
(10) 165 7 99 21 18 626 2.9 74 
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GEOCHEMICAL DATA 

ppm ppm ppm ppm ppm ppm % ppm 
{I Cu Pb Zn Co Ni Mn Fe s 

59L 11H11 218 8 113 60 32 612 4.0 NA 
59L 11L11 87 5 110 35 23 585 2.6 NA 
59H 23 7 16 2 17 160 0.6 70 
60L 45 5 36 5 6 390 1.5 68 
60H 45 60 58 6 37 250 1.0 20 
61 5 2 28 1 9 170 0.8 24 
62 23 5 28 2 9 225 1.1 Trace 
62(2) 23 5 26 3 5 225 1.3 NA 
63L 23 2 28 2 6 212 0.9 NA 
63H 25 10 29 2 25 245 1.0 II 

64A 23 5 25 10 20 285 0.9 Trace 
64A11H11 38 17 44 30 19 332 1.9 NA 
64A11L11 NA NA NA NA NA NA NA NA 

B 28 10 30 10 25 300 r 1.0 29 
c 28 3 31 12 15 243 1.0 20 
C(2) 23 4 28 14 16 273 1.2 NA 
D 23 3 18 5 18 110 0.6 97 
E 23 7 35 8 32 293 1.1 20 
E(2) 31 30 36 9 33 280 1.2 NA 

65L 30 10 30 5 6 250 1.8 154 
65L 11H11 so 8 43 8 26 475 3. 7 NA 
65L 11L11 15 3 14 5 20 138 1.5 NA 
65H 18 6 17 5 6 140 0.8 5 
66L 8 9 17 4 4 125 0.5 4 
66H 8 5 25 4 13 158 0.5 19 
66H11H11 15 19 49 12 7 192 1.4 Trace 
67(1) 13 7 90 9 25 180 0.8 II 

(2) 18 7 34 4 15 188 0.8 II 

(3) 20 7 30 4 10 175 0.6 NA 
(4) 15 9 32 1 8 190 0.9 NA 
(5) 15 5 so 2 5 205 0.6 II 

(6) 16 7 26 2 5 177 0.9 II 

(7) 18 4 32 4 11 200 0.8 II 

(8) 18 4 36 4 12 200 0.9 II 

(9) 17 7 37 3 9 190 0.7 II 

(10) 17 7 36 5 10 188 0.8 II 

67 11H11 31 22 72 14 34 332 1.9 II 

67 11L11 12 2 34 5 32 250 0.9 II 

68 8 9 45 6 20 248 0.8 II 

69 98 31 132 20 19 220 2.5 Trace 
70A 151 175 202 30 67 575 5.6 284 
70A(2) 153 175 200 9 78 550 5.8 NA 
70A11H11 160 43 244 30 48 650 19.0 NA 
70A11L11 115 175 252 28 28 588 5.7 NA 
70B 63 63 187 27 19 540 3.8 120 

c 15 19 63 9 13 300 1.0 Trace 
D 8 13 60 8 25 245 1.1 Trace 
E 1 12 so 8 6 140 0.9 30 
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GEOCHEMICAL DATA 

ppm ppm ppm ppm ppm ppm % ppm 
II Cu Pb Zn Co Ni Mn Fe s 

70B A 98 16 110 29 6 563 2.5 120 
B 40 40 155 6 28 400 2.3 Trace 
c 45 18 171 19 20 700 3.0 34 
D 20 20 92 15 15 488 1.7 14 
E 5 14 49 2 50 135 0.9 NA 

71 15 60 43 11 115 220 1.1 " 
72 41 7 23 7 12 325 1.5 II 

73 30 7 19 2 14 225 1.0 " 
74 55 16 33 3 13 226 1.5 " 
75 8 25 32 5 10 217 4.6 " 
76 23 5 18 2 6 220 0.8 " 
77 2 20 214 1.1 ll 

78 15 5 19 1 8 203 0.6 " 
79 (1) 33 5 17 4 48 190 1.7 " 
79(2) 10 6 23 4 8 255 r 1.6 " 
80 18 5 38 1 8 145 0.7 NA 
81 83 9 25 2 34 248 1.1 14 
82 15 5 24 2 8 188 0.6 NA 
83 13 5 19 1 13 140 0.6 " 
84 18 5 14 1 14 170 0.7 " 
85 45 9 14 3 14 235 1.0 " 
86(1) 15 9 35 2 13 188 3.5 525 

(2) NA NA NA NA NA NA NA 544 
(3) " " " " " " II 527 
(4) II II II II II " " 544 
(5) " " II II " " II 489 
(6) " II II " II II " 484 
(7) II II II II II " II 467 
( 8) II " II " II II II 484 
(9) " II II II II II " 466 
(10) " II " II II II II 4 32 

86 11H" 30 13 34 6 25 213 4.5 NA 
86 11L II 5 8 20 2 13 200 2.9 NA 
87 30 3 19 19 10 500 0.6 30 
88 18 9 14 1 8 205 0.7 10 
89L 15 3 29 8 6 180 0.9 Trace 
89L"H11 40 18 70 25 44 332 2.1 NA 
89L"L" NA NA NA NA NA NA NA NA 
89H 38 9 108 2 33 188 0.8 10 
90L 18 7 18 2 14 190 0.6 Trace 
90H 16 3 22 9 6 188 0.8 Trace 
91AL 18 9 20 2 20 191 1.8 117 
91AL 11H11 28 10 46 13 40 175 2.1 NA 
91AL11L11 17 7 36 8 24 265 0.9 NA 
9 1AL 11L II ( 2) 18 NA NA NA NA 262 2.5 NA 
91AH 18 7 18 2 17 155 0.9 Trace 
91AH11H" 27 17 36 12 32 122 2.4 NA 
91AH11L11 15 3 19 15 30 NA 0.8 NA 
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GEOCHEMICAL DATA 

ppm ppm ppm ppm ppm ppm % ppm 

It Cu Pb Zn Co Ni Mn Fe s 

91BL 23 7 29 7 26 310 3.0 394 
91BM 38 13 40 12 275 1.7 29 
91BH 48 8 27 6 15 240 1.3 85 
92L 195 13 41 44 20 775 11.4 2515 
92L(2) 173 13 30 37 28 563 12.2 2545 
92L"H" 166 17 70 15 30 L~ 63 11.4 NA 
92L"L" 160 12 24 34 65 620 10.1 NA 
92H 41 4 31 17 15 450 1.5 153 
92H"H" 95 17 54 21 40 385 3.5 NA 
92H"L" 27 6 73 9 30 282 1.2 NA 
92B A 300 19 50 11 15 550 10.0 1635 

B 54 37 80 8 13 333 4.5 1481 
c 53 24 32 8 15 275 3.4 292 
D 38 7 24 13 10 260 t·1 45 
E 40 7 25 3 16 135 .1 22 

93L 8 6 16 8 6 130 0.5 NA 
93H 8 7 24 3 30 135 0.6 5 
94L 24 16 25 8 20 240 0.9 7 
94L"H" 110 17 59 17 23 332 2.4 NA 
94L"L" NA NA NA NA NA NA NA NA 
94H 18 4 32 8 21 158 0.9 5 
94H (2) 15 9 32 8 20 185 0.7 NA 
95L 8 8 85 5 10 120 0.5 19 
95L"H" 18 15 44 21 30 332 1.9 NA 
95L"L" NA NA NA NA NA NA NA NA 
95H 15 7 26 8 13 145 0.8 Trace 
96L 38 10 90 19 15 650 2.2 10 
96L(2) 35 7 60 18 15 813 1.6 NA 
96H 59 14 170 5 28 410 2.4 Trace 
97L 83 13 62 79 30 1700 4.5 230 
97H 33 6 63 12 15 450 3.4 198 
98L 15 10 30 8 20 173 0.8 Trace 
98H 18 6 31 12 20 325 1.0 Trace 
99L 28 9 31 2 50 240 1.1 50 
99H 30 5 24 2 14 285 1.0 Trace 

100L 85 17 150 2 20 375 2.5 NA 
100H 75 8 114 8 13 375 2.5 NA 
101 20 5 10 2 8 90 0.5 NA 
102 A 38 6 28 7 14 136 2.0 27 
102 A"H" 40 11 37 19 25 87 3.4 NA 
102 A"L" NA NA NA NA NA NA NA NA 
102 B 35 8 20 2 12 125 1.5 138 

c 28 7 16 2 6 115 1.5 118 
D 25 9 16 2 10 110 1.3 35 
E 28 3 26 5 19 125 1.7 35 
F 30 10 23 8 20 140 1.4 65 



207 

GEOCHEMICAL DATA 

ppm ppm ppm ppm ppm ppm % ppm 
II Cu Pb Zn Co Ni Mn Fe s 

103 232 7 36 50 25 1000 2.8 245 
103(2) 223 6 32 NA 19 705 2.4 NA 
103"H" 255 7 24 50 32 577 3.4 NA 
103"L" NA NA NA NA NA NA NA NA 
104 60 6 40 8 15 480 3.6 157 
104"H" 68 7 33 10 26 500 3.9 NA 
104"L" 55 6 32 9 28 425 0.7 NA 
105 126 18 110 8 14 475 5.4 366 
106 28 7 22 2 8 135 0.8 Trace 
R70 192 
R92F 43(45) 5 30 20 55 580 3.9 1450 
Fl 218(195) 50 132 93 108 125 r6. 2 39100 
F2 173(150) 32 52 143 130 750 5.7 28400 
F3 238(210) 23 320 90 83 1250 15.3 23600 

R60 15(8) 3 14 47 30 163 0.7 34 
R92W 120 (113) 6 22 29 55 680 4.8 4800 

Table 23 Concluded 
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