GEQIOGICAL NOTES ON O0.S. SHEET NJ 91 SW
BELHELVIE DISTRICT

Abundant float throughout the area. Two outcrops - one of gabbro
over Mundurno and one of schist or sheared basic beside Newton of Mundurno.
Next to nothing in the wdy of sulphides. Of those found, mainly in basics,
though traces found in one of the blocks of felsite.

Iarge quantities of granite to be fournd. Assorted dolours, from
red to grey with wost of the blocks medium grained. These blocks were
generally rounded, though numerous examples of angular blocks. Closely
related to this, traces of porphyry and felsite were found.

Yery abundant schists and gneisses. Most of the schists comprised
of thin micaceous bands, especially to the WW of Cranfield, bdut some
andalusite schist was also found. Gneisses were mainly rounded, and
distributed generously. Numerous blocks of quartzite throughout the area,
aled in certain places a quartz rich gneiss.

Not a great deal of basics to be found, which mainly consisted of
norite and gabbro. Some of the norite was of brown variety. Also traces
‘of rounded dolerite and uralitised basics in the area.

Hardly any ultrabasics located in this area - only a few instances
.of froctolite and the occasional weathered serpentinite.
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GEOLOGICAL NOTES ON 0.S. SHEET NJ 91 NE
BELHELVIE DISTRICT

The area mapped. featured part of the south-eastern extremity
of. the Belhelvie Mass. Generally float té the east of the A92 was extremely
scarce owing to the presence of considerable depths of sand or clay,
"whereas further west float was very abundant, being by no means exclusively
confined to recognised field boundaries. R

The most common variety of basic was gabbro, often being fairly fine
grained, occasionally showing distinct fabric and in places uralitised.
Possible outcrops of (olivine) gabbro noted at 955195, and gabbro with
traces of sulphide at 953181-2. It was found that the occurrence of basic
float was especially concentrated in roughly E-W bands, including these
possible outcrops.

Traces of sulphide -~ usually pyrite - were fairly common throughout
the gabbro distribution, but, as the map shows, all the other basic and
ultrabasic rooke of the sequence were likewise endowed. To the north-west
& very coarse pegmatitic gabbro, but devoid of sulphide mineralisation, had
& rather restricted but significant distribution.

Norites, again occasionally altered and uralitised, were common
throughout the basic-significant areas.

Apparently separated by a band of granite and schist floats from
the basic rocks was an outcrop (and float pattern) of serpentinised picrite/
pure serpentinite. This was distinguished both topographically and with
respect to vegetation cover from the surrounding, mainly granitic area.

The troctolites in this region also had the olivines radically
altered to a distinctive bright red/brown colour, whereas both the picrite
and troctolite, fairly significant as generally round blocks in the areas
to the north, were there (i.e. in the north) internally quite fresh.

Exceptional (for the area) sulphide occurrence was found in square
9517 with appreciable quantities of mainly pyrite, occasional chalcoryrite
and significant pyrrhotite (samples 10, 11, 12). Trace quantities of fine
sulphide (pyrite) occurred in some dark hornfelses in the northern half -
with thé only noteworthy feature being significant, probably vein marcasite
in hornfels (sample 8 - 3955191).

Schists and fairly siliceous gneisses were widespread throughout
the area, generally very round when large, with a possible outcrop of
biotite schist/éneiss in a very steep valley at 957189 - apparently
tsandwiched' between the basic outcrops to the north and south. The float
pattern further indicates a possilble 'finger! of schist within the basic
complex.

Granites and associated pegmatites were likewise of similar widespread
distribution (but never outcropping), being perhaps more abundant. A pink-
red variety was especially common to the north, while in the major granite
concentrations of the south the grey variety appeared dominant.

The few vein quartzite blocks found were completely barren. In
connection with the sulphide distribution pattern it should be noted that,
in these areag, the basics were extremely fresh in exterior morphology,
giving no clue as to possible mineral content and therefore sulphides, albeitl

in trace quantities, are probably more widespread in the appropriate areas.
Ko sulphides wére recognised in the ultrabasics to the south.
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1972 ACTIVITY REPCRT

THE BFLIFLVIE DISTRICT (DTI Code AR 22)

SUMMARY

Work in this district duriag 1972 has involved compilatior cf geological
dasa into reports, geochemical follow-up of stream anomalies south west
of Avperdeecn, detailed geological investigations and diamond drilling on

selected targets.

1. GEOLOGY

A geological report on results of float and outcrop mapping over the Belhelvie
cemplex was coupiled along with a report assessing all survey data, and
indicating drill taxrgets.

2. GEOCEEMISTRY

Follow-up geochemical stiream sampling was undertaken in the Cairn-mon-earn
area south-wesst of Aberdeen to evaluate further streams containing low order
molybdermuim anomzlies. No obvious encouragement was forthcoming and it was
concluded that metal was either related to weak sulphide mineralisation or

a high trace content in granitic bedrock. (see Figs 11 and 12).

3 CEQPHYSICS

A detailed ground magnetic survey was carried out at Belhelvie Lodge to provide
information 4o assist with siting of exploratory drill holes (see Fig 10).
In additicn three traverses were surveyed with an expanding electrode array

across condvctors located by reconnaissance IP.

i, Pottertcn (Fizures 1, 2 and 3). A large anomaly exists on this line

centred on Station 9. Both IP and magnetics indicate a broad body and the
former {tends to suggest depth contimmity., The dip, on the basis of magnetics,
appears to be to the north (later drilling indicated the presence of dunite
and picrite in the area and the response which is indicated tc tke north

C
of the traverse, Station 23, is related to ultrabasis as well)



1.1

ii, Potterton Purn (Figures 4, 5 and 6). This traverse was
oriented to intersect the conductor located at the northern end of the

traverse discussed in the previous section, at a more optimum angle., A
fairly broad conductor was indicated - this was tested by drilling and

found to be due o serpentiinised dunite,

iii, Mairton (Figures 7, 8 and 9). A broad low order anomaly was

located on this traverse. From the IP section and the magnetics it would
appear as though 2 bodiec are producing the response. Two srall shallow
bodies are irdicated, one at Station 12 and one at Station 16. These results
are noticesbly lower in amplitude than most anomalies in the area. Initially
a drill target was selected in this area, but later this was eliminated on
the basis of discouraging geophysical resulis.

4., DRILLING, During the period 10 exploratory diamond drill holes
totallirg 549516" were drilled in the Belhelvie district to test wvarious
targets. Appended is a location plan plus drill sections along with written
and graphic logs. No significant sulphide mineralisation was intersected;
assay data is included with the logs and sections.

Enclosures
1. A report on resulis of Belhelvie floai;/ outcrop mapping January 197 g
2. Interim report on the Belhelvie complex March 1972 4
3, Detailed magnetic survey results around Belhelvie Lodge (Fig. 10)
4. Detailed 3 electrode expanding arrey IP surveys (Figs. 1-9) &
Se Drill sections, written and graphic logs B 3 to 12 inclusive
6. Resulis of fplig:—up geochemical work south-west of Aberdeen, (Figs.11-12

é-»/,; [ué l—6 \;
/ é(.vzé\ - (z%4)5, 6 //}n// Sce o senires ;,m/)w",o/;

4’“"&’”‘1 N 1’2'314
FlL v 1=¥

. g a\/(lt//)"‘}-
(vB /"}'33 éu{a—.wf’w/‘&‘“ )



Application for contribupions under the Mineral
Exploration and Investment Grants Act 1972.

Geological Report: Belhelvie AE22

During the period 9th August - 31lst December 1971, geological,
geochemical and geophysical surveys were undertaken on this
project.

(i) Geology

Reconnaisgance mapping was carried out over several parts
of this district. The location of basic/ultrabasic out-
crop and extent of rock float patterns were determined.

(ii) Geochemistry

So0il samples were collected on traverses across the site
of an old manganese "mine" at Laverockbraes to determine
whether any significant amounts of metal (copper, nickel,
lead and zinc), which might relate to base metal minerali-
sation, were present.

(iii) Geophysics

a) Induced Polarisation

Scintrex time domain IP equipment was employed on a
gradient array survey at Potterton House to assess an

area of basic igneous rocks. In addition, expanding

three electrode array IP surveys were run across conducting
zones at Belscampie, Harestone Moss ‘and Ardo to provide
data to assist siting of scout drill holes.

b) Magnetics

A detailed magnetometer survey was completed over tne
southern part of the basic/ultrabasic igneous complex
to enhance geological/structural knowledge of this area
and aid the mineral potential assessment. A Scintrex
MF2 portable magnetometer which measures the vertical
force, was used on this work.

Enclosures

1.
/2.

v
A,

v 5.

- ~ - e 7)
Geological field sheets NJS2 Sw NTang MiISw, east ol Coxl y
Geochemical coppery nickél’, lead”and zinc“values in soils at
Laverockbraes. v
Induced polarisation results of detailed profiling at Belscampie,
Harestone Moss”and Ardo.
Induced polarisation reconnaissance survey results at Potterton
House.
Vertical force magnetic field results, south Belhelvie region.

C.-.;- A 4,4;\1(,4 f!‘}\fnmo«.'uu.& ﬂwg('t.".:)
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1.

FLOAT DISTRIBUTION

South of Beauty Hill (908205) glacial drift covers most of the ultrabasic

western section cof the Belhelvie intrusion. The drift consists of a mixture
of small to medium sized (a few inches to 3 feet) rounded boulders of gneiss,
schist, granite and metasediments together with rare altered ilmenite-rich
norite/gabbro boulders of unknown provenance. The eastern boundary of the
glacial drift cover runs NNW-SSE as far as Muirton (933 165) where it swings
round to an ESE direction.

East of the glacial drift the float pattern is a fairly reliable refiection

of the geology of the area as known from outcrops, bore holes and georhysics.
On the eastern side of a line running through Auchloon (922 222) - Ardo House
(929 211) - Shiels (940 195) - Hill of Keir (950 187) - Cairntack (951 173) -
Potterton House (949 160) the interpretation of local float is considerably
complicated by the intimate blending of glacial drift and local float. In this
eastern area the float consists of schists, gneisses, amphibolites and granite,
probably locally derived, mixed with glacial drift of granites and metamoxphics
together with rounded boulders of basic and ultrabasic rocks originating from
the Belhelvie intrusion to the W and SW.

1.1,

CENTRAT, INTRUSIVE ZONE

The float in this area is largely autochthonous. On sheet NJ 92 SW there

is a distinet zonal succession from west to east:- a contact zone of
norlte/bllv1ne—nor1te, strongly sheared in most places, is followed by a
plcrlte/serpentlnlsed—plcrlte horizon; the picrite grades into trociolit

a norite/olivine-norite belt terminates the intrusion to the east. The
norite zone contains smaller lenses of plorlte 200 m. east of Roadside of
Craigie (919 201). A narrow contaminated norite/mixed rock and gabbro zcne
is in contact with the eastern hornfelsed silicecus schists. The mineralisca
rocks of Catcraig were derived from this contaminated contact zone.

On sheet NJ 91 NW two NNW-SSE belts of basic/ultrabasic float are separated
by a septum of hornfelses, quartzites, siliceous schists and calcareous
quartz-schists stretching south as far as Muirton House Farm (937 171).

The western serpentinised dunite-troctolite-norite-gabbro belt is a
continuation of the same zone on sheet ] 92 SW. The eastern igneous beld
consists of lenses of picrite, troctolite, norite and gabbro. This zcone

is terminated in the south along the Pott ﬁrton burn. The southern E-VW
trending part of the intrusion finds only limited expression in the float
due to extensive glacial drift and beach sand cover. There is a large area
around Belhelvie village and Rocks of Balmedie Quarry covered by foliated
gabbro and rare blocks of mylonitized gabbro (e.g. at 946 1735, rock sample
B29).

-vhn

p\

South of Belhelvie Lodge, along Potterton Burn, an extensive area is cov
by mostly sulphide-bearing contaminated basic rocks and partially mobilised
siliceous schists. Socme light is ghed on the sirange magnetic sigrature
(cluster of small narrow NY-SE trending highs) of the block between Craigie
WooumGarlgybrPO Wood (9%1 179) and Muirton Home Farm (936 171). The area

I)

‘“J/\

is covered by mixed flozt conzisting of besic, ultrabasic rocks and guurizits
with siliccous schists, indicating that the arca is underlcoin by lonzes ol
picrite, ilroctolite und norite set in a frame of gquartzites and silicecus

hornfelses.
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North of Roadside of Craigie (915 200), and confined to sheet NI 92 SW,
several smallish float lenses of granite indicate small granite bodies and/
or granite veins intruded into the basic and ultrabasic rocks, probably
along tectonically active lincs. Uralitization of the troctolites, extensive
in places, may be a side effect of the granitic intrusions.

Shearing is indicated by considerable talc formation in the troctolites and
shearing of the serpentinite between West Lodge (914 205) and Beauty Hill.

GEQLOGICAL FRAMEWORK OF THE BELHELVIE TNTRUSION

The float pattern indicates that the country rocks east of the intrusion
consist of schists and gneisses with nuwerous amphibolites and amphibole/
augite—schist/gneiss lenses. The amphibolites fall into two groups:-
magnetic amphibolites with a pronounced schistosity, and non-magnetic
amphibolites of dioritic composition and relict igneous textures. The
amphibolites are confined to sheets NI 92 SW and 92 SE. Blocks of basic anrd,
to a lesser extent, ultrabasic rocks are scattered throughout this area.

The ultrabasics could only have been derived from the main intrusion. (There
is no magnetic indication of ultrabasic rocks east of the main intrusion).

The wide scatter of basic rocks, often with significant pyrr and cpy. conient,
may be explained in two ways:- They were derived from gabbroic intrusicns
that occur east of the main intrusion far more extensively and in far greaisr
numbers than hitherto accepted. Alternatively, they represent transporved
material carried from the main intrusion. The latter explanation appears more
plausible if one takes into account the rounded nature of the basic blocks,
bore hole evidence, and geophysical data. The fact that the basic rocks are
mixed with conspicuously glacial drift indicates that glacial transport did
take place and it is only natural to assume that the ENE glacial movement éid
carry material with it from the Belhelvie intrusion.

A relatively large granite intrusion exists at Tillery, north-east of the
northern termination of the basic intrusion. It is the source for the large
abundance of granitic float east of Tillexry.

Isolated occurrences of dolerite float with an east-west scatter and confined

north of grid line 215, are probably the float features of dolerite dykes
with strong magnetic exrression.

-Dus



2. DISTRIBUTION OF SULPHIDE-BFARING FLOAT

Significant sulphide mineralisation in autochthonous float occurs in

four

PN =

2.1.

2.2.

areas:-

Catcraig 920 205)
Ardo 932 205
Howlands 942 190
Potterton (941 169

CATCRATG

Patchy, irregularly disseminated fine grained pyrrhotite occurs in
contaminated norites. The sulphide content is variable, it may average
10% with a range of traces to 20%. Pyrrhotite also occurs concentrated
along fracture planes. The contaminant is a siliceous hornfels. The
mineralised zone is located close to the contact with pyrrhotite and
pyrite=bearing siliceous hornfelses and schists. The Ni grade avpears
to be surprisingly low for the amount of sulphides present, indicating
that pentlandite is a rare phase and the pyrrhotite a low nickel
variety.

Assay results:-
: % Cu % Ni
Partially contaminated gabbro with sulphides 0.079 0.014
" " " 1" fn 0 R 022 0 . 082
" " " " " 0.026 0.012

Low nickel content of the sulphides appears to be characteristic of
certain contaminated norites near the contacts of intrusions (e.g.
Harzburg Gabbro). This is also born out by a petrographic investigatics
of seven sulphide-bearing gabbro specimens from Catcraig (L.P. Holmes,
Memorandum, 9.8.1971). Pentlandite was found to be a rare phase in all
the -samples. The large to medium sized angular blocks occur along ihe
southern edge of Catcraig Wood, a peat bog.

ARDO

Up to 15% coarse blebby sulphides occur in a contaminaled anorthositic
gabbro. The Ni content is again relatively low for the amount of
sulphides present.

Assay results:-

% Cu % Ni
Mineralised gabbro. 0.136 0.158
" contaminated norite 0.110 0,105

Petrographic investigation of an anorthosite revealed approximately
0.3% pentlandite with 5% pyrrhotite and 4% chalcopyrite, (L.P. Eolmes,
Petrographic Memorandum, 9.8. 1971). The large angular mineralised
blocks occur along the northern edge of Harestone lioss, a large peat
bog.



20 30

204.

2.5-

2.6.

HOWLANDS

5-25% sulphides occur in angular rusty blocks of biotite-schist,
hornfels and rarely in contaminated gabbro. In the schists pyrite
is the major sulphide phase. It is concentrated along planes of
schistosity and occasionally along fractures cutting across the
schistosity. The mineralised float occurs in an area immediately
HE of the swampy ground along Kepplestone Burn. 300 m. WNW of the
Howlands mineralised float area occurs a strong soil Cu anomaly
with less intense Ni values in what appears to be water logged clay.
The significance of this anomaly should be determined.

POTTERTON

Sulphicdes occur in two distinctly different forms. At 9405 1695,
along Potterton Burn, streaks of massive sulphides occur in a
contaminated norite. Chalcopyrite predominates over pyrrhotite.
The latter also occurs as fracture coating. The mineralisation
appears to be structurally controlled. Finely disseminated pyrxhotite
occurs in siliceous hornfelses and partially remobilised hornfelses
within a 400 m. wide zone along Potterton Burn, south of Belhelvie
Lodge. The hornfelsed siliceous schists are banded, The sulphides
tend to follow this banding: pyrrhotite rich bands alternate with
nearly barren zones. It is likely that the pyrrhotite in the
contaminated norite and the hornfelses has a low Ni content and
pentlandite is probably a rare phase. (There is no petrographic or
assay data available for the Potterton area). Similer to Cateraig
and Ardo, the mineralised float occurs in a swampy area.

OTHER OCCURRENCES

There are two other less spectacular occurrences of sulphide
mineralisaticn that may be of some significance. About 100-200 m. E

~and SE of Braeside of Balnakettle (903 212) 2-5% finely disseminated

pyrrhotite and chalcopyrite occur in sheared olivine-norite along the
W. contact of the intrusion. If the olivine-norite represents the
original magma, then this must have been carrying immiscible sulphicle
globules which should have settled out of the differentiating siliczu<
liquid and settled at the base of the intrusion. This points to the
possible presence of a “siratiform" Cu/Ni sulphide body.

Pinally, the pyrite mineralisation in the foliated gabbros of Balmedio
Quarry and its neighbourhood mey be considered as more than just a
curioysity in view of anomalous”geophysical (magnetic) ané geocncmical
behaviour in the area. The high magnetic zones at the quarry aud av
Balmedie Farm do not appear to be due to underlying ultrabasic rocis.
Float geolegy does not indicate the presence of highly magnetic rocks.
A pattern of sulphide mineralisation in basic float blocks 300 m. ce
of Balmedie Farm could be an important indicator. This area dezsrv
further detailed investigation.

COMMENTS

The four nmost siznificant occurrences of sulplide mineralisatior aw-
located in or cloue to swempy, waterlon;ed ground. fThoush thir 1-¥
be only a coincidence, one thirg ic cextain: nc meliahility ol o
goecheinistry and I.F. in these arcas is probably rodiced Ty 0:5-0707
- .

effecls. Duep augering or trenchiing, where possidbic, wignd I
inportant geochenmicn:. information.

~fm



FINANCIAL ASSISTANCE FOR MINERAL EXPLORATION (M.E.I.G.A.)

COMPANY: EXPLORATION VENTURES LTID REF: AE 22
MRD 84/5/16
PROJECT: BELHELVIE MRD 144/5/16

The following Open File material is held by B.G.S. in London, Keyworth
and Edinburgh., Available for public inspection from 16.10.80.

- % Ektract of draft application 6.8.71 "Geological consideration
«ess work programme", with accompanying plan, 1" : 4 miles

- Geological report 9th August to 31lst December 1971 with 5 enclosures

1. Geological field sheets, 6" : 1 mile, NJ9INE, NJ91SW,
NJ92SW, each with text

2. Geochemical Cu, Ni, Pb and Zn values in soil at Laverock
Braes. January 1972, 6" : 1 mile. NJ91SW

‘ .
3. IP results of detailed profiling at Belscampie, Harestone
Moees and Ardo. December 1971

4. IP reconnaissance survey at Potterton, 6" : 1 mile, October 1971
5. *Vertical force magnetic field results August/September/
October 1971. 1: 5,000, NJ9INW+ SW, NE+ SE (+ negatives)
(in 9 strips of various lengths)
- 1972 Activity Report with 6 appendices:

Appendix 1 "A report on results of Belhelvie float/outcrop mapping
January 1972", with 3 figures:

Fig 1 - Distribution of float, 6" : 1 mile, 23.3.72

Fig 2 - Location of sulphide bearing float and outcrops
6" : 1 mile, 24.3.72

¥ (Fig 3 - "Outcrop map of Belhelvie")

Appendix 2 "Interim report on the Belhelvie complex" April 1972
with 11 figures

Fig 1 - Interpretive geological map based on float/
outcrop mapping, shallow borehole information
and geophysical data. 6" : 1 mile. April 1972
(2 copies)

Fig la - Outcrop location map, 6" : 1 mile

Fig 1b - Distribution of float, 6" : 1 mile, 23.3.72

.« « « « (continued)



Appendix 3

Appendix 4

Appendix 5

Fig lc

Fig 2

Fig 3

‘Fig 4

Fig 5a

Fig 5b

Fig 5c

Fig 6

Fig 10

-2 AE 22
Location of sulphide bearing float and outcrops,
6" s 1 mile, 24.3.72

1GS aeromagnetic contour plan, 1" : 1 mile

Ground magnetic contour plan. 6" 3 1 mile.
0S gheet NJ91. 1972 (+ negative)

Zone of anomalous chargeability (IP) and areas
with sgignificant mineralised float. 1: 10,560

Diamond drill targets at Kingseat. 1 : 5,000.
NJY9INW. 2.2.72

Diamond drill targets at Ardo and Parkseak.
1:5,000, 22.2,72. NJ9INW, NJ92SW

Diamond drill targets around Potterton. 1 : 5,000,
NJ91NW, 2.2.72

Location of all boreholes drilled up to January
1972, 6" : 1 mile. 28.3.72

"Detailed magnetic survey results around Belhelvie
Lodge". 1: 5,000, NJ91INW. February 1972

"Detailed 3 electrode expanding IP surveys" consisting
of Figures 1 to 9. NJ9INW

Potterton area:

Fig 1
Fig 2

Fig 3

- Location .... of traverse. 6" : 1 mile
~ Chargeability and resistivity profiles

- Chargeability curves

Potterton Burn area:

Fig 4

- Location .... of traverse. 6" : 1 mile

Fig 5 - Chargeability and resistivity profiles. 1: 5,000

Fig 6

- Chargeability curves and magnetic profiles

Muirton area:

Fig 7
Fig 8

Fig 9

- Location .... of traverse. 6" : 1 mile
- Chargeability and resistivity profiles

- Chargeability curves and magnetic profile

Drill sections written and graphic logs for DDH. Nos Bl

to Bl2

« « o« » (continued)
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Appehdix 6 "Besults of follow-up geochemical work ...." conmsisting

of Figs

11 and 12

Fig 11 - Copper, lead and zinc anomalies. Cairn-Mon-Earn.

1" : 1 mile

Fig 12 - Stream molybdenum values, 1" : 1 mile

= % EVL soils research project, summary of results

{
- ‘Tkio Finex letter dated 4th Novembr 1974, enclosing 5 interim

reporte on the

soils research project:

* Report 1 - (presumed to be the unlabelled collection of figures
1 to 17)

Fig
Fig

Fig

Fig
Fig
Pig
Fig
Fig
Fig

Fig

Fig

Fig
Fig
Fig

Fig

Fig
Fig

% Fig

1 - Location of project study areas
2 - Auchincrieve - line location

3 a,b,c - Auchincrieve - distribution of basic
apd ultra basic float

4 a,b,c - Auchincrieve - Ni geochem.

5 a,b,¢c - Auchincrieve - Cu geochem.
6 Q,b,c - Auchincrieve - Soils

7 =~ Brodiesord - distribution of pierite and
gabbro float

8 -~ Brodiesord - Ni geochen.
9 - Brodiesord - Cu geochem.
10 - Brodiesord - Soils

11 - Dunbennan - distribution of basic and
ultrabasic float

12 - Dunbennan - Ni geochen.
13 ~ Dunbennan - Cu geochem.
14 - Dunbennan - Soils

15 - Brown Hill - Distridbution of basic and
ultrabasic float

16 - Brown Hill ~ Ni geochem.
17 - Brown Hill - Cu geochem

18 - Brown Hill - Soils.

e« o « « (continued)
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* Report 2 ~ 13.3.70 "Orientation Studies on soils and float
from Belhelvie and Arthrath"
* Report 3 - 20.9.70 "Detection of Sulphide Weathering products
in soils over ultra basic rocks"
* Report 4 -~ "Notes on float samples from Aberdeenshire"
*ikeport 5« 19.6.71. 1. A computer Geochemical data assessment
™~ programme

1

2. Computer comparison of A vs B horizon
sampling

3. Computer assessment of B horizon geochemistry
- * Amax letter dated 25.1.84 detailing drill hole co-ordinates
for 77DDB1 to B5 and enclosing 3 maps (1 : 5,000) detailing

collar positions

- ¥ Diamond drill core records for BH 77DDBl to BS

'

§+ Diamond drill core records for DDH B6 to Bl2
~ *¥ Summary core logs 77DDBl to B5 and 77DDAl

- Fig 7 section through DDH B3

Fig 8 " " " B4

Fig9 " " " B5&6
Fig 10 " © " B7

Fig 11 " " " B8
Fig12 " " " B9

Fig 13 " " " B10 & 11
Fig 14 " " " B12

# Not in London * Not in Keyworth § Not in Edinburgh
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2.

INTRODUCTION

A general account of recomnaissance exploration in the Belhelvie
district was given in a report dated October 1969. Since that date
a large amount of detailed explorztion involving geological and
geophysical surveys has been undertaken in order to define drilling
‘targets. Various features of the geology are discussed in this
report and some drilling targets are outlined.

GEOLOGY

(An attempt has been made to compile a gcological map of the
Belhelvie area, incorporating up-to-date information, (see Figures
1, 1a, 1b). Due to extensive drift cover, positions and nature of
rock boundaries are largely interpreted.)

The basic and ultrabasic igneous rocks in the Belhelvie region
possibly belong to the southern part of a fairly large, fault-disrupted
intrusive complex which may have a lopolithic form. A large part of
the body occurs beneath the North Sea, extending up to 6 miles offshore,
and the landward section probably represents the 'western limb!' of the
intrusive. The northern section of the body is not seen and is assumed
t0 have either been folded or faulted out. Nothing is known about the
seaward extension. Its presence was first indicated by the IGS aeromagnetic
map, (see Figure 2) and the fact that the ground megnetic anomaly is not
-closed off at the coast supports this (see Figure 3).

The landward section of the intrusive is extensively covered by
fluvio/glacial deposits. The best exposed area is at the north end,
whilst only scattered, isolated outcrops exist in parts of the central
and southern areas. The interpretive geological map is based on float/
outcrop mapping, combined with shallow drill hole information and
geophysical data.

Basically two main units, the lower and upper, are present. These
have a north to north-north-west strike on the northern section occurring
north of a 'structural break! (%hinge zone) which passes through
Potterton, whereas to the south and east of the latter, rocks assume an
east-west strike direction. It is apparent that the geology of the
complex is complicated by post-consolidation deformation, i.e. folding
and faunlting.

A. Northern Section

The intrusive rocks are flanked to the east, north and west by
undifferentiated Dalradian metamorphics which from the few outcrops
and float evident appear to consist of a variety of schist, hornfels
(locally sulphide-bearing), calc-silicate rocks and gneisses. In
outcrops of intrusive rocks, dips of banding, where discernibple,
are near vertical or steeply inclined to the east. Late stage granite
veins of variable width cut all rock types. (The latter have not
been included in the geological map).



i) Lower Unit

a)

b)

d)

Chilled Horizon. The inferred tasal part of the intrusive
consists of what is considered to be a chilled border facies
up to 800 feet wide, comprising fine to medium grained noritic
types with minor lenses of ultrabasic material. This zone

is indicated by a belt of weak magnetic anomalies with values
ranging mostly from 800 to 1,000 gammas as compared to
background values over adjoining metamorphics of 600 to 800
gammas. There is no clear-cut boundary indicated by magnetics
between. the norite and country rock. Probable outcrops of
the norite and moderately abundant float exist at the north
end and norite plus pyroxenite has been established in several
drill holes put down by Aberdeen University in an attempt to
establish the position of the contact. The latter in places
is apparently represented by a shear zone. The chilled
hoxrizon does not appear to be continuous along the western
margin and may be excluded by faulting in the Potterton/Gordieburn
area, (vide Figure 1).

Ultrabasic Horizon. Immediately east of the aforementioned

zone and probably transitional with it is a predominantly
ultrabasic horizon up to 2,000 feet wide and 43 miles long.

This consists of a transitional sequence of cumulates comprising
dunites, picrites, peridotites and troctolites which are
serpentinised and locally hematised. Minor sections of noritic
and gabbroic types appear to be locally present. The sequence
gives rise to a pronounced belt of magnetic highs ranging

from 1,000 to 5,000 gammas (vide Figure 3). At the southern
end in the vicinity of Gordieburn, the belt is 1,000 feet

across and the narrowing may be accounted for by a major fault
which excludes the contact horizon plus 1,000 feet of ultrabasics
and brings the latter unit into juxtaposition with metamorphics.

Troctolite Horizon. This occurs east of, but is transitional

with, the upper part of the previous horizon. It probably

attains a meximum width of 1,000 feet in the noxrth, but may
grade southwards into noritic and gabbroic types. The position
of the upper boundary is indistinct. Magnetic values over

the troctolite range from background (<. 800 gammas) uwp to 2,000
gammas, the higher readings coinciding with olivine rich
sections. A narrow (up to 200 feet wide) linear ultrabasic
horizon is developed within the troctolite sequence which
parallels the main ultrabasic unit. Gabbros and norites are
locally developed within the troctolite horizon which is probably
transitional with the adjacent, essentially basic sequence.

Norite and Gabbro Horizon. Norites and gabbros along with minor
developments of ultrabasics plus troctolite exist in a zone
ranging from 1,000 feet wide in the north to 2,000-3,000 feet
wide in the southern part of the northern section. Locally
contaminated (hybridised) basic rocks are present, e.g. the
Catcraig area. The magnetic picture is complicated. In places
background values coincide with outcrops of basic rocks, and
the magnetic signature over these is identical to that over

the adjoining country rock septum. Highest values, i.e up to
2,000 gammas, occur vhere serpentinised olivine-rich rocks are




present. Generally the latter form smallish, lenticular
bands which give rise to a 'streaky bacon' type of magnetic
anomaly pattern, (vide Figure 3).

The upper boundary of this horizon is formed against
metamorphics in the north and ultrabasics in the south,

(v1de Figure 1). The precise nature of this is uncertain,

but could well be a fault which could account for the straight
contact and steep magnetic gradient across it.

ii) Upper Unit

a) Ultrabasic Horizon. This is virtually composed of the same
rocks as the lower ultrabasic horizon but has a more irregular
form, possibly complicated by faulting and is thinner, being
up to 1,800 feet across in the south and ranging from 200 to
800 feet across in the north. It roughly parallels the lower
unit, but does not extend as far north, possibly due to
fault termination. Magnetic values range from 1,000 up to

3,000 gammas,

b) Basic Horizon. The ultrabasic sequence appeesrs locally to
grade upwaras into troctolite but there does not seem to be
a well-defined horizon as per the lower unit. Gabbros and
norites plus troctolites are present within this unit which
gives rise to a variable magnetic picture. Values range
from background (600 to 800 gammas) up to local highs of
2,000 gammas. The fact that the gabbros have a similar
magnetic signature to the adjoining country rocks makes
plotting of the contact somewhat difficult. The sequence
varies in width from 800 feet to 2,000 feet in the north
and is up to 3,000 feet across in the south.

Mineralised, contaminated basic float, probably related to
local sources, has been discovered in the Ardo and Potterton
areas. In the vicinity of Belhelvie village the gabbros are
deformed and show a foliation and local boudinage. Inclusions
of country rock in the gabbro are revealed in the roadstone

quarry.

B. Southern Section

Only a few outcrops of serpentinised dunite exist in this section
of the intrusion which occurs south and east of the Potterton 'hinge
zone.! The geology of this area is based almost entirely on an
interpretation of the magnetics. There is a marked change of strike
direction of rock units in this section compared to the northern
one, and it would appear as though faulted, re-orientated counterparts
of both units described in the northern section are present, though
there are differences. The lower pasic contact part of the intrusive
has an apparent wider sub-outcrop area either due to thickening of
the horizon or the latter assuming a shallower dip. Within this
8equence there appear to be a number of ultrabasic 'lencses' and the
overall magnetic picture is similar to the 'streaky bacon' pattern
developed on the lower gabbro sequence north of Potterton.



What is possibly ‘the equivalent of the lower ultrabasic unit
of the northern section is represented by a consicerably greater
apparent sub-outcrop extent of ultrabasic material which again
either indicates a thicker sequence or a decrcase in the angle
of dip. The horizon as it passes eastwards appears to split into
two separate zones which may be separated by basic rszks. The
lower section is up to 800 feet across and the upper irt increases
in width eastwards to more than 4,000 feet across. ‘.:Tortunately
the magnetic pattern could not be mapped out completely due to the
Ministry of Defence firing range on the coast. This ultrabasic
horizon is probably bounded to the north- by basic rocks (norites,
gabbros and troctolites) which in part account for the lover
magnetic values. The zone of basics is assumed to separate the
two lower ultrabasic horizons from two upper horizons. The
lowermost of the latter has no apparent counterpart in the northern
sections and is possibly totally surrounded by basic material.

The northernmost ultrabasic horizon attains a fairly uniform width
(circa 1,000 feet). Basic rocks probably exist above this horizon
but it is virtually impossible to determine the position and
nature of the metamorphic/intrusive contact. It is possible that
an 'embaymentv' of schists is present, thereby separating gabbros
on the northern section from the southern, but since basics in
this region have a similar magnetic signature to metamorphics

this interpretation may be incorrect and basics from both sections
may Jjuxtapose to a greater extent than indicated by Figure 1.

Virtually coincident with the Ellon/Aberdeen main road there
appears to be an abrupt termination of several magnetic highs
which have values up to +2,000 gammas. To the east of the road
the magnetic anomaly continues towards the coast with a fairly
uniform gradient and values in the 1,200 to 1,500 gamma range -
there are no obvious linear magnetic highs comparable to these
west of the road. The University of Aberdeen has some evidence
to suggest that younger scdiments (ORS based on shallow drill hole
and seismic velocity tests) may overlie this coastal section of
the intrusion which along with thickish drift may partially
suppress the magnetic anomaly.

3. STRUCTURE

As previously discussed the basic/ultrabasic rocks are believed to
belong to a folded, fault-disrupted lopolith. The highly inclined
nature of the cumulates testify to probable folding, and major
faulting is interpreted from the magnetics. -Evidence for faulting
is seen in certain exposures and-is indicated in shallow boreholes.

The landward section of the intrusive's lower unit terminates
abruptly at the northern end against a major east-west magnetic
lineament. The eastern or upper unit likewise is possibly terminated
by a fault and & NNE striking lineament has been interpreted from
the magnetics. A fairly large NNE bearing dextral tear fault passes
through the Kingseat area which displaces rocks of the lower unit by
+1,000 feet. Similarly oriented faults are believed to affect other
varts of the complex, causing discontimnuities on various lithological
units (vide Fig. 1). Minor zones of movement with variable orientatation



may affect other units in the complex, so explaining certain magnetic
irregularities.

A major zone of disturbance passing through the Potterton/helhelvie
region is inferred. This separates the north and south sections of
the complex which have a totally different strike. It is difficult
to be certain as to the nature or position of the structure(s?), but
one major fault with subsidiary trailing faults has been interpreted
(vide Figure 1)

A north-south zone of disturbance can be noted in the Belhelvie
quarry region, producing boudinage in the gabbros which are recrystallined
and show foliation. It is conceivable that north-south strike faults
may affect other parts of the complex which in places may be indicated
by abnormally straight contacts and steep magnetic gradients.

A major fault has been inserted along the lower contact at Gordieburn
which accounts for the apparent thinning of the lower ultrabasic unit
and loss of the contact horizon. It is shown as extending to the SE
to form the lower contact of the southern section of the complex.

This may be entirely incorrect in that it could equally run due south
so making the previously mentioned contact normal, or swing south-cast
and develop into a strike fault affecting units in the southern
gsection of the complex.

MINERALISATION

Weak sulphide mineralisation has been encountered in float, outcrop
and cores of ultrabasic rocks, consisting of finely disseminated
pyrrhotite, chalcopyrite and pentlandite along with mackinawite and
valeriite. Occasionally sulphides occur as a filling to hairline

nicrofractures.

In the Catcraig, Ardo and Potterton areas, mineralised contaminated
basic float has been discovered. In the first two areas disseminated
(sometimes blebby) pyrrhotite and minor chalcopyrite are present, whilst

at Potterton apart from disseminated sulphides, fracture infill

5.

pyrrhotite and chalcopyrite occur. In the gabbros of Belhelvie quarry
coatings of pyrrhotite and pyrite occur on joints and in microfractures
and more rarely patches and disseminations of pyrrhotite and chalcopyrite
have been discovered in some blocks. The distribution of mineralised
float is shown on Figure 1ic.

GEOCHENMISTRY

The main anomalous centre (Cu and Ni) is confined to the northern
part of the complex where the lower ulitrabasic uwnit is exposcd or has
e thin drift covering. Anomalies are also developed at other
localities on ultrabasics where similar outcrop/thin drift corditions
prevail, All the main anomalous centres are virtually surrounded by
low order anomalous metal vaelues in soils vhich blanket a belt of
country encompassing a large part of the northerm section of the
intrusive. Within this area it is difficult to determine the full
significance of irndividual patterns but quite obviously a lot of the
metal relates to the high trace content in ultrabasics. VWhere
extensive and complete cover of drift is present over the complex no
anomaly is present.

-5



6. INDUCED POLARISATION

Chargeability highs coincide with most of the ultrabasic zones,

(vide Figure 4), and are considered to be related to one or a
combination of the following:~ finely disseminated magnetite, sulphides,
serpentinite, or other alteration products (?sericite). Other than
anomalies that appear to be due to the ultrabasics or to man-made
conductors, no obviously significant response that might be attributable
solely to sulphides have been recognised. Unfortunately the geochemical
picture does little to assist target gelection,

In the southern section of the intrusive, where IP responses

vere not obtained from some of the ultrabasic units (compare Figures
1 and 8) especially near the coast, readings were probably related
to drift and not bedrock.

7. TARGETS

i) Ultrabasics

ii)

The ultrabasic horizons have been identified as possible low
grade sulphide nickel sources which may have potential. This follows
the discovery of weak sulphide dissemination in holes 31 and B2
drilled respectively on parts of the western and eastern ultrabasic
horizons of the northern section of the intrusive. In Canada, Dumont
is testing a dunite unit within which apparent zonal concentration
of nickel (values ranging from 0.1% to 1%) has been recognised both
in sulphide form and as a nickel/iron alloy - awuruite. It is
considered possible that somewhere within the number of ultrabasic
units present in the Belhelvie complex some similar zonal enrichment
of nickel in sulphide form migh{ exist which would provide a low
grade, large tonnage target. In addition to sulphides the possible
presence of platinum group metals cannot be ignored and certainly
the complex contains rock types which are very similar to platiniferous
sequences in other parts of the world, e.g. Bushveld and Stillwater.

Geological and Contact Zones

-Parts of the basal contact may be favourable for sulphide
concentration, but very little is known about this part of the
intrusion. No obvious geophysical target (IP or EM) has been
located in this setting, but it is conceivable that mineralisation
could exist in this geologically favourable enviromment without
surface expression.

Quite apart from the lower contact, the possibility exists
that contacts elsewhere in the intrusive may have potential and
the mineralised float at Catcraig and Ardo may testify to this.



1ii) Structural Settings

Some of the most interesting mineralised float has been
discovered in the Potterton area within what appears to be an
area with structural complexity. It is possible that the
sulphides may show some concentration within rocks of this
area due to remobilisation as evidenced by samples showing
fracture infill sulphides.

8. CONCLUSIONS
There are indications that economic mineralisation might exist
in the Belhelvie area. Suggested targets for exploratory drilling
are:-
i) The ultrabasic horiéOns.
ii) Structural environments in the Potterton area.
iii) The basal contact zone.
Sites have already been selected to test some of these settings,

(vide Figures Sa, b and ¢). Additional sites are due to be selected
~on ultrabasic unite in the southern section of the intrusive.



Soils research vroijcct

Orientation studies on soils and float from Belhelvie and -Arthrath.

Summary.

This rerort outlines the results of orientation leb. studies
oa soil and float samplecs, with the object of establishing how best
to follow-up the ficldwork in these areas.

In the few profiles examined in detail, the light minerals
(presumably serpentine minerals) account almost exclusively for
anomalous soil Ni contents, the heavy minerals contributing very
little either from the grains themselves or from secondary products.
This even applies to the poorly drained soil examined.

As well as occurring in light minerals, metals are also
present in socils attached to organic matter and probably clay
minerdls as well.

Organic matter retention may produce greater contrasts in
surface than in subsurface samples.

The best way of following up the fieldwork scems to be to
concentrate on chemical analyses of heavy mineral separates,
with additiora! partic.e size, light mineral and float analyses
where nccessary.

CsCo

M, Smith,
B. Skelton (2)
R.Rice

PCDC
15.441.70.



Soils research project.

Orientation studies on soils and float from Belhelvie and Arthrath,

Ixtroduction and objectives.

The previous report (9.ii.70) concluded that geoghemical
anomalies in the two areas were superjaceat or due to glacial
and/or hydromorphic dispersion.

The purpose of the orientation lab, studies was to establish
how best to confirm these conclusions, bearing in mind that over
800 B horizon samples were collected duing the field investigations.

They were also intended to show how sampling etc. during
future fieldworx might be improved.

The detailed objectives were to investigate the relationship
between soil geochemical values and the following:.
i) particle size distribution
ii) heavy minerals
iii) float metal contents
iv) organic matter content and sampling depth
v) presence of indurated (permafrost) horizons,

Methods.

Channel samples were collected every 6" (approx.) down soil
pit or exposure faces, where possible from mineralized and
unmireralized representatives of each type. The general features of
the soils are as follows:

Belhelvie
E&pe Mineralized Unmineralized
Brown Earth D4/EL (907219) ‘Lh  (907196)
Peaty gley G63 (912212) 05% (910187)
Mottled gley - N53  (910191)
Brown Earth on 1000 ft. S. of Quarry (944162)
red clay 726 (948167)
- 1150 ft. S. of
T26  (948164)
Arthrath
Brown earth PL/PS (968373)
Podsol - s2 (975377)

Gley Uk (982374)



A brief outline of laboratory methods is given in the appendix.

Results.,

i). Particle size analysis.

The results are shown in Tab. 1.

Only the clay fractions in anomalous gley soils correlate
with soil metal content, suggesting that metal retention in these
soils is related to the availability of adsorption sites.

Comparison of -80 with -270 mesh metal coatents shows a closc
relationship (Fig. 1). Swall differences are almost entirely within
the range of analytical variation.

ii). Heavy mineral analysis.

In some anomalous soils there is a positive correlation between
#HM and -80 geochem. (Arthrath P4/P5, Belhelvie T26 + 1150 - see Tab., 2).

62) In others, the correlation is a negative one (Arth. U4, BH Di/Eh,
G

In BH T26 + 1000 and in all background profiles, there is no
apparent correlation,

These varying relationships are probably due to different amounts
of heavy minerals contributed to each sample by the parent material
and formed during nineral weathering.

In most anomalous soils, however, there is a positive correlation
between Ni content and opaque:clear heavy mineral ratios, the only
exception being the red clay soil, BH T25 + 1150.

The correlation is less consistent in poorly drained soils, and
cannot be detected in background profiles.

No absolute correlations are possible between ¥EM or opague:clear
ratio values and soil geochem. -~ each profile is a special case.

Chenical analysis of the heavy minerals clearly eztablishes that
the minerals themselves are only contributing a minute proportion of
the total metal in the fine sand fraction (Tad. 3.). Most of the opaques
are magnetic, mainly magnetite probably with some iron-rich ilmenite.
The giokel in the heavy minerals follows the mag:nonmag ratio (Tab. 3)
arnd this is confiaruced by chenmical analysis of magnetic and non-magnetic
fractions.

The conclusion to be drawn is that only about 1% of the fine sand
Ni derives from cpague minerals.

Either the fine sand Ni is held in the light minerals ( as
unweathered serpentine mineral grains) or is present as coatings
on grains., It is clearly associated with the fine sand fraction (Tab. 3).



Chemical aralysis of the fine sand fraction shows that even
after cleaning the grains with HCl to remove iron coatings, large
amounts of Ni ware still present (Tab. 4). The amount lost duing
clearninz ranges from 30-50% in the light minerals, with rather smaller
losses from the heavies.

HCl attacks serpentine minerals (Milmer, 1962 p.46 (Vol II))
s0 the losses on solution may reasonably attributed to this.

In an attempt to get conclusive evidence for or against this
idea, the distribution of Ni in the untreated. heavy mineral fraction
vas investigated,(Tab. 5), on the grounds that the heavy mineval grains
should be more resistant to dilute acid attack than the serpentine
in the light fractioa.

Unfortunately the light minerals relased from the untreated
keavics' after removal of iron contain considerable amounts of Ni.
The loss of Ni from tae untreated heavy minerals during treatemnt
may be due to entrained light minerals. This suggestion is supported
by the absence of correlation between Ni loss during treatment and
Ni content of the clean heavy mineral grains.,

The evidence is therefore inconclusive, but on balance it does
not scen likely that in the samples investiggted much Ni is present
in iroan coatings. The majority is almcst certainly present in the light

.mineral grains.

So in looking for evidence of sulphide mineral:zation it might
be wise to concentrate on heavy mineral Ni coutent, and indications
of Ni in oxide coatings. '

iii) FPloat metal contents,

The Ni and Cu contents of a few float blocks of each rock type
vere determined to get some idea of the range of variation.
The information is summarised in the table below.

Rock Cu Ni
Mean Range Mean Range
Dunite (10) 297 80-650 1435 480-230¢
Troctolite(2) 110 40-220 365 200-530
Augitic norite(=gabbro) 68 10-240 v 20-1070
Forite (3) 20 10-20 20 10-30
Schist,gneiss(14) s2 10-120 65 20-330

Generally Wi is higher than Cu, but in some schist,gneiss and
augitic norite samples from Arthrath the Cu content is signaficantly
higher than Ni.

Float with anomalous metal contents seems to be associated with
gost 1oil geochim. acomalies, and further fleat analyses secem justificd.



iv). Orzanic rmatter content and sampling depth,

In most anaomalous profiles at Belhelvie, surface horizons with
high orgaric matter content contain more metal than the underlying
B horizons. It is not clear why the Arthrath soils differ in this ‘
respect. In background soils the values in the 0-6" sample are generally
lower than those of. the horizons below. (Tab. 1).

A horizons (0-6" samples) may thérefore give contrasts 2-5 times
greater then lower-A (6-~12") or B horizon samples.

Only B horizon samples vwere collected during routine pitting
last autumn, but future fieldwork will include surface sampling also.

Soil metal contents are considerably reduced by even a thin
covering of barren material over anomalous rock. This is well shown
in the Pelhelvie profile D4/Elk, where 18" of gneissic till almost
completely masks the high metal values in the dunite. below.

v). Presence of indurated (permafrost)horizons

Ni, but not apparently Cu, increases slighily in indurated
"horizons (x2 ~ see Tabl 1).

These horizons .are confined almost entirely to Soils formed in
drift- dominated by schists and gneisses with background geochem.
values.

Théir “nfluence on geochemical interpretation is thereforé
negligible.

Conclusions,

i). 1n the anomalous soils studied in detail, almost all the
Ni seems attributable io serpentine minerals. There is no evidence
of any significant accumulations in secondary oxides.

ii) The correlation between geochem., heavy mineral content
and heavy mineral opaque:clear ratios seems to be via marnetite
accompanying serpentinization,

iii) There is evidence of metal retention by organic matter and,
particularly in gley soils, by clay minerals.

iv)  The organic matter rctention affect may be great enough to
give greater coatrasts from surface than from subsurface samples.

v) . Léboratory analysis of the grid soil'samples from Belhelvie
and Arthrath should concentrate on the metal contents of the heavy
mineral fraction from the fine sand, with supporting particle size,

float and light mineral analyses as required.
PCDC .

13.iii.70.
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Tab, 1. Particle size data.

% organic-free material

Horizon Depth -80 Ni ~80 Cu Coarse Fine Coarse Fine
‘ppm) (ppm) sand*  sand silt silt
(2000- ~ (200- ~ (50-  (20-
200 /g) 50 /u) 20 /B> 2 /u)
Arthirath: Brown earth at P4/PS (968373)
Ap 0-6" 90 320 -25 T 3.5 11.5 245
" 6-12 320 580 25 27 14 21
B 12-18 470 1020 27 38.5 15 17
" 18-24 740 1120 25,5 Ly 12 “13.5
W 2430 55 900 28 50 13 8
Arthrath: Gley at U4 (982374)
ip  0-6" W B8 33 6 15.5  16.5
" 6-12 150 50 23.5 29 20 17.5
Bg 12-18 220 L 26.5 .29.5 17.5 15.5 -
" 18-24 280 62 31 27 16 5
G 2L-30 210 7% 28 28 20.5 17
" 30-36 450 154 36.5 23 16.5 1l.5
thrath: Podsol at S2 (975377)

A0/A1 o-6" 15 12 23 12 5.5 11
A2 6120 -0 6 3.5 20 10.5 19.5
Bfe . 12-18 10 18 37.5 26 14 16
n 18-24 20 36 53 18 9 11

Belhelvie: Brown earth at Di/Eh (907219)
Ap o-6" 280 82 41 18.5 6.5 33
" 6-12 210 10k ks 26.5 8 20
B 12-18 310 80 56 24 6.5 11l.5
" 18-24 1200 k2o  26.5 8.5 k.5 5
BC 2‘1-30 1800 680 L8,.5 24,5 7.5 13
Belhelvie: Brown earth at L4 (907196)

A/RL 0-6M 10 13 18.5 20.5 5 23.5
B 6-12 35 14 RN 20 A 16
+ 12-18 L0 20 L2 26 8 1L

pernmafrost 18-24 15 12 L2 23.5 8 L4
BC 24-30 Ly 30 1.5 28.5 6 11
" 20-36 €o 36 L3, 25 9 13.5
Pelhelvie: Dealy pley st G624 (912212)

Ao/AL 0-6" 260 190 12.5 9 8.5 43,5
" 6-12 270 194 8 7 17 L2
" 12-18 130 68 12,5 19.5 12 k0.5
G 18-24 150 Lz 21.% 22.5 1k %0.5
" 24%-30 220 47 18 28.5 12 25
v 20-35 160 Ly 23.5% 21.5 15.5 17

Clay organic
matter
(- /u) (% total
. e~il)
10.5 46
8.5 36
5.5 -
4.5 1.5
4 -
29 >
9.5 4.5
10.5 2
20.5 4
5.5 1
11l.5 2
38.5 27
18 1.5
9 -
805 At
1 12.5
0.5 ?7
2 5
5 75
6.5 6
6 5
32 60.5
16 9
9.5 b
14,5 -
1305 et
16 -
26 69.5
27 72.5
14 18
11 >
16 1
1105 et



Tab., 1 (cont)

6.

Horizon Depth -80Ni -80 Cu Coarse Fine Coarse Fine
sand sand silt silt
Belhslvie: Peaty glev at 05% (910187)
. Ao o-64 10 13 _ wwe Peat O
G 6-12 60 20 20 ~ 22 9.5 19
" 12-18 Lo 20 L6 2h.5 ? 13
" 18-21* 50 l*o 40 2"’05 7 1205
Belhelvie: Gley at N5 (910191)
Ap O-6" 30 17 31.5 23.5 12.5 17
s 6-12% 40 21 35 22 ‘15 17.5
Bg 12-18 50 23 15 39 9 17.5
+ 18-24 50 29 27.5 23 13 19
p'frost 2L-30 50 b 35 22 13 16.5
n 30-36 35 28 1*705 20.5 8 05 3.0. 5
less 36-42 40 "30 40 2.5 5.5 14,5
compact 42-48 30- %6 45.5 19 7.5 22
" 4854 10 26 48 17.5 1k 10.5
" 54-60 30 34 42 21.5 6 1k
Belhelvie: Brown earth on red clay 1150 ft. s. of T26 ( ¢h8164)
Al 0-6% 210 #8 375 32.5 b5 13
" 6-12 260 62 28.5 28.5 7.5 20
B 12-18 290 sk 6.5 22,5 17.5 31
" 18-24 720 192 40.5 20.5 9.5 18.5
" 2430 k2o IS 54.5 24 6 8.5
" 30-36 1700 270 90.5 1.5 b 5
Belhelvie: Brown earth on red clay.. Tov of Quarry at 9kh262 3
A 0-6" 15 17 20 4 17 29.
B 6-12 50 26 1 15 2.5  30.5
" 1218 Lo 16 1.5 42,5 16 19.5
" 18-24 60 20 - 3 5.5 27
BC 24-30 25 "9 11.5 72 4 4.5
" 30-36 20 5 325 57 1 2
Belhelvie: Trench section at 1000 ft. S. of T26 (948167)
Head 0-30" 220 L3 83.5 10 1l 5
Head 30-k2" 1ko 52 52,5 19.5 8 10.5
Sand 42_6()'! 110 38 36.5 102.5 8.5 6
Sand 60_72" 220 L4 92 2.5 ll-.5 0.2

Clay

ONV

5

Organic
matter

\nOOK;
® L 3
i\

L

*

ruﬁrnymuwn
W Wwm W

s Nl'!-’;F'\J'I

Belhelviz: Exvosure in red clay overlvine pravels, side of quarry at 944162

Cley 0-36"
Sand 35-4&%
Clay 48-s4m
Gravel S5hk-78%

70 18
80 21
70 22
1380 80

2
94
25
85

20.5 33
0.5 2.5
34.5 05

9
> Se

28.5
3

17.5
" 2.5

18.5

21.5

13.5
L



7.

Tab, 2. Heavy mineral data.

Depth ~80 Ni -80 Cu Heavy minerals’ Heavy minerals
(ppm) (ppu) (% ~80 fraction) opague:clear ratio

Arthrath: Brown earth at P4/P5

o0-6" 90 320 59 A7

6-12 320 580 Lolt3 .58
12-18 490 1020 1.47 .88
18-_-24 740 1120 2.6 2.13
24-30 550 900 2.0 92
Arthrath: Gley at Uh

0-6" 140 78 2.7 k)

6-12 © 150 50 1.2 12
12-18 220 sh o? 19
24-30 210 Vi o3 A48
30-36 450 154 R 2

L4

Arthrath: Podsol at S2

0-6" 15 12 10 57

6-12" -10 6 .19 .58
12-18 10 18 «10 «70
18-2% 20 16 .08 1.35
Belhelvie: Brown earth at D4/BEh

o-6" 280 82 1.1 S I

6-12 210 10k 1.5 o2h
12-18 310 8o 1.0 16
;8-24 1200 420 6 30
24-30 1700 680 8 1.0
30"36 2100 680 03 1.0
Belhelvie: Brown earth at Lk

o-6" 10 13 .28 1l.24

6-12 35 -1k 48 N Y
12-18 e 20 60 .80,
18-2L 15 12 .60 33
2L~ 45 20 75 «20
30-36 60 36 25 1.30
Balhelvie: Peaty glay at G&F

0-6% 290 190 50 .16

6-12 270 164 «39 .18
12-318 180 68 1.3 .08
2k=30 220 47 .60 L7

230-45 190 iy .70 33



“Pab, 2 (cont.)

Depth -80 Ni = =80 Cu

.-Belhelvie: Peaty gley at 05+

0-6" 10 13

Heavy minerals
(% -80 fraction)

Heavy minerals
opaque:clear ratio

ND

082
.32
M43

1.20
239
17
<38
+56
45
<93
23
27
27

1.0
1.5

.ND
6~12 €0 20 <34
18-24 50 Lo 1.14
Belhelvie: Gley at NS+
- 0-6" 30 17 .02
6-12 Lo 21 <05
12-18 50 23 002
18-24 50 29 A2
24-320 50 3k 40
30-36 35 28 1.4
36-42 Lo 30 52
4o-48 20 36 35
L85k 10 26 «10
S5k-60 30 3 .08
Belhelvie: Brown earth on red clay 1150 ft. S, of T26
0- 6% 210 46 37
6-12 260 62 «30
12-18 290 sk .08
18-24 720 192 .89
- 2430 420 96 2.3
30-36 1700 276 ,80

Belnelvie: Brown earth on red clay. Top of euarry at 9ill62

o-6" 15 17
6-12 50 26
12-18 Lo 16
18-24 .60 20
2430 25 7
30-36 20 5

.08
17
.016
004
«10
«19

1.

.37
At
.2‘}
«95
’1032

Belhelvie: Trench section 1000 ft. S. of T26 (9481€7)

Head, 30" 220 42
Hiad, 12" 1%0 52
Sand, 18" 110 38
Sand 12" 220 Ly
lens

.87
«30
27

82

Belhelvie: Exvosure in red clay overlving gravels, side

o? quarry at S4k162:

Clay, 36" 70 18
Sand, 12" 80 21
Clay, 6" 70 22

Gravel,2k" 180 80

<05
65
1.52
1.20

.98
56
50
«10



9.

Tab., 3. Distribution of Ni within the -80+270 mesh fraction.

All results as ppa ~80 mesh fraction

Depth Ni -80* Ni ~270* Ni ~80+270* Ni -80+270** Ni-80+270** mag:nonmag
(ppm) (ppra) (ppm) light mins, heavy mins. mins

Arthrath: Brown earth at P4/PS

6-12% 320 193 127 125 1 ND
12-18 470 181 289 276 k.5 1.1
18-24 7240 254 486 327 7.5 3.0
24-30 550 208 342 285 6 1.3

Arthrath: Gley at U4

6-121 150 73 77 54 2 ND
12-18 220 137 83 77 1.5 ND
18-24 280 152 128 119 2.5 ND
24-30 210 123 87 129 3. ND
%0-36 450 257 193 194 ND

Belheolvie: Brown eurth at D4/EL

6-12" 210 160 50 77 5 22
12-18 310 138 172 197 - 645 .28
18-24 1200 629 570 467 14 R To)
24=30 1800 997 802 825 12 67
30-36 2100 1401 699 562 "9 R

*Based .on Riofinex analyses

**Own anaiyses of wntrezted separates



10.

Tz, 4. Courariscn of Ni contents of light and heavy mineral separates

Syactacas o ) =y K
naLsel and afrer ECL treaiment.

‘Depth
Uatreated Treated

frthrath: Brovmn earth at P4/PS

0-6" 220 112
6-12 350 212
12-18 560 400
18-'22? 570 400
2k-30 Lo 207
Belhelvie: Browa earth at D4/El
6-12" 160 70
12-18 360 198
18-24 1260 200
2h-30 L1740 1200
30-36 ND 2000

Light minerals (ppm)

Heavy minerals (ppm)

Tab, 5. Effect of HCl treatment of heavy mineral separates.

Depth Ni in untreated Ni in treated
fraction (ppm) HM fraction
(ppm)

Belhelvic: Brown earih at D4/EhL

6-12% 8o
12-18 140
18-24 375
2l-30 625
30-36 720

Arthrath: Brown earth at P4/PS

6-12" 170
12-18n 320
18-2L 285

2430 300

79
235
276

93
168

198
g7

Untreated Treated
75 51
170 135
320 250
285 270
300 205
80 ks
140 105
375 270
625 340
730 373
Ni in light Ni loss
mins. released during
on treatment treatment
(ppm) (ppm)
3¢5 42,5
28 37
R0 60
26 323
164 - 339
35 b2
89 63
42 ks
55 112



Aypendix,

Analytical vrocedures,

. Partiéle cize zralysis.

Particle size determinations were made on the -2mm fractions
of the soils using a combination of sieve and sedimentation methods.
Urganic matter was removed by Hp02 treatment. The samples were
dispersed by ultssonics in the presence of “algon.

2. Heavy mineral analysis.

Heavy minerals were separated from the -80 +270 mesh fraction
(180-50 /0 ) in bromoform after removal of oxide coatings with
0.2N HCY, )

3. Soil meochemical analysis.

Ni and Cu content of -80 and =270 mesh fractions was
determined by AA by Riofinex after digestion in SN HNOB.

Ni and Cu contents of the =80 +270 mesh fractions was determined
from the Riofinex data using the fraction ratios obtained by
particle size analysis.

4, Float geochemical analysis.

Ni.and Cu contents of float specimehs ground to =80 mesh
were determined by AA at Bedford College. Digestion in 5N HNO5,




853ils rszcoreh »“o‘sci

1.

Datestien of sulnhidsz smuthering. producty soils over ultrcbasic rocks.,

Surnicarv,
Rty

This report describes an attempt to detect sulphide weathering
products in soils against a backzround of-weathering silicates.

Sa ~ples vere investigated, from ﬁLchiLcrieve, Arthrath and Belhelvie.
The object was to correlate ¥i and Cu i} c’d in hydrous oxide coatinﬂs

J 7 &
{ tie rost 1lik ely sulnnxde weathering product) of the fire sand fracticn

'3

with availoble information. on bedrock and/or fleat mineralization.

Drill information From Auchincrieve and Arthrath correlates
reacobably vell with M4 and Cu in hydrous oxide coatings. 4t Arthrath,
sl ightly anomalcus sulphides in the dolerite dyke ure also picked cut.

At Belhe _v1e,.there is-a good correlatica betwecen high edating-Ni,Cu
values and aroxalous sulphides in float, particularly wien ircomplete
reaoval of silicate clavs from the coatines is:taken inte account.

=
wd

In 21l areas, low mctal valies in the coatings of gley and nmottled
gley soils may reflect conditions in the soils wmore than rineralization
in bedrock and float. Negative cata from the coatinzs of such soils
therefore does not necessarily exclude the possible presence of sulphides.

Another goneral problem is the anal,*ical reorcducebility, vhica
at present lzn*us fairly ”ellable coatlng-mﬁtal estimation Lo Jine saxnd
containing +1C0 pza Ri and +50 pra Cu.

The general cornclusion from these studies is that the approach
has considerable poteniial, particularly ir areas with much ultrabasic
outcrop or float, in that it indicates wvhere siznificant mincralxga ion
4is likely to occur if present at 'all. -This is the case at “elkelvie.

In Arthrath-like situations it may zlso be useiul, but only if
the detection limits can be reduced,

A pore ncclfic conclusion is thzat prosising mineralization may
be present slightly rorth of the Beln»;v*e-QuarryJ

Parther woik will conceairate on coulirming these findings in
other arcas, and on tackling the analytical problems of lou precision
ard incomplete rcmoval of silicate clays during preparation of the

L . T oawen
4

S
samples for coaling -



Snils rescerch vroicct.

Detection of sulvphids veathorinz products .in soils over ulirabasic rocks
Introduction

Use of soil geochinistry in base metal scarch over vlirzbasic
rocks is restricted by the variable bacligrourd values. These may renge
ro -30 pzi Ni over schists and goeissos to +2000 ppa Ni over dunite.
At present, soil geochemistry is only used as g reconnaissance technicue,
Grilling targets being bascd alzost exclusively on geophysical information.

Geophysics has its problems, chiefly magnetite., Like pyrrhotite,
it is a good coxnductor -as well as dbeing maznetic. e e ‘7v7°kﬂ

If it is possible to detect sulphide weathering products in soils
this will overcemne the yuoblen of variable backgiround values, and may
assist in the interpretatior of geophysical data.

This revort assesses the fcasability of detceting sulphide
weathering products against a background of weathering silicates.

Theorz

“aking the distinction boetucen sulphide and silicate weathering
prodrcls depends on satizfaction of the following conditions:-

i) Ni and Cu from sulphides remain associated with Fe
on vcathering

ii) Ni and Cu from silicates remain associated with Mg
on weathering

iii) there is little transfer of Ni or Cu from sulphide
to silicabte weathering product, or vice versa

iv) there is no scaverging of retals by either ucathering
product, scavengirg .being defined here as the

considerable accuzulation of netals from background
levels.

n vhich iron ic vpresent
ionc in exchanze
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The problenm trherzfore recolves into the technical one of being
¢ to sgzarave hydreous 6xidcs fron clay minerals; and then conparing
A3

P
ctad. contenio of th: hydrous oxiles with control data (outcrop,
Tlout). ’
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Method. .

The procedurcs used are surmiarised in the accompanying flow
diagram (Fig. 1). Sxperizental details are given in the appendix.

' The fine sand fraction (~80+270 mesh) ‘was used for this study,
mainly because it combires a relatively large surface area with cace of
handling, A large surface arca is desirable because the hydrous oxiles
mainly occur as coatings round the sand grains,

Use of fine sand hos its drawbacks - .¢clay mirerals may also occur
as grain ccatingc. This drawback is minimised by treating the fraction
ultrasorically in the prescnce of a phosphate surfactant (Calgon) which
sbould rerove much of the clay mlneral but little of the hydrous oxide.

Awmorphous irox coatings arc romoved by treatment with sodiuam
dithionite. This recgert is an extremely efficient oxide coating remover,
but is knowmn not to attack nlnbral grains., Unfortunately the high
concentrations of the.salt required preclude direct anaiysic of the
extract. Instead, analyses were carried out before and aftoer ditlhilorite
treatment znd the metal content of the coatings determined by éiffercance.

Rather low precision resultis. RenrOQuc“blli .y is within azbout 0%
for Ni, Cu values above 1C0 and 50 ppm respectively. The results for
samples below these levels are unreliable.

Studv areas.

Sanmples were investigated froo Aucbincrl ve, Arthrath and. clhclv;e
(areas 1-3 in Fig. 2).

The Auchincrisve and Arthrath areas were used as controls, DDH
information showinz “he prescence in -both of sulphicdes approaching scononic
levels. Bzsed on the cxrerience in tlcse arcas, the potential of tae
virgin Beslhelvie locality was assessed.

Hesults,

1, Auchinerieve,

Only szall azounts of -80 meszh material ccllected by CGPF were
available for thic area, vith ro information off soil fysnes. The results
are thorevore only uceful &z a2 geteral indicaiion of coating r;lﬁﬂu_lit;.

Ecth Cu and Ui reuch hizha values in coatings at a few points on
lines +1 and +2 (Pigs, 3,4). Fixed with and Jyirg on each side of
these poinis are several samples with high Ui end Cu coatexts in tne
grains, but litils in the coatinza. Accordin: to theory, culphides
shovdd Lo preound nolr 2ines +1 and +2 wich unmineraliced uliravasic
rocks to the norih asd zouth,
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Mineraliz
fron the southern e £ ;

of this)., DA KX I, a vertical hole at the western end of line +1,

was in 'zoel' sulnlides®throusliont itz 201 ft.  Imclimed hole KX 2,

BW of BX 1 (Figs 3,4) weat throush unnmizeralized gabbro, eerpentinized
in perls, with 'bad' mineralization over 'tho lower 3 of its 185 ft.
drilleld lengik. Unfortunately there is ro DDH information south. of FK 1.

. Tke drill infoxxtioa therefors socms to fit the interpretation
put on the scilc data, which sugzests that.coatingiygrain valucs
of 1:4 or less for i end 1:2.5 or less for Cu'mey indicate the presecnce

of sulpaides in the bedreck nearby.

Sanples were collectcd by us on ailOOO x 500 ft. grid from the B
or cquivalent soll lorizon, or -Irom the top of ths pernafrost layer
vhere present witlin tlhe upper two £t. of the soil.

The arount cf hydrous oxides in ceoatings is likely to be related
to tle soil iyp2, since in poorly drained coiis low Ea corditions will
perait greater mobility of iron, and konce less is likely to be, precent
in cecatings. The reclationchips for all camples are showz in Tab, 1.

s’

n )
+he main conclusions are:

1). Motal content of grairs

Ri, Fe - cecreases wit: worsering drainase
Cu - ro correlatio:

ii). Motal content of coatines

Fe - decreacses with vorsenins drainacse
Ni, Cu’'~ analytical variationu =zt ihese low levels
© are too great to shov any significant trend.
But tke percentage of samples vith values
-1 pra stronzly suggests decrecsing contents
associated with worscuiny drainage.

ii1), Podsols - the samples are conceatrated in the eastera
part of the arca and are few; hezce probably
unrepresentative
Therefore saznles f-om poorly Eraincd soils (gleys, mottled gleys)
absern

withk lcv coating metal values may umot indicate the absence of sulpzides.

-y,




Sazples witk more than 100.prm !i and 50 ppz Cu are shown in
Fizs, 5 and’6. Scme neishbourin~ lousr values are also included.
Taere are o fov 3iles wl.re fhe i, Cu coatingigrair retol cerntents
are closer tiaa 1:4 and 1:2.5 rezpectively. 4s at Auchoncrieve,
these sitos ary associated with othors wiieh ave low ceating metal
contents.

Most of the sanples with lovw metal values in the. coatings
are in wcll~frained seils, but a four {e.g. Phy, Uh, V8) oxve in poorly
drained soils. In tle latter, low valucs in the coatinzs ray be due
to the absence of hylrous oxides.

Samples con%aizing more tica 2% total Pe in the fine sand are
sheit in Tig. 7. High metal values (Hi, Cu) ia the coatinss are usually
associated with muck coating-Fe, There is therefore the possibility of
seceventinz, as defined ox po 1. - There arc also several sitves vhere
the cocating~Fe is almost as kizl as in the ancmalous sanples, but which
contiin only traces of Ni arnd Cu.(e.z. P&, V&),

Some kird of scavexnginz process may -therefore be operating, but
r Yoom

if so tke metals are being released frox-an abzormally kigh source.

Interoretation,

12 ou% of the 13 2rill holes shown in Fig. 8 are in arcas with
cley soils, including § cut of the 6 with rolerate or good sulphides,
but some interesting correlations are appareant:

i) At P5 a Cu/ili coatirs anomaly is-close to mederate
bedrock mincralization in AD 1.

i1) There are suscestions 67 an Fi (but not Cu) coating
anonaly at V6, clese to moderate or good mireralization
in AD 11, 17 and 18,

iii) There is ro Ni in tle coaiinzs of samples\ E,F 12, F13
close to very bad holes AD 12,13, Cu values appear
to be pmarpinal, but are urreliadle.

iv) £D 2 , close to sauple ‘points V3,4, is the only hole
with appreciabic sulphides with ro geockemical feature
in tke so0ils,

v) . There is a Cu (but no I'i) coatiryz aromaly at N1, uwhere
& doleorite ¢l just dmninses on the study arca.
Flcnt connles frim the Cyke averase 225 p:za Ce anl b0
a T.e ticoretical cialcopysite equivalcnt is
M

. - N » -~ - .2 aym A o=
oo exd Will pulilled Loction values

AR .

LW, Vil
Y94 T apey Y v o .

of .06 (Lyala flolnes)., .The averace Cu coitent of

nafic rocks is caid to be ca. 1%0 pnz.
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The results frow Artxzrath therefore seex to be in line vith those
from Auchircrieve, although jlcy soils pose 14turp*et1vg protleis,
Iz vell~cdrairzd soxls, four out of the five situations show gone correlation
betwéen bedrock sulpiide-content.and coating metal conten: of the soils
close by.

This beirz so, it is possibdle that tre hirch ccating values at T4
(Brown Barth) and T5 (¥ottlel.Gley) may be associated with promisinz
mineralization SW of AD 5.

%, Belhelvie.

Phis area was sampled by us on a 1000 x 500 ft. grid, as at Arthrath.

Samples with more than 100 ppm Ni and 5o ppm Cu are shown in Figs,
9 and 10, About half cf the 75 samples hgve coating:grain ratios closer
than 1:4 (¥i) and 1:2.5 (Cu).

These sarples often cgtain considerable amounts of coating-Fe,
but as at Erthrzth sicilar vilues are also found in sanples with Ni,C
background coatings. An Mn/Fe concretionary horizon from H 18 gave the
follovwing ccatizg values:

Fe 3%, Mn 2%, Ki 5 ppm, Cu 15 ppa.’

In the samples with anoralous coatings, the maximum Fe and Mn values are
25 and 800 ppa respectively. There is therefore no.evidence of scavenging.

Interpretation

In the absence of DDH information, the only way to check the
significance of the data is by correlation with sulpbides in float (Tab. 2).
This stous that 80 of the samples with anomalous sulrhides in float*
are included in the group of samples with dnomalous Ni, Cu in coatings.
Three out of the four samples with anomalous float but backzgiound coatings
are.froa gley soils'with low coating-Fe values.

Coating anzlysis therefore sezregates soils asscciated with sulphides
fron those that are not. But over half the ‘soils in the group with
enoralous coatings are associated vith fleat with background sulzhicdes.

I+ is possible that these soils are accunulating ir their coatings metal
dispersed hydrcrorshically {rom weathering sulprides. It is equally
possible that clay rermoval {rom the coatings is incomplete, aand that the
hizh values are <uz to the proocnes : silicatc vesthering producis.

Al) sauples with anonclous coatings wese theref
coai:n*—'ﬁ, viien is l;kely $0 te retained in clays tut no ;
oxides. +“he recults (Tab, 3) show that 19 sarvles contain very small

Comparicon with accurate

Rouzh visual cztinates on floot slices,

volished ccoction deoterninations suggests that the cutoff is about
at - . .

0.4% (by weizht) total sulni-ideow.



6.

amounts of coating-Mg. The high coating-NiiCu values in these samples
are more likely to derive from weathering sulphides than silica*es, and
it is encouraszing to find trhat 11 of ther are associated with aromalcus
suiciides in flozt,

So starting vith a group of 75 samples with high Ni and Cu values

which couid be dus to silicates or sulphides, the erd product is a group
of 19 which probably reflect anomalous sulphide mineralizatioa.

Location of bad»ock sources

The distribution of the 19 samples is shown in Fig, 1ll. They form
two distinct grouns.

-Croup 1, These sites 11e slightly to the east of an inferred
gabbro/ultrebasic contact. Aromzlous ?zabbro .float occurs at ¥13 and N12,
but similar rocks in float to the cast are unnineralised.

This supzests that the contact way dbe aineraXzed.

Altérnatively, the association of minerglized float with the
magnetic featurc could-mean.that the mineralization is possibly associated
with this.

Mineralizcd ?foliated gebbro at Q16 could be associated with a
schist/gabbro coatact.

Groun 2. The sites lie on a couplex ulirabasic featuie and on
folizted gabbreca to the east. Anomalous sulphicdes are presont in
tolite, gabbro and foliatod gabbro float, very scldom in dunite.

The best mineralization is ir foliated gabbrs fleat, very similar
to tkhat exposad in the ”e’helv1e Quarry i.e. probebly very local.

t is close to a moderate m“~n~~1c feature vhich ruis through the gquarry
pear the gabbro/ulirabasic contact. In the north face of thke quarry,
where the magnetic values are highest, there is very livtle magnetite
in the rock.

There is thersfore a reasonable chance-that the ragnetic.feature
is duc to the presence of considersble amounts of sulpkides.,

Conclusicrns,

-t

1. In all threce arcas there is a correlation batueen high Ni,Cu
values in coatings and the presence of sulphides in bedrock and/or float
¢lose by.

2. Therc arc three snazs to using this o noareach:

oL

i) Poor ly drained soils - 'these have only small amounts
of hydrous oxides in the coatings, hance base metal
.retention is low.
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ii) Anelytical precision - .limits applicatioa at present to
samples with Ni, Cw values in the fine sand greater
than 100 and 50 voz. respectively.

33ii) Incomnlete clay removal - nay give pseudo-anomalous
coating results (but can be partly allowed for by
analysis of coating ¥z content).

3. There is no evidence of scavenging by hydrous oxides.

X
.
()

e approach kas potential as a screening technigue. It is
kely to bz particularly usezful in-extensive arecs of
trabzsic rocks or vhere there is much Ultrabasic flozt,

as at Belhelvie, Bat it seeus quite useful in Arthrath-like
situatioas also, and will becone nore so if it proves
possible to lower the detection limits.

£ 1

.
g4
.
2
<
4

S. At Belhelvie,. where the study covored 10 squ.. me it scems that
significant mircralization, if present at 2ll, is cornfired io’
two arcas covering less than 1 gqu. .

6. Using correlated float. and where available, outcrop data,
coating information rxy indicate éromising geophysical
features and therefore DCH targets in arecas where
geophysical anomalics may be due to minerals other than
sulphides, i.e. magretite.

In this connection, the combined geochemical/seophysical
feature clese to'the Belhelvie Quarry seems to have
considerable potential,

Future work.

2, Fielduwork. The generul anp11catlon of the anproach will be
tested in three other areas (Fig 2, ‘arcas 4-6), Float and
s0il sampling will bte carried out as previousl This is
now in progress, and will last till the end of Nove zber,

2+ Lab verk, This i1l follow the same general pattern as
report»d here. In addition, attention will be paid to:

i) obtainiag grecter anclytical precision with a view
to lowering the detection linmit

ii) the problem ca incomslete clay removal,

Ceets,

Ta 2o antte-d Bhat

- et — s & -

totulled about £2580, ae
includes ca. 2520 for wan
to BV uniil well into i

thac cozt of the first yecar of the proje

nst the tudget estimate of £35060. Th:Ls figur

lyses of vhich about %00 will not be chargea

e second ysar (lab. accounts year finishes end-June).

ct
.
3

2

’\
21
-

NN

Cperational costs for the second year are estimated at £2500-3000,
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Lxperimental details.,

1. Disversion.

25 g. -2ur. .fraction was dispersed in 5% Calgon accompanied by
ultrasonication for 10 min. This stage needs further attention.

2. Dithionite treatcont.

2.5 or 5 g (depsnding on hydrous iron coniternt) ~80+270 fraction
vas treated with a 45 w/v solution of sodium @ithionite (Na?saog).
The mixture vas heated in a water bath at 60° for 30 nmin.
Aftervards, the lizuid was decantcd and'thp szmple driced at 105° in the
flask or beaker. The procedure-was ropeated as mecessary until all the
grairs wore bleached end there vas no brown colowration on arying.

3. Digestion.

Sarples were digestéd (2.1 g).in 3 ml..50:5b cornc. ENO.: water
for 1 hr. in a waterbath at 957 . 7 nl. water was added after Gigestion
and thoroughly mixed.

L, Analysis.

All aralyses were by atomic absorption. In-the case of Mg,
instead of adding 7 nl. water Zer digestion, 7 rl of 1% Sr colution

was uscd. This suppresses serious interfererce by Al, Si, Ti arnd P
but has. no affect onr  he estimation of Ni, Cu, Fe and Mn.
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~2rmm FRACTION +2mm FRACTICN
dispersion reject

wet sicve at 80 and

270 mesh '
dry
/ “ -
+80 FRACTION -80+é70 FRACTION _-270FFRACTION'
w!igh weigh weigh
reject " aithionite reject
treatment

d -

elen
I

digest in 50% ERNO

analyse:. analyse
Ao MEDAL CONTINT B, MOTAL CONITLT
CF URTRZATED O ITR™TED
FRACTION FRACTICH

A - B.(corrected for weignt loss durlng dlthionltc treatment) = metal
contgnu of coatings.

Fig, 1. Flow diazram shouing treatment stares in the scparation oad
analysis o7 untreated (4) erd isccted (B) fine szad fractions,
and Lze determination. of the ii, Cu content of hydrous oxide

coatlngs.
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Soil A types

Gley lottled Fottlead Brouz® | Polsod]
Gley Browza Barti
Earth
o' w2} (28 (125) | (22)
Cu lMean srain cortent (pra) | 11.7 12.3 1.7 4.7 20.9
Fean coating conteat .
(ppa)] 4.8 4,7 6.3 6.8 6.1
Percent. o2 cexples
with -1 pp=. in coatiszs { 61 ¥ 52 33 27 25
Ki ¥ean zrain coxntert (ppm) | 10.4 15.0 18.5 19.3 10.9
LEYRY coating conven
(p;-:‘) 606 505 5.5 7.7 8.8
Perceat of cardles
with -1 poa. in ccatizzz 1 63 58 21 26,5 33
Fe Yean grcia cozteat (¥) 0.75 0.30 1.05 1.25 0.7<,
Fean coating content (%) { 0.26 0.47 0.66 0.82 0.7%;
Percente of coonlies
vith -1 ppn. ia ccavizzs {25 16 4 2.5 5

1Brackctcd firvree: 2o, ol profilcs in each soil group

ZIncluding Brown Earths with percafrost layers

Y

ean ol leacuravle valuos oaly

Tab., 1. Arthratl: Relationshin betweer soil type and Cu, ¥i z22 Fo content
of finc rard grains and coatings., Hizhly anomalous satples
excluded,
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! Sganies vrith ancmalous | Samples with backgrournd
i ©lyphides in Fleat
: -
- c e 4
S.nsles vith !
anoralous
coctirz-iii,Cu 17 20
Semples with
background
coating-Ni,Cu L 27
Teb., 2,  Pelhelvie- correlation of coatinz data with anomalous sulphides
in flcat,
ngnlps with -4000 S amples with +1000
ppn coating-lig pri coating~Ng

Samples with
anomalous
coating-Ni,Cu
but backzround
sulnhides in float

13

Sarnles with

ancalous

coa tirg Ni,Cu

and aronmalous

sulphides in float 1) 6

Tab.3., DBelhelivie - corrclation of sulnhide levels in float with
presence or absence of large amounts ¢f coating-Mgz.
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ar+ -ralusses further studies of Soil type/float type/

ool | euoleaistry ziiavionshkips,
e g arons fnvestisated were Auchinerieve, Brodiesord,
" Jils

"2 fous shovr troadly similar vatterns, remely a close correlation
sowonr S Uleut orp2 and goil gecchemiatry, and a less obvious
( .« proou Ly lrdirect) relationship hetween soil type and sotl
grocue:fey,  osh of the base metal anomalies are thougn to origirates
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z203%. ¢ snouatils - re not associated with ultradbasic float. Some of theze

J10maLi. £ cnuLs T~o n2lvably originate from oxidising sulipnides, althouzh’
caere v e so3%idle explanations.
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Sz .o coseidility that assessuent of soil type/float ype/

i eocris  try relationshins may ve fouled un dy the generalisatinns
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mous:r Jat.. evaluaiion programre,
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Soils rescarch pnroicct.

Resinits of fieldwork in the Funtlv aren.

Introductien.

. M .
A previous study showed that soil tyre ani float informmtion

=ay indicate base metal disyersion mechanisms and possible sources of

base rmetal geochemical ‘anomalies in soils.

p)

lzter chemi~al work2 showed trat metal values in hydrous
oxides sare stronzly influenced by soil type. Since these ctudies also
indicated .~ close relatlonshzn betweelr base netds associated with hydrous
oxidec and tire presence of sulphide mineralization, it is cleur that
knowledge of the soil tyrec present in an area of interest is necessary
for the erfective intergretation of geochemical data.

This report outlines the resuvlts of further studies of
soil typa/float twpe/ soil geochem. relationships in four zreas of interest
to CGF, From these additional studies, it was hoped to confirm the
previous ccrclusions; and thereby to indicate the advantages of using
soil and float data generally in exploration.

Studx S0QES,

Four areas were investigated:
1), Auchincrieve a) 35 pits on a 1000x500 ft. grid

b) 30 " " 500250 ft. %
e) 64 n m M o 400x100 ft., M

2). Brodiesord 488 w m v 1000x500 ft. "

. 3). Dunbeﬁﬁan 50 ‘v » ﬁ.1060x500 g M

4), Brown Hill 240 m W W 0002500 ft. ¥
Total: 907 nits

The areas are shown in Fig. 1, Fieldwork comrenced on Sept. 1hth
and was completed on Jec. 1lith, giving an average of about 70 pits/week.

Xethoas.
At zaclk site the zollow;n« information was noted:

i), CGeneral site data - relief nosition, presence of rlacial
features, river terraces etc; signs of disturhance or
possible contamination

2)e Soil type

iii). “he ndure of the scil parent material e.g. alluviurm,
scree, aillwash, terrace sand, boulder clay etc.

L . D :
Sojls rescarch project: 'Ficldwork resulis from Belhelvie and JArthrath' (Fet.

24 . . . .
Soils resenrch nrolect: "Detection of sulnhide weaticrin: wroducts in soils
aver uliribnle 2o nst (3ont, 170)



Soil samples were taken from A and B horizons ( G horizons in
gley and peaty gley soils).

20 float stones were collected from the B horizons and identified.
Rounded stones ( usually quartzites) were noted but not included in tre 20.

Maps showing the distributior of dominant soil and float types
vere then prepared for each area and the information compared with
available -30 soil geochemical information ( Ni, Cu),

Summary of informntion from the four areas.

1. &uchincrieve. The three areas are shown in Fig. 2.

Geology.

Picrite, olivine gabbro, graphitic gsbbro, granite and black schist
are all thought to be present in the areas. Mineralization seems to be
largely confined to the graphitic gabbros.

Reliefo

The areas lie on a spur sloﬁing stéeply to the south, with the
R..Isla to the west, south and cast.

Float. Cutcrop is limited, but where present there is a zood correlation
between float and solid geology, i.c. mo~t of tie fioat seems to
be quite local. Jomninant float types are shown in Fig. 3.

Float snd coil =eochen.

There are some fairly good correlations between float rock tyves
and soil geochemistry (Figs. %,5). Granite, schist, and olivine gabbro
are generally associated with near-back;round Ni, Cu vaues (less than
200, 60 ppm respectively). Cu values in picrite may reach 250 ppm, and
Ni over 1C00 ppm., contrasting with the soils associated with graphitic
gabbro and olivine zabbro ( in part) which have Cu and Ni values locally
exceeding 1000 ppm; and generally almost as much Cu as Ni,

90ils and soil ceochen.,

The distribution of the soil types is shown in Figz. &,

In zrea (a) the soil geochemical values are too low for much
correlation with soil type to be possible, Therz i5 no correlation .
apparent in area (b). In area (c) however, there is a very clear correlation
between the hizhest Ni and Cu values and Srown earths, the geochenical
trough between tho two andnalies cojinciding with Metiled gley soils.

Whether or not a soiltyne/coil geochem correlation is detectadle
therciore scenms to depend on the scale of the study in this case,



2. Brodiesord.

Geology.

The rocks strile NNi/SSW. MHost of the area is underlain by
serpentinised picrite, gabbro ( including olivine gabbro) or ‘gneiss,
but calcsilicate, epidiorite, troctolite and many altered basic and
ultrabasic rocks are alos present in minor amounts.

Relief,

The relief is closely related to the geology. Quartzites outcrop
on the western margin of the area along the crests of Durn and Fordyce
Hills, vhich are aligned with the strike. Serpentinised picrite outcrons
on the eastern slones of these hills, giving way to gabbro and olivine
gabbro flooring the central valley, which is covered with thin (less than
25 ft.) moraine or glacLal outwash. The small hills on the eastern margin
of the study area are mainly gneiss.

Float.

Drift seldom exceeds 25 fﬁ., even in the central valley, end is
considerably thinner on the sloves of Durn and Fordyce Hills, Although
there has veen somz downslone dlsplacement ( which mainly has taken the
form of some masking of the picrites by quartzitic Bead) the fioal
generally seems to reflect underlying geology with little displacement.
The distribution of dominant basic and ultrabasic float types is shown

in Fig. 7.

Float and soil reochen,

+200 pom Ni/ =50 ppm Cuw/ +50% serpentinised picrite float'
correlate fairly well in the western part of the map. Ni values are
generally lower, but Cu values higher to the east, coinciding more or.
iess with domlnant gabbro float. On most other rock tyves both Cu and Ni
values in soils are low. (Figs 8,9).

Sporadic high Ni values {+300 ppm) associated with low Cu (~30 pnm)
and minor =amounts of ultrabasic float at e.g. 0,5 1; may be due
to either serpentinised picrite buried below shsllow drift or to finely
divided serwentinised picrite or its weathering products in sand,silt or
clay fractions. '
ain with
S

Similar Ni valves associated with aigher Cu (450 ﬂﬁM) age
only minor amounts of ultrabsic float, may be due to vnserppntl }~
picrite near surface, cr possibly to sulphides, or their resrective
wenthering products. Sites which belong in this category are I21~-H22;

F,6,H 18; N,0 1k,

5 @ |
[e |

Soils and soil meocher

PN
&

High Ni values can be seen to coincide with virtually any soil iy
(Fig. 10) and are therefore pronsbly due to sxlmcate-ul derived from
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serpentinised picrite.

fign Cu valuss occur mainly in mottled Zleys, g*e"s and peaty
gleys. A siliZate origin for them seems likely -lso ( from gabbros
undarlyinz the valley floor). OCorrelstion of high Cu with soil type
seems to be fortuitous, therefore, although the »ossibility of some
hydromoryhic dispersion cannot be entirely ruled out.

3. Dunbennan.,

The southkern part of this area has been considerably disturbed
reservoir, pvlons etc.).

Geolozy.

The strike is roughly R/S. The dominant rocks are picrite,
troctolite, olivine gabbro and altered ?hypersthene gabbro.

Relief,

Picrite onutcrops on the top and upper slopes. of Dunbennan Eill,
wvhich is alignel with the strike. Olivine gabbro and troctnlite underlie
most of tre lowzr slopes., “hey are covered by alluvium closs to the
R, Veveron.

Float.

Drift ic thin on the top of Dunbennan with many picrite outcrops
and much picrite float., The plcrlte,“as travelled cownslove to some extent,
covering part of the troctolite and olivine gabbro outcron. ‘w~though
there seems to have been scme miving of flost or the lower slopes, the
dominant float rock tyne reflects the underlying oeolouy quite well,

The distribution of dominant float tyves is shown in Fig., 11,

~.

Float andé soail eenchen,

Ni geocherm is shown in Fig. 12 anéd Cv in Fig. 13.

+1000 ppm ¥i o-~curs vhere pic*:te float overlies solid picrite;
+2C0 ppm corrzlates fairly well with +50% picrite flozt. Ni values over
part of the 'trocto-sabhro' 2nd troctolite adiacent to the picrite exceed
200 pra but mere nsually =re btetween 700 and 200 prm.  Cver Lo ssbtivre,
Fi ir seldonm more than 100 nmm and may be much less where aliuvium is
present.

. Cu vzlues from 50 to ¥¥) pra earrelate with 5C) picrite floa%, but
values of 50-100 »pm Cu a-e also found ovar tie adjucent iroctvolite,
(Procto-gabbre' and zabbro. The only Cu sbove 2C0O rym occurs at where
gabbro, zicrite =nd andalusite schist meet and virtu:llj outcroz



OO LM 1l IJ0OLL T70CLQH,

M3 values above 200 ppm are mainly associated with brown enrths
and mctitled browvn earths, thoush sometimes with mottled gle"s and glays
a7s0. The same goez for +50pnm Cu values, Poorly drained sdils with
hizh netal contenis are usually downslone of nigher values, and may be

due to hydomorphic dispersinn,

4, Brovn iiil.

Geolosry.

UND/ASW,  The main rock types are gabbro
e and (®dinly hornfels schists, with some

3 1l
s quartz
d country rocks.-

sernentﬁnzsea picri
T basic an

serpen+1n1zatlon o
Relief,

The relis’ is dominated by a ridge aligned ¥ith the strike,
consisting of Evron and Brown Bills, the latter rising to over 1500 ft.
This ridge separates valleys to the N and S, the southern valley being
underlain by sernentinised picrites. The h11131des are generally very
steep with numerous rock outcrcps and minor screes.,

Float .

Except near rock outcrops the float is fairly well mixed, propably
becaucse of downslope movement. - A small patch of boulder clay at C7-FS
is associated with vooriy drained soils and coniains rrunded qQuartzite
pebbles, Tne drift in the northern valley is nener“lly thicker than in
the southern., The dominant float types are shown in TFig. 15.

Float and soil reochem.

Ni values above 200 ppm are associated with serpentinised picrite
(s0lid or float), or serﬂentlnlsed adjacent rocks. Cu values are generally
less than 50 ppm. I, velues are lower but Cu kigher in grbodros and
schist (-100, +50»pm respectively). Both Ni and Cu form llneur anomelies
parallel to the strike (Figs 16,17).

Soils =2nd soil ceochem.

. The distrinution of soil types is shown in Fig. 18. Ni values
raginz’rom 200 to +1000 »nnm are sssociated with pesty gleys, ¢l 3
motiled gleys of the southerr valley underlain by °~r“ﬂ~‘;n’:ti
They are therefore probably due to silicate-ili. +50 ppm Cn is poinly
founﬂ in brown earth, mottled brown earth and motiled gicy n»rofilan.



"Conclusions.

1e In 2all areas with the exception of Erown Hill there scems to be a
reasonable correlation between dominant float type and adjacent
solid geolozy. There s<ems to have been little displacement due to
glacial activity. At Brown MNill, the steep slones have mixed the
float ratlier more than in the other areas.

2. In all sreas there is a quite close correlation between dominant [lout
type and scil geochemistry, often close enough to suggest characteristic

- e N
ranges of Ni and “Yu values for each type:-

Dominant float Location i ranse Cu ranes,.
Quarzite,Gneiss Brodiesord «100 =50
‘Horn®ls schist,gabbro Brown Hill «100 30-100
Gabbro Auchincrieve 80-200 %0-200
Olivine gabbre Brodiesord 100-200 4?—100)
«200
'"Trocto-gabbro! Dunbennan 100-200(-400) ~50(-~100)
Serpentinised picrite Brown #ill 400-15C0 ~50
" L Brodiesord 200-700 -50
Picrite Dunbennan 200-1000+ 50-200
Graphitic gabbro Auchincrieve L00-1100 ~ 5C0-1400

Note: the great difference in the Cu/Wl ratios between nicrite and

serpentinised picrite - and the possible uncéértainiyc-this suggests in

the use of Qy/Ni ratios in data assessment.

3. There is a good correlation between soil type and soil geochemistry at
g Ty
Dunbennan and Brown Hill. At Auchincrieve there is a very good
correlation in area~(c} between mottled gley soils and ofipeak
Ki/Cu values. This correlation is not apparent in the coincident
part of area (b), in which a larger grid was used. At Brodiesord
thereis only a weak correlation between soil type and geochemistry.

4, In most areas float =nd/or bedrock type apnears to be the factor
chiefly influencing geochemical values, with anomalies tending to
follow the strike. The correlation between soil tyve and geochemistry
scems to be indirect i.e.

a) bedrock controls siove intensity and float type
b) slope intensity controls soil tyve
¢) float typs controls soil geochemistry
therefore d) the apparent correlation between soil type and geochen
found in some areas (e.g. Brown KHill).



5. Another possible explanation for the rather weak correlation between
soil typve and geochemistry is suggested by the Auchincrieve data
(see 3 above). It is vossible that the generalisations which have to
be niade in preparing intelligible soil and soil geochemical. maps
may obscure important relationshins. Yther ways of evaluating this
kind of data are therefore required.

6. Mineralization. One of the outstanding features of .this study is
the nmuch closer correlation between float and soil geochem. than
bYetween soili’ type and soil geochen. This suggests that most of
the base meial geochemical anomalies are due to silicate-bound
metal ( especially where the anomalies occur in poorly drained

soils)

Although finely divided ultrabasic material may be responsible
for some of the anomalies not associated with ultrabasic float, some
of these could vossibly be due to oxidising sulphides.

Parts of Brodiesord and Brown #ill areas where this situation
occurs are:
Brodiesord: I21-i22; F,G,H 18; N,0 14
Brown Hill: G4-I4

Tre .other pustanding feature is the close correletion betweer
soil type -and genchemistry at Auchincrieve (c¢), which is the best
mineralized area of 3he‘four investigated. This supports tne ide=s
put forward previously ' that sulphide-derived basemetals are apparently
extremely mobile ia poorly dra_“ed soils. Since this explanation ‘
may account for the distinct 'trough' in the Ni and Cu values at
Auckinerieve {c) it could =2lso explain the avsence of any pronounced
aromaly associated with bedrock sulnhides at Muirtack (Arthrath).

?. This study scoms to confirm the importance’of taking soil types into
-consideration when looking for sulphide mineralization.

Purther wvork.

Laboratory studies including:
i) Comparison of A and B horizon data

ii) Improvement of precision and lowering of the
detection limit of the hydrous-oxicde coating

vrocedure.
and also
iii) developing a simple multivariate data handling
comnuter technique to improve and simplify
data assessment.
Iy
PUDC
0‘71:‘ > '74
1 Soils rescarcu rroject: 'Deteciion of sulphide weatlhering products’

re
in so0ils over ultrabasic rocks' Conclusion 2.i (Sept. '70



Summﬂ:! .

A computer programme has been written to obtain a more
detailed assessment of the geochemi data obtained from the project.
The programme ‘assesses the significance of each metal value relative
to variations in soil type and float composition.

The programme has been used to evaluate A vs. B horizon
sampling. The conclusion reached is that A horizons are unsuitable
alternatives to B horizon samples. If A and B horizon samples are
inadvertently collected together from an area, interpretation of
the geochemical data is likely to be seriously impaired.

The programme ahs also been used to evaluate the B horizon
results from 5 areas. There is a consistent relationship between
dominant float type and B horizon metal values in each area, There
are large variations in metal values from one soil type to another,
bul there is no great consistentcy in the metal values when similar
s0il types from different areas are compared. It is concluded from
this that B horizon geochemistry mainly reflects float composition at
the sample point,.

Of the three areas which have not yet been drilled ( Belhelvie,
Brodiesord and Brown Hill), only Brodiesord stands out as having distinct
mineralization potential on this assessment. Brown Hill has possibilities
for Cu mineralization, but Belhelvie looks dead as mutton.



Soil research project,

Report on: 1. A computer peochemical d2ii assessment programme
2. Computer comparison of A vs. B horizon scmvling
3, Computer assessment of B horizon geochemistry.

Introduction

The interpretation of data presented in map form seems uncomfortably
imprecise. A computer programme has therefore been written in an attempt
to get a clearer interpretation of the data obtained in the soils research
project.

1. A computer geochemical datacassessment programme

The following data is input:

a) A coded description of each soil profile*

b) Dominant float type at each samplc point

¢) Number (out of 20) of basic and ultrabasic float blocks
at each sample point

d) Metal values

e) Sample lab. numbers.

The programme carries out three operations:

a) Identifies the soil profiles, finds the mean and
standard deviations for each metal for each soil type,
prints out the lab, no. of each sample which has any
metal value more than 1 or 2 standard deviations grester
than the mean, together with soil type and relevant
metal values.

b) Hepeats the process, grouping the samples according to
dominant float type.

¢) Repeats the process, grouping the samples according to
the numbers of basic or ultrabasic float blocks at each
site. -

The theoretical advantage of this procedure lies in its assessment
of the significance of the metal values at each sample point relative to
similar points { i.e. metal values of a Brown Earth sample are compared with
the metal values of all other Brwen £arths in a sample area; and of a sample
with dominant u-~tasic float with all other samples with dominant u-basic
float etc.). The computer handles the data for 500 samples in about 10 secs,
at a cost of about £20. It would take about 20 working days to do this manualily,
given persistent sanity, at a cost of c¢. £120. )

2. Computer comnarison of A vs. B horizon samoling.

During the 1970 field session, A and B horizon samples were collected
from about 900 sites at Auchincrieve (130), Brown Hill(300) and Brodiesord (500).
The ~80 fractions were digested in 50:50 HNO, and analysed in the usual way.
The analytical rcsults were then assessed uszng the programme outlined above.
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2.

Comments on the results {Tab., 1) are:

a) For both soil- and float-type correlations, the absolute
metal values of A horizons are 25-50% less than B horizons;
the range of metal values in the A horizon is also 25-50%
less i.e. metals from relatively concentrated sources in
B horizons are dispersed over a much greater area in A
horizons.

b) There is no consistent relationship between A and B horizon
metal values.

&))There is no general relationship between A or B horizon metal
values and soil type.

d) B horizon metal values correlate very well with dominant float
type. Information from Brown Hill is included as an example
(Tab. 2). A horizons are unreliable - this is also brought
out by tie Brown Hill data. The serpentinized picrite rock
contains about 2000 ppm Ni and 30 ppm Cu; the basic rocks
contain about 200 ppm Ni and 70ppm Cu. According to the
B horizon/float correlation, the picrite contains most Ni and
least Cu, which is fine; but according to the A horlzon/float
correlation, the picrite contains most Ni and Cu. “his is -
misleading ~ the Cu is coming not from the pi picrite but via
seepage and/or downslope movement of float from the topographicall
higher basic rocks.

e) A horizons therefore may seriously interfere with the geochem.
in“erpret.tion.

3. Computer assessment of B horizon geochemistry.

B horizon results from Arthrath, Auchincrieve, Belhelvie,
Brodiesord and Brown Hill have been assessed from a prospecting viewpoint
using this programme. Only experience will reveal what criteria, if any,
are significant in terms of tiineralization using this kind of assessment.

Provisionally, any of the following criteria may possibly be
significant:

1. High Ni and Cu values (especially when combined with (2)
-below) associated with a particular float type

2¢ hi:Cu ratios less than 1.5 in a particular float type

3, Sites which are anomalous (i.e. with metal values higher tha
the mean + 1 S.D.)for at lecast three of the following:
Ni in soils; Cu in soils; Ni in float; Cu in float; and where
the float anomalies are not just due to large numbers of
float blocks of a particular rock type. Sites in this
category are referred to below as ‘sigrificant' sites.

The location of the study areas is shown in Fig. 1.
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A, Arthrath,

The float data suggests that the norites are a possible terget (Tab.3).
'High' Cu values associated with granite and gneiss float may be due to faulty
identification - in weathered float blocks separation of the three lithologies

can be difficult.

'Significant' anomalies form a W-site cluster on lines S and T, with
a trail of'non-significant' anomalous sites heading off in the Muirtack direction,
suggesting fairly extensive mineradization. This.chuster is close to the main
proved mineralization occurrence. Another area of proved mineraliZation south of *
P4 is marked by a single 'significant' site at that point (Fig. 2).

B. Auchincrieve.

The graphitic gabbro stands out as the most likely source of the high
Ni and Cu values in the soils (Tab., 3).

On the emall grid (Fig 4c) there is only a line of 3 'significant®
points, with 4 additional isolated occurrences, and on the large grids (Fig.l4a,b)
there is only one'significant' point (I11). The reason for this apparently
weak correlation between soil geochem., soil type and float type in an area
where mineralization virtually outcrops is to be found in the programme.

The programme is designed to pick out sites which are anomalous for a particular
soil or float type i.e. the assumption is that for a given float type only

some of the sites associated with that particular type will contain abnormal
amounts of metal. If most of the sites associated with a particular soil or
float type e unusally mineralized ( as in this case), few of them will appear
to be anomalous. But where this situation occurs, there should be indications
of the potential of an area from the metal/float correlatior. This is so with
the graphitic gabbros at Auchincrieve (Tab. ¥).

The ‘'significant' site I 11, which i associated with an occurrence
of mineralized float, strengthens the possibility of fnteresting mineralization
on the eastern margin of the ground held by EVL and in the adjacent alien
territory.

C. Belhelvie.

Tab. 3. shows t'hat‘ there is no obvious target rock type at Belhelvie.

There are two large 'significant' clusters,on lines G-J (7 sites)
and P--S (9 samples), with scattered smaller clusters and individual sites
elsewhere (Fig. 5). Most of these clusters are associated with Brown Earths
.and dominant dunite float, which casts doubt on their significance {from a
mineralization point of view,

Most of the area is covered by till and outwash, notable exceptions
being the N. part of the western ridge (Beauty Hill) and Over Hill, where
dunite virtually outerops, and where the two large 'significant' clusters occur.
The float over these two clusters consists almost entirely of dunite, but
elsewhere, due to glacial mixing, the float may still be dominated by dunite
although in very small quantities ( as little as 25% of the count).

The conscquence of this is a low threshold for the metal/dominant dunite
correlationy the highest values vhich occur vhere there is most dunite float,
TeCOoa & anob toun i Lhe asscstienta



In a similar way, the very much higher values in Brown Earths over
the dunite outcrops stand out relative to the other parts of the area where
Brown Earths are associated with a smaller proportion of dunite in the float
assemblage.

Grouping the sites according to the numbers of ultrabasic rocks at
each site shows that about half of the two large ‘'significant' clusters can
be accounted for in this way. The remaining sites, which mostly occur over
the ultrabasic/basic contact, could at a pinch be due to mineralization, but
they can also be explained by local variations in the degree of serpentinisation.

The conclusions about Belhelvie therefore seem to be:

i) that there is no evidence from this assessment to suggest
the occurrence of any significant mineralization

1i) that ultrabasic areas with variable glacial deposition
pose special interpretative problems - 'significant!
anomalies may not necessarily he due to mineralization.

D, Brodiesord,

As at Belhelvie, there is no obvious target rock type at Brodiesord.

. “Two.: .. clusters of 'significant' sites are present, both
associated with dominant gabbro float. There are also several isolated

examples and pairs of 'significant'sites.(Fig. 6). Couparison of Fig. 6 in
this report with Fig. 7 in the previous one (Results of fieldwork in the Huntly
arca) shows that only part of the areas with dominant ga“broifloat is picked
out by this assessment, suggesting that the gabb—os are locally mineralized.
Almost all the 'significant' sites remain anomalous when the numbers of Lasic
or ultrabasic rocks at cach point'are taken intc account.

There_is therefore a good chance, that they are associated with
sulphidé mineralization.

E. Brown.Hill.

. No rock type looks particularly interesting, although some have close
Ni:Cu ratios and/or relatively high Cu values (hornfels schist, gabbro, black
schist,--serpentinised basics -~ Tab, 3),

. There are no 'significant' clusters at Brown Hill, just a few scattered
individual sites, suggesting that the area has not much mineralization potential.

In the southern half of the area, anomalous sites contain abnormal
amounts of Ni only and almost certainly reflect serpentinisation rather than
mineralization.(Fig. 7).

In the northern half of the area, sites are anomalous almost exclusively
for Cu only. Although the chances are that such sites merely represent minor
‘amounts of chalcopyrite in the country rocks, it is just possible that some of the
Cu mobiliged during the extreme serpentinisation of the ultrabasics has come to
rest here as sulphide. ‘Yhe line of Cu-anomalous sites extending from E5-J6, mainly
‘asgociatled with black schist float, might be worth further evaluation with this
possibiiily du minid.



Conclusions and recommendations.

1.

2.

Assessment of individual metal vaues relative to soil and float variations
looks a very promising alternative to contouring as a means of geochemical
“dinterpretation.

Clusters of 'significant' sites probably reflect interesting sulphide

mineralization, as at Arthrath and Auchincrieve, where they are associated
with known sulphide occurrences, provided that variations in the amount of
basic and ultrabasic float can be discounted,

3.

b,

5.

6o

Of the areas where little or no drilling has as yet been undertaken,
Brodiesord alone stands out as having considerable potential.

Largetsignificant' clusters and scattered ‘significant® points are
present at Belhelvie, but these are associated with an unfavourable
‘rock type (dunite) and are at lecast partly due to variations in the
, amount of dunite float.

There are no 'significant' clusters at Brown Hill, but there may be
some Cu potential there.

The assessment may also pick out possibly mineralized rock types, as
at Arthrath and Auchincrieve.

Metal values in both A and B horizon samples vary with soil typc, although
there i3 no consistent relationship either between the A and B horizon

values themselves, or between the different soil types. It seems particularl;
important tc ensure that only B horizon samples are collected.

B horizon values correlate consistently wi*h domiient float type, but
A horizon/float correlations are liable to be misleading.

Further worke.

'Coating' studies of the soils from Auchincrieve and Dunbennan have been

completed. The results from Brodiesord and Brown Hill s.ould be forthcoming
by the end of July.

Computer assessment (using the programme described here) of the'coating'

resulte for Auchincrisesve clearly establish - for this area, at least - that
the 'coating' approach differentiates well between metals originating from
sulphide vs. silicate sources.

»cne
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Appendix ~ Collection of soil profile data in the field
‘extract from Riofinex report dated 17.2.71).

4, Recggnition of the soil types

Given that soil type information may be useful in exploration, how
to fit its collection into exploration.programmes mus be considered.

It is argued that considerable training and a fair amount of experience
is needed for even a geologist to be able to identify different kinds of
80il3 with confidence. It is probably quite unrealistic to expect that
& labourer could be trained to do this reliably. Xeliable and consistent
soil identification is essential,

One way of sidestepping this difficulty is based on the fact
that each soil type diagnosis is based on a small number ( about 10) of
simple obsorvations. Whercas deciding if a soil is or is not a brown earth
nxy at times be difficult, the attributes of brown earthiness can be
evaluated by noting the answers to simple questions like -

Is a horizon détéctable between A and C horizons?
- If so, how much grey is there in this korizon?

Is the A horizon highly organic?

etc,

Using a procedure of this kind can make soil identification
a) simple b) reliable ¢) minimally subjective. In fact, identification
of 'the so0il types in the field is not required. All that is necessary
is for the field staff to record the answers to the guestions on computer
coding foris, which can then be carded and processed along with the
analytical results. The soil. at each sample point can be identified by
computer, which can also work out the threshold values for each soil type.

A suitable questionnaire and soil data recording sheet is shown on
the attached modified FORTRAN coding form. The questionnaire was fieldtested
‘during the visit and proved generally satisfactory. Some modifications
"and additional entries have been made and are now included in the questionnaire.

5. Sampling procedures,

Recording soil profile data is bound to increase sampling costs and
it is important to look for ways of minimising this. Two possibilities are:

1) by iicreasing the reliabdility of sampling, sampke demsity
cotld be reduced

{1) to cerry out posthole anger sampling /data recording only
- at intervals along the lines, infilling with screw auger
samples without data recording.

It is suggested that the sccond procedure should be used for the time
being, allrnating screw and posthole auger sampling on a 1000x200ft. spacing.
M¥odifications ,can be made to this procedure later if necessary.
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Revined scils aquestionnaire.

A5,6 Demincnt flont type. Number from 1 for edch aren. Do not use continuous
nuatorins for all the rock types in e.g. Ne Wales rrospects.

A? Is a distinct Lorizon presont berneath the organic horizon(s)?(i.e. thodbere
is a soil layer between tho organic 1QJOr\5) and the paront materizl).
If positive or wmcertain ( groy layesr: could be G horizon‘gg BX) put 1
in cnle A7 othervise O,

a8 Any contanination suspected?
¥£ from old workings -~ut 1 ’
X2 from ngricultural, forentry etc.operations put 2 ) in col. 43.
Jf none suspacted put O

A Vag poul s.apled? I positive put 1 in col.n9; otlervise O.

A0 Is the site on the floodpiasn of a lurce Pususlly) river?
It pogitiva zut 1 in col. MO otherwise O.

B12 Uow much of thc horizen below the orgnnic horizon(s) is orange-~ or
¥2llowish=browvn?

if more than 755 put 1 g
75=505% put 2 .
50"‘-)1\' put 3 ) in col. B12*
if Yoos than 25k pas )

If A7 is O, B12 45 O,

Cit e the organic natter content of the organic horizon(g) more than 50x?
(1f more than one crgimic herdzon is preosent both suact contain move
than 50» C.M. for & poritive sanswer). If positive put 1 in col.Cil;
otherwise Q.

C15 Is tne total thickness of the organic horizon(s) rore than § ins?
If positive put 1 ir cole C15; othexuice V.

€16 Ic na iron or rumus ran prcvent below ~ aninly grey horizoa®?
(such a pan must be prasont ﬂwed‘xtolz below a proy rorizon for
a positive answer) If vositive put 1 in col. C16; éfhurgilive put O.

D18  If the site is on a slope, what ic the downslope direction?

Ir N pat 1 If 112 put ? )
Iz E put 3 It 53 oul 4 )
I 5 ppitss If 3% put 6 ) in col. D13
If 4 put ? 12 89 put 8 )
12 pite i3 levol put O )

D1 Does gt dgnst the ten 20t of tia profile consist of un intirate
mixture of erganic and inorganic maiter, with no dictinet esluur
chanzea (211 shades of cke ~ol~t°~b*~wn) nnd 0lvb Tenn tein b
orguite peiler? Tf posilive put 1 dn col D16; ubhwr.ine Co

*dincount whers posniblo colours due to rock fragaas or yortly - sl

nant reotn,
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EOTRS CU FIOMD SAPILES ROl ANTADETISHIRS

Introduction

70 floxt szmnles wore supplied by Dre Po Cazalet for identification
and briefl mireralogicel description. The 20 sa:spies had baon divided into
two groups. The first group (A) from the Arthrath area consists of norites
end mone metrworphoned wookes the seeend groun (B) fron the Selhielvie arca
consiats of Ptwectolites, modified noxites end metamorphoscd rocks.

Al = Tvhridicod (-bbro HMovite
This is fino to medivm grairned end contains the following minerzls in
varying prodovieions throvshout -3

plegiosleses, quants, blotite, green spinsl, sericite,
clivozoivite, opuaguas, Tcordierite, Palksli felapor, and
?gerret.

The azsromblages are ninilayr to specinens previovsly sxamired of gzbbro

norite medificd by rartially neltsd srzll countzy roclkt xeroliths. Al
contzing nany of thege menoliths,

A2 = frdaluaitewCordiowits Ochist

This i3 o classical epecimen of porphryocblaastis andalusite sand
cordierite vith minor biotiite, plagicclnee, quaris ami/or felgpar and
opaquese 36 I8 o thexoally natemorphosed pelite (hornblenﬁe or pyLornae
hornfels facisg.)

A3 =t Altered Aveitic Iovite

This coundals of conrne groined plagloclase, dbronuiie, auvglte and
opaques with varisble slteration of plagioclase to sericite, and mafics
4o chlorite end 7T"limonite,

A4 ~ Retroemado Mstamorphoned (formarly Gornet) Scohist

fhis consistz of ozovdomorphs of rounded gornet cxysizls, now
comesed of vouy fine coyresates of chlorite, quarsz, onaguas, 2inox
biotite, 2nd wmscovites Oitror ninexals vhich have remainoad wore stoble,
are muscovits which foxne parcllel rggregates "flowing® round the gainot,
quartz, chlorits ord opaguss.

It is = rogionally metomorphoszd pelite of former higher gresn

Y K] 4 . R ] P4 - -
gehiat soode vhiich los guffeaed yobregrade motomorphien,



This is comnosed prodoninantly of e gronular aggregate of the gbove
ininorals. Occsoionally the cordierite is slightly poxrhryoblastics It is
a 5i02 rich, Zs0 poor pslite in the horkblende or pyroxens hornfels grads
of tharmral metaomorphism,

5 = Qronita

P e St

This is a typical granite, with coarss grained quartz, alkali felspar,
plagloclase, some myrmekite, bioctite and muscovite,.

AT -~ Tvbridised Anortheoaite

This consists of clusters of plagioclase and clvsiers of cordicrite.
with guartz, spinel, alkali felspar, biotite end opaquesze Some ciusters
probably ropresent almost completely melied and incorporated xenoliths,

8 « Alterzd Worite

This is compored of coarse grained originzl plagioclzse and ortho-
" pyroxene vuith biotite, hornblende and opagques. All mafica show wore than
ona stege of alftcration, c.ge pyroxene = horanblonde ~ chlorite. The
Plagloclass shows less alteration to sericite. Some epidote is present.

The olteration could be caused.by weathering, or hydvothermal activity
and/or mediuwa greenschist grade of thexmal motamorphism.

§2 =~ Bybridised Basic 'Rqak

Ths original plagioclase and orthopyroxens have besn resorped and
later miner.le have lormed, including biotits and hornblende, This cowld
bs a mild hybridicod wvock or elze a norite disturbed during crystsllicaticn.

AlQ -~ Bvbreildised Xonmolithis Rich Basic Pocl

This specimen contains gaxmet vhich enclosmes large grains of opaques,
biotite, and quartz; all in a cordierite-alkali felspar matrix, togethor
vith azoregates of plagloclase, blotite and rpinor spinel. In soxme paris of
the mprcinen very dense sexicite aggregates are pseudoriorphing wome migexel
and ths patreix here is bplotits, opaques, plugioclase aud spinel,

The varisbility of this cpecimsn can be cxplainsd dy the nresence of
partizlly melted xenoliths with gzynet, as outlined by CGribble (1968). This
is the firat tine that garnet hus boen observed in any specimern of hybridised
rock submitled from Aberdeenshirs,

Al) - Yonits
ihin is o tyoical ¢onrse grainod norite vith very little alteration.




212 - Altored Covdierite-Andnlusits-Biotite-Muscovite Schist

This is composed of serioite eggregates, 'biotité » muscovite, opaques,
hornblerde, epidote tnd sndalusite. The sericite cppsars to pseundomorph
cordierite.

The specimen is most probsbly a andalusits~cordierite bearing
thermally matanorphosed pelite (hormblende or pyroxene hornfels grade) which
has sulfersd subscquent alteration.

Bl = Treoctolite

This is coarse grained, plagioclase rich, and consists of partislly
altered rounded olivine within the plagioclase ground mass.

B2 ~ Tusotolite

This is cosrss grained typical troctoliie containing rmore olivine and
being more altered than Bl,

B3 - Soxenits

‘This is & rownded olivine cumilate with interstitial altered pyrozene
end ninor plaziocless, all minerals having besn altered.

B4 -~ A1terced Treantolite

The olivine hzs eltered to ssxrpentinite and opzguze, ¥From the
interstitial minerals thers has been much formation of prle emphibole,
Clinzzoipita, chlorite ond the cccasional relioc hormblende, Compared to BS,
and sinilar specimens, it conld well chow a similar history, 1.e. late
wagmatio. disturbance or late magmatic hydrothsrumal activity; msaé prcebably
the foxmer.

BS . Lrmhibolitised Norite Cabbro

This is coxposed of large plagioclase laths with agmregates of faixly
 f£ine grained orthonyroxcne end clinopyroxens, axphibole and muscovite.
hexe has been extensive subsequsnt replaccment ¢f ths pyroxens by axphibole,
yossibly at 2 late magmatlo atase. Plagioclase shows deformation. This is
gimilar to saveral of the fellowing srecimens, and &3 meniicned abovs, thoy
are interyreted es having becn sudbjected to late magmatic digturbance,
poasibly ccinlicated by the infexporation of countxy rocke Late maguavic
hydrotherizl activity is not considerad as likely.

BS « Aneitis Unpite
23 B S ]

’.'L‘hie* is feirly similar to the lost specimen, but thers are wmany more
Y.m =

end lorqsv rzains of voth clinopyrexene snd orihcnyroxens, JAupaibolo oz
replzesd votn fairly extensively. Goveral chloriie azsrecates axs posnids



Theme is not vouy mich plagioclase and quardz occurs in small graing,
Coxdierite io cuspected but not confirmed.

BT - Altowcd Avaitic owite

This slLovs the same characleristics &5 BS but 8ll ninsrals Lisve
sulfored extonsive alleraticon inocluding plsgioclase. in thiz there ars elso
soue roeaction yims brtween plazlisvlise anld pyroxerc, a3 ongozed to
-amphibole rims around the pyroxens foxrmed by deposition and/or reuorption.
Cpiques ave progent but vexy clioxed.

B8 =~ Miphibollitined Ancdtig Norita

This is very similar to 35, with not quite so sush pyroxens in RS,

B9 ~ Acrhiholitined Augitic Norits

This is feirly similar to B5 end B8 but there io leas clinopyroxcas and
there are occagional pseudomorphs of rescrbed olivine., There ave also
extensive rzection rims as in B7 (rzrymeldtic in paxt).

B10 -~ Avsitic Norite

This is mch rowve like noxral norite vith only very small asxiphibole
rims around orthopyroxsne althovzh these show wyrrekitic texture
occasionally. 4 few amphibole agrregates of B5 type occux,

B1l - Tfchist~se Xenoliths in Conteminated Tomoovs Rocks

[ =

Two main esseblages are pregent. The first consists of plasicelzc2,
opagues, cliropyroxcns and orthopyroxene, with nincr hoxndlende end hioiite.
The second consists of blotite, clinozoisite, muacovite ard guertz end shows
gchistose texture.

It is tentatively identified as a schist xenoliih in contaminated
igneous rock,

B

fouct
N

= Auzitic Horltie

i

~~ This is simiie.r in type to E5. Iun B12 there has bzen more developriout
of sericite ql‘oemtion produsts.

VZ e N4t dn, Miavds 0378 nand{ e Talhisy
o whm . 4 M08 as W ¢ -e - 2 o o b e & i ambs

PXTRS

onal

This contoing the sbove mirerals, torethor with very ccoezs
anoxrnoscd

gainosy cliuli felspor end elbile grainse It i3 a rsglensdly ne
palita i ths lraadins-anipnivolive foeies.
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Bl4 ~ rerhibeliticed Avngitic Norite

This is again similar in type to B5 snd Bl2, etc.

B1S - Norite

This ig a typical Arxthrath typs noxite with coaxse grained
-orthopyroxene, plagioclase, occasional olivine, vexry little alteration,
very 1little horndlende, and voxry few opaqued.

. Bl ~ Nishty Cvrolox

There are two distinet cssewblages in this, possidbly one has been
injected into the other, but both are extremely complex. There is much
clinozoisite, ?dioside, hoxrblende end fine graired sggregates of
unidentifisd minerals.

B17 -~ Fomite

This is a typilcal norite, _There has been occasional formaticn of
smphibole of B5 typz.

B18 o Amrhihinlitised Norite

This is sinilar in type to B5, ete,
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1.1

MINERAL PROCESSING TESTWORK

Flotation

A considerable number of flotation tests have been conducted

since April 1971, even though it.was known, at that time,

that the ore was not responding well to flotation due to oxida-

tion during storage. The results of testwork were asscssed

with this in mind, and the tests designed to allow comparison

of techniques and reagents by testing them within the same

short period.

1.1.1 Removal of copper and nickel from a graphite

coucentrate

72 flotation tests were conducted to determine the

reason for thec copper and nickel [lotation into

the graphite pre-float obtained from CGF ores

and hence obtain a copper-nickel free graphite

concentrate, The testwork was conducted on

CGF2 and CGFS. ‘Tests were conducted on;-

ii.

ifi.
iv.

i,
vii.
viii.
ix,

frothers, to try to minimise frother collecting
power.

slime dispersants, to avoid smearing of

graphite or sulphides.

washing, to remove any possible oil contamination
decontamination of equipment by reagents, prior to
flotation.

size of grind

flotation time

coppexr depressants

cleaner flotation

a comparison with graphite-free ores.



It was concluded that (i) copper-nickel flotation into the graphite
concentrate was achieved by the collecting power of the frother,
(ii) a coarser grind would reducc this metal loss, but also reduce
graphite recovery, (iii) copper-nickel depression during graphite
cleanerflotation would recover the metals from the graphite pre-.
float, (iv) use could be made of the differing flotation times
betwcen graphite and the metals to reduce copper and nickel

losses to the graphite concentrate,

1.1.2 Graphite depression in coppcr-nickel flotation

19 flotation tests were conducted on CGI'l and CGF2
in an attempt to obtain a copper-nickel concentrate

with graphite depression.

A series of possible graphite depressants were
tested. It was concluded that Acro depressant
633 was the best graphite depressant tested.

1CI1 reagent's DS 4990 and DS4991 may be as
effective as Aero 633, but the others were not as

good. None of the reagents was totally satisfactory.

1.1.3 Silicate depression in copper-nickel flotation

5 flotation tests were conducted on RTZ 2.2 to

compare the use of tylose as silicate depressant, with
the ICI reagent series Cellophas, an alternative carboxy-
methylcellulose. It appeared that Cellophas may be more
.effective than tylose and have a lower process cost per

ton ore,

1.1.4 Sulphide Collector

Sodium mercaptobenzthiazole was tested on RTZ 2.2 as
an alternative to potassium amyl xanthate and found to

have a possible application.



1,2

1,3

2.

2.1

Gravity Scparation

1.2.1 Shaking Table

Tests were conducted on CGF2 in an attempt to

separate graphite from the ore by gravity. A

successful separation would then indicate a possible

means of separating copper and nickel from the

graphite pre-float concentrate. The testwork was, however,
totally unsuccessful possibly due to the shape of the
graphite.

1.2.2 Heavv liquid tests

Heavy liquid tests were conducted on RTZ 1.2 and
CGFS5 at each of 4 different grinds. The gréund
material was deslimed and sepafations made at sg.
3.3 and 3.8 at Warren Spring Laboratories. The
tests were not a'ltogether.satisfactory; a large pro-
portion of the metals remaining in the lightest fraction

even at very fine grinds.

Bacterial leaching of Pyrrhotite

A sample of pyrrhotite flotation concentrate, upgraded by magnetic
separation, was sent to CRA in Australia for leaching tests.
The results indicated that the nickel was fairly readily extracted,

but that further work was required.

MINERALOGY

Microscopic examination of head material with reference to liberation

Examination of the rcsults of microscopic cxamination suggested
that improved bencficiation could be achieved on RTZ 1.3, RTZ
2.2, CGF2, and CGF5, by finer grainding. This was proved to

some extent in practice,



202

2.3

3.1

3.2

3.3

Microscopic examination of tailings from CGF3 for metal

occurrence

The tailings from flotation tests on CGF3 contained considerable
proportions of the metals, particularly nickel, and were thére—
fore examined microscopically to determine the metal occurrence.
The results of this examination suggested that the copper may
occur as cupritc included in limonite and the nickel as silicates;

very small amounts of sulphide minerals were present.

Electronprobe micro-analysis of head material

The hcad samples were examined by electron prohe. The results
indicated that the cobalt content of the pentlandite was variable

and the nickel content of the p}'rrrhotite was very variable,

ANALYSES

Iron

Iron analyses were conducted onthe products of a test on CGFS5,

by the standard HNOa/HClO 4/HCI digestive and also by HF digestion,

and AAS. A good imetallurgical. balance was achieved by both

techniques.

Sulphur

Sulphur analyses were conducted on the products of tests on CGF3

and CGF5 by a gravimetric technique. Metallurgical balances were good

and flotation recoveries high,

Molybdenum

Molybdenum analyses were conducted by AAS on the products of a test

on CGF1 and showed very low molybdenum contents, ¢ 0.01% MO.



3.4

3.5

3.6

Precious Metals

The test products from scveral tests on RTZ 2.1 and CGI'S
were sent to Johnson-Matthey Ltd. for precious metal analysis.,
The flotation tailings were upgraded by a gravity technique prior

to dispatch. The results indicated that:-

(1) the gold content was ncgligible,

(if) the silver, platinum and palladium were rcecovered
in the flotation conccntrates.

(iii) the silver rccovery to the copper-nickel concentrate

was high.

Complete analyses

Samples of flotation concentrates from RTZ 1.2 and CGF5 were
sent to Warren Spring Laboratories for complete analysis by
X-ray fluorescence and emission spectrography. The results
were in agreement with analyses previously conducted at

Chessington and by Johnson-Matthey.

Check analyses for copper and nickel

5 different samples, and one duplicate, of head material were
prepared, and each split into four for check analysis for

copper and nickel by four different laboratories. The laboratories
concerned were:- Riofinex, Chessington; 1.G.S.; Analytical
Services Laboratory, Imperial College, Gold Fields Laboratories
(pty) Ltd, South Africa.

Analyses were conducted by atomic absorption, titration, gravimetry,
and polarography. The analytic results were in excellent agreement,
showing the reliability of the analytic;al and sampling techniques at
Chessington.
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EVL SOILS RUSEARCH PROJECT

SUMMARY OF RESULTS

The EVL soils research project was initiated in October 1969 under a
threc-year grant to cover the costs of a bursary to Bedford College,
London University, plus field and analytical costs incurred by the
student involved.

The purpose of the project was to investigate ways of improving geoche-
mical interpretation in glaciated arcas underlain by basic and ultrabasic
rocks, the problem being that Ni and Cu in both silicate and sulphide
forms might give similar geochemical responses,

Sclection of arcas

Initial work in the winter of 1969/70 was mainly on the East side arcas,
Belhelvic and Arthrath. Thesc arcas were chosen to compare the effects
of good and bad exposure respectively. In the case of Arthrath, although
exposure is poor, there was a fair amount of drill hole data available.
Some laboratory work was also carried out on soil samples collected by
CGF from Auchencrieve.

The 1970/71 winter ficldwork season was concentrated on the West Side,
where the Brown Hill, Brodicsord and Dunbennan areas were investigated,
and further work carried out at Auchencrieve.

Finally, in the autumn of 1971 geochemically' background areas Old Rayne
(West Side) and New Deer (East Side) were studied.

Field methods

The procedure used in the field was similar for all arcas. Pits were dug
to the B horizon on grids with line and station spacings of 1,000 ft. and

500 ft. respectively. At Auchencrieve, the part with known mineralization
was sampled on a 100 x 100 ft. grid, in addition to wide-spaced sampling

over a larger area.

A and B horizon soil samples were collected from each pit, accompanied by
description of the soil profile, and collection of 20 float blocks from the B

horizon.

Results
The initial phase of the project consisted of orientation studies at Belhclvie

and Arthrath. The results showed reasonable correlations between soil types,
float types and Riofinex soil geochemistry at Belhelvie. Highest Ni values
coincided with well drained soils in thin drift over solid dunite, or in areas
with dunite~-dominated float. Lower values were found in poorly drained
soils, usually downslope from dunite bodies but sometimes associated with

dunite float.



The float patterns demonstrated that a considerable proportion of the
western dunite ridge was covercd by drift derived mainly from countxry
rocks, and strongly suggested that dominant ice movement was from
the- west,

At Arthrath the Ni anomalies were in poorly drained soils downslope of
an LE-W seepage line, The anomalics were associated with norite float,
but clsewhere in the area norite float correlated with low geochemical
values. It seemed from this that the geochemical anomalies were
either due to dunite, or to locally mineralised norite.

Due to poor exposurc it was difficult to be sure of ice movement direc-
tions or transport distances. The impression given was that no great
movement had occurred, and the N/S oricntation of the float types sugges=
ted ice movement, if any, from the north.

The main conclusions were that soil and float studies provided useful
information in intcrprecting geochemical data. However, the fact that
exprcssion of the Arthrath mineralization appeared to depend mainly
on ground waters coming to surface suggested some possibility of
mineralisation in similar topographic settings elsewhere escaping geo-
chemical detefition.

The initial fieldwork was followed by laboratory studies to obtain information
on the forms in which the base metals were held in soils

Channel samples were collected down soil profiles representing the majox
types at Belhelvie and Arthrath. Some types were collected from minera-
lised and unmineralised areas. Ni and Cu were determined on -80 and
-270 mesh fractions. These results were compared with those of partide
" size, heavy and light mineral and organic matter analysis.

It was found that in poorly drained soils there ‘was a good correlation bet-
ween clay and base metal contents./’ There were also indications that A
horizons might give better contrasts than B.

Study of light and heavy mineral fraction revealed that most of the base
metals seemed to originate from low S.G. minerals, presumably silicates,
but the methods used were too drastic to determine what proportion, if any,
of the mectals was held in iron oxide coatings. There was some correlation
between opaque:clear and between magnetic:nonmagnetic mineral ratios and
geochemistry of the fine sand fractions in anomalous profiles. It was con-
cluded from this that in well drained soils most of the metals were present
in silicate form in the profiles studied. In poorly drained soils, retentijon
of base metals by clay minerals could be an important factor.
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Recommendations made for (urther laboraroty studicsincluded additional
investigations of heavy mineral base metal contents, and development of
mcthods to study basc metal contents of iron oxide coatings of mineral
grains. Counsideration of the practical difficulties involved in routine

use of heavy mincral geochemistry, following discussions with Chessington
laboratory staff, led to a decision not to proceed with this line of study.
Follow-up laboratory work therefore concentrated on oxide coating studies,

A further recommendation was made to look at the relative merits of A
vs. B horizon sampling.

The third phase of thc project was a laboratory study of metals in oxide
coatings. 'The object was to evaluate the possibility of detecting sulphide
weathering products (oxides) against a background of weathering silicates,
Oxidc coatings were removed from mineral grains by sodium dithionite,

a reagent known to reduce and dissolve iron oxides without attacking
silicates. For practical reasons fine sand material (-80 +270 mesh) had

to be used, and metal; present in the oxide coatings estimated by difference
rather than dircctly.

A first step was an empirical correlation between metals in oxide coatings
and available information on mineralisation. This-showed encouraging
xesults at Arthrath and Auchincrieve, where oxide fractions containing
more than 20% and 40% of the total Ni and Cu respectively correlated with
mineralisation.

Snags revealed during the study were;-

(a) there were indications that metal values in coatings
were lower in poorly drained than in well drained soils.

(b) the coating results were unreliable below 100ppm
and 50ppm total Ni and Cu respectively.

A similar study at Belhelvie showed a large number of samples with 'anomalous’
coating Ni and Cu. In the absence of drill hole data, the significance of
these samples was assessed by correlation of sulphide contents of float samples,
About half the samples with anomalous base metals in coatings were asso-
ciated with anomalous sulphides in float. This suggested that silicate clays
were present along with oxides as coatings to the mineral grains. Analysis
of the Mg content of coatings showed that many contained abnormal amounts
of Mg, suggesting a significant silicate clay presence.

Taking all this into acoount, starting with 75 samples with anomalous total
Ni and Cu, coating analysis eliminated all but a group of 19 samples with
anomalous metal contents in coatings which could not be explained by presence
of clays. Eleven of these samples correlated with abnormal sulphide contents

in float.



Most of the samples with background metal values in coatings but
anomalous sulphides in float came {rom poorly drained soils.

This study covercd 10 sq. miles and defined two areas of interest less
than 1 sq. mile,

The conclusions from this study were ‘that the oxide coating approach
seemed interesting, bccause it could be used Lo screen geochemical anoma
lics associated with gcophysical conductors.which might cqually be due

to magnctite or pyrrhotitc. Illowever the problems of low analytical sen-
sitivity required furthcr investigation. So did the problems of clay removal
from coatings, and relating coating metals contents to soil types. These
aspects were scheduled for study in later phases of the project.

At the end of the first year, the project had established the following
points: -

1. A good correlation between soil geochemistry,
float and soil types in two East Side areas,

2, The possibility that A horizon might give better
contrasts than B horizon gecochemical data.

3. A reasonable correlation between metals held in
oxide coatings in soils and sulphide mineralisation.

Work during the second year was designed to confirm and extend these
findings by investigating field areas on the West Side, and trying to improve
the procedure for estimating metal contents of oxide coatings.

All work during the second year of the project was in the Auchencrieve,
Brodiesord, Dunbennan and Brown Hill areas on the West Side.

In all four areas there was a good correlation between soil geochemistry

and dominant float types. In areas of strong relief (Dunbennan and Brown
Hill) soil geochemistry also correlated well with soil type. This was also the
case in parts of the Auchencrieve area, but not at Brodiesord where ‘over
much of the area relief contrasts are weak.

In all areas therz appeared to have been little displacement of float by glacial
—-activity, but at Brown Hill the steep slopes had apparently caused rather more
mixing of float than elsewhere.

'the conclusions from this study were that it confirmed results from the East
Side showing general correlations between soil geochemistry and float and
soil ‘types. Further, it suggested a closer relationship between geochemistry
and float rather than geochemistry and soils.

In parts of the Brodicsord and Brown Hill arcas some gcochemical values
seemed abnormally high for the gabbros and contact epidiorites with which they
were respectively associated, suggesting possible mineralisation.
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One of the problems brought to light by this study was the difficulty of
checking apparcent correlations between float and soil types, and soil
geochemistry. It was also possible that the generalisations made in
preparing maps and overlays could be obscuring important relation-
ships. A computerised data handling programme was thercfore
writlen in an attempt to solve both problems.

The objcct of the programme was to divide samples into soil profile or
float typc groups. Means and standard deviations were calculated [or the
metal values of the samples in each group: The output from the programme
‘'was a list of samples, with values of those metals which exceeded the
threshold for particular float or soil types.

Two variations of the programme were run. The first correlated geo-
chemistry with dominant float type. The second rclated geochemistry to
numbers of basic or ultrabasic float blocks out of the total of 20 collected
at each site.

The programme was used to compare the results of -80 mesh A and B
horizon samplzs collected from Auchencrieve, Brown Hill and Brodicsord.

It was found that A horizons contained less metal and had a more restricted
range of metal values than B horizons, suggesting dispersion of metals from’
'B horizons over a much greater volume of A horizon material. No consis-
tent relationship could be detected between A horizon data and soil or float
types. This work therefore failed to substantiate previous indications that
A horizon might have some advantages over B horizon geochemistry.

Computerising the assessment of B horizon geochemical results confirmed
that they reflected float composition more closely than soil type. This
conclusion applied to all the areas studied on Eust and West Sides.,

The results from Auchencrieve picked out the graphite gabbros as the rock
type most likely to be mineralised. Cu:Ni ratios in samples with dominant
graphitic gabbros float were close to unity. A group of samples with anoma-
lous metal values with respect to float and soils occurred in the area.

In the remaining areas, no single rock type had particularly striking metal values
but at Arthrath the norites had slightly higher values than other rock types, with
Cu:Ni ratios close to unity also. In this area, and also at Brodiesord, the
evaluation picked out clusters of samples which contained more metals than
normal for the associated float type.

At Belhelvie similar clusters were detected when geochemistry was correlated
with dominant float type. However, the correlation with numbers of basic
or ultrabasic float blocks at each sample point strongly suggested that they
were due to concentrations of unmineralised ultrabasic float rather than to

mineralisation.

At Brown Hill only a few scattered anomalous sample points occurred, suggesting
low potential for significant mineralisation.
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The conclusions from this study was thcrefore that using scparate thresholds
for dilfcrent float and to a lesser extent soil types led to a distinctly clearer
picutre of mincralisation potential in the areas studied.

While this work was in progress, further laboratory studies were bcing made
of improving metal extraction from oxide coatings. Unfortunatcly, these
studies failed to find any method which led to improved detection limits for
Ni and Cu in oxide coatings. This failure meant that areas such as Brodie-
sord, where total Ni and Cu values were generally below 100 ppm and

50 ppm respectively, could not be effectively assessed. Consequently no
further work was carried out in this potentially interesting field of study,

The f{inal field work phase was over Old Rayne (West Side) and New Deer
(BEast Side). Both were background areas. Soil Ni and Cu levels were
very low - at Old Rayne they were too low for reliable correlation - but at
New Deer slightly higher Ni and Cu values could be correlated with gabbro
float.

Conclusions

Essentially the study was a two pronged attach on the problem of distinguishing
soil geochem anomalies due to base metal silicates from those due to base
metal sulphides.

One prong was based on the clearly demonstrable fact that different rock
types, and the float derived from them, cause widely differing base metal
thresholds in soils. The routine geochemical work carried out by EVL
considered all data as belonging to.a single population. ‘The research
project clearly showed that recongition of different populations within an
arca clarified the geochemical picture, and developed assessment methods
which made possible a more objective definition of anomalies. An important
additional step developed during the project was the-ability to correlate anomalies
with particular rock types, solid or in float. As a result it was possible to
pull out areas where a particular rock (or float) type contained abnormal
amounts of base metals which could be due to sulphide mineralisation.

The other prong was to try to devise methods which would directly differentiate
between sulphide and silicate weathering products. These methods showed
promise in early work, but it was impossible to refine them sufficiently for
routine application. Both heavy mineral and oxide coating methods could be
useful, but with the latter the detection limits were unacceptably high, and
with both the methods were too lengthy for routine use.

Technically, therefore, the float/soil /geochemistry correlation approach seems
the only one which might be worth developing further.
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B horizon 17 33| 18 34 - - - - 48 14 ] 19 33| 60 188 | 10 20 |2%33 841 | 60 160
oot A horizon| = - - - - - - - - - - - - - - - 30 60 ¢ 34 352
B horizonl - - - - - - - - - - - - - - ~ - 38 0 | 37 57
Pedsol A horizon °-~ - - - - - - - - - - - - - | - - 16 30 38 110
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B horizon| - - - - b2 4796 1 138 Lo | - - - - - - - - - - - -
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T2t. 1. Relationship betwsen metal contents of A and B soil horizoms vs. so0il type.




Daninant flecat-type

Arthrath

. Auchincrieve

Belhelvie

Brodiesord -

Brown Hill

|

i

N4 Cu Ni:Cu

Ni Cu Ni:Cu

Ni

Cu Ni:Cu

Ni Cu Ni:Cu

Ni Cu Ni:Cu

L

; Casiss 20 49 0.b - - - L' 21 2.2 ¢ 61 28 2,2 - - -

§\ Quertzite 28 25 1.1 {162 85 1.9 1| 55 25 2.2 ] 8 19 L.k | 99 38 2.6

! Kiéa schist 15 14 1.1: - - - 52 26 2,0 - - - g6 42 2,3

S
Freck sehist <Z§§r§§i§i°H§§1§rthrath 26 32 0.8 |25 171 13| - - - |92 20 3.1 |10b 6 1.6
Grenite 27 47 0.6 | 50 30 1.7 { 4 16 3.0 - - - - - -
vetadiorite - - - - - - - - - - - - 70 L5 1.5
tornfels schist - - - - - - - - - - - - 5 5 1.1
Contaninated basics 25 30 0.8 }199 134 1,5 - - - - - - - - -
Graphitic gabbro - - - 599 713 1.3 - - - - - - - - -
licrite by 4o 1.0 - - - 65 24 2.6 - - - - - -
S abbro - - - - - - 10 25 b4 | 63 59 1.1

| Serpentinised tasics - - - - - - - - - - - - 91 75 2.5
Troctolite - - - {33 90 3.7 - - - - - - - - -
Tunite, unserpentinised picrite - - - 783 26 3.2 {137 L2 3.3 - - - - - -

| Serpentinised piorite - - - - - - - - - 1330 18 18.5 |5k 38 4.5

T:%, %3, Relationship between metal values in soil B horizons and deminant float type.



Dominant float type

Mean Ni values in:

Mean Cu values in:

A horizons |'B horizans | A horizons | B horizons-
Quartzite 114 99 27 38
Slate, Mica schist 59 96 32 L2
Black quartz schist 62 104 36 64
Hornfcls schist L 59 31 52
Metadiorite sh 70 30 45
Gabbro 31 63 20 59
.Serpentinised basics 205 191 54 75
Serpentinised picrite 415 - 542 L2 38

Tab. 2. Brown Hill - relationship between metal contents of A and B soil
horizons and float type.
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minor interstitial plagioclase. Minor magnetite, Sc 466 |246¢ 256! 10!
Picotite and Chromite, 467 _ 1256 266! 10¢
‘ Traces of_is__ul'phides 468 12661 2761 10t
B Locally where serpentinisation has been 469 76t 2861 10t |
) less intense the outlines of the original olivine 470 }286! 2961 10
crystals can be-seen A71 961! 306 10! .
i c. 350! mincr-intergtitial br e 472 1304! 3168 0 _l_
present. i 473 __1316° 3261 10!
From 360! downwards i . cal AT4 324 3341 10!
» increases in the ylagioclase content to c. 5%. _475.__ 13341 2461 1101
The areas of plagioclase increase are diffuse. 476 1346} 3541 101
Fractures generally minor and variable. 477|356 3641 1q¢
— Locally minor coating of smlphides an shaae 478 3668 376¢ o
surfaces, . Calcite and ?chalcedaony also present. ATy 13761 3841 m{
4461 A56110" 71 310" Diorite, Composed . essentially of arthoclane 480 13361 306.1 101
apd_quartz.  Pale grey-green in colour A81 . 3961 4nks 10t
- Numerous variable fractnres 482 4061 4168 N i 101
No sulphides. - 483  |416" 426! 10!
- 484 426! 476! 10!
L END OF HOLE 456! 10" 485  |436! 449" 13t
_ 486 449! 45610 7'107
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Sulphides: trace to absent.
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E}
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-
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plagioclase, The olivine is woroentini -4 and partially
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1

3" i

Soil.

20!

19!

4"

T n
o

Troctolite with indefinite Anorthosite banding

or layering.

Troctolite: composed mainly of plagioclase

and minor ¢. 25% Olivine. The cumlate olivine

i3 _somewhat_serpentinised. The plagioclase is partly

g

sericitiged,

The olivine shows_some alirmmcnt ¢, 30°,

Minor anorthosite lenses ¢, 2!' 6" also at 30°%,

c. 9! 1"-10! 9" (1! 8") Ipdistinct anorthosite band

Other thin bands and pinor

with minor_olivine,

segzgga,tions of. anorthosite present throuchout,

Traces of Sulphides,.

Fracturing minor and varistlo.

.4’)5'!

9"

51

t;l!

Anorthosite layer with minor olivine 'lnrm‘l]y

compased entirely of somewhat altered plagicel:.e

AMlteration to_sericite

g(:f’{]‘e__{?:[‘(’!en Oex-pc'r tj oS

ghaining from the altered olivine
Vexry minor trace.: of Sul ohides,

Minor ’ractures, = . ___.

7 g

oo vqwu: l;"-i:

Qn

90!

Troctolite: composed of Olivine and
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Numerous fractures. No Sulphides.

NI

28t 3"

Serpentinised and extensively oxidised Dunite layexr with

an extensive development gf brick red haematite. Little

or no interstitial materiél. less altered~oxidised from

136'-144' 6", Minor plagioclase and trace of sulphides.

Crystal outlines in the serpentinised dunite visible.

Very minor interstitial plagioclase also altered.

Numerous minor fractures, with:micaceous infilling.

Also Calcite.

"ol "

Lower contact c. 60?

. 1_;:71 3" 147l11"

8" *

Varieble Troctolite band. Serpentinised and

oxidised curulate olivine in plagioclasge.

Lower contact at c. 499.

470 '149’ 8"

ll 9"

Olivine rich Troctolite highly serpentinised and

oxidized., Plagioclase also altered,

Lower contact at c. 350-4O°.

2? 1

151 oM

Troctclite with dominant plagioclase. Olivine

serpentinised and oxidised. Plagioclase altered,

HMinor fiactures C, 500, Lower contact transitional.

Serpentinised Dunité_yith a_considerable

n]aqiocfése contenht, Grades into an Olivine-yrich

-
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o troctolite locally. The olivine is oxidised and 1
serpentinised. ILayering c. 400—450. Lower contact
transitional, Variableygractures. No sulphides. .
154t 3" 131 v Troctolite Plagioclase > olivine. Olivine Ce Skl Jbo'-6°] 16547
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