
GIX)L()GICAL NOTF:3 ON O.S. SllEl»r NJ 91 SW 

BELHELVIE DISTRICT 

Abundant noat throughout the area. Two outcrops - one or gabbro 
over.Hundumo and-one or schist or sheared basic beside Newton of Mundumo. 
l'ext to nothing in the way- of sulphides. Of those found, mainl7 in ba.9ica, 
tboagh traces found in one of the blocks of felaite. 

r.i,re 1•titi11 ot pa.nit• to be toun4. Aeaorte4 6oloure, from 
reel to~ vith·most ot the blocks medium grained. These blocks were 
pnenl.17 rounded, thou,h·numerous examples of angul:ar blocks. Closeq 
nlate4 to tblil, traces ot porphyry and. telaite were found. 

Ver, abundant schiats and gneisses. Moat of the sohists comprised 
of tblnaioaoeou band■ , eepeoiall:, to the BW or Cranfield, but ■ome 
ani1aluaite aclµat was also found. Gneisses were mainly rounded, and 
diatributed generousl7. Numerous blocks of·quartzite ~ughout the area, 
alm in certain plaQea a quartz rich gneiss. 

l'ot a great deal of basics to be 1'ound, which mainl7 consisted or 
norite and pb~ro. Some of the nor! te was of brown variet7. Also traces 
·ot ~ed dolerite and uralitiaed basics in the area. 

Jramlf .arrr ultra.basics located in this area - only a few instances 
.ot. ti!taotollte and.the occasional weathered serpentinite. 
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GlOOLOGICAL NOTES ON o·.s. SHEET NJ '91 NE 

BELHELVIE DISTRICT 

The area mapped. featured part of -the south-eastern extremity 
or. the Belhelvie Mass. Generally float to 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 exclusivei,. 
confined to recognised field'boundaries. 

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 pbbro distribution, but, as the map sho~s, all the other basic a.pd 
ul.tnbuic rooka of the ■ aquanoe were likewima endowed. To the north-west 
aver:, coarae pesma,titio gabbro, but devoid or eulphi4e minerali1•tion, ba4 
a 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 chalcop:,-rite 
and significant pyrrhotite (samples 10, 11, 12). Trace quantities of fine 
sulphide (pyrite) occurred in some dark hornfelses in the northern half · 
vith the 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/gneiss in a very steep valley at 957189 - apparently 
•sandwiched' between the basic outcrops to the north and south. The float 
pattern further indicates a possimle 'finger' of schist within the basic 
complex. 

Granites and associated pegmatites were likewise of similar widespNai 
distribution (but never outcropping), being perhaps more abundant. A pink
red variety was especially common ~o 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 sulphid~ distribution pattern it should be noted that, 
in these areap, the basics were e~tremely fresh in exterior morphology, 
giving no clue as to possible mineral content and therefore sulphides, albeit 
in trace qua.ritltiee, are probably more widesprel.'ld in the appropriate areas. 
Ho sulphides were recogru.wtlci in the ul trabaslcs to the south. 
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EX:PLOlt~TION Vil-:t·JTU:1ES LTD 

(RIOFINEX) 

~972 ACTIVITY REPC'RT 

THE m::r,IJrJ.VIE DISTRICT (DTI Code 1\.E 22) 

SUMMARY 

Work in thls district during 1972 has invol·red compilatior.. of geological 

da;a into re~orts, geochemical follow-up of stream anomalies south west 

0£ Aberdeen, detailed geological investigations and diamond drilling on 

selected targets. 

1. GJt..X>LOGY 

A geological report on results of float and outcrop mapping ovsr the BeLl-iel vie 

complex was co~piled along with a report assessing all su.ryey data, and 

indicating drill targets. 

2. GEOCEE'1ISTRY 

Follow-up geochemical stream sampling was undertaken in the Cairn-man-earn 

area south--wast of Aberdeen to ev1luate further streams containing low order 

molybdenum anomalies. No obvious encouragement was forthcom.iru?; 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). 

;. aEOPHYSICS 

A detailed ground I!laoonetic survey was carried out at Belhelvie Lodge to provide 

information to assist with siting of exploratory drill holes (see Fig 10). 

In a.dfil t.:i.cn three traverses were surveyed with an expanding electrode ar:::ay 

across conductors located by reconnaissance IP. 

i. Pottertr;p (Fi,'{U.res 1, 2 and 3). A large anomaly exists on tl'-..is line 

oentrAd on Station 9. :Both IP and magnetics indicate a broad body and the 

foi'Iller tends to suggest depth continuity. The dip, on the basis of magnetics, 

appears to be to tha norlh (later drilling indicated the presence of dunite 

and :vicrite in the area and the response which is indicated -to the north 
c. 

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



t.1-

2 

Potterton Burn (Figures 4, ~ 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 anglA. A 

fairly broad conductor was indicated. - this was tested by drilling and 

found. to be d"'..le to ser_pentinised dunite. 

iii. ~.rlrton (Figures 7z 8 and 9). A broad low order anomaly was 

located on tJ:i.: s traverse. From the IP section and the magnetics it would 

appear as though 2 bodie~ are producing the response. Two small shallow 

b'>dies are indicated, one at Station 12 and one at Station 16. These results 

are noticeably lower in amplitude than most anomalies in the area. Initially 

a drill target was selected in this area, but later t"lis was eliminated on 

the basis of discouraging geophysical results. 

DRILLING. During the period 10 exploratory- diamond drill holes 

totalling 5495 16" were drilled in the l3elhelvie district to test various 

targetso Appended is a_location ~lan plus drill sections along with written 

and graphic logs. No significant sulphide mineralisation was intersected; 

assay data is included with the logs and sections. 

1. 

2. 

6. 

Enclosures 

A report on results of l3elhelvie .floa1(outcrop mapping January 1972 

Interim report on the B,dlhelvie complex March 1972 ✓ 

Detailed magnetic survey results around Belhelvie Lodge (Fig. 10) 

Detailed 3 electrode expanding array IP surveys (Figs. 1-9) ✓ 

Drill sections, w--ritten and graphic logs B 3 to 12 inclusive ✓ 
,/ . 

Results of .f9llow-up geochemical work south.:.west of Aberdeen. _(Figs.11-12 

1-1, 

,. {t 6-/t):5, 6 
.. 1,.1., s ,4 
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Application for contrib~tions under the Mineral 
Exploration and Investment Grants Act 1972. 

Geological Report: Belhelvie AE22 

During the period 9th August - 31st December 197:L, geological, 
geochemical and geophysical surveys were undertaken on this 
project. 

(i) GeolQ.g;y_ 

Reconnais~ance 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 

Soil 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 ~ne 
southern part of the basic/ul trabasic 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 

./l. Geological field sheets.l_NJ'i'l.. $'w NJC,1NG./J;,,s1.v, ~ , __ _;,A_;;L lo...-,,:t .9) 
✓2. Geochemical copper~ nickel~ lead~~nd zinc✓values in soils at 

Laverockbraes. 
✓3. Induced polarisation results of detailed profiling at Bels5ampie, 

Harestone Moss✓and Ardo: 
/4. Induced polarisation reconnaissance survey results at Potterton 

House. 
✓ 5- Vertical force magnetic field results, south Belhelvie region. 

( _.:.,. '1 -<-~ ~ t~--:, '1\ Vt>-,..:(..~ A..J.J J_._,,__ bet. .. ~., ) 



CON1l1ENTS 

JNTRODUCTION' 

1. FLOAT DISTRIBUTION 

1 • 1 . CENTPJ1.L INTRUSIVE ZONE 

1. 2. GEOLOGICAL FRAMEWORK OF THE INTRUSION 

2. DISTRIBUTION OF SULPHIDE-BEARING FLOAT 

2. 1 • CATCR.i\IG 

2.2. ARDO 

2. 3. HOWLA1TDS 

2. 4. POT'l'ERTON 

2. 5. OTHER OCCURJIBNCES 

2. 6 . COMME1'1"TS 

LIST OF FIGURES 

1. Map showing float patterns. Scale: 611 = 1 mile. 

2. Map showing distribution of sulphide-bearing float. Scale: 611 

3. Outcrop map of Bclhelvie. Scale: 611 = 1 mile. 

1 mile. 



1. FLOAT DISTRITIUTION 

South of Beauty Hill (908205) glacial drift covers most of the ultrabasic 
western section of the l3elhelvie intrusion. The drift consists of a mixture 
of small to medium sized (a few inches to 3 feet) rounded ooulders of gneiss, 
schist, granite and metasediments together with rare altered ilmenite-rich 
nori te/gabbro boulders of u.nknovm provenance. The eastern boundary of the 
glacial drift covc;r runs NNW-SSE as far as Huirton (93 3 165) where it swings 
round to an ESE Qirection. 

East of the glacial drift the float pattern is a fairly reliable reflection 
of the geology of the area as knovm from outcrops, bore holes and geopl1ysics, 
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) -
Pottertun 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 metamorphics 
together with rounded boulders of basic and ultrabasic rocks originating from 
the Belhelvie intrusion to the Wand SW. 

1 .1 • CENTRI\. TJ IJ'-.,1TRUSIV'E ZONE 

The float in this area is larGely autochthonous. On sheet lfJ 92 SW there 
is a distinct zonal succession from west to east:- a contact zone of 
nori te/oli vine-nori te, strongly sheared. in most places, is followed by a 
picrite/serpentinised-picrite horizon; the picrite grades into troctolito; 
a norite/olivine-norite belt terminates the intrusion to the east. The 
norite zone contains smaller lenses of picrite 200 m. east of Roadside of 
Craigie (919 201). A narrow contaninated norite/mixed rock and gabbro zc.ne 
is in contact with the eastern hornf elsed siliceous sehi;:;-'cs. The miner'1.::.isc:r'i 
rocks of Catcraig were derived from this contaminated contact zone. 

On sheet _NJ 91 NW two IDTW-SSE belts of basic/ul trabasic float are separa-1.,ea. 
by a septum of hornfelses, quartzites, siliceous scbists and calca~eous 
quartz-schists stretching south as .far as Muirton House Far'.ill (937 171). 
The western serpentinised dunite-troctol.ite-norite-gabbro belt is a 
continuation of the same zone on sheet HJ 92 SW. The eastern igneous belt 
consists of lenses of picrite, troctolite, norite a..nd gabbro. This zone 
is terminated in the south along the Potterton burn. The southei·n E-•W 
trending part of the intrusion finds only limited expression in the float 
due to extensive glad.al drift and beach sand cover. There is a la:rge area 
around :Selhelvie village and Rocks of Balmedie Quarry covered by foliated 
gabbro and rare blocks of mylonitized gabbro (e.g. at 946 1735, rock sample 
1329). 

South of Belliel vie Lodge, along Potterton :Burn, an e::densi ve area is cc';(;:.c:t 
by mostly sulphide-bea1.'ing contaminated basic rocks and partially m.ob.i} i.scd 
silice01.1 s schists. Some" light is shed on the strange ma5'Yletic sigr..a tl:ro 
( cluster of sm.all narrow NW-SE trending hir;hs) of the block bet;.;een Cr2..ig1.e 
Woocl--Garl2ybr2J) Wood (931 179) a11d Euirton Eoc0.e }7arir. (936 171 ). Tl:e a,:ea 
.: .. ..,. d 1, .... ,.,..: ...... ,,../) fl ,....4-, ,.... ~•....,t·~,r.., I" b,-,< • 11""!+;-,,)--,-,0-in "'l"'"'r,,1re"< r'Jr,t'i r•~~~ y,-;7~ f-.:, ..LS covei:e uy l.-!..J.J ... t.;U _._Q..;-..,v \..-O~cl.::> lJ..10 Ol (_.._,")le, 1.-<i...,J.. ... ..i...c ... ►.-"·"'"-'..i..- .,_,._;.._,...,._~i..., c,y_._ ••• -l '""!.',._"~ ..... ~ .... , • --

with niliccous schists, inclic2,tin::;: -:)~:it the 2,.rc,,, is und.erJ.::d.:1 b:/ l~.:cse;:o. of 
pi cri te, troctoll te c.,nd. norl te src,t in a f:cdT:e of quz,i7tzi tes and r. i2.i'.2'.6vc·,::; 
hornfelses. 
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North of Roadcide of Craigie (915 200), and confined to sheet NI 92 SW, 
several smallish float lenses of gro.nito indicate small granite bodies and/ 
or granite veins intruded into the basic and ultrabasic rocks, probably 
along tectonically active lines. 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. 

1.2. GIDLOGICAL FRAM:&vORK OF THE BELHELVIE INTRUSION 

The float pattern indicates that the country rocks east of the intrusion 
consist of schists and gneisses with numerous amphibolites and amphibole/ 
augite-schist/gneiss lenses. The amphibolites fall into two groups:
magnetic amphibolites with a pronounced schistosity, and non-magnetic 
amphiboli tes of diori tic composition and relict igneous textures. The 
amphibolites are confined to sheets NI 92 SW and 92 SE. Blocks of basic and, 
to a lesser extent, ultrabasic rocks are scattered throughout this a=ea~ 
The ultrabasics could only have been derived from the main intrusion. (There 
is no magnetic indication of ultrapasic rocks east of the main intrusion). 
The wide scatter of basic rocks, often with significant pyrr and cpy. cont~nt, 
may be explained in two ways:- They were derived from gabbroic intrusi~~s 
that occur east of the main intrusion far more extensively and in far gre~ter 
numbers than hitherto accepted. Alternatively, they represent transpor~ed 
material carried from the main intrusion. The latter explanation appears xo~o 
plausible if one talces into account the rounded nature of the basic blo~ks, 
bore hole evidence, and geophysical data. The fact that the basic rocks sre 
mixed with conspicuously glacial drift indicates that glacial transport diu 
talce place and it is only natural to assume that the ENE glacial movement did 
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 larse 
abundance qf granitic float east of Tillery. 

Isolated occurrences of dolerite float with an east-west scatter and confi1~ei 
north of grid line 215, are probably the float features of dolerite dykes 
with strong magnetic ex:pression. 



2. DISTHIBUTIOlf OF SULPHIDJI!-BFAfUlrG FLOAT 

Significant sulphide mineralisation in autochthonous float occurs in 
four areas:-

1i Catcraig 
2 Ardo 
} Rowlands 
4 Potterton 

2.1. CATCRAIG 

!
920 205) 
9~2 205l 
942 190 
941 169 

Patchy, irreg11larly disseminated fine grained pyrrhotite occurs in 
contaminated norites. The sulphide content is variable, it may aver~ge 
10% with a range of traces to 2o;{,. Pyrrhotite also occurs concentra~e<l 
along fracture planes. The conta:ninant is a siliceous hornfels. The 
mineralised zone is located close to the contact with pyrrhotite and 
pyrite-bearing siliceous hornfelses and sohists. The Ni grade a~~&ars 
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:-

Partially contaminated gabbro with sulphides 
" " " " " 
" " " " " 

% Cu 
0.079 
0.022 
0.026 

% Ni 
0.014 
0.082 
0.012 

Low nickel content of the sulphides appears to be characteristic of 
certain contamina·ted nori tes m=,ar the contacts of intrusions (e.g. 
Harzburg Gabbro). This is also born out by a petrographic investi&a~i~r 
of sevon sulphide-bearing gabbro specimens from Catcraig (L.P. HoJ~es, 
Memorandum, 9.a.1971). Pentlandite was found to be a r~e phase in aL: 
the·s8.?llples. The large to medium sized angular blocks occur along the 
southern edge of Catcraig Wood, a peat bog. 

2.2. !!mQ. 

Up· to 15% coarse blobby sulphides occur in a contaminated ano:r:thoc,itio 
gabbro. The Ni content is again relatively low for the amount of 
sulphides present. 

Assay results:

Mineralised gabbro. 
" contaminated norite 

% Cu 
0.136 
0.110 

% Ni 
0.158 
0.105 

Petrographic investigation of an anorthosite revealed approximately 
0.3% pcntlandite with 57v pyrrhotite and 4% chalcopyrite, (L.P. EolmeG, 
Petrographic Memorandum, 9.8.1971). The large angular mineralised 
blocks occu:r. along the northern edge of Harestone 1-:oss, a large peat 
bog. 
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2.3. HOWLANDS 

5-25% sulphides occur in angular rust~ blocks of biotite-schist, 
hornfels and rarely in contaminated gabbro. In the schists pyrite 
is the major sulphide phase. It is concentrated alone planes of 
schistosity and occasionally alonff fractures cutting acro~s the 
schistosity. The mineralised float occurs in an area immediately 
lIB of the swampy ground along Kepplestone Burn. 300 JJl. Wl.W of the 
Rowlands 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. 

2.4. POTTERTON 

Sulphites occur in two distinctly different forms. At 9405 1695, 
along Pottorton 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 pyrrhotite 
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: p;rrrhotite 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). Similar to Catcraie 
and Ardo, the mineralised float occurs in a swa.'llpy area. 

2.5. OTHER OCCU!b,_~CES 

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

.•·and SE of :eraeside of Bal11a.kettle (903 ~12) 2-5% fin!)ly disse:J.i.nated. 
pyrrhoti te and chalcopy xi te occur in sheared oli vine-nori te aloJ:.g -c.he 
w. contact of the intrusion. If the olivine-norite represents tho 
original magma, then this must have been carrying immiscible sulp~ite 
globules which should have settled out of the differentiatini; E:J.lica:v:. 
liquid and settled at the base of the intrusion. This points to the 
possible presence of a "strati.form" Cu/Ni sulphide body. 

Finally, the pyrite mineralisation in the foliated gabbros of Balmcdi0 
Quarry and its neighbourhood may be considered as more than just a 
curior.sity in view of anomalous~geophysical (mag!letic) and geoohc~ical 
behaviour in the ~ea. The high magnetic zones at the quarry aud £>,'t 

l3almcdie Far.:n do not appear to be .due to underlying ultrabaeic r~c?...s. 
Float geolor,J does not indicate the presence of highly magnetic roc-1-s, 
A pattern of sulphide mineralisation in ba~ic float blocks 300 m. c~~~ 
of :Salmedie Farm could be an important indicator. This area d.a.3.::rves 
further detailed investigation. 

2.6. CO}ffl!NTS 

The four oost significant occur:r:ences of sulp!iid~ mi'1e.r.-lisat5 f,r, ~-, •. , 

located in or clo~Jo to sw::!mp:r, w~ terlo0 ·;cd (•,r0t:!~i. 'i~-:on::::r. t1~ ~.r r r:: 
b l . . ·ct " , .... i...:"'"'"".; ... ,.. .. "· ..... ·""'· :....._.,. ·.-"~1..;,,ri~~., . ., .. ,,.' ,, -0 On ,'fa COJ.IlCl. en .... c, one vu.~, .. :; ... .., .... e_'t,~lu • .,_,.., .. ,. -'--••~--..,,· ,,. • ~·· · 

goecheilllstry and I.I'. in thus(> a::·,:£t.;:;; is p.r:oli:ibly :::-c.ci·:.:::c.d t·,,r :: :s-.. '!··; 
effects. D~ep augc1•int; or ti.·cn~:!lllt;, whe:rc p,:,3r,ib1e:, J:-jL)d, y.:-. , ·_ ~
impo:dairt geo0hemier, . .'. info:rmati on. 
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FINANCIAL ASSISTANCE FOR MINERAL EXPLORATION (M.1.1.G.A.) 

COMPANY a EXPLORATION VIRTUUS LTD 

PROJBCTs BELBELVIE 

llFs AE 22 
MRD 84/5/16 
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. 

- * E}tract of draft application 6.8.71 "Geological consideration 
• : •• work programme", with accompanying plan, l" a 4 miles 

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

1. Geological field sheets, 6" , 1 mile, NJ91RE, NJ91SW, 
NJ92SW, each with text 

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

' 3. IP results of detailed profiling at Belscampie, Harestone 
Moss and Ardo. December 1971 

4. IP reconnaissance survey at Potterton, 6" a 1 mile, October 1971 

5. *Vertical force magnetic field results August/September/ 
October 1971. 1 s 5,000, NJ91NW+SW, NE+SE (+ negatives) 
(in 9 strips of various lengths) 

1972 Activity Report with 6 appendices, 

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

Fig 1 - Distribution of float, 6" a 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 geophystcal data. 6" : 1 mile. April 1972 
(2 copies) 

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

Fig lb - Distribution of float, 6": 1 mile, 23.3. 72 

•••• (continued) 
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Fig le - Location of sulphide bearing float and outcrops, 
6" a 1 aile. 24.3. 72 

Fig 2 - IGS aeromagnetic contour plan, l" a 1 aile 

Fig 3 - Ground magnetic contour plan. 6" • 1 mile. 
OS sheet NJ91. 1972 (+ negative) 

Fig 4 - Zone of anomalous chargeability (IP) and areas 
with significant mineralised float. 1 , 10,560 

Fig Sa - Diamond drill targets at Kingseat. 1 a 5,000. 
NJ91NW. 2.2.72 

Fig_ Sb - Diamond drill targets at Ardo and Parkseak. 
1: 5,000, 22.2. 72. NJ91NW, NJ92SW 

Fig Sc - Diamond drill targets around Potterton. 1 , 5,000, 
NJ91NW, 2.2.72 

Fig 6 - Location of all boreholes drilled up to January 
1972. 6 11 

: 1 mile. 28.3. 72 

,Appendix 3 Fig 10 - "Detailed magnetic survey results around Belhelvie 
Lodge". 1 : S,000, NJ91NW. February 1972 

Appendix 4 "Detailed 3 electrode expanding IP surveys" consisting 
of Figures 1 to 9. NJ91NW 

Potterton areas 

Fig 1 - Location of traverse. 6" a 1 mile 

Fig 2 - Chargeability and resistivity profiles 

Fig 3 - Chargeability curves 

Potterton Burn areas 

Fig 4 - Location •••• of traverse. 6" a 1 mile 

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

Fig 6 - Chargeability curves and magnetic profiles 

lfuirton areas 

Fig 7 Location ••• ·• of traverse. 6" a 1 mile 

Fig 8 - Chargeability and resistivity profiles 

Fig 9 - Chargeability curves and magnetic profile 

Appendix S Drill sections written and graphic logs for DDH. Nos Bl 
to Bl2 

•••• (continued) 
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Appendix 6 "&esults of follow-up geochemical work •••• " consisting 
of Figs 11 and 12 

Fig 11 - Copper, lead and zinc anomalies. Cairn-Mon-Earn. 
111 a 1 mile 

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

- * EVL soils research project, summary of results 
t 

- "')tio Finex letter dated 4th Novembr 1974, enclosing 5 interim 
reports on the soils research projects 

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

Fig 1 - Location of project study areas 

Fig 2 - Auchincrieve - line location 

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

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

Fig S a,b,c - Aucbincrieve - CU geochem. 

Fig 6 a,b,c - Auchincrieve - Soils 

Fig 7 - Brodiesord - distribution of pierite and 
gabbro float 

Fig 8 - Brodiesord - Bi geochem. 

Fig 9 - Brodiesord - CU geochem. 

Fig 10 - Brodiesord - Soils 

Fig 11 - Dunbennan - distribution of basic and 
ultrabasic float 

Fig 12 - Dunbennan - Ni geochem. 

Fig 13 - Dunbennan - Cu geochem. 

Fig 14 - Dunbennan - Soils 

Fig 15 - Brown Hill - Distribution of basic and 
ultrabasic float 

Fig 16 - Brown Hill - Ni geochem. 

Fig 17 - Brown Bill - Cu geochem 

t Fig 18 - Brown Hill - Soils. 

• ••• (continued) 



* Report 2 - 13.3.70 "Orientation Studies on soils and float 
from Belhelvie and Arthrath" 

AE 22 

* Report 3 - 20.9.70 "Detection of Sulphide Weathering products 
in soils over ultra basic rocks" 

* Report 4 - "Notes on float samples from Aberdeenshire" 

*,Report 5 - 19.6.71. 1. A computer Geochemical data assessment 
....., programme 

l 

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 BS and enclosing 3 maps (1: 5,000) detailing 
collar positions 

- * Diamond drill core records for BH 77DDB1 to BS 

- §* Diamond drill core records for DDH B6 to Bl2 

- ** Summary core logs 77DDB1 to BS and 77DDA1 

Fig 7 section through DDH B3 

Fig 8 " II II B4 

Fig 9 " II II BS & 6 

Fig 10 " " II B7 

Fig 11 " " II B8 

Fig 12 II " " B9 

Fig 13 II II II BlO & 11 

Fig 14 II " II Bl2 

* Not in London * Not in Keyworth § Not in Edinburgh 
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1. INTRODUCTION 

A general account of reconnaissance exploration in the Belhelvie 
district was given in a report dated October 1969. Since that date 
a large amount of detailed expl~~~tion 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. 

2. G:OOLOGY 

(An attempt has been ma.de to compile a geological map of the 
Belhelvie area, incorporating up-to-date information, (see Figures 
1, 1a, 1b). D-~e to extensive drift cover, positions and nature of 
rock bounda-'l"!es 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 l.and.ward section probably represents the 'western limb' of the 
intrusive. The northern section 'of the body is not seen and is assumed 
to 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) &.nd the fact that the ground magnetic anomaly is not 
-closed off at the coast supports this (see Figure~). 

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 info:t'Jllation and 
geophysical data. 

Basically two ma.in units, the lower and upper, a.re present. These 
have a north to north-north-west strike on the northern section occurring 
north of a 1stru.ctural 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 defoD'.llation, i.e. folding 
and faulting. 

A~ Northern'Section 

The intru.sive 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 intru.sive rocks, dips of banding, where discernible, 
a.re near vertical or steeply inclined to the east. Late staee granite 
veins of variable width cut all rock types. (The latter have not 
been included in the geological map). 
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i) Lower Unit 

a) Chilled Horizon: The inferred casal part of the intrusive 
consists of what is considered to be a chilled border facies 
up to 800 feet wide, comprisiP.g fine to medium grained nori tic 
types with minor lenseR o~ 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 }).as 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 
horizon does not appear to be continuous along·the western 
margin and may be excluded by faulting in the Potterton/Gordieburn 
area, (vide Figure 1). 

b) 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 4½ miles long. 
This consists of a transitional sequence of cumulates comprising 
du:nit.es, picrites, peridotites and troctolites which are 
serpentinised and loc9+ly hematised. Minor sections of nori tic 
and gabbroic types appear to be locally pres·ent. The sequence 
gives rise to a pronounced belt of magnetic highs rangii;ig 
£rom 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. 

o) Troctolite Horizon. This occurs east of, but js transitional 
with, the upper part of the previous horizon. It probably 
attains a me.Y..imum width of 1,000 feet in the north, but may 
·grade southwards into nori tic and gabbroic types. The position 
of the• upper boundary is indistinct. Magnetic values over 
the troctolite range from background {<.800 gammas) up to 2,000 
gammas, the higher readings coinciding ~ith 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. 

d) Nori te a.nd Gab bro Horizon. Nori tes and ga.bbros 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. Jn 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 where serpentinised olivine-rich rocks are 

-2-



present. Generally the latter form soalli~h, lenticular 
bands which giv~ rise to a 'streaky bacon' type of magnetic 
anomaly pattorn, (vide Figure 3). 

The upper boundary of this horizon is formed aeainst 
metamorphics in the north and ultrabasics in the south, 
(vide 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 
600 feet across in the north. It roughly parallels the lower 
unit, but docs not extend as far north, possibly due to 
fault termination. Magnetic values range from 1,000 up to 
3,000 gammas. 

b) :Basic Horizo11~ The ul t:rabasin SPflll"'l'lce appe~rs locally to 
grade upwarQs into troctolite but there does not seem to be 
a well-defined horizon as per the lower unit. Gabbros and 
norifes plus troctolites are present within this unit which 
gives rise to a variable magnetic picture. Values range 
from background ( 600 to 1300 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. 

~lineralised, 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 
·or 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 thP. 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 markod 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 oasic contact part of the intrusive 
has an apparent wider sub-outcrop area either due to thickening of 
the horizon or the latter assuming a shallowP.r dip. Within this 
~equence there appear to be a number of ultrabasic 1 lenges 1 and the 
overall magnetic picture is similar to the 'streaky bacon' pattern 
developed on the lower gabbro sequence north of Potterton. 
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'What is possibly 'the equivalent of the lower ul trabasic 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 decrease in the ar.gle 
of dip. The hori.zon as it passes eastwards appears to split into 
two separate zones which may be separated by basic r~(;ks. The 
lower section is up to 800 feet across and the uppo::· . --·1.rt increasds 
in width eastwards to more than 4,000 feet across. ·,:;:.·ortuna.tely 
the magnetic pattern could not be mapped out completE:ly due to the 
Ministry of Defence firing range 9n the coast. This ultrabasic 
horizon is probably bounded to the norfu,by basic rocks (norites, 
gabbros and troctolites) which in p~t account for the lower 
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 'embaymett' cf schists is p~esant, th6Leby separating gabbrvs 
on the northern section from the southern, but since basics in 
this regiop have a.similar magnetic signature to metamorphics 
this interpretation may be incorrect and basics from both sections 
may juxtapose to a greater extent than indicated by Figu.re 1. 

Virtually coincident with the Ellen/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 sediments (ORB based on shallow drill hole 
and seismic velocity tests) m83' 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 likewi.se is possibly terminated 
by a fault and a NNE striking lineament has been interpreted from 
tHe magnetics. A fairly large NNE bearing dextral tear fault passes 
through the Kin[!;seat area which displaces rocks of the lower w..i t by 
+1,000 feet. Similarly oriented faults are believed to affect other 
parts of the complex, causing discontinuities on various lithological 
units (vide Fig. 1). Minor zones· of movement with variable orientatation 
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may affect other units in the complex, oo explaining certain magnetic 
irregularities. 

A major zone of disturbance passing through the Potterton/:Belhelvie 
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 ~elhelvie 
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 m.q be indicated 
by abnormally straight contacts and steep .ma.gnetic 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 soutPA:r.n section of the comple~~ 
Thi~ may be entirely incorrect in ~hat it could equally run due south 
so making the previously mentioned contact normal, or swing south-east 
and develop into a strike fault affecting units in the southern 
section of the complex. 

4. MINERALISATION 

Weak sulphide mineraJ.isation 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 
.microfractures. 

In the Catcraig, Ardo .and Potterton areas, mineralised contaminatea. 
basic float has been discovered. In the first two areas disseminated 
{sometimes blebby) pyrrhotite and minor chaJ.copyrite are present, whilst 
at Potterton apart from disseminated sulphides, fracture infill 
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 1c. 

5. GIDCfilr-IISTRY 

The main anomalous centre {Cu and Ni) is confined to the northern 
part of the complex where the lower ultrabasic unit is exposed or has 
a. thin drift covering. Anomalies are also developed at other 
local~ties on ultrabasics where similar outcrop/thin drift conditions 
prevail. All the main anomalous centres are virtually surrounded by 
low order anomalous metal values in soils w~ich blanket a belt of 
country encompassing a large part of the norther:i section of the 
intrusive. Within this aroa it is difficult to determine the full 
significance of individual patterns but quite obviously a lot of the 
metal relates to the high trace content in ultrabasicD. Where 
extensive and co~pleto cover of drift is pr~sent over the complex no 
anomaly is present. 
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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 sulphjdes have been recognised. Unfortunately the geochemical 
picture does little to assist target se~ection. 

In the southern section of the intrusive, where IP responses 
were 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) U1 trabasics 

The ultrabasic horizons have been identified as possible low 
~e sulphide nickel sources which may have potential. This follows 
the discovery of weak sulphide dissemination in holes B1 and :B2 
drilled respectively on parts of the western and eastern ultrabasic 
horizons of the northern section of the intrusive. In Canada, ])1.llllont 
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 - awurui te. It is 
considered possible that somewhere within the number of ultrabasic 
units present in the :Belhel~ie complex some similar zonal enric~.ment 
of nickel in sulphide form might 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. 

ii) 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 environment 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. 
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iii). 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 ultrabasio horizons. 

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 5a, band c).Additional sites are due to be selected 

. on ultrabasic units in the southern section of the intrusive. 
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Soils research nrojoct 

Rt!.r>c,?-r /vCJ. :J 
1B. 3. ·--;o 

Orie~tation studies on soils and float from Belhelvie and·Artru•at~. 

T'nis report outlines the results of orientation l~h. studies 
o~ soil and float sa:nplee, with the object of establishing how best 
to follow-up tbo fieldwork in th~se areas. 

In the few profiles exanined in detail, the light minerals 
(presu:nably serpentine minerals) account almost exclusively for 
anomalous soil Xi contents, the heavy r.rl.norals contributing very 
little either from t~e grains themselves or from secondary products. 
This even applies to the ?Oorly drained soil examined. 

As well as occurring in light minerals, metals are also 
present in soils attached to o~ganic matter and probably clay 
minerals as well. 

Organic matter retention may produce greater contrasts in 
surface than in subsurface san,ples. 

The best ·way of f oJ.lowin& up the fieldwork seer.is to be to 
concentrate on chcmica] al'l.cl.lyses of heavy minero.l soparatcs, 
with additio~...:, parti~.e size, light mineral a.~d float analyses 
where necessary. 

c.c. 

M. Smit.h, 
B. S!{olton (2) 
R.Rice 

PCDC 
l;i.iii.70. 



Soils research project. 

Orientation studies on soils and float fro~ Belhelvie and Arthrath. 

Introduction and objectives. 

The previous report (9.ii.?O) concluded that geoqhemical 
anomalies in the two areas were superjacent or due to glacial 
and/or hydromorphic dispersion. 

The purpose of the orientatipn lab. studies was to estabiish 
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 fieldwor~ might be improved. 

1'he detailed objectives were to investigate the relationship 
between soil geochemical values and the following:_ 

i) par~icle size distribution 

ii) heavy minerals 

iii) float metal contents 

iv) organic matter content and sampling d~pth 

v) presence of indurated (permafrost) horizons. 

Methods. 

Channel samples were c.ollected every 611 (approx.) down soil 
pit or exposure faces, where possible from mineralized and 
u:cmir.eralized representatives of each type. The general features of 
the soils are as follows: 

Belhelvie 
·-, 
Typo 

Brown Earth 

Peaty gley 

Mottled gley 

Brown Earth on 
rod clay 

.-

Arthrath 

Bro\m earth 

Podsol 

Gley 

Mineralized 

D4/E4 (907219) 

G6i C 912212) 

1000 ft. s. of 
T26 (94816?) 
1150 ft. s. of 
T26 ( 948164) 

P4/P5 (968373) 

U4 (982374) 

Unmineralized 

·L4 (907196) 

05¼ (910187) 

N5¼ ( 910191) 
Quarry ( 944162)" 

S2 (97.5377) 



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

~esults. 

i). Particle si,ze analysis. 

The results are shown in Tab. 1. 

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

Comnarison or -80 with -2?0 mesh metal contents shows a closo 
relationship (Fig. l). Scall differences :n-e almost entirely witltin 
the range of analytical variation. 

ii). Heavy mineral analysis. 

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

In others, the correlation is a negative one (Arth. µ4, BH D4/E4, 

In BR T26 + 1000 and in all background profiles, there i& no 
apparent correlation. 

These varying relationships are probably due to different ·amounts 
of hoavy minerals contributed to eaco sattple by the parent material 
and formed during tline~al weathering. 

In most ~omalous soils, however, there is a positive correlation 
between Ni content ar,,l opaque: clear heavy 1:1i11eral ratios, the only 
exception beina the red clay soil, BH T26 + 1150. 

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

No absolute correlations are possible between %HM or opaqqe:clear 
rati~_values and soil geochem. - each profile is a special case. 

Chenical analysis of the heavy minerals clearly eztablishes that 
the minerals thet:1Selves are only contributing a minute proportion of 
the total metal in the fine sand fraction (Tab. 3.). Most of the opaques 
are magnetic, mainly magnetite probably with some iron-rich ilr.tenite. 
The n1oke1 in tbe heavy minerals follows the mag:nonmag ratio (Tab. 3) 
ar.d this is con!~:~~d by chectical analysis of magnetic and non-magnetic 
fractions. 

The conclusion to be drawn is that only about~ of the fine sand 
Ni derives froc cpa~uc minerals. 

Either the fine sand Ni is held in th~ light minerals ( as 
unwo~thored serpentine miner~l g:ains) or is prcJont as coatings 
on grains. It is clearly associated vith the fine sand fr~ction (Tab.}). 



Chemical analysis of the fine sand fraction shows that ev~n 
after cleaning the grains with HCl to remove iron coatings, large 
amounts of' Ni -.:lre still present (Tab. 4). The o.r.:ount lost dui~i 
clear.ins ranscs fro~ 30-50% in the light minerals, with rather smaller 
losses from the heavies. 

HCl attacl:s serpentine minerals (Milner, 1962 p.46 (Vol II)) 
so the losses on solution may reasonably attributed to this. 

In an attempt to get conclusive evidence for or against this 
idea, the distributio~ of Ni in the untreated.heavy mineral fraction 
was investi0ated,(Tab. 5), on the grounds that the heavy mine~al ~rains 
should be more resistant to dilute acid attack than the serpentine 
in the light fractio~. 

Unfortunately the light r.dnerals relased from the untreated 
heavios· after removal of iron contain considerable a~ounts of Ni. 
The loss of Ni from the untreated heavy cinerals during treatemnt 
may be due to entrained lisht minerals. This ~usgestion is supported 
by the absenco of correlation between Ni lozs during treat~ent and 
Ni contant of the clean heavy mineral grains. 

'l'he evi4ence is therefore inconclusive, but on balance it does 
not seem likely thAt in the samples investiggted much Ni is present 
in iro~ coatings. T'ae majority is almost certainly present in the light 

.mineral grains. 

So in looking for evidence of sulphide minerali~ation it oight 
be wise to concentrate on heavy mineral Ni co~tent~ and indicatio~.s 
of Ni in oxide poatings. · 

iii) Float rectal contents. 

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

Rock Cu Ni 
Hean Range Mean Range 

Dunite (10) 297 80-650 1435 480-230<., 
Troctolite(2) 110 4o-220 365 200-530 

Augitic norito(=gabbro) 68 10-240 ?'• 20-1070 
l-:Oritc (3) 20 10-30 20 10-30 

Schist,gneiss(l4) 52 10-120 65 20-330 

Generally Ni is higher than Cu, but in some schist,gnei~s and 
augitic noritc samples from Arthrath the Cu content is signmficantly 
highcz- than Ni. 

Float with anomalous mctj.l contents seems to be associ.'.l.ted \!ith 
,.:ont t,oil [;CDch,::1 • .r.-.r..or.ialics, and furthor float nn:l.lysc~.s .secc jjustifil1tl. 



iv). Or~ruiic ~atter C..2.!~tcnt and samnling depth. 

In most anao:nalous profiles at Belhelvie, surface horizons witli 
high organic 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 0-611 sample aro genera11, 
lower than those of.the'horizons below. (Tab. l).; 

A horizons (0-6" samples) may therefore give contrasts 2-.5 times 
greater than lower-A (6-12") or B horizon sanroles. 

Only B horizon samples were collected during routine pitting 
last autumn, but. future fieldwork will ir .. clude surface sampling also. 

Soil metal contents are considerably reduced by even a thin 
covering or barren material over anomalous rock~ This is well shown 
in the "elhelvie profile D4/E4, where. 1811 of gneissic till almost 
completely masks the hi~h metal values in the dunite. below. 

v). Presence of.indurated (permafrost)horizons 

Ni, but not apparently Cu, increaseo slightly in indurated 
horizons (x2 - see Tabl l). 

These horizons .are confined almost entirely to .3oils formed'in 
drift· dominated by schists and.gneisses with background geocbem • 
. values. 

Their ~nfluen~e on geochemical interpretation is therefore 
negli~ble. 

Conclusions. 

i). in·the anomalous soils studied in detail, almost ali the 
Ni seems attributable to 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 ma~netito 
accompanying serpentinization. 

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

iv) The orsanic matter retention affect may be great enough to 
give greater contrasts fro~ surface than from subsurface samples. 

v). L~boratory analysis of the grid soil samples from B~lhelvie 
and Arth:-~th 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. 



5. 

Tab. 1. Particlo size data. 

i organic-free material 

Horizon Depth -80 Ni -80 Cu Coarse Fine Coarse Fine Clay organic 
~ppm) (pp::i) sand· sand silt silt matter 

(2000- • {200- (50- (20- (-2;u) (% total 
200 ,~> 50 iu) 20,~) 2;u> .. "'""~.1) 

,Artnrath: Brown earth at P4/P5 ( 968372) 

Ap o-6" 90 320 ·25 . 31.5- 11.5 24 • .5 10.5 46 
n 6-12 320 580 25 2? 14 21 8.5 36 
B 12-18 470 1020 2? 38.5 15 17 5.5 
" 18-24 '74o 1120 2.5.5 44 12 · 13.5 4.5 1 .• 5 
tl. 24-30 .550 900 28 50 13 8 ~ 

Arthrath: Gloi·at U4 (982274) 

Ap o-6" l4o 78 33 6 15.5 16.5 29 3 .. 6-12 150 50 23.5 29 20 17.5 9.5 4.5 
Bg 12-18 220 :·54 26.5 .29.5 17.5 15.5 · 10.5 2 
II 18-24 280 62 31 27 16 5 20 .. 5 4 
G 24-30 210 7'+ 28 28 20.5 17 5.5 l 

" 30-36 450 l,54 36 • .5 23 16.5 11.5 11.5 2 

• 
. Arthrath: Podsol at ~2 (97222?) 

AO/Al 0-611 15 l2 33 12 5.5 ll 38·.5 27 
A2. 6-1211 -10 6 31.5 20 10.5 19.5 18 1.5 
Bf'e . 12-18 10 18 37.5 26 14 16 9 .. 18-24 20 16 53 18 9 ll 8.5 

Belhelvie: B~ow:i earth at D4/E4 (90?21~) 

Ap 0-6" 280 82 41 18.5 6 • .5 33 l 12.5 
tl 6-12 210 104 45 26.5 8 20 0.5 ? 
B 12-18 310 80 56 24 6.5 11 • .5 2 5 
" 18-24 1200 420 76 • .5 8 • .5 4·.5 5 5 7.5 
BC 24-30 1800 680 48.5 24.5 7.5 13 6.5 6 
n 30--..36 2100 680 72 7 • .5 .5 8 • .5 6 5 

Bolhclvic: Brown earth at L4 {907196) 

Ao/.[u 0-611 10 13 18.5 20.5 .5 23.5 32 60.5 
B 6-12 }5 14 '4l 20 " 16 16 9 I 

+ 12-18 40 20 42 26 8 14 9.5 2 
po~r.iafrost l3-2lt 15 12 l•-:> 

~ ... 23.5 8 14 14.5 
.BC 24-30 45 30 41.5 28.5 6 11 13.5 

II 30-36 60 36 43.5 25 9 13.5 16 

~clhc:lvic: l\;~t,:! (?loy c:t G6i· (91?.212) 

Ao/Al 0-6" 290 190 12.5 9 8.5 43.5 26 69.5 
" 6-12 270 194 8 7 17 42 27 ?2.5 
" 12-18 180 68 12.5 19.5 12 4o.5 14 18 
G 18-21; 150 42 21.5 22.5 111- 30.5 11 } 
II 24-jO 220 47 18 28.5 12 25 16 l 

" 30-;:5 190 ~4 23.,5 31.5 15.5 17 11.5 



6. 

'l'ab. 1 (co:it) 

!!orizon Depth -801-li -so·cu Coarse Fine Coarse Fine Clay Organic 
sand sand silt silt matter 

Belh3lvie: Peatr ~ley at Ozz (91018z) 

Ao o-6" 10 13 --- Peat ---
G 6-12 60 20 30 - 22 9 • .5 19 19 12 
tt 12-18 40 20 46 24.5 7 13. 9 • .5 8.5 
It 18-24 .50 40 40 24.5 7 12.5 16.5 .5.5 

Belhelvie: Gley at Nz.l: (910191) 

Ap 0-6" 30 . 17 31.5 23 • .5 12 • .5. 17 15 7 
" 6-12" 40 21 35 .22 ·15 17.5 10.5 9.5 
Bg 12-18 50 23 15 39 9 17.5 9 7 
+ 18-24 50 29 27.5 23 13 +9 16.5 2.5 

p'fros~ 24-30 .50 3~ 3.5 22 13 16 • .5 13.5 4.5 
11 30-36 35 28 47.5 20 • .5 8 • .5 10.5 11 

less 36-42 40 30 40 21.5 5.5 14.5 18.5, 4.2 
compact 42-48 30· 36 45.$ 19 7.5 22 6' 5.3 

It 48-54' 10 26 48 17.5 14 10.5 11.5 
H 54~6o 30 34 42 21.5 ·6 14 l6 4 

BelhelYie: Brown earth on red claz 1120 ft. s. of '1'26 ( 2'1-8164) 

Al 0-611 210 46 37.5 32.5 4.5 13 l2 5.5 
II 6-12 26o 62 28.5 28.5 7 • .5 20 l~.5 4.$ 
B 12-18 290 54 6.5 22.5 17 • .5 31 23.5 ). .. 18-24 720 192 40.5 20.5 9.5 18.5 ll. .. 24-30 4,0 96 54.5 24 . "6 8.5 . 6~5 2 
11 30-36 17~ 270 90.5· 1.5 4 5 0.1 

Bclhelvie: Brown earth on red claz •. To~ of Quarrz at q44162 

.Q. 0-6" 15 17 20 4 17 29.5 29.5 26-
B 6-12 50 26 l 15 2.5 .30.,5 55 .. l?.a. 8 40 16 1.5 1+2.5 16 19 • .5 21 .2 
" 18-24 60 20 3 5.5 27 64.5 4 
BC -24-30 25 ·7 11.5 72 4 4 • .5 8 l • .:, 
It 30-36 20 5 32.5 57 l 2 6.5 2.5 

Belhalvie: Trench section at 1000 ft. S. of T26 (948167) 

Head 0-30" 220 42 83.5 10 l 5 l 3.6 
Head 30-42" 140 52 52.5 19.5 8 10.5 9 
Sand 42-60" 110 38 -36.5 42.5 8.5 6 7 _;.6 
Sand 60-7211 220 44 92 2.5 4.5 0.2 0.5 l 

BclhQlvie: Ex~osure in red clay overl?in~ B'.!:avels: ~ide of gu~r~y at 94416,g 

ClE?y 0-3611 70 18 2 20.5 33 28.5 18.5 
Sand 36-L,811 Bo 21 94 0.5 2.5 3 :1.5 
Clay 48-54" 70 22 2.5 34.5 9.5 17.5 13.5 3 
Gravel ,54-78" 180 80 85 5 3.5 · 2.5 4 2.5 



7. 

Tab. 2. 1Ienvy mine:-al data. 

Depth -80 Ni -80 Cu Heavy·minerals· Heavy minerals 
(ppm) (ppm) (~ -80 fraction) opaque:clear ratio 

Arthrath: Brown earth at P4LP2 

0-611 90 320 .59 .~n 
6-12 320 .580 : .4, .ss 

12-18 470 1020 1.47 .88 
18-24 74o 1120 2.6· 2.13 
24.:..30 5.50 900 2.0 .92 

Artr.rath: Gley at U4 

0-6" 140 78 .2.7 .ll 
6-12 1.50 .50 1.2 .12 

12-18 220 54 .1 .19 
18-24 280 62 .7 .18 
24-30 210 74 .3 .48 
30-36 4.50 154 .4 .42 

, 
Arthr«th: Podsol at S2 

0-611 1.5 12 .10 • .57 
6-1211 -10 6 .19 .58 

12-18 10 18 .10 .70 
18-24 20 16 .08 1.3.5 

Belh~lvio: Brow?l earth at D4/E4 

o-6" 280 82 1.1 .16 
6-12 210 104 1.5 .14 

12-18 310 80 1.a .16 
18-24 1200 420 .6 ·.30 
24-30 1700 680 .8 1.0 
30-36 2100 68o .3 1.0 

Belhelvie: Brown earth at L4 

o-6" 10 13 .28 1.24 
6-12 35 · 14 .48 ·'•7 

12-18 40 20 .60 .so. 
18-2!:- 15 12 .60 .,, 
24-30 4.5 30 • 7.5 .20 
30-36 60 36 .25 1.30 

Ba1:1elvie: Peat;v gla;v at C--6-1" 

0-6" 290 190 • .50 .16 
6-12 270 194 .39 .18 

12-18 180 68 1.3 .08 
l~-24- 150 42 . l.6 .10 
24-30 220 47 .60 .17 
30-35 190 44 .•. ?O .33 



8. 
·Tab. 2 (cont.) 

Depth -So Ni, -80 Cu Heavy minerals Heavy minerals 
(% -80 fraction) opaque:clear ratio 

. ·.Belhelvie: Peaty gley at Oz,} 

0-6" .lO 13 .ND ND 
6-12 60 20 .34 .82 

12-18· 40 20 1~9.5 ·.32 
18-24 50 40 1.14 .43 

Belhelvie: Gle:t: at N!2i 

0-6n 3<? 17 .02 1.20 
, 6-12 40 21 .05 .39 
12-18 50 23 .002 .17 
18-24 50 29· .42 .38 
24-30 50 34 .40 .56 
30-36 35 28 1.4 .45 
36-42 40. 30 .52 .93 
42-48 30 36 .35 ~23 
48-54 10 26 .10 .17· 
54-60 30 34 .08 ~27: 

Belhelvio: Brown earth on red clay 1120 ft. s. of T26 

0- 6U 210 46 .37 1.0 
6-12 260 62 .3() 1 • .5. 

12-18 290 54 .08 1.2 
18-24 ?20 192 .89 1.4 

· 24-30 420 96 2.3 l.2 
30-36 ·1.700 270 ,80 .96 

Belhelvic: Brown earth on red_clay. Top of quarry at 944162 

o-6" 1.5 17 .08 ·"· 6-12 50 26 .17 .37 
12-18 40 16 ~016 .44 
18-24 -60 20 .oo4 .24 
24-30 25 ? .10 .95 
30-36 20 5 .19 -1.32 

Belhelvie: Trench section 1000 ft. s. of T26 (948167) 

Head, 30" 220 
P.&ad, 1211 140 
S.:Ulci., 18" 110 
Sand 12" 220 
lens 

42 
52 
38 
44 

.87 

.30 

.2? 

.82 

Belhelvic: Exnosure in red clay overlti:,!tl) gravels, side of qu~ry at 944162· 

Clay, 36" 70 
Sand, 12" 80 
Clay, 6" 70 
Gravcl,24" J.80 

18 
21 
22 
80 



9. 

Tab. 3. D:stribution of Ni \tithin the -80+270 r.iesh fraction. 

All results as pp~ -80 mesh fraction 

Depth Ni -So• Ni -270• Ni -80+270* 
(ppm) (ppm) .(ppm) 

Arthrs.th: Brown earth at P4/P2 

6-12" 320 193 127 
12-18 470 181 289 
18-24 740 254 486 
24-30 550 2o8 342 

Arthrath: Gley at U4 

6-1211 150 73 ?7 
12-18 220 137 83 
18-24 280 152 128 
24-30 210 123 87 
30-36 450 257 193 

Belhclvie: Br01.'1n e:lrth at D4/E4 

6-12" 
12-18 
18-24 
24-30 
30-36 

210 
310 

1200 
1800 
2100 

160 
138 
629 
997 

1401 

•Based.on P.iofinex analysea 

50 
172 
570 
802 
699 

• •o.m an4yses of ,mtre~ted separates 

Ni -80+270•• 
light mins. 

125 
276 
327 
285 

54 
?7 

119 
129 
194 

Ni-80+270•• mag:nonmag 
heavy mins. mins 

l 
4.5 
7.5 
6 

2 
1.5 
2.5· 
3. 
6 

ND 
l.l 
3.0 
1.3 

ND 
ND 
ND 
ND 
ND 

.22 

.28 

.40 

.67 

.41 



10. 

T~b. 4. C<:_::-~~iso:l of ~ii contents of lip.:ht and heavy mineral separates 
'"o1:\:,·.,.: .::.::C. af-ce1· HVl tr::·~~::cn.t. 

·Depth Light minerals (ppm) Heavy minerals (pp:n) 

Untreated Treated Untreated Treated 

Arthrat~: Brown earth at P4LP2 

0-611 220 112 7.5 .51 
6-12 350 212 170 1}5 

12-18 ,560 4oo :;20 2.50 
18-24 570 400 28.5 270 
24-30 44o 207 300 205 

Belhe!.vi~:··J?row::i earth at· D4~4 

6-12" 160 ?O 80 4.5 
12-18 360 198 14<> 105 
18-24 1260 700 375 270 
24-30 ,i74o J.?00 625 340 
30-36 .ND 2000 730 373 

Tab. 5. Effect o~ HCl treatment or heavy mineral separates. 

Depth Ni in untreated Ni in treated Ni in light Ni loss 
fraction (ppm) HM fraction mins. released during 

(ppm) on treatment t-reatment 
(ppm) (ppm) 

Belhclvic: B:::-own earth at D4/E4 

6-12" 8o 34 3.5 42.5 
12-18 140 79 28· 37 
18-24 375 235 ~o 6o 
24-30 625 276 26 32:; 
30-36 730 22.7 L64 . 339 

Arthr~th: Brown earth at P4/P2 

6-1211 170 93 35 42 
12-1811 320 168 89 63 
18-24 285 198 42 45 
24-30 JOO Ul7 55 112 



ll. 

Analvticnl nrocedu~. 

l. Partic~3 size analysis. 

Particle size determinations were made on the -2mm fractions 
or the soils usin3 a combination of sieve and sedimentation methods. 
Vrganic matter was removed by H202 treatment. The samples were 
dispersed by ulbsonics in the presence of ~algon. 

2. Heavy mineral analysis. 

Heavy minerals were separated from the -80 +270 mesh fract1.on 
(180-50 ;u) in bromoform after removal of oxide coatings with 
0.2N HCl. · 

,. Soil v,eochemical analysis. 

Ni and Cu content of -80 and -270 mesh fractions was 
determined by AA by Riofinex after digestion in 5N HN03• 

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

4. float ~eochcmical analysis. 

Ni.and Cu contents of float specimens ground to -80 mesh 
were determined by AA at Bedford College. Digestion in 5N HN03• 



4l'his report describes an attempt to ~ctect sulphide weatha~ir.g 
pi·oducts in soils against a backgrour!d o!-'weathering silicates; 

Sac:plcs ,-:ere investigate~ :from Auchir .. crievet Art:hrath a~'ld B~lholvia. 
The object t·m.s to cori:·eJ.ate Ni' and Cu held in hydrous oxide coati!".f:.S 
( the ~ost likely sulphide·weathe~ing pxotltict) of the fi~e sarid ir~cticn 
with avail.:i.ble information: on bedrcc-!:C G.nd/or float mir1.::ralization. 

D1 ... ill inform:ltion from. A11.chincriev~ and· Arthrath correlat~s 
reac·:mably ,,~11 with Ni and Cu in hydrous c,xide ci,a·i;ii:zs. At Arthr.:::.th, 
s~ightly a..~o~alcus·sulphides in th~ dolerite dyke are also picked out. 

At ~elhelvie, there is ·a good correlatio~1 between high ccatii:e-Ni,Cli 
values and ar:o.:.:.:.lous ·sulphides in f'lont,· part::i.cularly wt.en incomplete 
reooval of silicate clavs fro~ the coatin~s is·taken into account. 

In all areas, low metal value~ ·11:i the coatir..gs of gley and r:ottlod 
glcy soils raay reflect co~ditions ~n the'soils rr.ore than ~inerali~~tion 
ill bedrock and floa-t. Uega'tive.· aata fro:i the coatings of such soils· 
therefore d,:."'s not necessarily e>:clu6.~ the possible presence ci! sulp;iid0s. 

~other goner al pro:,lec is the ana.J.J ~ical re producc..bili ty, i:!1::.c~ 
at p~esent li~its fairly reliable coating-mAtal c~timation to :in~ s~i 

· co~tailling +1CO p:_;:l l·ii and: +50 pp:1 Cu. 

The ge1:eral conclusion· from thase. studios is that the approach 
has considerable :potential, particularly in areas with 14uch. ultrabasic 
outcrop or float, in that it indicates where sign:;f:tce.nt oin0ral5.z.1.tion 
is likely to occur if present at·· all. · . This is t}).~ · case at Del;;.el ~·ie .. 

In _Arth:."ath~li!-:e situations it may also be useiul, but qnly if 
the dete~tion lii::its can be reduced. 

A cor~ specific conclusion is thn:t p;:-o::iising miner~li~ation f:1:-lY 
be prczcnt slizhtly no::.·th of tb:e Belhelvie .Qu::..rry: 

Fm·tl:e).' \:~;;,•:,: t1ill co.:1cc.1t::atei on cc:1:i":l:-mir~g these findings in 
O +}l_A~ "'"""'"'"' --,don +-nc1•1 .:,,r, t'•',,.-. ,....,._-'1 •• 4-.•c-, --o~ln-:i~ o"" ~C,'l l:i_:t•ecision 

.,. y.. ~ : .. \,;.<,-.,_.._. C.... •• _G.., .;•-•-~..!, ••¥ ~•...,•--J w.,:. c.LJ.. _1J'. ;.J --· ~ ~ - • 

a:r.d inco:::pletc ::.-c:;:ov.:11 of silicate cl:iys c'ii.:.ri::0 prc::,.;U"'at:i.on of th~ 
sa~;)lc·z ±:o:..· c.:.:;~t.!:~[; ::i:.:~.j-zi.;. 



Datcctio:::i of sulnhi<"t~ ,1c.!'::h,-::r:.nuror!uctn -in· soils ov~r ultrabasic rocks 

I:1tro-iuction 

Use of coil eeoch~oistry in baza m~tal search over ultr~baaic 
rocks is restricted by tho variable bac!:g:::-ound val'l:lcs. Thoso may rw"'lge 
f:::-o:.'! -50 pi;::1 Ni ove!' schi.sts and g.1aizsos to +2000 pp:!t Ni over dunite. 
At pr~sent, soil gcochcmi~t:::-y is o~ly used as a r.econnaissance ~~chni~uo, 
c!rilli~ t~3ets being based al~ost cxcluoivcly on geophysical information. 

Geophysics has its problc~s, chiefly m~&-'netite. Like pyrrhotite, 
it. is a good cond-:1ct_or ·as W.}11 as boing c.asne·l;ic. . <"----·· _- jr-"'r"--4 

If it is possib~e to detect sul?hide weathering products in soil~ 
this will ovei"cc:::~ the ~;:: '.) blc::.1 of· ~,a:.. .. ia~:!.e . bo.c~::ground valu.es, and may 
assist in the interpretation of geophysic~l data. 

Thia report assesses tha fo~ability or detecting sulpr.ido 
weathering pro~uc~s against a bac~sround of weathering si+icatco. 

}:-a.kins the d:.stinction bctm~en sulphide and silicate weathering 
prod:•cts depends on satiefactio::i of .the following conditions:-

i) Ni a.~d Cu fro~ ~u!ph~dcs remain a!.cociatcd with Fe 
on voathe:-ing 

ii) Ni and Pu fro~ silicates remain associated with Mg 
on weathering 

iii) there iz little tra~~fc~ of Ni or Cu from sulphide 
to silicate wcath~~i~~ ?~oduct, Qr vice ver~a 

iv) t!;.e:-e iG no sc.:iveri£;i:is of' i:~tals by either }!.~~thering 
l)l·od.uct, :Scavc~.;:!..r.;g" :hair;3 d~!i~ed l'lcre as tha 
conoid~rablc accu=ulation·of Qetals from backgrou~d 
l~v~ln; 

Amorp~o\w hy~rcun ox:.eC's c.:!'& tl:e chief ·fox:::i in \lhicii i!·on io present 
aG a \."..::::.t:.~1·i::,; ;,:~v~1.:.ct in ::;oil.;. ;:...; i3 p:.~cr;~:1t a:; f1 .. oc ion:; i:: e:•:c;1:.t:1.:;~ 
:;,o .... i t::.0:--.3 o:. :;vll ccJ.!...,id~ :..:::.: . .:tl.:.o. i11 t.1:~ lattic~~ o! sv:.:c clc1y cir..~l ... ~ls 
cue:~ :;.:; :::o:1t:-.~o!'~ :10:::!.:t."" -::r.:.: .:;c:-~c c;llo~i t~.z • . 

T~o p:-oblo::l t:·.~::-:Jfore rccol•:,n:: into th.:, technical one of boin3 
, .. b!.c to .:.~::;ar .... 1-e: hydrcu.:. oxiC.-:~ frc:.: cl~y r.~inor:>,J.~; and then co:-:p~::-ins 
tr.e r.:ct=-.J. c.::.,.t~:·:·~., of t!:.:. l:ydroa.:; oxilo:.; with control do.ta (outcrop, 
, .• ·1 ~, t) u .. .,;. O:' 1.,..0~ . • 



2. 

>!ethotL. 

The procedures u~~d are sll!:!::i~iGcd in the acco:npanyinr; flow 
diagrat:1 (Fig. l). £xperi~ental dctailG are given in th~ appcn~ix. 

The fine Dand'fr~ction (-80+270 ~c~h) ·was used for this.st~dy, 
mii.~ly because it c6~binc3 a relatively larGe fiurface area with oace of 
h~c':.li:::!3. A lc.rze su:?.~f:.:::.ce area i1;; eesirnble bccaus" the l1ydrous o:cit.,a 
mainly occur as coatin6s round the cand ~ai~3• 

Use oi fine sa.~d he.a it~ drawbac~s -.clay ~incrals may alco occur 
as grain ccQ,ti~c. This crawbac:.: is miili:t1ifi~d by treati?!g the fraction 
ul.tra!::01:ically i!l the: pr\'.!scnce of a phosp!:ate surfactant (C~l£:O!'l) trhich 
should re~ove much of the clay miner~l but little of the hydrous oxi&e. 

Amorphoua ire,::. co.:::.tir.gs arc removed by treatment llith sodiua 
dithio~ite. This•re~gent is an ~xtre~oly efficient QXid~ coating re~ovor, 
but is kno-..,n not to attack oi.ne:ral .grains. Unfortu:1:itely the high 
concentratio~s of the.salt req~ire~ preclude dircot a..~alysio or the 
extract. x~tcad, an.:-..lyscs vera carl·ied out before and a.:::"tc.:r c.it!1ioi-.ite 
treatment ~ne the metal conte~t of the coating~ determined by ~iffercnce. 

Rather low precision results. Repr~uucability 
for Ni, Cu value3 ~bove 100 .md 50 ~pm r~spectively. 
samples below these levels are unreliable; 

Studv arcan. 

is within about ).OJ; 
The results for 

Sarjples were iuvostigated froti Auc~incricve, Arthrath and.~ol.~clvi~ 
(areas 1-3 in Fig. 2). 

The l.uchincri,we and Arthrath areas were used as controls, DDH' 
inf'or:nation s~owir.3 ··.he· presc:!lce in -both of aulphiecs approaching ~conooic 
level~. B~.ned on t~e c}::;:ericnce in· t: . .::ac ar.:ias, the potonti.:tl of t:ie 
virgin B3lhelvie localit7 wao as~essed. 

Only s~all ·a:~o~tts of -80 ~cs~ r.atc~ial ccl!ected by CGF were 
available .f.c-r t::ic aro:l, with r.o :.:1forcat:fon of rioil ty!'~S. The rG~ults 
a1·.: t:..:::rc:.·cr.::: c,:;;.ly t:.cuf .. ~l c..::. a G1.:::eral i::~icatio~ of coati::1,:; rcli:...'bi.:..it:; .. 

Both C..t ..:..lu. ::i r-.::!ch hi.:-;'.:1 v.:-.l~es in coa.tinss at a .few points on 
lines +1 nr.d -:-2 (Fi~~s. 3,l:.)'. t•:ixod with c.:!d J.yir.~ on ee.cb. fiidc of 
th.:·~e point.:, "-re CCY(:r<ll s~::1pl.::.:; \:ith hi . .:;h i:i end Cu co:1tc~t!.> in the 
grnins s but lit tl,: in t:.e coati:::;.::. Acc0::-di~.: tl) th<:ory, culr,hid:::s 
~;l:ct·lc:. l 1 :.- r.::.·c..:·•~::t. :-. ..:~.:.~ ;,.i1.t"'.:. +1 .:.: • .i -:-2 w:i:.:.h uw.iillt:ralizud ultraiJasic 
rocks to the north a.c.d :::c,uth. 



Hincraliz~e r;i::;J!-.itic £::l.:>b:-o. is pr~scm.t i:t tl:o •riverbar.l<: outcrop 
fro::1 tno souther~ e1~i of U:..:i expoi;;ura up to .line +3 (no expo.:;urc no:-th 
of this). DD:i li!( l, a vertical hole at the western er.d of line +1, 
\., .. ,~ -;.,. •~·c"·,, •·u"'.1.·"'••:,::0--•-1·~--rot•-'·o"·"··; ... .,,. 201 #'~ I,..ci;.,...~d .,._o, .. Ill( 2 if~...> -·· ~ "-...... ..., -'••-"' .\..~ ..,___ ... ._,.. - .,, - \,I'..., - "'. -· ___ .. .., •• -v , 

,.,., op uv l (-;;>.:-~ 3- L.) •-·-nt.t1·•4 0•·-"' ·u-..,i•.,..: ... ,.,,i.,.,.~ r.-.b'o.,..o ~ ... ~-0,..--1-; ... ized 
JIil - .::_..• - ..,_{:,,..;> t • lot;\:: ..,_. -4..;,•• •"-• -~.a. \o:..l. Uv"-- 0 44 - 1 -.,{..;• - "''•'-'-•• 

in J:,.:.rts, uit:i. 'l:.t1.d.
1 r.1ineral~zation over ·t:::.o lower i of its 185 ft. 

drillct lensth. Unfortunately there is no DDH infor~ation south. or HK l. 

Tr.e drill info~tio~ tAerefor~ soc~s to fit t~e interpretation 
put o:: t;;:.,;l sc:::..l:; G.c:c:l., whic:l sug,:;csts th::?.t. coatin.:;: irain vale..).::: 
of "i :4 or lc~3 ior 1:i and 1 :2.5 or less for cu· r:.c.y ir.dicnte tl:..: presence 
of 5Ul?;iit:.:::c i:i tha ·bedrccl:: noar'!)y. 

Sattples were collected by us or. a.1000 x ~UO rt. grid fro~ the B 
or equivalent so::.l !:oi-izon, or ·i'roo the to? o! th~ poroafrost layer. 
vher~ pr~se~t wit~in t~e upper. two ft. of the soil. 

The ru::ou:1t c! hyc'h.•ouo oxic!c.::: in ccatin~s is °likely to b~ related 
_to t!:.~ coil t:,p-3, cince in poo1."ly craitc.! t..:>il:; lo,-, ~ cox:.di tior.s will 
por~it 3reatcr ~obility of i~on, and h~nc~ less iG likely to b~. preccnt 
in co~tin~~. Tho ~clation.c~~P3 for cll.l cm:iplos.nre sho~~ in Tab. 1. 
•ho c~in conclusio::s are: 

lecreases wit!! woi•ser-i.ng .. draina!:e 
- r.o correlatio~ 

Fe decrea!:os with \:or~eni::~ ch·aina::;e 
?li, Cu·- a.~alytical variation£; ~t t~cse low l6vels 

m-o too great to sho'.1 ~y oig:1if'icant tr~nd.. 
But t!:.e :parcel:.'t.:1.~13- of s~ple? vit!: values 

iii) • Po~~solo --
-1 pp~ ct~o~ily cugge~t~ eccrcc.si~~ co~tan~~ 
~csociatc! wit~ wor~o~i~J e~aina~e. 

• tr..e sa::1plcs a~~ concc:itratod i:i t!ie eastern 
part of tr.e a:-c~ an~ are few; he:ce prob~bly 
unr&jresentativo . . 

Tho:-eforc so..-::,lco f::-o::i poorly- erai:::::d soils (c;leys, mottled gl..:ys) 
wit:: lc.u coati:::.~ r.:ct.::.1 values r.':l.y :.:ot i:1clic.ate ·tha absez:ce of ~Ul?~ic.c::;. 



Sru:plcc wit: .... r:;ore tb.:i 100 :P!=:O: !a o.r.d 50 pp:1 Cu are s~oun in 
Fi:;s. 5 a.--id • 6. Sc~c :-1~i:;!::>ou~ir::_· le~:~~ Vcl.ll.:es · are also included. 
~~~1 .. c: arc c. l..:,,t; :;~:~v.:; ... : ..... :.-~ ".;,!-:.:: ;:~.,. C:: co~.,;!:-i.::c;:..--~ir. r.:::tc.l ccntont3 
are clo::.dr t::a.:i 1 : 4 ~:i~ '1: 2. 5 · resn.::cti vcly. As at Auchcncrievo, 
t::.:.:;o sit.::s a-::-:: associated tdt:1 ctl:ors w:iic:i ::ave: low coatin3 :.-:etal 
contontc. 

Most of t!:.o !:lt:.~ples· 1;1it!l lot-: catai values j_n t}13. coatin~.s 
are i:1 w.;:;ll-t.1.·.::.i::od. :.oi~s, but a :fc:·.: -(c.cr.· Pi:., U4, "'.!S) ~-o i?l pou'lY 
clr:1.i:E:d .::.oils. In t::o latter, low values in tlie coatini::. r;.ay bo tue 
to t~o abcence of ~y~ro~s oxido~. 

S~:;;,les contai::i:1g r:cre t::.c:1 2;-G total i:"e i:i. th.? fine sand aro 
s::u::\ in ~ic;. 7. li:!.t;!! .:otal ~alti-,s ( ;!i, Cu) i:i t;.lc coa tin,:s w-~ usually 
&ssocic.t<:d. with ~uc~ co~ti!:.~-1:-~. 5:~orc is t!:erefcre tl:e poszibility of 
cc£..Vc:!,:i:..J, as cefi;1e.:l 0:1 P• l. · T'!"!ere arc clDo eever~l si,;os ,:her~ 
the ccati:::ii-Fe is cµ~ost as ~i:~ ~ in ttc anc~alous sa.jples, but whic~ 
contt.in only ·t::.•.:tcEJs of Ni ar.d Cu.(e • .r;. P14. V4). 

So~e ki~d of &cave~einj p~oces~ may.t~crefore be operatin~, but 
if so t~e octals ar~ bei~J releaaee fro~·an ab~or~ally ki~~ source. 

12 out of the lB e::-ill l!olcs shown in Fiec 8 are in ar{'as wit~ 
el~y ooils, i~cluli~~ 5· out of t~e 6 with ~otlerate or sood sulphieos, 
but so=e i~t~~estin~. correlatio:...s are apparent: 

i) At P5 a Cu/!a coatir-!; ano=~~y is -close to ooe\;rato 
bedrock cir.oralization in AD l. 

ii) T'.:ere m-e su3~es~io~ o:t an Ni .(but not Cu) coatini 
ano~aly at V6, clos3 to ~oe~rate or ~oo~ 0i~oralization 
in-AD 11, 17 ~d 18. 

iii) Tl!ere is r.o r;i in t.!:.e coati:::ics· of sar.:plos\ !:,? 12, Fl3 
clo:.o to very bad. holes AD 12,13. Cu v~lues appear 
to ·be r:s.ruir.al, but c.rc u.--u-cliable. 

iv) I.J) .c. , close t:"> sa-:iplc ·p:,ints V3_,4·, is the only l?.ole 
u;;.t!l a!)prcciablo culp~:idcs with no p;eoc=.:;mical feature 
in t~c soils. · 

v) . Tl:orc is a Cu (t,~t no i!i) coatir..g ar..o::ialy at 1:1, w;1ere 
a Col~1'ite t~~·!:,; junt i:.::,ir.:e:s c:, t:~c study ar~a. 
h'lc:--•- ,.. ••.• ie-- -",•·-· J.· .... ,-.,,." a ... ,,,, .. ..,, . .,, ?2:; •,··"') c .. "'"" 1 b.Q 
• ... ~ -4.. ....... , •• .,.._, ""'---• t, ... ...., '-.J•-.\,,; "'""•-...;v - ✓ .t.--·- \.. c-... ••• • 

pp!.1 ,,i. ::::.e t::ocretica.l c.~.o.lcoj,:>y::;-i te cqui ·:alc.nt is 
,... .. ,.. .. , \"' .... ,.. -., .. -4\ , •• , I 1.:,, • 0 • .._t.,.•,."' ·v~.L~., .. , •~ .V,Jf~J .!. .. .!,.I_: •• (.l""'• ~ ..,o.J WV~.J. ••J. i.,! • ..,;V .,,!.-, .. C.:'4 ..,...JC J.,v.4 d. _v.::., 

of .06~; (Ly;1~a to:t::!es). .Th.-!: averar·c Cu co::itent or 
r:afic rpcb." io cuicl to be en. •. 1L:-0 P:;i!:l. 



TJ:.e rt:Gults fr,.,:.1 Artl-.rat~ therefore se~::i to be in lino \tith those 
fro= A~c~i~c~ieva, alt~ouek il~y soils pose int~rpr~tivo problcr.:s. 
Ir. vell-er~i~~~ soils, four out of.the five situatiori.S show eo~e correlation 
between bedrock sulp~ide·contcnt.and coatinz cotai content of tha soils 
close by. 

Tiu.a beir.cr .so, it is -.,ossiblo t!!at \;ne ;!i!:h ccati:ie vt-lues at T4 
(Brow11 Em~t~) t.ncl T5. (?-!ottlel -Gley) may· be associated with promisinz 
minera~ization SW of AD 5. 

2• Belhelvie .. 

·This area was sampled by us on a 1000-x 500 ft. grid, as at A~thrath. 

Samples \:i th i::ore than 100 ppm Ni a?ld 5o ppm Cu are shown in Figs. 
9 and 10. About h.ilf of the 75 samples ha,ve ~oating:grain ratios closer, 
than 1:4 (Ni) and 1:2.5 (Cu). 

These D~ples often catain considerable F..mounts of coating-Fe, 
but as at i-!:'tr.~ath siriilar vilues are also found in saoples with Ni,Cu 
backgrou~d coatinss. An Mn/Fe concrctionary horizon from H 18 gave the 
following coati~g valu~~: 

Fe 3%, Mn ~, Ni 5 ppm; Cu i5 ppm. 

In the sa.-:ples with a.-iorr.alous coatinss, the ~aximu.':l Fe and ?-!n values are 
2;~ and 800 pp:i respec•ivaly. The~e is ther~fore no.evidence of scavenzin6• 

Intc:-nretc. t5.o:i 

In the absc:"lce of DD!i inforr.:ation, the only 1;1ay to chec!:: t:ie 
significance of the data is by correlatio11 with sul:phidos in float (Tab • .2). 
This ~!-.owa that o<r,~ of the samples ~;ith ano:.1alous sul;,hides in float~ 
are included in the group of ·sa!!lp~es with a..~ocalous Ni, Cu in coatings. 
Three out o~ the four s~m~les with ano~al@us float but backg;.'ound coatings 
arEkfro:i gley soils ·with low coating-Fe value~. · 

Coatin3 an~lysis there~ore seireiates soils aosociatetl with sulphides 
fro:;, those that are not. B~t over !lt.:.1.f t~e ·soils in the gro~}? \Jith 
ar.or:tlous coatin~s ara c:..ssoc:::.ated· \,i.th flcnt i1!.th bac!q~rou."ld sul;-:1iC:~s. 
lb is pO$Siblc that these soils are accucul~ti~3 iL thvir coatings ~~tal 
dis?erscd hydrc~orphically fro~ ~eathering sulp~ides. It is equally 
possiblo th~t clay rc~oval fro~ the.coatincs is inco~?lete, a;id thst the 
b.i~r.. \·c:J.u~3 ar~ C:".:.~ to t!:~ :;rc::..~=-c~ o~ silic~to \;c~tr.c:.--i:!~ ~::-oducts. . . 

All sa:;:plcs \;it!l ~r.o:...::.lo~s ~oati1:~s \,;c::-c therefore c..n!l.lysed !or 
co:: t:i r.o-:•!:~, \::::: ci! i:J ).::.!:~ly to tc reto.:i1~e;d i~ clo.:,s b~t !1ot iz1 ;<.·drous 
oxides. ~he re::::~lts (T~b .. 3) shc1., that 19 sar:~:,las canto.in v::ry sraall 

-------------------------·------------
Rou~h visu:1.l c::.ti:~:lte=.. on flo~.t ::;liccs;. 
pol1 nhc~ .::;~ctio:t cl.:-:tc!';:in~1;io..-.:; GU£;0e.sts 
0.4~ (by \N:'..~!.t) total sul;):--ieo .... 

Co~,arison with accurate 
that the cutoff i~ about 



6. 

6.-':!ounts of ccatir..g-?•!s. The high coating-Ni,Cu values in these samples 
are .i:~re likely to derive frofil weatherins sulphides than silica~es, and 
it is encoura;;ir.::; to find ti:.'.it 11 of the~ are associated with ar.o::alous 
sul~~ides in flo~t. 

So starting w!:th a GrOUp of 7.5 san:ples with hi~h Ni and C!t yalues 
which could be du~ to silicates or sulp~ides, the e~d ?roduct is a group 
of 19 which prob.:i.~ly :-eflect anomalous sulphide mineralizatio:i. 

Location of b.::j:::-o,~1-: sot:.rccs 

The distribution of the 19 sao1,les is sho'lrm in Fig·. 11. They fo:-m 
two distinct grou:,s • 

. Group 1. T~ese sites lie slig~tly to the east of an inferred 
gabbro/ultrs.b~sic contact. J.ho:r.tlous ?6abbro .float occurs at ;..:13 and N12, 
but similu rocl::s in float to the. cast are un:.1i11.er.:1 li~ed. 

This su~~est~ that tne contact cay be ~ineraJ!z.od. 

A;l.ternatively, the association o:f r.1inere}lized float \1ith the 
magnetic featu~c cculd·mean.that the mineraliz~tion is possibly associated 
with this. 

Mineralizod ?foliated gabbro at·Q16 could.be associated with a 
schist/s~bbro co~tact. 

Grou-., 2. The sites lie on a col.'!plex ultraba5lc i"eatu,:e and on 
foli~ted c~bo~c~ to the ea~t. A~onalous sul~hiccs e.re prescr.t in 
t~tolite, sabbro and foliatod gab~ro float, very scldo~ in dunite. 

The best ~ine~alization is in fol~ated s~bb~~ !loat, very sicilar 
to that ex;osad in the ~elhalvie ~~e.rry i.e. probably very local. 
It is close to a coderate ~ad,ctic feature which ru:..o throu5h the quarry 
Dear the gabb:-o/ultrabc:lSic contact. In the no~th face of the quarry, 
where the ~~gnetic values are hi0hest, the~e is very li~tle magnetite 
in the rock. · · 

There· is therefore a reasonable ~hance '_that the r.!ag:ietic .feature 
is duo to the presence of co~.oiderable ai:ounts of sul?hidcs. 

Conclusio·r.s. 

l. In a~l throe ar~as there is a co:rrelatio!1 b3tm?f:n hir;h ra, Cu 
values in coatin~~ and the presence of sulphides in bedrock and/or float 
clo::.;c ~:,. 

i) Poorly drain~d soils -·these have only £mall aoounts 
of hydroun · o:ddon in t'he coatinc.::, hence bv.so r.:etal 

.retention is low. 



ii) Analytical precision -.1it1its application at present to 
sar.ipl\?s with Ni., Cu. vc:.lue.:; in the fina sand greater 
than 100 and 50 p~~. respectively. 

iii) Incoo,lcte clay re~~val - nay give pseudo-ano~alous 
co~ti~s rcsult3 (but can be ?£trtly allowed for by 
analJsis or co~tins Mg content). 

}. There is no evidence of scavenii~g by hydrous oxides. 

4. The approach has potential as a screening technique. It is 
likely to be pc:rticularly usaiul in-extensiva arecs of 
ultr~basi'c roc:t.:s or ,,..hare the:.·e ·is much Ultrc.basic flo:::.t, 
as at B~lhelvie. But it see~s quite useful i~ Arthrath-like 
sitl.!atic:is also, and ~.-::.ll beccr.1e r..10:::-e so if it proves 
possible to low~r the ·aetoction li~its. 

5. At Bdlhelvie,. whe~e the study cov~red 10 squ •. m., it see~s tn~t 
sisnificant mi~~ralization, if present at all, is confined to 
two areas covering l~ss· than 1 ·~qu. ~. 

6. Using correla·ted float. and where ~vailable • outc:·op data\ 
coating in:'orrr:ation r..uy inl:icat~ p:.:-0.:iisi:13 geophysical 
features and therefore ~DH .tare~ts in areas where 
eeophysical ano~alics ~~y be due to oinerals other than 
sulphides, i.e. magr.etito. 

In this connection, the cocbined gepcheoical/:eophysical 
feature close to·the Bclhelvie Qu~ry seems to have 
considerable potential. 

Future work. 

l. Field~:ork. The g~neral application of the approach will be 
tested in three other areas (Fig 2, ·a=cas 4-6). Float and 
soil sampling will be carried out as previously. This is 
now in progress, ar.d will last till the end 9f Nove~ber. 

2. Lab •;or!,;;. This \!-ill i"ollow the sa~~ general pattern as 
rcpor~od ~~re. In adtition, attention will be paid to: 

i) \)°btaini::it; g1·a~to= anc.lytical precision with a vie,.,, 
to lowering the detectd.o:i lir.1i t 

ii) tr.~ ?robl~m 04 i~co~~lote clay re=ov~. 

!t !.c C!:;.,~i:-:.::::, J t!~.:::.t the cc,::;:; c! th-: .fi::·;;t ~-~s.r o'! t!le p:.--vject 
tot..a.lled about £250~, dt;air.st th(i b:idr;et estir:::1.to of £350J. This fic-11re 
includes ea. z5.:;o fo~~ :.:1.:-~l:,ses 01 \:l:ich about ~400 will not be charged 
to :~v un:;:.1 w~ll into t:~e cecond y.:;ar (l~b. accounts yoar finishes £:nd-June). 

O~erational conts for the cecor.d ye~r arc estimated at!:2500-3000. 



~,rneri~~ntal details. 

1. Dis-cersion. 

25 g. -2~, •. fraction was disp~~sed in 5% C3.1,gon acco~panied by 
ultrasonication for·lO min. This stage needs further attention. 

2. Dithionite treatccnt. 

2.5 or 5 g (dep~nding on hydrous iron co~to~t) -80+270 fr~ctior. 
\ms treated. wit.h a 45~ -w/v solutio!'! o; soe.i1..1:i1 dithionite (Na..2s

2
o4). 

The mixtu:-e \/as heated in a ·\tater bath at 60° for 30 nin. -
.Af'terwa:-ds, the lio.uid t1as decanted and 'the s~ple dried at 105° in the 
flask or bt:a~er. Tha proced1.:.re · \1~ _.rC!J~atc-d e.,:; l:ecessary u.-itil all the 
grair.s w-,ro bl~c..c!lod &..nd the:l'e t:as no br9un colo..t:..·ation on ~rying. 

2• D~.ge3tion. 

for 
and 

Swr.;,les ucre di5e.st~d (g.1 g)in 3 ml •. 50:50 cor.c. mm_: \o:ater 
1 hr.· in a ~aterbath at 95.• 7 ml. ~a~er was_a~ded after>tligestion 
thoro~b~.ly mixed. 

4. Analysis. 

All analyses were b:1 atomic absorption •. In·the case of Hg, 
instea.d of addi:15 7 cl. i,at·er ~er disilstio~, 7 tl of 1% Sr !:.olution 
was used. This su;;>presses serious. intcrferer.pe by Al, Si, Ti ar.d? 
but has. no affect on ~lie estication .of Ni, Cu, Fe and l-:n. 

P.c.n.c. 
20.9.70. 
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Soil types 

Gley l!ottlod J.:ottlecl 2 B~o~,:: Po..."'.co; 
Gloy B!'O\l:l. .bart1:. 

Eart!l 

(95)1 (42) (2~) (12,5) (22) 

Cu 
-. I ?!e~-"1 :rain cor.tcnt ( l?J?::1) 11.7 12.3 11.7 14.7 20.9 . 

Ketm co&.ti~s cor.taat ~ 
4.8 6.8 6.1 (pp..1)-- 4.7 6.3 

Perce:1t. o'! ce-plos 
• uit!!. -1 pp::. in co:i.tL::s 61 . r 52 33 27 25 I 

I . I 

Mea:i crai:i co:!t~r.~ (pp:.) 
Mat.:1. coatin~ co~~~~t 

10.4 1:;.o 18.5 19.3 10.7 

( Tl'" •t) 6.6 5.5 .5 • .5 7.7 8.8 ..,;;,-
Perce:a.t of u:.:i:,lc.::; 
with -1 P.?"l• in cc~ti::.:u 6J 56 21 26.5 33 

Fe 1-!c~"'l :;:-.::i:i cc::tc~t CX) 0.75 o.ao 1.os 1.25 O.?S, 
i:c:m coati:!=.; CO!'.CCl~t '%) 0.26 o.47 o.66 0.82 0.75j 
Pe:rce~t. o! c:.:.,lc..s 
vii;!l -1 pp::-J. i.1 CC&."i::::s 25 16 4 2.5 5 

1 
Bracketed !i.:,.:rus: .:o. o: profiles in each soil sroup 

2Incluein: Drown E::i.rths wit~ pcr~arrost layern 
3~ean of ~ea~ura~le val~vs o~ly 

Tab. 1. Art!-u-at~: Relation~~:p bctweer. soi1 ty?e and Cu, ?;i £...?~ F~ co~te~t 
of fine Far.d grai~a ~nJ coatin~s. Hi~hly ano:alous sru:ple$ 
excluece. · 
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S~:)lcs \.~:. t~ 
bac~:s~cu:l.:1 
coatin6-Ni,Cu 

17 

4 

S.:i.r.rplcs ,,i th b2ck~:cour.:i 
~# lt~ i ,!~ :LC.c:; :.:1 fJ.r~ :;. t 

20 

27 

Tab. 2. · nell~elvio- correlc1tio:1· of co:i.tinz; dz.t..::. with .::...-rior.~alous sul1~~1ide:s 
in flc:tt. 

Sam_?lcs \Ji th 
ano::1alous 
co2..ti:1g-Ni,Cu 
but bac:'l'.:.:;:::-oun~ 
suly~id~s in float 

Sa!::.::_,lcs w::. th 
anc::alous 
coatir.g-:,i i Cu 
and ar.o::1alous 
sulphides in float 

Srur.plcs \·Iith -'iOO:::> 
pp:n coating-Hg 

8 

11 

Sar.1ples with +100~ 
p:r:;:n· coa tin3-ll.g 

6 

Tab.3. Belhclvic - correlation of sul~~idc levels in float vith 
pr~se~cG or absence of lar'gc a::ot:ntc Cf conti'::J-!•:s. 
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Fiz. 11. Location of samples with ano:::ialous coating-Ni and/or -Cu but with low coatin:;-!·'.g V3.lues at 
Bel~elvi& in relation to geolcG~cal a:.d selected gcop~ysical data, and to float su~~r.ide 
content. ::B The z:~olct;ic,_l inforcJ.tion is froc1 :-'.ac£·,1en's recon.YJ.aissance .study; t1,e ~-:;.,:.~~:-:: v:: 
&r>:lle of t1.Tcontact;, lrld.,Y h .... ve been o:oa.ified by lc1ter work at Aberdeen, 



·. •·.:·. r~·.£-~X;. .•,~~uc:~es f"ttrther stuC:.ies of Soil type/float t-ype/ 
..,,:,il .. •.::::.~ :i~tr:r r::~!\'tic•r .. citips. 

::·e -l:-• .;• ,tl•.:-;:3 :..nv~eti,:;:--.ted \o'&re Auchincrieve, Brodiesord, 
t:i·.):-•:. :s: :t:ll ~~•') 1.-. :111:. 

· .1 !'ou.:· ~:-.o•, bro; ... dly similar pattorne 9 r;.r..ely a close co:-rela~:on 
tt::.;.::-: t,c.::.:_r. -:~ ::.:.e ... t ::rp~ a."11 eoil zeoche::i!!ti-J, al'ld a less obvious 

( b·: ... ,. pro:C, .. .A·•:.:.' :.:.,~i:-cct) :-elntions'hiy b1?tween soil type and ~o .. :. 
1:;: ,o.:::6:. ~~- ;.;.♦;,. ;.:o~; or tr.e base r.1ctal anomalies a!"& thouch to origi~~t:: 
t "O~.\ • •• Le-:\ u: r-:..r,.:-::· · ls in scid o:- mechar.ically ciis,~rsed rock. 

:t ~ay ~~ ~~t~ havin: a look at the sites listed on p.7, where 
;!➔O~l .• ·:.- .&no:.11t'.'.i~'> . re :,ot as~ociated with ultrab:1sic float. Sor.e of the:!t.t 
• 10~.a~ :.,. c. c~u:...:. · .. :, ::-s:.vably originnte from oxidising sulphides, althouir- · 
,: .1erc •. ..:, ' :-·•· ;"3~ible e-~lar.atioc3. 

1.'h~1:•: ·:·-· • :..._ ,ossiC1ility that R.Ssess:.1er,t of soil t~/fl0rtt ':.!'?~/ 
. ,il . •-::o<- :..._ •:.1 • t:--: relationshi!)S ~ay be f oale<: u:., by the ger.eralisati,:,ns 

-; ~ i~ •·., r :~<:~e:: .l.: l),:der to ,r&pcu-e m,derstanclable ma!)S. Soue kind of 
c'>ln:.>,.r.•.:~~e.:c a ... ,es.e-:-.:?:t SC;:)f!IS preferable, end we shall. try ~his out. 

~,:::..~ .. e • -;~;: ( in the laborato~J) wi!l cor,centr,1.te on develor,ir-5 
nd . • . ~ · • #:. ·.... c:;, r.:rl:t)us o:dde coating proceJ~-,, on ass~$sinG pre::~;it 

r.oi 1 Q .. :..°'·: i:: ~ p· ··"'•:c:ti,J.r-9s ( b:, co~pari:is our own A "'1%'.d B lcri~on ,seocl1•~:n:.e::.l 
tat 1 ~,:t. tl. -,,;, tid.:.r·~ ••a•• horizon data); and writi:11? a.'ld testin!': a si::-o:.e 

>m.>u~.::- ~:.~ •. ev.a:.u.:.tion proeramme. 



Introduction. 

A previous study 1 -;ho\led tr.at soil type :J.n1 flo.:.t infor~.:;.tion 
~ay indi~~tc b&se metal di~pcr~ion rnnchnnin~s and possible sources of 
base r.:ctal ::;eoc:1er:1ic·1l ·tmoi:lalies in soils. 

1,~te:.-- chemical work2 oho•.-1cd tr.at mets.l valut>n in hydrous 
oxides -s..re stro~;.;ly ini'l!~cmced by soil type. Since tr.eoe etud:i.es also 
indicated .: clo~c rel~tionship bctwee1r base r.1et::"!s associated with hyd:::-ous 
oxidee an-1 t:.e p:::-csence of sulphide l'!lincraliz.1tion, it is cleur that 
knowledcc of the soil typec present in an nr~.1 of ir.terest is necessary 
for the ef:ective int~r~retation or geochemical data. 

This report outlines the results of further studies o~ 
soil type/flo~t t~po/ soil z.eochern. relationships in four a:-eas of interest 
to CGF. Fro~ these nddttion~l studies, it was hoped to confirm the 
previous conclusions; and thereby to indicate the adva.ntac;es of usinG 
soil and float data cenerally in exploration. 

Study .sc-e;:;s. 

Four areas were investigated: 

1). Auchincrieve a) 35 pits on a 1000x500 ft. gri<l 
b) 30 II If rt 500x250 ft. " 
c) 64 u II II 100x100 ft. II 

2). Brodi:esord 488 " II " 1000x500 rt. tt 

3). Dunbennan 50 ·u n " 1000x500 ,&'' ... ,;. tt 

4). Brown Hill 24o ft It " 1 OOOr.,509 ft. " 
Tot~l: 90? • +-nl.vS 

The P..reas 1'3.re shown in Fi~. 1. Fieldwork comrier.ce~ on Sept. 14th 
and was completed on Jee. 14th, giving an averaee of about ?O pits/week. 

:•1ethoo.s. 

At aacl: site the following informRtion was noted: 

i). Gc.:r~era:t. site data - relief ,.,sition, prcr-ence of ,'.";::..cial 
!'e:-... tures, river terraces etc; ~dens of diot,u.rbance or 
possible conta~in~tion 

i:.). Soil type 

iii). '..:'!~c nU11rc of the soil :ps.1rent i:::iterinl e.g. alluviur.i, 
sc!"ce, hiJ.h:ash, tcrracE> snnd, boulder clay etc. 

2
So:ilG rP.;<'rirch ,:ro~cC't,: •Dctc•ctiC'ln of sul:,hi.d"? W~'\~: • ..:rin~: products in soil•; 
'W!:l' ul•~r·,i.) ,·.:c .'( ~ ... ; .. • (s.-~,t.. '70) 



Soil sanmles were ta.'<en from A and B horizons ( G horizor.s in 
gley and peaty zley soils). 

20 float stones were collected from th~ B ~orizons ~nd identified. 
Rounded stones ( usually quartzites) were noted but not includ~d in the 20. 

Maps showinc the distribution of dominA.nt soil and float types 
were then preparen for each area ar.d the inforc~tion compared with 
available -30 soil e;eochemical information ( Ni, Cu). 

Summary of infor~1'ltion from the four areas. 

1. Auchinc~jeve. The three are~s are shown in Fis~ 2. 

Geolog:,r. 

Picrite, olivine zabbro, graphitic gabbro, granite and black schist 
are all thou~ht to be preser.t in the areas. Mineralization see~s to be 
largely confined to the graphitic gabbros. 

Th~ areas lie on a spur sloping steeply to the south, with the 
R •. lsla to the west, south and cast. 

Float. Outcrop 
betweP.n 

be quite local. 

is limited, but whore present there is a ~ood correlRtion 
floa.t Rnd solid geology, i.e. mo··t of t:~e r::...oat oeems to 
;)on,inant flo.:it types are shown in Fig .. 3. . 

Float and ~oil 1eochem. 

~here are some fairly good correlatior.s between flo~t rock types 
and soil eeochemistry (Fizs. 4,5). Grhnite, schist, and olivine g~hbro 
are generally D.s3oci:1tcd with neur-bacl{:_:round Ni, Cu viues (less than 
200, 60 ?Pm respectively). Cu valu~s in pic~ite may reach 250 pp~, and 
Ni over 1000 ppm., contrasting with the soils associated with sraphitic 
gabbro and olivine zabbro ( in part) which have Cu and Ni values locally 
exceeding 1000 ppm; and generally almost as much Cu as Ni. 

Soils and soil ~eoche~. 

The distribntion of the soil typ3s is shown in Fii. 6. 
In ~rea (a) tr.~ soil 3~oche~ic~l values are too low for m~cn 

correlation with soi.l type to be })Ossiblc. The!'~ i.:i r.o correlr,tion 
a;,p:-trent in ,\rc;1 (b). In nrca (c) howE-ver, the!'e is a v~r:1 clear correln<;icr. 
between ti-.e hi~n":!st t-:i and Cu Vl-llues and .dro,-.,n earths, the ceoche':'lical 
trouzh between t:~::i t".-10 ar.6r1:1l1es cllincidine wi-th !•:ottlcu. t>lc;, soil3. 

i,'hether or not a soilty!)""/ coil r,eochcr.: correl 'l.tion is cctectable 
therefore seer.is to ~epend on the scale of the sturly in this c~sc. 



2. Brodicsord. 

Geology. 

The rocks strike NNi~/ssw. .Hoot of the area is underlain b~• 
serpentinised pic~ite, gabbro ( including olivine eabbro) or·eneiss, 
but calcsilicate, epidibrite, troctolite and many altered basic and 
'ultrabasic rocks are alos present in minor amo1mts. 

i<elief. 

The rel:i.P.f is closely related to the eeolozy. Quartzites outcrop 
on the western margin of the area along the crests of Durn and Fordyce 
Hills, which are aligned with the strike. Serpentinised picrite outcro~s 
on the eastern slopes of these hills, ~iving way to gabbro and olivine 
gabbro floorinG the central valley, which is covered with thin (less than 
25 ft.) :noraine or glac::.al outwash. The small hills on the eastern margin 
of the study area are mainly gneiss. 

Float. 

Drift seldom exceeds 25 ft., even in.the central valley, Bnd is 
considerably thiru.er on the slopes of Durn and Fordyce Hills. Althou.:;h 
there has been some downslor,e displacement ( which m~inly has taken the 
form of some r.iasking_of the picrites by·quart~itic neau.) the float 
generally seems to reflect underlying eeolog'J with little displacement. 
The distribution of domi~ant basic and ultrabasi~ float types is shown 

•in Fig. 7. 

Float an1 soil reochem. 

+200 p~m Ni/ -50 ppm Cu/ +5'1/4 serpentinised picritc float· 
correlate fairly well in th~ western part of the map. Ni values are 
5enerally lower., but Cu.values higher to the east, coir.ciding more or
less· with domin~nt gabh::•o fJoat. On most other roe!< types both Cu and Ni 
values· in soils are low. (Figs 8,9). 

SporRdic h:.gll.Ni values (+300 ppm) associated with low Cu (-.;O ppr.i) 
and minor amounts of · ultrabasic float at e.5. D,E 13 m~y be due 
to either ser:,entinised !)icrite bu;i::ied below sh!tllow d:rift or to finely 
divided serpenti:1ised picrite or its weathering prod~~ts in sand,silt or 
clay fractions. 

Similar ra values D.SSOCiPlted with nteher Cu C +50 :ip~) , acain with 
only minor amounts of ultrabsic flo"t, rnay be due to ~serpentinised. 
picrite ne;ir surface, er :posGibly to sulphides, or their resf'ectiv;_ 
wc·?thc-r:!.nr.r, producti=;. .Sites which belong in this cateeory are I2"i-.r-'.22; 
F,A,H 18; N,O 14. 

Hieh Ni values c~n bo seen to coincide •,.rith virtu:illy '.'lr.~• f:oil typ~ 
(Fiz. 10) nnd m-e the ref ore probt1bly due to silicate-?•:i tlerl ved fro::t 



serpentinise~ picrite. 

ili!~'' Cu v~lu~s occtir r.i::,inly in mottled 0leys, cleys and pc:~ty 
gleys. A silics.tP. oricin for- t:-.em seems likely °1.lso ( i'ror.i :;abhros 
c:nd.erlyin.; the VP.2ley floor). Correl,!;. tion of 1-tieh Cu with soi.1 t:,,e 
seetns to be fortuitous, therefore, :.tlthouch the :·ossibility of some 
hydro~or;~ic di~persion can.~ot be entirely ruled out. 

3. Dunbenni:\n. 

!i'he sc,uthern part of this area has been considerably disturbed 
(reservoir, pylons etc.). 

Geolocy. 

The strike is rou$hly IVS. The dominant rocks arc picrite, 
troctolite, olivine g~bbro and altered ?cypersthene zabbro. 

Picrite outcrops on t~e top ~nd npper slopcz. of Dunb~nnA.n P.ill, 
which is aligne~ witr. the strike. Olivine cabbro i:\nd troctnlite underlie 
most of tre low~r slopes. ':'hey are covered by alluvium clos~ to the 

I -R. JJeveron. 

Float. 

Drift if" thin on the top of Dunbennan with m:in!" picrite outcro?s 
and much picrite floP..t. The picritc. has travelled c:o~·mslo:,e to some extent, 
covering !)::I.rt of t;1e tr0ctolite ~nd olivine g-:ibbro ou-ccrop. t, .... tl•ouch 
there see~s to have been scmc ~ixin~ of fl~~t or t~e lower slo~cs, the 
do!!!inant .float rock type reflects the undP.rlyin~ eeoloc.:y ~uite well. 
The distribution of do::iin~nt float tyres is shown in Fig. n . 

.... 

Ni geochem ie sho~n in Fie. 12 and Cu in Fis. 13. 

+1000 ppm ~i o~curs where picrite floa~ overlies solid picrite; 
+200 p;_,:n corr~lates i'Rirly well \••itl: +50"~ picrite f:!.r.n.t. Ni vt:lues 0•1er 
p~rt of the 'trocto-cabhro' ~nd troctolit~· adj~cent to the picrite exceed 
2ri0 p;:--m but morP. nsu.:.ll:,· "'.re bctwccr. "(}0 u::d 200 p;:-,r.,. Cvcr tl::: :::.~i--r-o, 
fJi ir. SP.ldo!'!l !'lore t}l;.n 100 ~!'1ll' and ~::-.y be r.:uch less wt,:-rc al~uvium is 
present. 

Cu v:--lues fro!:': 50 to 10<) ?!'~ i:--,rrel,1.te wi+.!!_ :,C;~ picrite floa';, but 
valt:ei:: of 5()-100 ~p::: r,u n-~ nlso ::,;:,u:1~ 'Y/3!' t]:t• 0.,1 ~~,ccnt .. roct-::,'.:.ite, 
(Trocto-zn.l>brc' and ba.bbro. The only Cu ,,bovo 2CO r·I'~ occu::.--s at w}.e:-~ 
znbbro, ;ic:::-i te ~.nd r.n<inlut:i tt? schist m"ct nm! virtu·4:!.:!.y outc::.--o;. 



Ni v;.;lu~s a.bov<:.> 200 r:r:~ /\re m~.in:!.j" ~}?sociat!?1 · wi. th brm·:n e:-.rths 
and mcttl")d brown earths, thou~h smn'?tir.1ea •::~.th mottled gl~~•p anu. cl~:,s 
ai~o. The sr.Me soe::: fo-:- +,50p~:'l Cll vc.lues. Poorly dr::.ine~ soils with 
hi~h r.~et-=tl contcn-:s ,ire usually d.ownslo1le of hi8her values, and may be 
due to hy<lucorphic dispersirin. 

The strike is gener'-'1lly b'NB/PS\l. The ma:i.n rock types ,;r~ ~abbro 
serper. tinised picrite, o.uartzi te and <£1i:iinly hornf els schists, with some 
serpenti.r.izF.ttion of basic and country rocks.· 

Relief. 

The reli~:·is dominated by~ rid~e aligned with the strik~, 
consisting or Evron and Br-01!m Hills, the latter ri~in5 to over 1500 ft. 
T:1is ri~ge sep.n.rates valleyf? to the N and S, tl~e southern vr1lley beinc 
underlain by serpentinised picrites. The hillsides are generally.very 
steep with numerous rock outcrops and m_inor screes. 

Float. 

Except near rocl< outcrops the flo.ci.t is fairly well ~ixed, pro],ably 
because of downr;lope movement. ·. ;. small patch c-f b-,ulc:1.er clay at C~J-:"'5 
is associated with :-goorly drained soils a.nd con;;o.ins 1·r:-undecl quartzite 
pebbles. T"ne drift in the northern vi1lley i~ ~eneral~y thickc:- than in 
the southern. The domina.~t float types are sh9wn in Fie. 15. 

Float ~.nd soil reochem. 

~i values A.bove 200 u'Om ar~ associRted witr. seruentinised nicrite . . .. . . 
(solid or float), or serpentinised adjacent rocks. Ctt v.::tluP.s n:-e .gcne~·:l.l::.y 
less th,m 50 ppm. 1;1. V?..lues are lower but Cu higher in g~boros <44"1d 
schist (-100,. +.50:,pm· respectively). Both Ni and Cu for::i line~lr c).nor.:c1.lies 
parallel to the strike (Fies 16,17). 

Soils end soil ~eochern. 

-:.:'he distri..,uti.on .of soil types is sht>wn in ::'iz. 18. !a v:tl1:c3 
ra?gj.Jt;:"ror:i 200 to +1000 :,y.>m .:.u•e ssnociated with per.ty c:!.eys, ,slo?f-- r .. z~:l 
mottled gleyz of the southern vr"'lley underlain by ~crp!"otirli~;r::; :< -~:·.: :.,-,. 
~hay u:-r: t:1.orcf.orc probHbly due to silicat~-Ni. +50 ppm Cn is 1~'<'ir.ly 
found in brO\·.tn earth, r.iottlod brown e.irth and r.:ottlcd ::;,lr.:y :,;.'t>fiJ.-.-:,. 



· Conclusions. 

1. In all arer\s with the exception of Brown Hill there seems to be a 
reasonable correlation between dominant float type and adjacent 
solid zeolotiY • '!'here s•~erns to have been little displucement due to 
glacial activit:,. ;.t Brown Hill, th~ steep slopes have mixed the
float ratl:er more than in the other q-eas. 

2. In all ereRs there is a quite close co~relation between dominant flo~t 
type and soil geochemistry, often close enough to suggest characteristic 
ranges of Ni e..nd Cu v<'llues for each type:- · 

Domin:;.nt float Location ?Zi ran~e Cu ran.'!.•~ •. 

Quarzite,Gneiss Brodiesord -100 •.50 
0 Horn:!el.s schist,gabbro Brown Hill -100 30-100 
Gabbro Auchincrieve 80-200 4o-200 
Olivine gabQro Brodiesord 100-200 4o-1C'..O 

(-200) 
'Trocto-gabbro' Dunbennan 100-200(-400) -50(-100) 
Serpentinised picrite Brown F.ill 400-1500 -50 

" tf Brodie·s9rd 200-700 -50 
Picriite Dunbennan 200-1000+ 50-200 
Gra.phitic gabbro Auchincrieve 4oo-1100 ,5C0-14oo 

!2,t~~ the zreat difference in the Cu/Nl ratios between picrita ~nd 
.serpentinised picrite - and the possible tlilcer.tninty~this susgests· in 
the use of ~u/Ni ratios in data assessment. 

). There is a good correlation between soil type and soil geochemistry at 
Dunbennan and Bro~m Hill. At Auchincrieve there is a very good 
corr.~lation in area·(c? between mottled gley soils and offpeak 
ta/Cu values. 'l'his correlation is not apparent in the coincident 
part of area (b), in which a lareer grid was used. At Brodiesord 
thereis or.J.y a weak correlation between soil type and geochemistr~. 

4. In most areas float ?~d/or bedrock type ap~ears to be the factor 
chiefly influencinr, g~ochaoical values, with anomalies tendine to 
follow the strike. The co:-relation between ~oil tyJ)e and geochemistry 
seems to be indirect i.e. 

a) bedrock controls nlo1)e intensi:by and float type 
b) slope intensity controls soil type 
c) !loat type controls soil zeochemistry 

therefore d) the aprarent correlation between soil type and geocheo 
found in so;ne fire a~ (e. g. Bro\-m liill) • 



5. Another possible e>..-plnnation for the rather weak correlRtion between 
soil type and geochemistry is sueeested by the Auc~incrieve data 
(see 3 above). It is 11ossiblo tr.at the generalisations which have to 
be made in preparing intelligible soil an4 soil geochemical 1r.aps 
may ohsc1=1re important relationsM.ps. Vther ways of evaluating this 
kind of data are therefore required. 

6. Niner~lization. One of the outstanding features of .this st~dy is 
the r.iuch closer correl;;,tion oet\-:ee.n- f~oat and soil coochcm. than 
between soi~·type and soil geochem. ~his sugeests th~t most of 
the bane metal ~eocherr.ical unomalies are·due to silicate-bound 
J'lletal ( especially where the anomalies occur.in poorly drained 
soils) 

A4,.though finely divided ultrabasic material r.1ay be responsible 
for some of the eu1om,tlies not associated with ultrabasic float, some 
of these could possib~y be due to oxidising sulphides. 

Parts of Brodiesord .and J:srown j!ill areas where this situation 
occurs are: 

Brodiesord: I21-H22; F,G~H 18; N,O 14 
Brown Hill: G4-I4 

Tr.~ .other· pustundinz feature is the close correle.tion betweel' 
soil type·. and ge~chemistry at Auchincrieve (c), which is the best 
mineralized area of ::h~ · four investigated. This supr,orts tne ider:1 
put fo:-warcl ::_:-!"eviou.sly · that sul11hi~c-derived basemetal~ are apparently 
e~tre~ely r.ob-l.le i:1 poorly drained· snils. Since this _explan~tion · 
may account fo:- the distinct 'trough' in the Ni and Cu values at 
Auchincrieve (c) it could also ex~lain the absence of any pronounced 
anomaly .a.osociated with bedrock sul-:,hides at lt.uirtack (Arthra_th). 

7.-~his study secr.:s to confirm the importance·ot ta.king soil types into 
·consideration when looking for sulphide mineralization. 

Furthe:- work. 

Laboratory studies including: 

and a1so 

i) Comparison of A and B horizon data 

ii) Improvement of precision and lowering of the 
detection limit of the hydrous-oxi1e coating 
l)rocedure. 

iii) devclo:;inc ii sir::.ple mu:;_tiwu-:i.ate <h,te:1. hl-'lnclling 
cor.iputer technique to improve and si:::plify 
dRta assessment. 

--:,rm 
Pr.me 

____ ;,..,,,. :..-7.l. 
1 Soili rczc~:tl'Cf• r,1:0j,}C-t:····,·jj!2··t,.:c~;ic~:~ ,)i' ~>ttlr~l'lidn \,J(!nt!'t:•1"in.,_ 1)1~ociucts· 

in so::i.lv over ultrab1,:d.c rnckf;' (~i.'~u;lugion 2. i (S<:>pt~ '70) 
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Summary. 

A computer programme has been written to obtain a more 
~etailed assessment of the geochemi.data obtained from the project. 
The progra.~m~·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 D 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, 
but there is no great consistentcy in the metal values when similar 
soil type~ from different areas are compared. It ~s 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 ( B~lhelvie, 
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 dea4 as mutton. 



Soil research project. 

~eport on: 1. A comnuter gPochemical datb. assessment :eror,r;1mme 
2. Computer comp3rison of A vs. B horizon s~m_pling 
2• Computer assessment of B hor:i.zon 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 data~assessment programme 

i'he following data.is input: 

a) A coded description of each soil. profile• 
b) Dominant float type at each sample point 
c) Number (out of 20) of basic and ultrabasic float block$ 

at each sample point 
d) Metal values 
e) Sample lab. numbers. 

The programme carries out three operations: 

a) Identifies the soil profiles, finds the mea...~ and 
standard deviations to~ 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 gre~ter 
than the mean, together ~ith soil type and relevant 
metal values. 

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

c) ~epeats t~e process, groupi~g the samples according to 
the numbers of basic or ultrabasic float blocks at each 
site.-

The theoretical advantage or this procedure lies in its assessment 
of the significance of the metal valueo at each sample point relative to 
similar points ( i.e. metal values of a Brown Earth sample are compared with 
th6 metal values of all other Brwon ~arths in a sample area; and of a sample 
with dominant u-basic float with all other samples with dominant u-basic 
float etc.). The computer handles the data fc1· 500 s;.mples in about 10 sees, 
at a cost of about £20. It would take about 20 working days to do this manu~ily, 
given persistent oanity, at a cost of c. £120. · 

During the 1970 :field cession, A and B horizon namples were collected 
from about 900 sites at Auchincricve (130), Brown Hill{300) and Brodiesord (500). 
The -80 fractions were digested iu 50:50 HN0

3 
and analyr:,cd in the usual way. 

The analytical results were then nssoss~d uo1ng the programme outlined ~bovc. 

-------------~ --- ----------------



2. 

Comments on the results {i"ab. 1) are: 

a) For both soil- and float-type correlations, the absolute 
metal values of A horizons are 25-50% ~ than B horizons; 
the range or metal values in the A horizon is also 25-5C1P 
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. 

o~)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. lnformation from Brown Hill is included as an example 
(Tab. 2). A horizons are unreliable - this is also brought 
out by the 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 ?Oppm Cu. According to the 
B horizon/float correlation, the picrite contains most Ni and 
least Cut which is fine; but according to the A horizon/float 
c~~relation, the picrite contains most Ni~ Cu. ~his is • 
misleading - the Cu is coming not from the piorite but via 
seepage and/or downslope movement of float from the topographicalj 
higher basic rocks. 

e) A horizons ther~fore may seriously interfero with the geochem. 
1n ··erpretc..tio11. 

3. Computer 8.f!sessment of B horizon geochemistry. 

B horizon results from Arthratht Auchincrieve, Bolhelvie, 
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 ~ineralization using &his kind of assessment. 

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

1. liieh Ni and Cu values (especially when combined with (2} 
•below) associated with a particular float tn,e 

2. lii:Cu t"atios less than 1.5 in a particular tloat type 

3. Sites which are anomalouo (i.e. with metal values highor tha 
tho m~an + 1 S.D.)for at least throe of the following: 
Ni in soils; Cu in soils; Ni in flo~t; Cu in float; and where 
tho float ano:,1alies are not just due to l.:u-gc numbers of 
float blocks of a p:1rticulnr rocl~ type. Sites in this 
category are referred to below a& 'oigPificant' sites. 

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



A. Arthrath. 

The float data suggests.that the norites are a possible terget (Tab.)). 
'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. . 

1Signi:Ji?ant' anomalies form a 4-site cluster on lines Sand T~ with 
a trail of'non-signifioant' anomalous sites heading off in the Muirtack direc~ion, 
suggesting fairly extensive mineralization. Thli.s .• cltister 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.:,). 

On the small grid (Fig ~c) there is only a line of 3 'significant' 
points, ~ith 4 additional isolated occurrences, and on the large grids (Fig.4a,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 desie;ned 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 or metal. If~ of the sites associated with a particular soil or 
float type areunusally .mineralized ( as iri this case), few of them will appear 
to be anomalous .. · But where this situation oc·curs, there should be inrtications 
of :the potential or an area from the metal/float correlatio:r.. This is so with 
the graphitic gabbros at Auchincrieve (Tab. J·). · 

The 'significant' ·site I 11, which i;; assoc:-:inted with an occurrencP. 
9t mineralized float, strengthens the possibility of ~~teresting mineralization 
on the eastern margin of the ground held by EVL and in the adjacent alien 
t.erri tory. 

c. Belhelvie. 

Tab. J..shows that.there is no obvious target rock type at Belhelvie. 

There are two large 'significant' clusters,on lines G-J (7 sites) 
and p .. g (9 samples), vith scattered smaller clusters and indiv1dual sites 
elsewhere (Fig. 5). Most of these clusters are associated with Brown Earths 

_and dom:i.nnnt dunite float, which casts doubt on their significance from a 
mineralization point of view. 

Most or 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 outcrops, and where the two large 's:i.entf:5.cnnt' clusters occ:ur. 
The float over these two clusters consists almost entirely of dunite, but 
elsewhere, due to c~lacial mixing, the float may still be dominated by dunito 
although in very omall quantities ( as little as 25% of the count). 

The consoctuence of this is a low threshold for the· metal/dominant dunito 
col"rc1,,.t1on; t:hc hir,h,"st vnlue::; whj_ch occur whE:tre there iu most dunito float, 
1'1,;COl·,i HI:; ,,1i(.>i1i ?.c,,u, :).ii the c.lU,;t'.ot3iiil.:llt. 



4. 

ln -~ similar way, the very much higher values in Brown Eartha 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 tq mineralization, but 
they can also be explained by local variations in the degree of serpentinisation. 

The conclusions ~bout Belhelvie therefore seem to be: 

D. Brodiesord. 

i) that there is no evidence from this asseosment to sug~est 
ihe occurrence of an~ significant mineralization 

ii) that ultrabasic areas with variable glacial deposition 
pose special interpretative problems - 'significant• 
anomalies may not necessarily be due to mineralization, 

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

::-~o., ·• :. 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). Qomparison of Fig. 6 in 
this report with Fig. 7 in the previous one {Results of fieldwork in the Huntly 
area) shows that only part of the areas .wi.th dominant ga~'bro,float is picked 
out by this ·asocsament, suggesting that the gabb·~os are locally mineralized. 
Almost all the 'significant' sites remain anomalous when tne number~ or uasic 
or ultrabaaic rocks .at each point·are taken into ~coount. 

There is therefore a good chance.that they are associated with 
sulphide mineralization. 

---------·--

E. Brown. Hi:11. 

. No rock type looks particularly interesting, although some have close 
Ni:Cu ~atios and/or relatively high Cu values {hornfels schist, ·gabbro, bl~ck 
schist,-•serpontinised basics - Tab. 3). 

There are no 'significant' clusters at Brown Hill, just a few scattered 
individual si.tes, suc~eotinz that the area has not much mineralization potential. 

In the southern half of the area, anomalous sites contain abnormal 
amounts of NJ. only and almost certainly reflect serpentinisation rather than 
minerali?.otion. (.fig. 7). 

In. the northern half of the area, sites are anomalous almost exclus:i.vely 
for Cu only. Althour;h the chances a.re that such sites merely represent mj_nor 
·amountn or chalcopyrite in tho country rocks, it is just possible th.•,t some of' the 

Cu mobiliocd during the extreme nerpentinisation of the ultrabo.sics has come to 
r~st here aa sulphide. 'l'he line of Cu-anomalous sites extencline from E.5-J6, mainly 
·rtseoci.nt.,.:d w:ith blrick ncQfot flo3.t, r.tiGht be worth further eva.luation with this 
J>(,~-;t,l\,D .. t L,y :i.u lil~.l~;.i. 



Conclusions and recommendations. 

1. Assess~ent or individual metal vaues relative to soil nnd float variations 
looks a very promising alternative to contouring as a means of geochemical 

-interpretation. 

2. Cl~sters 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 

____ __,b=asic and ultrabasic float can be d~sc_ounted_! __ _ 

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

Large•significant' clusters and scattered 'significant' points are 
present at Belhelvie, but these are associated with an unfavourable 

·rock type (dunite) and are at least 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. 

4. !I.'he assessment may also pick out possibly mineralized rock types, as 
at Arthrath and Aucbincrieve. 

5. Metal values in both A and B horizon samples vary with soil type, although 
there is no consistent relationship either between the A and B horizon 
values themselves, or between the different soil types. It seems particular!: 
important t<' ensure that only B horizon samples are collected. 

6. B ho1•izon vnluea correlate consistently wi~h domi:,&"lt float typo, but 
A horizon/float correlations are liable to be misleading. 

Further work. 

•Coating' studies of the soils from Auchincriove -u>d ]),~nbennan 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' 
results for Auchincrieve clearly establish - for this area, at least - that 
the 'coating' approach d~fferentiates well between metals originating from 
sulphide vs. silicate sources. 

Pcnc 
RHH 

17.6.71. 



~11di_2S_ - .~ollection of soil _profile data in the field 

'extract from Riofinex report dated 17.2.71). 

4. Recognition of the soil tue~ 

Given that soil type information may be useful in exploration, how 
to tit its collection into exploration-programmes muEtbe considered. 

It is argued that considerable training and a fair amount ot experience 
is neede_d for even a geologist to be able to identify different kinds of' 
soils with confidence. It is probably quite unre~listic to expect that 
a labourer could be trained to do this reliably. ~eliable and consistent 
soil identification is essential. 

One way of sidestepping 1h.is difficulty is based on the fact 
that each soil type diagnosis is based on a small number ( about 10) of 
simple obsorvations •. Whereas deciding if a soil is or is not a brown earth 
mRY at times be difficult, the attributes of brown earthiness can be 
evaluated ~y noting the answers to simple questiona like -

Is a horizon detectable between A and C horizons? 
If so, how much grey is there in this aorizon? 
Is the A horizon highly organic? 
etc. 

Using a procedure of this kind can make soil identification 
a) simple b) reliable c) minimally subjective. In fact, identification 
ot·the soil types in the field is not required. All that is necessary 
is for the field start to record the answerd to the questions on computer 
coding for1r.s, which can then be carded and processed along with the 
analytical results. The soil~ at each sample point can be identified by 
computer, ~hich can also work out the threshold values for each soil type. . . 

A suitable· questionnaire and soil data recording sheet is show on 
thc·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. ~ampL1n5 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 ii..~reasing the reliability of sampling, sampll:.e density 
could be reducea 

ii) to cri:rry out posthole aut;cr aamplint; /data recordint; only 
at i11tervals along the lines, infilling with screw auger 
samples without data recording • 

. .. 
It is suggested th.a.t the second procedure should be used for the time 

bcin{;', nlt.-..--nn.tin~ c;crow and postholo auger sampling on a 1000x200ft. spacin~. 
Modifications.can be mado to this procedure later if necessary. 
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l?r.v:lr:t>d ec:ile ttuostionr.:\iro • ............ -------------
i.>creir.,,nt flo•1t typo. Numbar trom 1 tor ~-'ich nren. Do not uoe continuous 
nuatorin;~ !er c.u.l the rock types in e•&• tt. Wal.Ge procpocts. 

la & .distinct t.orizon prcsont beneath the .organic horizon(s)?(i.e. th~bbcrc 
is n soil layer bot'.>:c~n tho orBnnic l~or'-n) nnd the ;;:i.ror,t ::atcricl.) • 
It pt"&i ti ve or \tncort.:dn ( groy l.)Jor: c,,uld be G horizon .2t PX) put. 1 
in c,,l, A?; othoruiao o. 
An:] \}OlltRHinnl;ion f;&JF.i)OCtcd? 
r! trom ~l~ v~rking~ ~tt 1 . 
It from nr.r~oulturnl, £0::.·e11t17 etc.opornticmn put 2 
lt nl')ne a111:1pe,1tnd p".lt 0 

, 
) in col. A8. 
) 

A9 \Ja.t. pout ,; .. .mplc.d~ If 1)0r..itivo i;ut 1 i1. col •• ".9; otl1cr\ .. i60 o. 
A10 In f;h~ site on the flo,')d_p1:i,.n of n lilrse 9unu~l:,) river? 

It ""'Gitivn ~itt 1 in col. ,\101 (')therwise o. . . . 

B12 How rr.ttch of. the r.orizan below th.o ortnnic boriznn(s) is oranr.e• or 
Y4tllowish-bro"L,:n1 

if' more than 75~ put 1) 
'l.5-.%% put 2) 
50-25~ put; J ) 

if' l<:DS th.'.:ul 2!;;)o pat l1 ) 

I~ h7 is O, B12 is O. 

C14 l$ tho or,,;•,nie rt'lttcr content or tne or5tlnic horizon(a) :i.ore th:lll 50;;1 
(if more th'ln o,1e nr-g,:nic ho~ ~on is prosent both tm.tR& cont~:;.n ITl='l·e 
thnn 5<1,.; <i.M. tor E\ por.itivo c.r.sw<-'r). It posi.ti\~ put 1 in col.014; 

otherwiso o. 
015 Is tile total thick11e::m or :the orc;-mic horizon(o} noro tlnn 6 inn? 

Ii po3.itive put 1 in col. C'l,5; ~th~l'\.i~c o. 
C16 Is m1 iron or r.u,111.m :'<ill I>rcr-cnt b!?low :t ::miI:l:, r;rr-:, ho:-:i ~c-,ti•? 

(such fl pa."l r.1u3t bet :;,ro3ont i·::-r1~d1.,ltc-l;! bel'l~ cl i.;..-oy l:ori~on for 
a positivo r1J:s~er) If no~itivo put 1 in col. C16; Athac~~t=vo r,ut o. 

D18 lt the ,d.t1> io on a al.ope 9 whnt :ts ti>e dowslopo ilr~ction? 

D19 

It N J)ll~ 1 It 1:z uut ?. ) 
It E ~ut 3 I! Sn out 4) 
I:r s pµut;5; It 3~ put 6) in col. D18 
l! 'II put ? It 1-;11 put 8 ) 
l! site is levol put O ) 

Do~.J £.L.1.~~ tl,o to:> 2ft o! t,1a profilo cor.Diot of ur. 1.ntir.,t.u 
mixture or C")rr,~nie nnd inorc;:-mir. :nt.i.'!.t~-'", tti t.h r:o eir.tir~c: c~;.u:r 
,.,.,. , .............. ( ...... 11 .. 1,.-d,..~ of e'·------l .. t ... -b-""'•"") n .. ,. -.,ttl• 1 <·:,:; t.r. -.:: ' .,,,...,..,~~•;,_. •••••"'- .,-,, .. , ..,-.,, - ~ • w,•~ S •' -

o:r!;~,:1:ic P~ t.1,;.-r? Jt !J'.!>::dt.iY.:) 1iu.t 1 i:-.1 col D18; uti::n•.,li:~• c. 

•dinco\\nt \lhl\r<t poo1J1blo colours duo to rock f"ra:r,:,.::lt.1 o ... 1•:11·tJy 
!') m)t rc-01· ... " 



G 

Introduction 
....... p 1 ..... 

30 .flor•.t G'.'.:.!!\'?les wore supplied by Dr. P. Cazalet for identii'ic.~ation 
a.n<l b!.'ioi' ~fr~•.,.r.210,:_.;-ical clc.::c:l:'iption. The 30 o~-~?letl had b-s~!l divided . into 

. two groups. ~1a .first group (A) £rom the Arth..."'"t'-tth area consists of norites 
"',.,,1 "'01:16 rn~•r•"'t',-,ho-,r-.r! ... ,n~¼. t'-o -~ l">f"'C'l'ld ~0~·1.... ('r:.' -r"""'... t~, ... -i:,ell• "'lV'.; A .,. ....... . 

... • t::.> ,. - ·-- ,~ ••• •, • •~,;.~•.•- ..... ~'" .r.,., \.,.i. .. -...•, .l..:. .;,.., .... .,I~,.. f7s..t. .,. -;,.,.J .,.J l •-- .. ~ "·•- ~ •~ .&..U 1':~-.;,.•-~ 

cor.ziots o:f t::.-cc.tolitea, modified no~it.ea o.nd i:etamorpho~cd rocks. 

This in .£ino to D1ed.i.i~ra g.rained a11d contains the ,tollo~'illg minerals in 
va.i:·y1n.g lli--01mr~ior.;.a tllZX':JtJ:iout -: 

plagioclC::.se, quru:-t:?;, biotH;e, L;.1.--een s:pim::1, nericite, 
olinozo.i~i-tt:1, o::,:.~,q,t:n~, ?oo:r:d.icrite, ?alkali .felop=.r, and 
?gernct. 

The ar.mnr:ibln.goa n:re r.tbrl.lar to opocir.1en.cs- previot!r:.J.y e~r.:.ed of en,bbro 
norito 1~coifi,;i!. 'by rart.ially oolt&d at::!cll comtxy :rvck :e11oliths •. Al 
contsimJ. r.w.ny of tbcoe XEmolH;ha. 

This .is n. cl.~nsico.l t:peoir"..ien of po-rphr,robln:Jtio l"..nd.:1.l'll.Si te a:nd 
cordleri to v1 th winor bioti te, plt'i,3ioolaee, q_i1.c-'lrlz end/or felspa.r ruid 
or1t1.<1uao. I·~ ~.s c. the,:u-1"':lly 1~ta.morpho3od peli t3 (hornbler-d.e or py-ro,~~a 
horo.fels taoiea.) 

Thin CO'h!1ir:.tn of o~m!•fie g.tT..incsd. plagiool~,rze, brorudtc, aUc.."ite ~c•. 
opaqtios with varfo,ble e.lterz.tion 0£ plagioolase to sericite, and ma.fics 
to chl.orite El,n.i '?"lirlonii.~en. 

!l.'hio co.n:..-:fa·c3 o~ ~~z:uc.omorphz or rounded g:in1et cz~,r.st:?.la • now 
co·~.:?C9oJ. of VQ:::r i' i::e l :::;.C"c;;t;a te:J or chlori to, qt~~z, 01x•.r.._'.l~s, :!!nor 
bio·t.H:t:1, ~.n:l ~:1~.J~ovito. Othior nL'l'ler.;:1.la uhich },,ave re..~':l...i.n1Jd more strJ.illo, 
a.re musoovi t~ 1;l1ich f 01::;:.w pm:-allel r:.ggrcgates ttflo~1i1lgn :cound the g--u2.T.o-t, 
qu..q.rtz, ohlorit~. ,,;··d O11,,~rr1100. 

It is :;-. r.::r.;"ioMlly mctamorpho3ed peli te of :tomer hieh,er green 
(1(~~1.i:!lt t~~~d.c ,:1J.i :::11 !.!·'/·:~ r.:1t)':£c~:·•~i rot~c•rr.n.tlo mo~~1..~o:.j_)!l.i!!m. 



'l'his !a coi!:!)osed prodomin:mtly- ot a g:rt>.nula.r aggrt'gn.ta ot tha above 
minoralo. Occ~.nionally th9 co!."dierlte is slieh.tly po::z.r:'hr,voblastio. It is 
a Si02. rich, X20 Door p~lite in tha homblonde or fyr~xene ho1'1'lfels ~nd~ 
ot thermal Eetmorphism. 

'l'his is a typical granite, with coarse grained qv.art~, ~Jkali felspsr, 
pla.gioolasa, some m.;r:t'fllekite, bic,tite and Dn\Scovite. 

A7 - R.;it>ridi~_}.no~t;hooit!, 

This comists or· cltwtera of plagiocle.se and clu..e·i;era of ·cordiorlte. 
with qU:?.rtz, epinel, o.l.kali telapa.r, biotite end opaqt1.e.::. Some clust1~rs 
J;troba.bly roprosent alnoat completely mol·ted. e.nd incorporated xenoliths. 

This is .. compor.,od ot coarse grained originru. plagiools.se and o.rtho
pyroxcne ui th bioti tat hornblende m1d opaque::4. All mafic::1 show more than 
one eta~ of ?,ltc:rt::tio:i. e.g. pyroxone - hvrnblonde - ohlorite. The 
Placioolasa shows loGa alteration to sericite •. Some epidote is present. 

The o.l·~ora.tion could be ea.used.by ,reo.thering• or byd:rothemal ao .. .;ivit~ 
and/or medium greenschist grade or the:mal.. motamor.£)hiru?t. 

!2 - JJ:i,1;>,ridised. :Bnaio R,~g}S, 

~G original plt:t;.':riool.nsce and orthopyroxeno have been resorped and 
la.tor m.1.ner ..... .!.::: h..;,,,yo :omed, inoludine bioti t~ md hornblende. This eoitld 
be a m.ild hybridis~d rook.or else a norite disturbed dv.rir.g crystallic~tion. 

AlO - H-r1n:•id.ined. Xcnoli thio Rich Dt:'.;sio R-,cir. 
ILi 

!t'his specimen contains ga.i"tlet Y!uch encloces large grains or opa.quGs, 
biotite, e.nd qUa.J:h, all in a cordierite-allmli :tels~r metrix, togethi.'.:r 
vi t.h c,.z-e::ec;a. tea ot pln.gioclD.ue, bioti te and ti~o~ spi~91. !:i so::1a :par-to of 
the apcc,in011 ver:, 6.onse s~rioito agt;reg3.tea a:ro pseud.onorphing :::i.ome DW1a1.'-cl. 
and thi> r.atrix here io biotita, opa::iuea, plagloolase aud spin~l. 

The va1:ia.bj,lity of this opacim'ln can be 07.I>la.inod by the rreseno~ or 
partially i:elted xenoliths with ga.r.not, as outl:l.ned b7 Gribble (1966). 'I'his 
is tho £i~3t tir;is thnt gai.1net hss been oboerved in r,_-.,y speci.t:en. 0£ hyb:r.ldJ.cerl 
rock submitted £rom .Aberdeenshi:rs. 

All - JTo~l t~. 
~hiu ill u ty:.l)ico.l co~e ·e~nod norito tr.lth v~ry little cl:texation. 



This ia composed of serioit~ e.ag.rega.tes, biotite, muocov!to, op:iquca, 
hornbler.de, epidote ta:1d E";JidaJ.U.'iite. ~e sericito &ppee..rs to psoudomor_ph 
cordieritc. 

!L'he sr,ecimgn is most probr-i.bly a anda.lusi ta---oordiarl to be~.rins 
thermally :cet~orphosed p'llite (hornblen4e or pyroxene hornfels bl'l.'ade) uhioll 
has sutierad cubeoqu.ent alteration. 

»1 - TrcctoH. te -~- ,.. --· 
Thia is coarae grained, pla.zioclase rich, and consists of ~ially 

altered xou.."lded olivine within the plagioolase ground mass. 

»2 - ~~cotoli tc .. "'. . -··-
~s is coa.rsa gmined typical troctoli te cont:.d.mng ~ore olivine n.nd 

being more al tared thml :Bl. · 

This is a rounded olivine oum--.il.ato ·witll intel!Stitial altered pyro2.ene 
e.na minor ~lazioelc.r;;a, all mnarals ha:ving' been· A.l tered. 

134 - A.1ter~d Troctolit9 ·~ -- .,,,_,,_ .... 
The olivine hs.s altered to ssrpentinita and opt?.q1' .. '9e. Froni t'he 

interstitial m.i.nc:mls thore has been m1ch £orm.'3.tic11 of pale r::r.pb.ibolo, 
cli::i~zoiaite, chlorite nnd the occa.sional 2.ielio hornble??.de. COLll)ared to D5t 
and. oimilruz i:,11eej.mens, it could well chow a aimil~~ history, ! • o. late 
magt.19,tic. disturbance or late magma.tic bydrotha:cr.al n.ctivity; meat probably 
the forrr.ei:. 

;B5 - A11n2:1ltboli ticed !fori t~ Ch.bb!S, 

This is ·ooeyosed ot large plagiocla.se laths with ~gates 0£ ft-t.irly 
. f!.'"10 g::a.i.ncd orthopyro~cna and clino!)yro:cena, a..~ibola and m-.2aoovite. 
· ~e::ce has been extensive aubseq1.umt repla.oc!llla.""lt c,£ th-4 pyroxcn,3 b:, a:::-J:1lrlbole, 
Ho~aibl:, ~3, a la:to ma~t.Lo atsga. Plagio.llase cho.11 dv.fo:c:la.tion. This ,io 
fiimiJ.ar to several. of the follo~-:hig e;eeoimans, .!?.!ld · ~ t:1zrx'.;icn,ad ~~bovo, tho~ · 
are inte:r.'}:-reted t\8 hAVing baon aubjeotod to late w.a.s,:t-:i.tia di~t~banoo, 
poosibly cc.:_-,ll~ted by the in:3crpo:r:.=.i.tion of· co,mt!.>y r-Jok. Late Il'.a.grc,..,tio 
~·drotlla::::;:J.1 activity- is not consid&r..3d as likely. 

Thi~ is i'clrly s.S.mila.r to the le.at specimen, but thera a.:i.--o a'3..'1Y r.ore 
t'.'!:.d lra.r,:-'.:',~ c;r,.itis of boiil olitwpyrox(;:n~ t=ii1d orthc:9yrcxe110. ..~ii'.t'.£;:u'.:JcL::, h.~.:? 
r~p].,;;.c~o. uotn. i'aiz:ly exten::-.ivdly. Oovex-al chlo.rit~ a5,S".c~c,.1.:~G~ B..ro )?..:::::::::;1t. 



~nc~o io not: vo:.T r.~ch plaGiooluae end qw-.xtz occurs in am:ul grains. 
Co~oiorito io cuopcotod but not con£imed. 

P1 - .A1~ci't:rd. Ausitic ~!?"';i~,!. 

'11h10 sho,ro the BD.tlla cba:r:;.._cteristics t~ :B5 but all tlina-rals be:ve 
sufforeei e=ctor..sive n.ltE:r.1tion in.)l'.Ld.ing plogioclase. rn thi::J there a-ra eJ.oo 
some rcm.ct.1.on :ciu b~tween pla2,l~vl=.ea an:l pyrozetu, ~ o:,_posad to 

· amphibole :des z.roun<l. the pyroxene termed by- deposi·tion all.d/or ra~orption. 
0,p~iuea 3~~ prcgent but ~crJ cltorad. 

D8 - J.nnh'fbo1 ::.tined A11cd.tio lforita 
..... 9 f I 4 ■ ........ • ► ..,... 

!I'his is very Bmilo.x- to :SS, with not quite so ur110h pyroxene in :ea. 

This is f'eirly similar to 135 end ne bl:.t there io leas clinopr-oxG:i~ and 
there are ocoasior.a.l p~oudomo-ri;ba 0£ resorbed olivina. There e.:t-e aloo 
extensiYe :3action rms as in l37 (?!J;'!m-9i"..itio i11 par·i;)., 

plO - Avni~io 11'orite 

This is mtcb r.o:?:e like nor.r,..3.l. nori te vi th cnly V~Z!'Y smll a:•iphibole 
rims around or-',hopyrox:me a1 thou..~ these ehov 1rymeki tic texture 
occasional.17. .A !e".I emphibole nc:.'.r!'~eates of n5 type oocu:r. 

P,11 - ?~c.M.~.t."'aa Xenoliths in Cont~;l'1innt!,<\_:t~!) .. ou.s Rock, 

~ m.'l.in e.ssa~blaees are prese!l.t. T'll& first co?l!:!ists 0£ ~~iccl~c~, 
opaques, clitopyroxcn~ and orthopJrroxene, w!th Diner hoi"l'lblen1e ~n1 bio~itc. 
9lle second cormista ot b.lotite, cliAozoisite• musoovite ar..d quartz ud :::.:io'\13 
aohistor,o te:z:tt1.re. 

It is t&ntativoly identii'ied as a schist xenolith in conto.ai.ro.ted 
igneous rook. 

!_12 - -~~,)°!tic Ro:;:~ 

-...... !rhis is siml~ in ty:pe to :B5. In l312 there ms bllicn aorei de•rclopr.10~1t 
0£ serlci·te nltor.l.tion p~odu~ts. 

'rhio cotrtniruJ t.he e.bo,·a yr.,ir~~lo, to,th3r ,r.tt'h. vcey c~os.tri..o'Tlnl 
gru:.na·:;. t.l~~li tcl~:p:.~.r l!lld elbi~~ &=~• It is a ret;ic:cl.ly mt~"'lO!.'!=!iO!:Cd 

p~li t~ i:1 -t~:9 Pl:..= ... 1d:!.us-~:\\"f'..it,~l.tta f=.ci3s" 



!fuia is again similar in t-ne t() l35 and 3312, eto. 

1315 - JTo,.:i ta ----.....,;-
This ia a. typical .Arthrc:l.th typa nori te with. cos.rso g:!::?..inod 

.. orthopyroxene, pla.gioclase, occasional olivine, ver,- little al.tcra.tion, 
ve-r-J little ho~nbleude. ttnd vor:, £e\f oz,aquen. 

There a.re two distinct e .. asemb1%-es in tbin, po:1sibl.y one h~.s be,~n 
inj~cted into the other, but both are extremely complex. There is· much 
clinozois.i te, ?dioside, hornblende .. &nd i"ine g.rtl.i1~f.:cl S{;(?;t'C:~sttf.;.G o:f:' 
unidenti£iedn~tnerals. 

This ia a, typical nori te. .There has beon oeoosion.-,,l f 0J:1t.a:tion of 
e,mphibole or 135 typ3. 

This is oiml.o.r in type to l35, eto, 
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1 = Cu in soil ) )( means anomalous at Mean+1 S.D. lev~l ) 'Signif~cant' points and clusters are 
2 = ?;i in soil ) ) ringed. Significance not chee;ked 
3 =:! Cu in float ) 0 11 " 

., 
Mean+2 S.D. II ) against nur.ibers of float blocks. 

4 = r:i in flcnt ) ') 
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1. 

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 assessed 

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 

coueentrate 

72 flotation tests were conducted to determine the 

reason for the copper and nickel flotation into 

the graphite pre-float obtained from CGF ores 

and hence obtain a copper-nickel free graphite 

concentrate. The tcstwork was conducted on 

CGF2 and CGF5. Tests were conducted on:-

i. frothers, to try to minimise frother collecting 

power. 

ii. slime dispersants, to avoid smearing of 

graphite or sulphides. 

iii. washing, to remove any possible oil contan1ination 

iv. decontamination of equipment by reagents, prior to 

flotation. 

v. size of grind 

Vi. flotation time 

vii. copper depressants . 

viii. cleaner flotation 

i,x; 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 reduce 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 

between graphite and the metals to reduce copper and nickel 

losses to the graphite concentrate. 

1.1.2 

1.1.3 

1.1.4 

Graphite depression in copper-nickel flotation 

19 flotation tests were conducted on CGFl 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 Aero depressant 

633 was the best graphite depressant tested. 

lCI reagent's DS 4990 and 0S4991 may be as 

effective as Aero 633, but the others were not as 

good. None of the reagents was totally satisfactory. 

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 alternati.ve carboxy

methylcellulose. lt appeared that Cellophas may be rp.ore 

. effective than tylose and have a lower process cost per 

ton ore. 

Sulphide Collector 

Sodium mercaptobenzthiazole was tested on RTZ 2. 2 as 

an alternative to potassium amyl xanthate and found to 

have a poasJble application. 



1,2 

1,3 

2. 

2.1 

Gravity Separation 

1.2.1 

1.2.2 

Shaking Table 

Tests were conducted 011 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. 

Heavv liquid tests 

Heavy liquid tests were conducted on RTZ 1. 2 and 

CGFS at each of 4 different grinds. The ground 

material was deslimed and separations made at sg. 

3. 3 and 3. 8 at Warren Spring Laboratories. The 
' tests were not a_Itogether 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 magnetit. 

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 results of microscopic examination suggested 

that improved bencficiation could be achieved on RTZ 1. 3, RTZ 

2.2, CGF2, and CGFS, by finer grainding. This was proved to 

some extent in practice. 



2.2 

2.3 

3. 

3.1 

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 there

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. 

Elcctronprohe micro-analysis of head materJal 

The head samples were examined by electron probe. The results 

indicated that the cobalt content of the pentlandite was variable 

and the nickel content of the pyrrhotite was very variable. 

ANALYSES 

Iron 

Iron analyses were conducted on the products of a test on CGF5, 

by the standard HN0
3

/HC10 4/HCl digestive and also by HF digestion, 

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

techniques. 

3. 2 Sulphur 

Sulphur analyses were conducted on the products of tests on CGF3 

and CGF-5 by a gravimetric technique. MetallurgJcal balances were good 

and flotation recoveries high, 

3. 3 Molybdenum 

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

on CGF 1 and showed very low molybdenum contents, < 0. 01 % MO, 



3.4 

3.5 

3.6 

Precious Metals 

The test products from several tests on RTZ 2.1 and CGPS 

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: -

(i) the gold content was negligible. 

(ii) the silver, platinum and palladium were recovered 

in the flotation concentrates. 

(Ui) the silver recovery to the coppcr•nlckel concentrate 

was high, 

Complete analyses 

Samples of flotation concentrates from RTZ 1. 2 and CGFS 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 n~ 

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; I. 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 analytical and sampling techniques at 

Chessington. 



liVL SOJLS RESEARCH PROJECT 

SUMMARY OF RESULTS 

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

The purpose of the project was to investigate ways of improving geoche• 
mical inlcrprclaliou in glacialcu areas undcl'lain by basic and ultrabasic 
rocks, the problem being that Ni and Cu in boU1 silicate and sulphide 
forms might give similar geochemical rcspom;es. 

Selection of a1·eas 

Initial work in the winter of 1969/70 was mainly on the East side areas, 
Belhelvic and Arthrath. These areas were chosen to compare the effects 
of good and bad exposure respectively. In the case of Arthrath, althou~ 
exposure is ponr, 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 fieldwork season was concentrated on the West Side, 
where the Brown Hill, Brodiesord and Dunbennan areas were investigated, 
and further work carried out at Auchencrieve. 

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

Field methods 

The procedure used in the field was similar for all areas. 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 Belhclvic 
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. 
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The float patterns demonstrated that a considei-able proportion of the 
western dunitc ridge was covered by drift derived mainly from country 
rocks, ::u:id strongly suggested that dominant ice movement was from 
the- west. 

At Artht·ath the Ni anomalies were in poorly drained soils downslopc of 
an E-W seepage line. The anomalies were associated with norite float, 
but elsewhere in the area noritc 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 exposure 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 orientation of the float types sugges• 
ted ice movement, if any, from the north. 

The main conclusions were that soil and float studies provided u~eful 
inform::ition in interpreting geochemical data: I-Iowe,·~r, the fact Lhal 
expression of the Arthrath mineralization appeared to depend mainly 
on ground waters coming to surface suggested some possibility of 
mineralisation in similar tooo!!raohic settings elsewhere escaping geo
chemical detefttion. 

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

Channel s~mples. were collected down soil profiles representing the major 
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 particle 

- size, h<;!avy 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 mjneral 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 ptoportion, if any, 
of the metals 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, retention 
of base metals by clay minerals could be an 'important factor. 
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RccommcmlaUons made for further lnboraroty studies \i11cludcd additional 
investigations of heavy mineral base metal contents, and development of 
methods to study base metal contents of iron oxide coatings of mineral 
grains. Consideratlon of the practical difficulties involved in routine 
use of heavy mineral geochemistry, following discussions with Chessington 
laborcl tory 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. 13 horizon sampling. 

The third phase of the 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. 
Oxide coatings were removed from mineral grains by sodium dithionite, 
a reagent known to reduce and dissolve iron oxides wit~u,t attacking 
silicates. For practical reasons fine sand material (-1m +270 mesh) had 

I 

to be used, and metal•J present in the oxide coatings estimated by difference 
rather than directly. 

A first step was an empirical correlation between metals in oxide coatings 
and avaHtlbl~ information on mineralisation. This• showed encouraging 
.results 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 indjcatJons that metal values in coatings 
were lower in poorly drained than in well drained soils. 

(h) the coating results were unreliable below l00ppm 
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 a long 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 explaJned by presence 
of clays. Eleven of these samples correlated with abnormal sulphide contents 
in float. 



Most of the samples with background metal v:.1lucs in coatings but 
anomnlous sulphides in float came from poorly drained soils, 

This study covered 10 sq. miles and defined two ar.cns of interest Jess 
than 1 sq. mile. 

The conclusions from this study were ·that the oxide coating approach 
seemed interesting, because it could be used t.o screen geochemical anoma 
lies rtRsociatcd with geophysical conductors. which might equally be due 
to magnetite or py rrhotitc. llowever the problems of low analytical sen
sitivity required further 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 Lhe 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 geochemical data. 

3, A reasonable correlation between metals held Jn 
oxide coatings in soils and sulphide mineraUsation. 

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 Drown 
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 there 3ppeared 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. 

'111e 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. 

Jn parts of the Brodicsord and Brown Hill areas some geochemical values 
seemed abnormally high for the gabhros and contact cpidiorites w_ith which they 
were rcspcclively associated, suggesting possible mineralisation. 



One of the problems brought to light hy this study w .. rn the riifftculty of 
checking appJrcnt correlations between float and soH 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 therefore 
written in an attempt to solve both problems. 

The object of the programme was to divide samplcR into soil proflle or 
float type groups. Means and standard deviations were calculated for 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 related 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 sampl.:.s collected from Auchcncrieve, Brown Hill and Brodicsord. 
It vms 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 
conc,usion applied to all the areas studied on Ettst 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 flo.it blocks at each sample point strongly suggested that they 
were due to concentrations of unmincralised ultrabasic float rather than to 
mineralisation. 

At Brown Hill only a few scattered anomalous sample points occurred, suggesting
low potenUal for significant mineralisation. 



The conclusioirn from this study was therefore that using separate thresholds 
for different float and to a lesser extent soil types led to a distinctly clearer 
pict1trc of mincrn lisation potent in 1 in the areas studied. 

While this work was in progress, further laboratory studies were being made 
of improving metal cxtrnctlon from oxide coatings. Unfortunately, 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 final field work phase was over Old Rayne (West Side) and New Deer 
(East Side), Both were backg1·ound 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 probJem of distinguishing 
soil geochem anomalies due to base metal silicates from those due to base 
n,ctn 1 su 1 ph ;des. 

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 
comiidered all data as belonging to, a single population. The research 
project clearly showed that recongition of different populations within an 
area clarified the geochemical picture, and developed assessment methods 
which made possible a more objective definitjon of anomalies. An important 
additional step developed during the project was the· ability to correlate anomalies 
wit·h 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 
amoun~s of base metals which could be due to sulphide mineralisation. 

The i0ther prong was to try to devise methods which would directly differentiate 
between sulphide and silicate weathering .products. TI1ese methods showed 
promise in early work, but it was impossible to refine them sufficiently for 
routine applicntion. 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 rnight be worth developing further. 
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T~ > 3. Relctti0nship between metal values in soil B hor.~zons and dcminant float -type. 



Dominant float type Mean Ni values in: Mean Cu values in: 

A horizons :B: .horizuns A horizons B horizons· 

Qµgrtzite 1111- 99 27 38 

Slate, Mica schist 59 96 32 42 

Black (lUartz schist 62 104 36 64 

Hornfcls schist 41 59 31 52 

Metadiorite 54 70 30 45 

Gabbro 31 63 30 59 

_Serpentinised basics 205 191 54 75 

Serpentinised picrite 41.5 · 542 42 38 

Tab. 2. Brown Hill - rplationship between metal contents of A and B soil 
horizons and float type. 
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and minor c. 2'1% Olivine. The cumulate olivine 

is somewhat sernentinised. The nl~-"'ioclase is nartlv 

sericitised, 

The olivine shows some ~J.:l :•;nn,c:a+. c. 7>0o. 

Minor anorthosi t~ll-f?@8 9.· ?t 6" £"11 f~O A.t -z,oo. 

c. qt l"-10' Qft flt AW) Tn,H ~+int"+. .r.mnrthnc,i +.:. 'h;:,_nt'I 

wi+.h mil)Q;i:' olivine. Qtbf-,,... +hin h!'lnilo nnrl minn,-. 

- - -·---.i.~""""' n./' nn ·-·.L1. · - ; +A n7'o <>nn+. +.h,-.01•.n'hrm+. 
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lfly,£"1.""'!::! o:f: Sulphides. 

- Fr~ c:bu::i D-"' mi oo:r: C$ ;md :la:l:Cfo.h 1 o 

Ann-y,+.nn..,.; :t.a_~e:C :led+"- ,.,,,f...,-- n1-l-.r-f.,...,., ln"'"1lv 

"'nmna.s.erl,_ep+j;cp)y ot: 1-1amcwba+ ... 91 tercel pJ ngiocJ -- , ,e, 
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-.i.-.;..,..; ..... ~ ,f',,.nm +i.,., o1-I-•--·-" ,.., -h,rjne, -. 

Very minor traco,: __ of. SuJ ohides., 

Minor _.:ra.ctures. - .. ,, .. _____ 

Troct'llite: - composed of OliYine and 
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Uumerous fractures. No Sulphides. -f--·-119' 147.' 3" 28' 3" Serpentinised and extensively o~idised Dunite layer with - .... 
___ t, __ 

.. 
an extensive development (ff brick red haematite. Little __ L 

• ·-
., or no interstitial material. Lees altered-oxidised from I 

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

-- . .:.: __ t __ t:· ., .... : Crystal outlines in the se1-pe~tinised dunite visible. , _,. 

Very minor interstitial pla~ioclase also altered. i -- - ·--- ----1----•. 
Numerous minor fractures. infill~. ___ j_ 

-:C. 
with:mic::?.ceous 

-· 
Also Calcite. 1 

I 
_.,. -r Lower contact c. 60° - .~ ... ____ ,._ .. 

147' 3" 147 11111 311· Varie.ble Troctoli te band. Serpentinised and 
I ±_ oxidised cumulate olivine in plagioclase. -

Lower contact at c. 40°. _1 __ 
···--·---·•-- . -· 

·-47 '11" 149' 8 111 l' 9" Olivine r:!:_ch Troctol_i te hig:~~~!J?entinised and I .. - --· 
----- oxidised. __ Plagioclase also altered. ---- _____ .. 

' Lower contact at 35°-40°. c. ·•--·-------···--· -- ----------.... 

__:, ;)..'..,9].ill~2'~ 2' l" Troct<lit~,!th dominant plagioclasc. 01.ivi~e - ·- ---
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I 
.. 
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.• i_ . -
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,. 
----.. ·-· I 
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I /3,( }if...O '2- .r.,2,.7 . z, 
2- Jtu;, }IL) "- •OJI ·2-2-



EXPLORATION VENTURES LTD 

DIAMOND ORI LL CORE RECORD 

11':H.RSEi:TION DEPTHS I Metres I 

FROM TO REP REC ROCK TYPE ~ 

lfil:So. J.Sl.}, ,~-2.~ lliJJ!o:1; I 91c-n,ic:-. 
I 

l.Q:M ,~,. qg J...:1..4 ~c;_ 

-·-- --· -·--
- -- ·- - ---- ·-·-- .. -·---· -- -·-·--

- ··- ·-· ----- ·-- ---··-
-~-. 

>--· 

-- ---· --- ··-
16c~S'- j62(;) I· Ol. · SiEA1'1,i;. 

-- --· --· >---,--· 

-·· 
t1i·.N. l6.(& l-oo I'll ,::::we \VcR.\'iE: 

-·--

--- . 
lti.~ Ull..t 1:-3,:11. C\nt-h,:f; 

--- --·-· -- --

~==-+-·-- --- --
..... ---··r--
:_l:~~-UlJ.S ~:··J 3 G-aAN,,e.. 

Area ....... ~~.e.Ltlf.L~1\;.,,.~ ........................................ . 

GEOLOGICAL LOG 

Description tng s:~h 
~ ... '6..,.\-,",se~ !W'A\\o.l') c..-~ }..,..,4~ l.>)1~ 

~,.._\~~l IO ,..,. t.o,os .n. <'•~~ ('.'o'I k..,J r,..a . , .. \..\ .. (Q!\ - f.d.C."7'\ - 14&•-io I .J~ b .. .f,,-1 ... c-C.~ 

$1- L\.,\ - II IY\l'l'te~'°r,, \,-. ,,... ,..,._} \rroc.~i\, lo 
1..! ...... _'.._\ a.-,. ' ',u ... -~••.t'< --.l ..... .\ ...... 
h,. '--~" ---·-·' ,. ~-. \ - 1 \ ~ ~ ,.J.ll 

..,_~~~ ..... - fa\-\...., <:,- •. l._ .... h- ~ ..... _f..J 
~--:-,\c. .,.J. ~,.;~~: 

h.,.l\. .. e,._ lA • .\. an\,._~ 1 .. IW\~ln,,. 
., __ \ 

L.,J.~,t.,,. 
~-J ,, ••. ~ 
_J!!'t'c} $ l.P.:1\:.1. l6 • 

4 ~ ~ ~$ •r.,e.:.L. \. . ..n 

' 
_____ VWilf..~\p~~ .. Jt'\~-- ,. .. 
J.~S ~~ u.."I\• W C- 1c. tr,..,\L 

-fl~~l. ~ 

Wh,b ,,;.,. ,....1:1 •• --- - - - C.,o.,.\.,.~ d~J ·-c I d .. ~\~,~ --1 -· \_ \_- . 9-n:tz..\,\ .. V . - _, - - L '7. \\. ' ., .... ., .,rnl}. "l~. ·-· \ 

c.~ a-,ei,.,,,. (;l..,01-n-:! \:._u __ -"· " d .. ,\ 

~~\..~\.~l .=::.t: c,.J.c::.~~ ..).n. o l,1,_ 
~~~~, '"' "- ..... P.:- .,, 'o'(. \.tW\!o.,.J\r,.. · 

.... \) · ,-,,\,L ~ ...... - ~ OJf\. 6 ,},- • 1n1~1to cn'n,.\.,. 

lo-\'.\" ~Q,v,.-, Pn • 
~ 

50° 

... -:.:.x --r:,l,.,..\.,._,_\'-"• \. L - ll_,, ,<-l \ ·- -· I:.,.. WI\"" 

:!1~ ~ \ncrt,lo. ":co) ~.l .... ...,. "., , .. ,.,.f, I 
f.l\~:\a ~\ ~ L ..• l,,,,".\-, :\n ,...,... -- -- - , _ _. -· _ \ ._~ ln,,\..LI, .-Jl~C::'7. - t.:i u.),n,. ...... , ... ,.. I 

\..,. ln f 8 ,u:4 (.•A\., ,. ~.~ ,. .... ~, ...__ .. ,\ 
~~in.. 1..Ll\. "'~~' \ - a .\. -~L-\.,. ' 

' \ 

Page no. 3 0.0.H. No. S·4 

ASSAY RECORD % 
S.l!ll)le From To Rep Sample c... NC:. r,o core rec. 

5f,,Q,~ l1+2- I "-'I! 2 ... •l>U •~7 

C, /114 li+h z,, •C2.1 . .z.5 ._. Iv,~ l11·i 2 CC 2.Z. .:.2.t:. 
(. ly.8 J~o z.. ·<n'f. • .?.i 

7 J,s·o Jc;.:Z l •.:!(f/ ·l:l. 

i 1<;;2 /<;". z ,eye ·H, 
q l'i:J.t._ 1~1, z., •Of;,'7 •l.:~ ,____ 

lqt:J~ J.;'t.. 1-;s z •~<,y. ·lJ ·- ----, 
J.;"6 lid:> .. _ 2. .~.,() ·N 

l, Ii.<- JF.:,Z._ z. .~ It; .c,._, .. 
3 _H,2 .iJ?_CJ:_ -z:: ~!:.'/_ .:.Q~ ..-i-· ·-- - -·-C, I foJf.:... . .L~~ .,;;YI • C (: .___ --( /~(; lb% z .02,7 ~~' - --·- ·-· 
l, lfl>~:s 11c z .,,"c- • II - IJjL ,_l].2... 2 •.:'<f..! _:J.¥ 

_! lj7 JJy._ 2. .c~~ -,~ 
q /7v· . ..!. 7.k. 2. :-:~ ·13 

15'0<.> /7(... 17& 2 • '1 l'l. :,1 
I l7<t ltQ. z •c-=·~ ~ 
Z, lc.o Jil. 2. : c.•1.tS .:& 
k . )'i,.'7_ _J_\Y. z ·Cc.,3 •II:, 

·-z --- ·--
'I _!~L .J..U.-. •C~(' ·l..3 
s- /·;~ ,~ 2. • cy.3 -1'6 

' fg~ I 'l'L . z. <'5, ·ZI --, I<; 0 l<n 2. • ~~/$ :.tl 
i ,., l.. (<'; 4 z. • C,;"'-1 ·fo 

e, 'ct lJ (<tf:> 2- •'-'"~ ~L1-.,___. ·-
l'>l0 )Cl~ I '146 z. :C'fl_ .·'7 

__i,'l!_ _ __ , .l~~ 2- ·m .:b 
z. .1..oo .2ez.. 2- .c..,z. .ZL,__ 

. "l 2.:>J- 2{j'I- 2. ·<'Z(: -;~ 
y. ~c./ ~ .2. -~ z.~ ·l.C 

' .:Zoo 2~•!, 2 •f.'ZlJ .,9 
l:> _?£,~ .210 2 •CZ.\S ·2-c ~ 



CXPLORATION VENTURES LTD 

DIAMOND DRILL CORE RECORD 

INH'lSECTION DEPTHS I Metres) 

FROM TO REP REC ROCtt TYPE 

--·-- -- """-4---------

-- --- __ .. _ --·-----------

---+---+----f---+--------1 

--- ---~-----------t 

--- ·-- -·-----------
.. ·-· ····-- ---+-·--r-------f 
---·-··!--_...--1--------f 
---- ---+---f----+--------1 

Area ..... i .El.~li t.E: .••..•.....•............•.......•.............. Page no. 4· D.D.H. No. "B- 4 

GEOLOGICAL LOG ASSAY RECORO 7.,, 



EXPLORATION VENTURES LTD 

o·IAMOND DRILL CORE RECORD 

INTERSECTION Of PTHS I Metres I 

FP.OM TO REP REC ROCK TYPE 

0 7.(>J 7 61 0 'O_B1M. 

'7·61 i.~_9.L '.li:.lO 1\ l\l\Ui i;. • 

·---· -
·-·- ·-

-------'--- ---- ----·-----
t----f-·-·- ---· -· ··-- -----·-

J_S..9]_ 4~:l4: --- ---- _G:RAW'1~--

·J-. ---------------··•·· 
-··-•-+-'---lf---1---1--------f 

1-Q·J.f. t,alie ___ ---·-· ___ n~tl1.1-a;__ 
---- _ ... ·-- -- -·------
. -- . -·---·· ----- ----

-·---!'--- ---------

COLLAR CO ORDINATES. 

Drilled by f.>· V· I 
Logged bv C · A •f-6-

GEOLOGICAL LOG 

IPageno-: , 
icOLLAR ELEVATION IORfENTATfON I fNCLINATIQN OF HOlE I TOTAL DEPTH 

2 ~go (")~ 13> -4 S-0 ~ 'f-2· 93 Metres 

Date started ,2./ f/ 7~· 
Date completed 2.1/ zt/7'.; 

ASSAY RECORD % 

0.0.H. No. S· S-
OVF.RA.1.L RECOVERY 

96· 8£ % 



EXPLORATION VENTURES LTD 

DIAMOND DRILL CORE RECORD 

!Nlf:RZECTION DEPTHS I t-:etresl 

FRO~..t TO REP REC ROCK TYPE 

LU.€.:.~J Jl.t19 _O'--·"-1_, __ __,Gll.ftth.-..._.\ t= __ •--1 

!}_ta i9-¾J.6.,,_i..,_7--S?l_._... _ _..._......,;::; n~-'-'N,__l l.._f;,..._. __ 

-------- ------11 --·-·--------------
--➔-·- ----·------

i474J 14'241 4S·S2 

Area ........ ~el.1-tf.t..Y .. \J?: ....................................... . Page no. '2.. D.D.H. No. f3. S 

GEOLOGICAL LOG ASSAY RECORD % 



EXPLORATION VENTURES LTD 

DIAMOND DRILL CORE RECORD 

INHAS!:CTION DEPTHS f Metres! 

r:P.OM TO REP REC ROCK .TYPE T 
" 

-

--- ,._ __ 
- -·. ... -- ··-··· ·-··- ... -··. - -- -----· 

.. ' ·-· ... --·- ·-··· ----
----- -=l-·-·-·. - . 

>--·-·-

-
·-· 

-· 

.. 

---- --· 
·--·~ -··· 

-
-

· Area ......... ~.~l::.f.:t.~!::.y:_~ft .. : ........................ : ......... . 

GEOLOGICAL LOG 
Description '"ff s~~th Sa~le 

:.ii&::-Z-l 
11,z..-: 
JL.2.., 

/(.2.tl 

. lbs, 
1633 
)t~~-
Jlo37 
u.~ 
lb<// 

Page no. 3 O.O.H. No. 'B ~ 

ASSAY RECORD er... 
From To Rep Sample c..,. "''" core rec. 

2,..,~ 2c·B 2.,-. • ~-2!"/ •2.1 

-~10 :J.rz_ 2. •\:'l.Z. •..2.3 ;i,..,_ ~,c;, L •C'-fl • (l'j 

:i,i .2z.o %- ·C ;(' ·21 
22:Z. 22.1.f. 2 •cz..: ·ff 
22.b 122.q -o Z- ·C12 . z.-; 
?-3o ,.,:,2,. z. ·o;u ·13. 
2-?+ ~3b z_ -os·'i .z:?. 
.2.."3 s ;Lt.,,.o 2- ·Ciu7 ·2..I 

21+'2- 1.2~•?3 ~- ·CS-4 ·22. ' 
.. 



AREA · '&elttt:Lv,1:. . O.S. Map No. 'Grid ~(71-ft"'. I Page no I . D.O.H. No. D·j)·ri Ref. 1~43'> ~-6 
EXPLORATION VENTURES LTD COLLAR CO ORDINATES COU.AR ElEVATION IORIENTATION I INCLINATION OF HOLE I TOTAL DEPTH OvEAALL RECOVERY 

DIAMOND DRILL CORE RECORD 
tt3· 70 "'· 2. 1:,gc G-o., 6 -4sc· 

7.10 ~•· Metres ~5·9 % 

Date started 2.2./ 4 / 7:1. • 
CORE SIZES FROM TO REMARKS. 

Drilled by 1)-\>·' . L.Ji-.i-. I'\ ~· 
Logged by C·ll·f-~ .. Date completed "2.9/1/72 -~-9- .z s.' ,t;,-r--

l ,t"S ,,.,.., 6?~· 

GEOLOGICAL LOG ASSAY RECORD % INTH1$ECTION Of PTHS [ Metres I 

FROM TO REP REC ROCK TYPE 
....... ---------r ::sr~ Description In~ srrf~h Sa~•e From To Rep ~~ C.- t-li. 

--- -·-- ---· ··- ·------

--- ········ ··-- ··--·· -----·----
t----+--- 1--- -·-··-- -------41 
----- --- ---·-•----·--· 
---➔--- -·-· ·----- -------·-

,--➔---f---ll--- ----·--
----·-··· 

-- --- ------

--- --·--- --· _____ _, 

--· ··-- ---· -··--· ------·-·-
----· -·-· --- -··- ·-··· ------
to----- -- ---·- ----- ---------
---- ··- --·. ·--- ... ·------
----·- --- ---··---· --·--- -·--------- ----- .... ----· ---- --------



EXPLORATION VENTURES LTD 

DIAMOND DRILL CORE RECORD 

INTE:A~.ECTION DEPTHS I Metres} 

Area ........ i~~g.YJ~ ................ : ........................... . 

GEOLOGICAL LOG 

FROM TO REP REC ROCK TYPE ~- Description '"Ar.T s:~th 

.4.::0• ---+--•--t----+--·-------1 

·-- ___ _..,__ _____ _ 

44c: 

----+----+--~--+-------i 

-----f---+--f---+-------1 

Sa~e 
,. ... 
i (,.·7~ 

• l 

4 
~ 

' 7 

't 
Cl 

If.So 
J 

--~ 
-1. 

'I-
{° 

I , 
l( 
c, 

lb'Jo 
I 

~ 
1 
'-I 
{ ,. 
.., 
\ c, 

J7oo 
I 

'1. 

1 
I.J 
~ 

Page no. 2. QO.H. No. l?>· 6· 

ASSAY RECORD x. 
From To Rep Samp"" G... JJ.:. core ,..,. 

(0 72- z.- •_0211 ·Z.o 
"12.. 7v. z. :g:i.J _.z..~ . 
;u -,,_ 7_ • t-'S"l. -~li 
7~ 7& z ·OtrJ '3C' 
7'b ~o 2- C:(.t, • ~c, 

~b '\z. 2 •CyC • 1....t., 

1St.. 'il.f '7. • t'(;'I ·C>~6 

"/_L ib z. ·.~f~. ·Z...!. 
,;. ,_ ~L 7_ •c;,_c/ ...:.~ 
~S' ..,,.. _i., ·O 3$_ _'1,_G._ . 

.._'i.o_ . -7.Z.... __ 4= -c~ .:?-'( 
___j.z.__ -1.¥- J •CC3 .: .. £~ 
__ i'f._ .. ...!1."2- z. • C'fO_ ·2..~ 

q,: 9R. 2- ·CI/C. ·2..~ 
'1~ Lea ? ·017_ :'z_7 
Li:o i<:>7 z_ ·l>Lb .:..l~ 
Joz_ le>'( 2, ·0"1~ ·2.b 
I OtJ. /of:, '2- ·•'H7 ·1.2.. 
IC)b 1act 'Z- •01) .:, ,, .. z. Jog lto :£C~. _.lcL ·--· 
Ito _!~k. ·--~-- •.::e-; _ _"l!f --·- --
11 l.. l.tt:. 'Z .C)(;( ·•~ 

'2.. -
I I II- I(~ -~~~ • 2_') 

''-~- _!!$__. z. ·f?A<i _:~~ 
Iii h9_ 2.. '..~~:: .:Zt, _ __;._ ----
12-o 12..1= 2.. S~I 02.b ·- -:-z:J Jz,z.. .l?:':f:.- z. •(;lC-

/ZJf JZ/:,_ ;,t.. •Cl.4: ·L'f_ 

_J..l!.,,_ IL-<i° z. •o,~ ·Z.O 
I~ I 'J<> 2- • 031 . .l.<t 
/10 I 'JZ. 2.. S'~- .:.?3. 
/31,. I '$ft- 2- •Cll,.. . ('I 

13{1, 1 '?/- 2. • \l :)0 ·'Le I~,,, 't s: '2- ·i!CL .c:~ 



EXPLORATION VENTURES LTD 

. DIAMOND ORI LL CORE RECORD 

!NTf:RSECTION DEPTHS ( Metres) 

FROM iO REP REC ROCK TYPE ~ 16a 

-- --
··-- --

. 

-
---

-

·----- -- ---
-

Area .... : ....... ~.~(1:lE.'-~.>.~ ..................................... . 

GEOLOGICAL LOG 

Description ·~~ 
Rock 

strenoth 

N •~ "WIQ...,""-... 1'rt\l..l.\\ ~,.)=:..o ""-.'1\1 c.,,, 11., " . 
'?--.U'f\41) ,l \ \r,._ \ lil2.•0o '""-"•oc>-C•A.c1 ... - '2~ 
\4'-•,l'\.A - (q~•OO·..:. • .,,..,_·"""' . - .::,.,,.. .. ,.... "7" ~.do' 

1.o ilt• lfo • 'J~. r:~~ 
, , 

, 

"f.{). 'h n • ~} Mol:::w~ . 

--
. 

. 

Page nQ. 3 0.0.H. No. \3. 6 

ASSAY . RECORD cz·:, 
Sa~le from To Rep Sample 

core rec. c..,.. r,J ~ 
'St:.,('{,, )3S' l\fO 2- -~z.~ · it 

·1 14o 14-z.. 2- •01~ . ..z, 
~ t't l.. 1'-(.lL. 

, •~Z.3 • Z.I 

~ lyv ''+'- 2 •C3\ ·1.Z. 
111c 11/b If./$ ? • c..,s- ·z.<; 

I !!,j ,~ z :.c_..,, . ·z.~ 
2-:- --l lc;o 15L •OH _:_~? 

3 1-;'Z, l5'u. 7 •Cy.t :.'Z...', 
4 '"''-' I <;""G 7 •ll3f. · 2S' '~ 

~ ·~ I ">'l$ 2.. •OI~ ·23 

4.,_.15.:~- _l~Q- _i._ -- ·.~!.1 ·22-

2 ... !.~ .. l~l. . .... 2 ·Cl~ :?-..?:. 
t .l_bL_ J.k'L 2 ·CS"I ·Z.'-1 
G ll~U,._ , . .J.J,L 2 ·oyo ·21 

•·~ ,,,., ... H:S ~ •O!Ff ·Z~ 
I ,~s )7o 2. . ..:.:~z. ·Z.o 

2.. no >12- 2.. •et,~ -~ t---,-;••·. 

-
-- --· -· ,___ - -· i----- -·-

. 

--·-



AREA ~t:Ltte.L" iE. 0.S. Map No. tfl·~l·Slll l~f ('f3\\cE 'Page no·· I 
2.o"lth.iJ 

EXPLORATION VENTURES LTD COLLAR CO ORDINATES ICOI.LAR ELEVATION I ORIENTATION • INCLINATION Of HOLE I TOTAl DEPTH 
. 84·2.\ ~ · 00, 0 G-ti.,o -45o· l~S·'l9 Metres 

DIAMOND DRILL CORE RECORD 
O•t•l· '1/$)72 

CORE SIZES ~ROM TO REMARKS 
Drilled by Date started ·----N·· --- 71:JL- r,.r:1~-:\~ 
logged bv C'·R·f• l?>· Date completed 9 / S / 72 

a~ . il•1'> . ~ . . 

INTERSECTiON DEPTHS ( Metres J · GEOLOGICAL LOG ASSAY RECORD 

FP.OM TO · REP REC ROCK TYPE ~ Description In= To 

_Q__ t3·7].. ,~-n.. o 

Jl.L1,,_ f t..__OJ:) _ _ l,' ?. i __ CoN.fM!lt~ll!£=0---1 

--· -· -- --·· -- _0.(,111.ttJ.Lff~.!!JE..: 
-- -~- - ----- -·-- ----

.,. ___ ---~ -· ---- ----"""9• ·---·--

---------·+---• ------t 

------ --- -- ----·--

~-s~ ±li6.. o~---~-!'lll!'flt'ie'l ---
-- ·--·•--~-- ___ ...:;t:,..,.r..,..,._n;t.-..u,,1E..__• -f 

-- ·-···· --·· ____ _. ______ _ 
- -··· -·----· ·--- ----· ---------1:-9~.l l~}.6.Q. rt1..t _____ o{t\l1.ttL -'"o~,1E.., 

--- ----· -- ··-· ··-· ---
t---+---- ---~--- -···-- ---

1----1--- -----•-- --------

t----1---- ---·· -----------

--·------·-

0.0.H. No. B· 7 
OVERALL RECOVERY 

97.3 % 



EXPLORATION VENTURES LTD 

DIAMOND ORI LL CORf RECORD 

INTfoflStCTION DEPTHS I Metres I 
FROM TO REP REC ROCK TYPE f~· 

---~-------~---·-1-------1 
-- -- - -- -------
'--- ··---t--~--•-------1 

·---· -- ·-- ··----•--I 

- --· .. ·--- -- ----·---
--· ·-· ----- 1-- ------~ 

0.1P~ fW; <.!.:{~ __ ~Otl'iBftiDJ\tia_ 
Nc.\a:t•'1"'. 

--- ---1---1---1--------1 

---··----------- _____ _, 

---------~--~-----1 

---- ----.J--- --------
·--·- -- --- ---•------1 
·---.. -.. _. ---·--1·-------JI 

Area ........ 1?>.~tJf e?t. ~.te .............................................. . Page no. 2- 0.0.H. No. V>· 7 

GEOLOGICAL LOG ASSAY RECORD 
Description 

_,__., _ __. ...... _.,__ ________ ....__,&,__, ______________ ~..;;.. ___ ...1.._...1_--1L..-L--L--L--ll.--.l-_Ji_..J._.L_JL_...J.. __ .J 



EXPLORATION VENTURES LTD 

-DIAMOND DRILL CORE RECORD 

f 1mf;RSECTION OEPT.-1S f Mc1t8$J 

Area ····••H•\ifl:W.<.J~JI;.: ........................................ . 

GEOLOGICAL LOG 

Page no. 

ASSAY RECORD 

FROM TO REP REC ROCK TYPE ~ Description Rock Samole 
stT-h n6 From To 

~ "lN'c..\\ • '.)_c:-, ....... .\ .. \... ~..- .a\,~ :. - . 
c\ ... \,...,~, r I ill~\..\..,..o \ _ _.: :.i.,., .. -re. j.. · 
/i.2•1..0-. I I•· 

- - ---· ---t---+--------4 

. ·- . . --- --· --··- ----I 

___ ,. ____ --· ·--+-------1 

--- - --~--1----lf--------1 

---i---4---1--~------r 

tl\Q~\,u..... \-a C,v..11 mu...J I - '-' S\\\t'o.-,') · 
.kt\-t~ ,.._1_ 't'I. l,~-.-U ... \C\... \.. .. ., ... t.\ ~ . · 
-~~ lm..._.l.,, ~ Mv,. l!,\;:~J-'. n!.J 
l!n.-4-1·bt ~-ft. -:..' :..0-.t,.- Q,wt \\l~.liid) lM.. 
\,l,••" '--~·• ~ .. ,.. .... ,. ,..O,l)\~ ,._i .._,,,_jm.,,} 

-·-- -·· ----~-~--------
.... ----· ·- --•---1--~------r 

~,.,,..,...... -.\ ll.~\_\._~ I~ ~,, 'A·-' tf \'N,,\,l-. u 
-·- ---~i---~---------- .... ,\. ~. bl!. ~.\ "' T . t..--:.- • • 

• \ 

0.0.H. No. i- 7 



AREA \\\:.ll\e.lvi t. o.s. Map No. t'·l·~• N w ltt <..)29~~ I Page no I 0.0.H. No. 8-8 . lff1~N 
EXPLORATION VENTURES LTD COl.lAR CO ORDINATES COLLAR ELEVATION I ORIENTATION I INCLINATION 0~ HOLE I TOTAL OEPTH OVERALL REC~RY 

DIAMOND CORE RECORD 
86·so .... !ltf(." (rC\U') -4s0

• lb5· 5S Metres ~3·7£ % 
DRILL 

-0·\'>. I· Date started 16/ .f J 12. 
CORE SIZES FROM TO REMAAKS 

Drilled by "-·-··-~·-·- --~---·~ --rt-9..tL. u~ .. _ 
logged by C•IH-B· Date completed 11./ ~ / 7 "-. iu~_ ~..:...5.L .L'-0~ 

..1/'i -..c-.10 ,..,,. •.. SS'· 

INTERS~CTION DEPTHS (Metres I GEOLOGICAL LOG ASSAY RECORD ofc, 
FRCM TO REP REC ROCK fYPE :ir~or. Description In~~ sft~h Sample From To Rep S.:imple 6,.. #.J~ no. r.ore ret· 

0 3-0S 3A.. _9_, -~lfT• _u_~~)~ \. ! ___ s~ .. --$\'~-~-J,~r $ . ·-- ----·- ·-···- . ........ ---· ··-·-· --... -- .. ·--· ·- --·- --·-
~l C&lJi:.__ ,..EX\ -. .. ~C..C.~~- -·;_.J-__ ... ~¼.,; .. ~~~\\f\\S1t5 . -- ·---- -- ---·- ·--- --·-·· ·--·-- -~ -~ --· - ·-· ·--- --· ht5_ n.u. '¼:.1 .. :2. ·--·- -·--·· '*••·--- .. ······~-. -·-·-- ··--··· .. .. . .... 

\~~ L • r;,.,,..,..,... . . s .... \\ . $~ .~ ... , ,fa) 
..-··- .. _ --

·--.. -···-- ----·-· ---· .. . ... ~,-· - -- .. 2.-~-
.. _ ..... ·-- ·- .. -- ,. ___ 

-·--· -
--- ---- Q.(. ~ .•. 2,&'f\01) __ . tw.vrtn\ . rcJJ"( ,:~tQ .... 111, .. l'f .. ~'- ··-· 

ou -~l• :" ··--. -·--. ·, ··-· -- _ .. _ 
-- --· ~~-~CM-~_Jo~kll•C>Q.,-__ . ... · t\~_ \;-,..<:4 .. ---· ----· ----- --····· -- -·- ------ -· ··-·- -· ·- ·- --- --
--·-·- ---· -- ·--- . \ .. df V ,c;i . ~f-4~~,,.. fi . ~'t\t~~ ...... ··- ... .. .. ... ·- - -·~- ··--- ----- ,._ 
--.. - ·---- --·- ,.. .. lk,~q, -:-... fl·.~~M,.~-- \l'\~-s,~ . ~r,.._\,.,.,~ tlClft~ .. .. --·--·· -·--·· --··· . ---- ---····· --· -- ---- . ·-· - ---· 

. . ·--· -- .... ""'i\..~~~\ .. --~f. __ j ~~~,"'~c\ Q;".~ ........... ·- ...... -···- .. .. -····----· -·--·- ------ ---- - ---·- -· .... --· 1---·-·· -- ·--
--· -- - --r~'-:~\ht.,t.\\_ ~)1h. l~ ·--~ -·- ~~l~;-;-\\\~lll~ ·- ----- --·- --· ----· . ··--- - ·- ---- ·-- ·- -

--· --· --·· ---- -~S<a!Cl.l. ~---~\ "ir .. -·\~~-----~~lr.l?-~l~~i ____ -- ·-- --__ ... ------ ·-- ·-· -- ·-- ····- - -·-- -----
-·- ·--- ·- J1.()9_:: ll.3J-fl" . .!...-SC. E-""~g:\.~. ---k-L~\..~-·-· ~----- ···-·- ·-· -·· -··· - ---· --

--- ·-·-- -- !--.... ··--· -· --·-- .. -\f\ ___ f~., .. ~ _'l.P.Nl: ______ -·--·-·--··-··-- ----- ·-- -- -·-· -·· -··-·- - ·- - - ·---
'--· ·-- i6·~~: ---· . --

m.~~-- __ \4 ~--\~~-~"'J~~------t~~~~r -- -- - ------ -- ---- ·- ·-- ·-.!ell. ,}i-0~ '-·- fl-9111lft/-'flf;itlfi ·- -
--- --· ... ~\l-1'~ _ ~ll __ t ... ~---~J.: \~-~-. ·-·-
-·-- 1-'--· ~,en, ·i11-o __ .1s,._ --- -~ - ~,.tin-~--~~ -- - ---· - - ---
--- --· -- .. Sr.?l'j~ \t-~.S--:1· (,,mi, -··-· ·'" :f~.... .... . .. .. .... . ····· --- - . - --- . -·· -- ··--· ---- -•w- ---
·---· --· ___ , .. ·-·-- * , , ·lfX . t·'-b'-- ~ .. f __ .,,._. ~~, ,. -- --- -- --· ·-- ... ---·· 
-- __ .. __ .. 

··-· ~~~\-··4t ~ ,Joo. ,\J,+t\._!Q . _t. 1-01(¥\• __ .. . .. ·-
t.l:,').(l _ _..._2_.~· ,c:}_. ___ \\l,\l~ St,;~ll\\\J ____ ~~~\. ____ .. , ' --- -··- -·· -- - - --

·-·----·· ----· ··-- ----- ·- \-o~,\\---fi~1-- . · .. ~\NL~it\.. .. t!'-_lS:f.~ - -- ---
---· ·-- -·-- ·---· .. ·-- ~YO..\'\\ - .. . \1'1:\11\ ___ @., :!1-:. ... -i,l:·P.'? m :----··-·- r-·--· ·-·-Ji ,__ -
-·- -·--- ·---· ~ .. -·-·- .. --· ·----·--- -· f~- ,.j"_:6P..C'C\--- ·-- ·q_ ··-· 111-\.i.. __ ''···-·t'" ~--,tCIW! -· ----- ---·· ·---- -·· ·-- ·------- "~'~--lcur°f.-· .. 0v,,hl~---·- pt-- _____ tvan,., · .,_ ___ ·--:--·--- ---- ·-- ·-- --· -- ··- -·-- .. ··-·· ··---- ·---
---· ---- - ·--- ···--·--

~o~~~--- -t~\~\pq~~;sit __ ~it ... -~u~L -~~-
--- ·-·-·- -- ·--·- - ·--

:i':J:..Ql 1.~JI·. L:Q..'J --· ... G.fY\tt11e..•-- ---· ,.,, ____ .. , __ ~---- ·---- - -·--- ·- ·--
-- ----·· -----·· ·--·· .. ·----··- -1f4.'tt~\l ___ ,\J~\'t\ ___ ... w ,i . ----~,o \,~,-~ ... - .. ~\.tl'l.\li., ... --·· ·--·- ---·- -·--•- ,-.- ·----- --- --· ·- ·--··------ -------------- - ... . - - . -



EXPLORATION VENTURES LTD 

DIAMOND DRILL CORE RECORD 

WT!:RStC r1ON DEPTHS j Metres! 
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EXPLORATION VENTURES LTD 

DIAMOND DRILL CORE RECORD . 

lt.TEFISECTION DEPTHS I Metres I 

FROM TO F!EP REC ROCK TYPE .:.-re;: -
0 ru~ 12·1\9 _Q___ 'tH\Jf1· 
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AREA 
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: 1,.,~~ --~ a,,~ .. ~ . J,.,;,.~ 21 ro,'11;- -·· ----·· -----···-· 

. - ... ... ·-· 

.w~t\.. \ __ ~~~i----s.,t\'-··· . .$0-~:, ~~~tit'\, . . --·-·--· 
J~~c\ '""l- ~ Wt~~- .... s~\\ . o..~"'\.s ·4-····- - - --·· ------ ·---·--
--t-'~t.\.~ . \l'\~I . ~ .t~IW\. _Stf\l\~. . __ . ·- . ·-- rif3 .. ~-~~ ..... - ·------~~'"-~ ..... - ........ ,. - . -

---,t-·-· ----~A--1~ - -~ . ·--··-· -· --· ..... --
··'°" ~-r~$= . -·-·. --· ··- - ~~)t\. __ ~~~- -· ·-·-1<\' .. -----~~~-\-,"'-~~·----- t'~\_\. __ .~A---~"-s_. --
. ····:n f'.-4.~~, L~~~~-~1 . 

~&;. ·;}-- h... '-~~~~ ····---~~h..tf·~---.:iv~~--- ·--· -~tt L~ ---~,~\~~---~'\'·- -;~ --~ - -·-
.. C ~~ff,lit. ---~ --· ,tl!-C ~---"("'''-----~-,..&._-

f~~~---t~L ~-~~A--~..,~t'~-r ---- ·--
---·- --· .... . 

. u..~, . --~~\ --"''~_1,),.~ ~-··· l C1H '--•···-- .. 17.S-t ---· .. -
~4l._!_Wt.L~~-•-· ~t,.,'( ~-~J, \<;f•&.~ --
_:'\",~r-·-___QJ ·... ~ 1- --I~ · ~i---'--·-·t<U; --· -- --.J~f'· ·- -\,hlt.--~--J:~\1"(.\ ·--~~ .b ... -.··- ' - -

m.~~$1\\?_. -tt---\'u.s~~:~t--. ~p\t-\~---· 
-- --- --

···-
°"1',,l.. \~t ~- ~ ., ,,:,~I.._A\f..'1\1 .... ln\-_r ·-----· 
-~~ \ ··l·-·-~ "'1• _: •. _.%A-~~1t-\·--·'s. -·-!Jfre' . ~'-~- ----
... l"'-~'l \!!-.C._. ___ . ·····-- -···-~-· -fo--------·· -- --- .,_ ___ -··-
,_S C::1,tL. -~~\.~ ___ Clffif.lY c) .. ,_ -· .4't(lllt$..A .. '3S·.I~--- --
-~~~ . . ~\- ...... if.'l\w.11\ - .. ,1~,~~ ---t~w.J~ 
-.,j_ ·- . -4_c\J.(,) \,1.L"'--~- \l,tL<l-.L .. • 

o.o.H. No.G· iO 
OVERALL RECCNERY 

CJl·l.=>· % 

ASSAY RECORD 
From To Rep Samplt! 

<'.o<O re<: Co N,· 

. -··· .. ·- --· -· -· ··- ·- --· ---· - -
------- ·-- --· ·-· ·- ~- -- . -·· -- --· ---·-- -

. - ... ·····--· .. -----· - -- ... ... . .•. -- ··- ·- ~-
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