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ABSTRACT

Part A of the thesis is based on an explorakion
programme in an area of meta-sediments and meta-volcanics,
of which the former was more extensive and was characterised
by the so called calcareous phyllite group; aseries of
metamorphosed siliceous marls,with a ubiquitous segregate
banded texture of alternate quartz and phyllosilicate bands.

The volcanics were believed to be shallow sea extrusives
and were often associated with a bituminous phyllite,

The uppermost calcareous phyllite unit often contained
a very coarse chlorite schist which by its texture appeared
to represent thin gabbroic intrusions, parallel to bedding.
Some of the lower calcareous phyllite units appeared to
pyroclastics and a further study of these was projected.

The area was recgnised to be dominated by major nappe
units,part of the Caledonian series. Structural interpretation
was thus very important and three deformation phases were
recognised in the allocthons: the first responsible for ticht
isoclinal folds and the formation cf the nappes, the seccnd
represented by large open folds with wavelengths of several
10s of kilometres, The third phase of deformation has
caused only minor, low angle, kink folding.

Mineralisation was represented by a small, probably a
cupreous pyrite body, scemigly associated with a chloritic
schist and a bituminous phyllite; and there was evidence of
possibly hydrothermal base-metal enrichment in some of the

volcanics.

Part B is concerned with the study of the geochemistry
of the petrographically mapped units in order to illuminate
origins, especially of the volcanic units and some of the
calcareous units which were considered pyroclastic.

These rocks were found t©o be similar in nature to the
"true" volcanics, and are shown to represent a differentiated

series of sodic spilites, which fits very well into the model



proposed of an immature ensimatic island arc environment,
proposed by previous authors,during the Caledonian orogenic
event.

Some of the volcanics were found to be potash enriched
and soda depleted and these were considered to represent,

in all probability, a non-spilitised intrusive.



4+ ENTRODUCTION

The author spent a period of 10 weeks during the
summer of 1979 employed as an exploration geologist with
Grong Gruber A/S, operators of Joma mine in Nord Trgndelag,
Norway; and was engaged in mapping the strike extension to
a sequence of meta-sediments and volcanics in which some
Cu,Zn sulphide showings had been found, assessing the potential
mineralised zones within the area of study.

7z map of the region is shown overleaf, indicating the mapping

area
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nding the mapping done by Sigbjfrn Kollung up to

Groups bordering the calcareous phyllite/'group were alsa'to be

considered, end location of the wvarious nappe complexes reported by

% on o e ] g, M3 [~ P (e ap—. ewnd asavldas andhe 3 g - .
Zachrisson, Milssan, Sjp« Juhdu.h. earlier authors was important. To

& L - P - £ 1 - T 11 % and e 'l
this end the rocks were mapped from the Bfrgefjell tectonic window

Y s " X L] e T 1
(see text) iowards the higher rock sequences cated eastwards on the
o1 ian/Swedish bordar.

The aim was to {ind mineralisation in the area. Previcus work
-4
in the calcarscus phyllite group hod located small orebodies of
sphalerite and pyrrhotite disseminated ore in the Renselvatn area
and it was hoped similar mineralisation

would be found. Some evidence of anomalous base metal concentrations

in stream sediments was provided (see later text) and these were to

Mapping was done on 1:5,000 air photographs of the area, together
with a 1:50,000 topographic map for general location purposes. A set
!

of stream sediment survey maps was available for the area shown in

diufrnmslafd and discussed later in the text.

Houtine for the period of mapping was five days in the fieléd per
week; Saturday and Sunday being spent in a local village. Monday to

Friday was spent in a tent in the mapping area accessed by road te
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Vallervatn and by foot to the camp (see diagram2). All supplies were

brought up from the road.

For the last two weeks geologists Mellin and Hinde assisted 'in
[«

X . St 4 :
trenching and sempling of 8kjerp zones located during the mapping.

gL - . . . v WeAs
Skjerp = Horweglan word meaning mineralised showing

-l
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DIAGRAM 4: Section E-W showing presumed style
of nappes
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DIAGRAM 5

Nappe Succession in the Northern Jamtland-
Southern vasterbotten area of Sweden
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§: Litholozies and Stratigraphy

The rock sequences will be described in ascendine struciural

¢rder, the discussion will include any dilferences between thi= order

[
=
o]
(o)
H
ot
W
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o
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}.-l-
e
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and stratigrapnic crder. Detailed discussion of

1t with in Appendix TT.
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118 DASEMEDNL =equences

1sist of two major

The basement seguences in the area mavped co

tvpes, i) Augen greiss and ii) Autochtonous sediment cover.

fhis is presumed to represent the oldest of the basement roecks.
The gpreiss is nresent as coarse norphyroblasis ol puartz and feldsper

58 lend the rock

both en L and a P ilectonic fahrie, occurring as avgens:

folding.
The peneral amrrearance of the rock at ouiteror is shown in
vhotoersna 1 . and in hand speciven as plotograph 2.

i)  Autochthoncus szdiment cover

21



Scm

Photograph l: Augen Gneiss in outcrop.

Photograph 2: Slabbed specimen of Augen gneiss
clearly showing the feldspar Augens.
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Photograph 3: Well crenulated Hartkijdlen schist
(s2 parallel to pencil)
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rich calec. phyllite at outcrop.

General appearance of grey-green

quartz-

Photograph 5
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Photograph 7a: Typical interbanded acid/basic
tuff units of the meta-volcanic
group.Carbonate-rich basics show
preferential weathering.

Photograph 7b: Interbanded acid/basic meta-volcanics.
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6:Metamorphism

Metamorphism has occurred as at least two separate
recognisable events in the mapped sequences (excluding
the basement units which are outside the scope of this
report).

The first phase of metamorphism is peculiar only
to the meta-volcanic suite and the volcanogenic bands
of the calcareous phyllite. This is a result of spilitisation
which occurred either contemporanecously with formation
or else very socon after the igneous event leading to
their formation (this is discussed in depth in the
Special Project in Section B).

The spilitisation, which may be considered a
metamorphic episode, involved the albitisation of
plagioclase and the destruction of pyroxene by addition
of OH™, with the formation of prograde actinolites,and
possibly hornblende, together with chlorite, epidote and
sphene. This would suggest reequilibration in the quartz-
albite-epidote-biotite sub-facies of greenschist grade
as indicated by the ACF diagram 14k The field of the
rocks in this group is indicated on the diagram which
correlates the whole rock geochemistry (see Section B)
with the observed petrology.

The second phase of metamorphism is related to the
D1 deformation phase which resulted in the nappe complexes

formed during the Caledonian orogeny.
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Trianqular ACFE diagrams of th recnschist metamerphic
facies

DIAGRAM Id4a: Quartz-albite-chlorite-muscovite sub-facigs,
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DIAGRAM I4b: Quartz-albite-epidote=biotite sub-facies.
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Thiis phase of combined deformation and metamorphism
has also resulted in the segregations of guartz,calcite
and phyllosilicates common to all the phyllites,parallel to sl-
The assemblage found in the phyllites is character
istically quartz, muscovite, chlorite, plagioclase, calcite
together with small amounts of epidote , possibly dolomite
and sphene, Actinolite was also seen in isolated occurrences.
This is a typical greenschist assemblage, but of a
slightly lower grade, evidently less hydrous with no
amphiboles present,except in rare cases where actirolite
was noted.
It probably corresponds to the guartz-albite-chlorite-
muscovite sub-facies with the field of interest marked
on the ACF representation of this facies, in diagramlda
This second phase can be seen in the meta-volcanics
as a retrograde alteration, wherethe amphiboles show a
pseudomorphing by chlorite and epidote (see example in
photograph 25 ), which indicates the lowering of grade

to the less hydrous facies.
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Photograph 8: Overthrust ridge of calcareous
phyllite, incised by crogs-cutting
stream which exploits late stage
tensional feature, feldspathic
psammite group is conspicuous.

Location A see 1:5000 sheet.

2.

/
7/
//
/ Thrust
T2

/



D

\- .1
¥
(8]
& S
b e
A G
g L .
42 £
- ard =
@ (]
i A 1]
o [+ [}
.y oped
P
-
[+
+J
et
L.
& —
-~
U i Gy

@ ‘O :

4 @ '
wpd [ Fe
[ @ r
L 4+ ]
o=y 4 4
| v ) |5
e * bl
H -
Ui (=2
= g
o = W
e m pos |
£y L)
0 o W
o G LS
4 = L
P b Q
L& (8] w
Fhae E
U, &
= - ul
O &
e =29 e
! Lo | Lo
«ed fe
o - -
£ oo H
o Q o
v A
[4]
je o
o]
L L
R v
p o
5
1 —t
43 £4
O @
i3 -
L 0

otogrepk 9

.:}‘

[~
e

= .
B0

is

ped

Gy

el

apne

FLZON B

nre

feature, this

‘ten found

re o1

bl

ar &

eldsp

fe

&

g

<

a4

[
£2

(&

el

g




T f .
T

Photograph 9: Small ridge of calcareous
phyllite, overthrusting mica-
schists.

Location B on 1:5000 sheet



Photograph 10: Slight tectonic discontinuity
between bituminous phyllite
and calcareous phyllite in a
pinched in,overturned fold (see below)

local

£ folds C ¥ (see eaclosure T)
/
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aouth west of Honriksvain smajor {t closure was mapped. 1
iz = poderate, Lo steenly, inclined fold pently plunging tonvards the

norith=east. Minor structures at thne closure zone indiecaie an 11

- O . P v
plusge of 207 to roughly 050 (smes photopra

O

uucron natiern, a synformel closure is pesiulated. The nlot of =0

[ aapigite N 4.3 ] - 2T 3 Ze
{pedding, - poles around this closure or a stereonet shows up s
{1 clozure (sce diasram ), dndicating a syuformel fold axis oy ihe

nizor sirnciures. The fact that this fold structure is well pressrved

is due to the very small effect of D2 on the guertziles and D2 is

gcnerally revresented by & gentle tilting,

Tnis would then rlice the mica schists structurally below the

guartzites. &1 ic fairly uniforn throughout this sres, constantly

o ;
o O
PRSI - » Y = e - e - . . -, . - : o~ e
[+ B INE <20m A 3=-04 owards the south east, parsLratling the “oag
L ilosure.,
T g V. o i e e i 3 s i e A - - cn o Prage. | . -
In tne quartaite and mico schisis pensrally ., &1 shows zoderate

ater Jeformatione 2l though a coniourea plot of s
(¢iagram 10 ) groups them mainly arcund 020-02%/

plunges wlot roughly sroung 20° to

= 5 - g .
050" end scme at approximately 14 to 160 from the Crrevain area.
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Fold axis

X SOT poles
o fl plunge

DIAGRAM 9 Plot of sO (bedding) and f1 plunges in
the guartzite units around the f1l closure
on the SW shore of Henriksvatn.



DIAGRAM 10

4-9

Contour plot of sl and £2 in the Lower

nappe grouap. (For sl coatours at 0,4,8,12,16 20%,
for £2 contouars at 0,5,1C,15,29, 25%)

Trpoles plotted {11 dota)



Photograph 12: Minor fl closure in more micaceous
unit shown by differential weathering

Photograph 13: Minor £1 closure seen in acid
volcanic band.
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the area, especielly ir the less competent rock types. The L2 chase
is associated with the large open folds described earlier, 2 major
synformal closure beinc placed by previous authors along the Horwegian

Swedish vorder.

and mica-schists iz very evident. D2 is shown to deform the previous

51 schistogity 28 more of & general tilting from the presumed sub-

the broad paitern of deformstion (see diagram 11

sy ® 2 il -~ - . > N %
striking 028", The 72 plurges are bimodzl but both seis lie on the E-W
line when the -axis is rotated to H-S, and thus a sub-vertical to

vertical axial plane to the folds is posiulated. The skewed distiri-

buticn of data reints indicates that we are prcbably on one limb of

The calcareous phyllite grovp showed the D2 feaiures very clearly.

As well as a strong crenulation to the st schisiosity in {hz more

49 3 paia e
phvllitic members (photosraphs 'O and 6 ), some parasiiic 2 fold
closures were mapped, being elucideted during mapping of the feldspstini

v e 1 - 3 s &= -~ <& . . - 1 SN P 3
¢ horiron and coarse chloritic grit bands (see 1:5007 sheet dia

e el el s - 3 ™ e P o~ ey oo = ¥ =
photopraphs 17 and 18 ). The plunges of 72 measured on these fo

together with the outcrop pattern zapped, indicmied the presence of



52

.ﬁf

W i
x,

Weathering of carbonates picks out
minor £1 closure in basic volcanics

h 14

Photograp



DIAGRAM 113

Fold axis

Plot of sl and f2 plunge
in Lower nappe group
indicating one limb of

a major fold closure.

x5l

of2 pl.



Photograph 15: Strong s2 c¢leavage,cross-cutting
the sl cleavage which is itself
shown by the guartz-rich segregate
bands.

Photograph 16: s2 clesavage crenulating existing
sl.
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Photograph 17

SS

Major parasitic £2 fold in feldspathic
psammite group
Locality D s2e 1:5000 sheet.



Fold
axi

DIAGRAM 12a: Plot of sl, s2 and £f2
feldspathic psammite unit
indicating fold style

K¢

X sl T poles
B s2 1T poles

ef2 pl.



iarzer synformal clcsure towarde the lorwegian/Swedish border,

2

confirming previous work. There is evidence for small parssilic S

o

closures at the bituminous phyllite and meta-veolecanics bouncary toe,

with 2 flattenirg of 51 in the area of (indicatsd on Enclosure

1), leading %o an cutlier of voleanics in bituminour »hyllite (see

photopranh 18 and diagram 12k).

Good examples of {2 parasitic folding were shown by differsntial
wepthering of more carborate rich sediments (see photograph 19 ),

and the peretrative 852 cleavage can be seen.

-

The bimodal piunge of the f2 folds is shown in many places,

sspecially by the well weasthered alternating acid/basic metz veolecanie

ag ushown by nhotographe2(, 21 . @ plot of s and =2 =poles toget
3 1 ] 3 - P |

aith £2 plunges is shown in diagrem 13, It indicates a major fold

4 = Fuivd . bownd Led o o T raraY v B L
repime with foid axis striking 030. {2 is generally bimodal in
nlunge, bui again suggesis upright folding with & vartical axisl pian
= : P
From mepping, the prosence of @ large fold closure on the Norvegian/

here 13 strong correlation of D2 fesiures throughout all the

that thepre hae been sirong tectonie correlation in egll groups after

the D1 deformation phase whicn most likely suliet in the nappe feat:

As stated, thic doformation is zoorly repreémenied in Lhe srea,

- - ) 30 g "
L, N i 1= 1 ks = - = = ~ % . T L

Y4 4 } - - i —— 2 s b )
1t is shown meinly din the seta=volecanmic sulite s low angls " Xind

o wEar mmneo sl GO SF A T Amne ARt g sl Waves Tasd L5 AT

wlepele b4 5 s 4% COES il S “ i gzl w3 B

e . 1 - 1 [ o PR L

3 10r EfruciirTal =aLurat.

5%
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Fold axis

* g1 T polks
H s2 T poles
e £2 pl.

DIAGRAM 12b: Plot of sl,s2 and f£2 plunges

in bituminous phyllite and

meta-volcanic units.



Photograph 18: Flat lying me2ta-volcanic bands
occarring as an outliar in the
bituminouas phyllite group at
Loclity E- see 1:5000 map



co

Fold axis

x s1T poles

® s2 Tpoles
o £2 pl.

DIAGRAM 13: Plot of sl, s2 and f2 plunges

in all the calcareous phyllite

units.
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Photogzaph 19: Parasitic €2 folding indicated by
weathering in a carbonate rich band
52 cleavage seen strongly cross-
cutting the small closares.
sl dips gsaerally esastwards.



Photographs

2D and 21: Bimodal f2 plunges indicated
11 handed meta-volcanics.
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DISCUSSION OF MINERALISED

SHOWINGS (SKJERPS)

c9q-
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recional stirean sediment survey carried out previously, glightly
anomalous values of zine and significantly znomzlous values of lead
beine recorded for the stream draining north-esst inte Orrevatn (sec
disgrams 1 ). TFrevious worksrs in the area (Brerra 1306 and unknown
N.3.1U. Archive records) had indicated the praosence ef a "broad zonae',
ag stated by Bremna, "with rusty spots" cceurring within th

group. On his examination Brenna recorded small

concentrstions of sulvhide minerasls with flecks of chaleopyrite. The

minerals cccurrsd

gchists and bituminous phyllites,

Ao o - - 3 ~ & L M 3 - - - ~ - - =
AfTter examinstion the zone was iound tc consist of a rusty =one,
[P} - b | * - P 5 . a7 - - T b 2 5 AT A4

proxizately 1.5 metres wide, with a vieible stirike of saveral hundred

e
- 1, s - 31 . ., EF i

meLrec. 1is zone had a strike of approximately C&0 , parallel to

- W s 1=t [ Y -
the two lakes at the lecality.

After careful geological mapping of the zone, a detailed mar of

T rusi zane iteelf comprised a gquariz-rich bituminous phyllite
With ninated guariz-rich loyers alierngting wiik divuminovs ric
layers: ig pituminous l: a3 very highly weether, end it was
decided thot furiher examination would necessitate Lhe blasting ol a
trench perpendicular to sample unwenthered materisl, as no "Cre Mirerals
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A detailed geologicz) study was made at a section determined

Decreasing bituminous content

v

chlorite

schist 7=,
—

bituminous
phyllite

h 1t
chlorite it

bitupinous.~__

S

5 coarse
:*“L_ chlorite
schist

y | T 3 R, e - P A [ . L = = 3 mD md TDZ

Two possitle zones for irenching were designated at TR1 and TE:
= ¥ m o 4 g ha =Y s adnm af +

(peo digmram 15 ). TR? wos within the strike extension of the

The impresnation diminished along strike being indilscerniole

beyond the extents marksd on ciagramis .

FLBAIS SERECY wl]L - PR - FIE e S s b TR - y 9 = AT
bituminoug phylliie, gnd one irench (lat Th was blasted r t BCTOSS
o
fha o S Al pankion af 1HAY feram bra wepe a0 bma B Semipois
LiLE =one ' | 1 Lald 4 - A } a0 - [ 2l & - BB 7 A P44 [ SR § By R S S
14 - L [ gr oy gy atene 1hoy m i e b (—,L Moz
mrvliite o 0 distdnge of 2.0m along 1407, The secconu Trench (AU Ldkl
P -~ g ! - - .: S - Ly
sn a commarable zone H00m along strike, soucit ol L.
- 2 ¥ X 3 ; o o
Semples were taken at geoiegically pgoints: t £
1 b ~ . - & S 3
sameles were logpped peivolegically snd sample ere sent LoD

rrnehand far hacse matrst anolvess. T g re 9_-:‘&_-_5 Cf' *E.q_ arnlveess ary



shown in dizgram 17 ond the peircgraphic report follows the section

st tne end of the ciapter.{Appendix 1)

Skierp 2
approximately 75 meires south-zzst of the bituminous phyllite
ruct zone, znother rusty outcron was found, with a strike and directiion

sipilar to the bituminous ohyllite rust zone.

o

It was also stratigraphically/lithologicelly controlled in
0.5 metre vide oand. HMapping showed this to be z guartz pyrite -
sericite schist occurring in a seouence of banded acid/basic volcanic

rocks, being overlain directly oy an apparently '"Keratophyrie' band,

and underlain by chlorite.sericite schists. Again weathering to this

2 - - 3 - o y - - & et
band wes nuite persuasive and blasting scross strike was8 suggestec 1
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enable fresh unweathersd mat
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Petrographic logoing of the blasted trenchyanalyses for base
metals are snhown in the section at the end of the remort (AppendixT ).

and diagram 17.

- - 1 P
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DIAGRAM 17: Base metal analyses for trench samples

(in ug/g or ppm)

HR

HR

HR

HR

HR

HR

HR

RH

e

3n-1

3s-1

3s5-2

148

COPPER 2 INC LEAD
i"_ -
30.112 151.7 25,46
52.182 155.0 24.70
83.272 128.4 25.67
|
7.343 _ 226.8 41.75
[ |
36.217 164.9 40.80
23.562 300.7 40.04
23,062 152.0 63.99
15.832 70.18 20.32
78.892 154.50 19.08
37.732 139.9 17.32
| 213.822 89.37 9.049
S " =n S8 =m TR s "= == - = .- W W ..
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sample RH 148

Photograph 24
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Q:Conclusions

The mapping area is characterised by tectonically
distinct units containing meta-sediments and volcanics
which are themselves tectonically distinct from the
basement sequences.

A stratigraphy has been compiled and is shown in
Enclosure I.

The basement shows strong evidence of multiple
deformations which pre-date all the cover sequences and
is considered to be Pre-Cambrian.

Overlying the basement are aseries of 3 nappes a) Lower
b} Middle and c) Upper nappe groups. The upper 2 nappes are
equivalent to the Lower K0li and Gelvernokko nappes respectively
which have been mapped by previous authors; the Lower nappe
being of uncertain stratigraphic position.

In the cover sequences are preserved 3 deformation phases,
the first, D1 , corresponding to isoclinal folding and
formation qf the nappes. The isoclinal folding is represented
in the main by the major schistosity sub-parallel to bedding,
but fold closures were found.

D2 occurred after nappe formation and has resulted in
large open folds of 40 km wavelength, and locally as the
crenulation s2 and some parasitic fold closures.

D3 is represented only by minor "kink"folding.

The Lower nappe 1is characterised by feldspathic quartzites,

psammites and mica schists of reputed Eo-Cambrian age. The

Middle nappe group is dominated by the segregate-banded calcareou



T4

Phyllite and its intercalated volcanogenic units and
overlying bituminous phyllites and meta-volcanics.Finally
the Upper nappe appeared to be dominated by chlorite schists
and bituminous phyllites although this group was only
mapped superficially. These two upper nappes are considered
to be from Ordivician to Silurian in age although no fossil
evidence has ever been found.

Mineralisation in the area was confined to a small
showing in the Upper nappe group and some base metal enrichment
to some of the volcanic units of the Middle group.

It is suggested therefore that further exploration in
the area should be centered on these units.

The final map is shown together with an E-W section as

Enclosures I and II respectively.
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french trending 150 over approximately 10 meires., Blastine and

dip of 81/s2 aprroximetely 050/45E. (Trench showrn or diagraml9).
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Trench 1 section

— W 3 1

— T ——

N\
N

HR1-1 HR1-2 N\ HR1-3

!
|
N !
1

LN

LAKE

Trench 2 section

DIAGRAM 19: Trench sample locations

1%



33

d 42 ] .
& [ E = yog.
© = ] [L¥ a f 0 i 3 1
[ - 3 poe | | b €3 okl [Ty . A
= & o i i E R o L 44 =R L3 [~ O |
E s = $4 o i = \ ~ G O . $dy
(Y i ey G -3 + 2 40 FE] [ ori i 3 $dy
1 = e & 1, o 0 & ‘O 4 A1 . + o4 3 o
=i il O - = a1 e ol = L 3 I Ey &
iy £ ved O Fe (o] -~ i [ o e iy s 0 L Ly &
o & 4 . (] 3y e W 0y Q et — ot et 41
o —t (5] 5] e @ & £ L'+] oy 1] 0 £ o s e
—t Lo | & —i ey 4 e S -+ L & ad i Lo = e
u e [ 4] Se o (»] = Lo W s = 1 4] b =4 ~ el
i L et £ £a = o £ = v O b~ L + .y
ok (&) o o ) rd e W N — Ly $s
Ly = $4 37 = © = 1= & - B ¥ iy - = . a & 1 =
LA w by rt s [ <+ €@ & e e & 43 et e q e}
G 1 =N ar B 42 - o “ o = 3 154 ™ o vl ~ (3]
~— Ui i i s erd —~ 43 — (4] o Py §y -
Q & 0 [ Py 43 o o] <7 i @ Wk - - AT -
A2 -4 ey Le L €3 = @ 4] [* @ n — bel Q o~ e =
+ ul o} © — o = . { F o =y ] 7} U v o o
ot = L] [P 5 1] o L . N~ (=] 2 q o £ [
i 44 Vi o [ &) &0 s o e £ = - 3 ~— s [l - w# [a Ul o
= W Fas o [ t. el o = 0 F4 [ | ks -+
L4 = by [+H & po | 4 —f 3 o £ el
m (=T o [# = . ] w i . . Y] ] + (=N $4
[ b~ © = w . 5 ! —~ = . = o . W .
wm = o~ o3 u a 42 +3 ~ o ny = Lg% = G = L4 ol wde
[27} r— [ 55 =] w | =1 W2 13 1 ] [ o | = 44 = .
i ¢ K . Q [ - 41 (Y] 3] o - 3] -4 r &
+ ¥} +r 0 o 7] @ - w 1o ] 1+ ‘o 4 G S i i E
41 s 7] by (0] ~ Fa w0 @ < E 2 sl 82 7] = B tay o s |
) 43 B 5] L 3] ) @ < 8% e W 4 W =4 e -~
i | 4 i e ¥ o i) 49 i o 653 e [-on [ [ (&
= £ 23 w ()] 3 (&) Sy o B (5] o E] st = £ - S
O Ty L o o (77 w e | S %4 LY — W 1] = o i
o o 4 o o 43 -2 et G 5 Id B e £ ot [ ¢ By
] +* = - [+8 o — P =1 ~ & [ & o el
O &) = O - & & e 4 O L -4 5y i R'd 4 [ (& (1]
el o = £ U] 43 4 W = ] =2 a c e ia W & K
4 @ - [ =] ] 2] = [ Ll o 42 (41} 0 P o — bt = o | = d P L&)
~ e o 1 i = (o]  E; = k= = [a] o u... - 'l ] [ +¥ [=]
-~ O ) e o ('R Q B [3] 4 (s} oy | w - & A | or et
- o £ o = . Lo B (] e b =1 oy ¥4 [is o L
s « [=3] o ] L1} o] = o - Lo | G o [ ] = by i
K 5] e 43 |19 & W ] ¢ - - [# ~ [ oAl
o} 4 [%s] . o +3 - = + @ o4 3] ] « (%] { | 54 40 v 4
1] » W0 Ly [%] e £ ~4 u 5 by )] = o i =
e :] 5] £ i i (= b (& et ba i ad — i =t - | . ey
ED 1. a o 43 i iy - [¢] [} [ = 19 (4] & =4 L f o
O el o L i & 15 L o b= -3 = e & ® (=] : n [
e a o 1 LA Ll = a1 ¥ e 3 s e +3 [H4] = v,.m
L o w L ] [in o e o ¥ ] i = — 45 2 Wi ¥ 0 . C &3
1 o ~ e . [ = £ & | [ " Th I ke e el o 8 et T
~ 43 < ord — [ = G ! = (4] o oJ o (4 o [¥] a3
o et T 3 | = = o + 0 ol B e =~ L= o v o o
84 o - ¥ b (% +3 o C [ e P L o e txl 4] s d c = 3
s <3 v 43 e~ 1 S ks o 1= Q L, = c o] 3 4 e )
€1 ] g [T o 4+ [ o] e e — Lo¥! - 4 o - %] o
= =1 $q 5} e [ 2 = [+ 4 48 o} ¥ 1% (a] [ © Ve =] o i
Q) = A 43 ol 3 o o & o = 43 L} L b Ty e £ A - d
* | = £ s &1 ks € s & s (&) 4 [ 43 B . +4 4+ s a f =
o\ i) 43 o & [&] o = + = =4 i -y & A ved "~ . | w4
vd N = > vy =S m = T g~ (& L m v = vd >4 i = Q 5 ) &
} T - o 4 ol = @ ced L&) =] . 1 v = | © ™ oy LiF .
= S Lol @ 4+ ot vy G = .~ | —~ <y 1 e . LY e
u £ £. fa 7 w4 £y E at e Q =4 - o 43 & L L 42 ]
. £ ey C ¥ +3 o @ 5 i L [+ $s [y} . el = ‘ G o | A
— Y fls £ 3 o 4] — wred o (2] | = Ly -1 [ Ci - o (& 1] 18] (&)




17

phic reconstitution hes destroyed all macroscopic original textures

0.5 -~ 1.25m HR 2-2 (Also thin section Hi 2-2b)

Sample taken over 0.5 metres of horizon. Evidently horizon

continues at least along strike © metres to SW and N,

Lithologyr is highly flatiened guzrtz-pyrite-sericite "exhalite".

Bulk of rock is recrystallised guariz, approximately 80% by volume,

grain size up to 0.5mm scross. Pyrite occurs as dispersed esuhedral
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obviously associatzd '"Ore Minerals" :though isolated grains of po
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after probably original ferro-magnesizn minera

alter original plagioclase Jleldspar, probably, are ccngenirated alons

~ TR R - ;1 TR e (N -

&1 sckistesitiy cvlanes. They {orm schistose partings spproximately 0.1lmm
thick between residual bands of almost pure pguartz. Prrite as euhedra
w0 0.9mm in size oceur through tne rock and constiiute less than 1%

Definite conizcis of

the "keraionhyra" not vieible,but band Tt

' WL Sl sl ~ -
0.5 meires wide.
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french TR
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LITHOLOGICAL COMPARISON WITH UNITS FROM

ADJOINING AREA
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RH 120

Quartz, feldspar, muscovite coarse schist/grit

Large twinned perthitic and cross-hatched twinned
microcline clasts with sericitic coronas (see sketch
and photograph.

Feldspars often sausseritised with quartz,sericite
peppered throughout feldspar.

Clasts set in fine quartz sericite/muscovite ground-
mass.

Segregate,alternate bands of mainly quartz with

biotite,muscovite rich bands, leads to macro-schistosity.

20% feldspar- albite+microcline
50% quartz
30% phyllosilicates (20% muscovite/sericite,10% biotite)

Sericitic alteration

Muscovite
Large micrgocline segregation

quartz
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RH 126

Quartz, feldspar, muscovite, chlorite coarse schist
Represents same horizon as RH 127 (120 mapped in adjoining
area) and thus 126 used to correlate stratigraphy with
previous authors (Kollung 1978).

Contains more chlorite than 120, with very little muscovite

30% feldspar
60% quartz
10% phyllosilicates

Large

microcline
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1: AIM OF
SPECIAIL PROJECT

The aim of the project was to extend the understanding

of the lithologies which had been gained by petrology

It was decided that a study of the whole rock
geochemistry of the rocks would be made, based on the
suite of specimens shown in the sample location map
overleaf.

Preparation and analysis of the specimens is shown
in Appendix IV and the uncorrected results are shown in

Appendix Vv ,together with calculated oxides.



2:DISCUSSION OF GEOCHEMISTRY OF THE CALCAREOUS PHYLLITE

GROUP

Ti.e calcareous phyllite has been mapped and divided into
the four major units; i) Grey-quartz rich calcareous phvllite,
ii) Feldspathic psammite, 1ii) Carbonate rich calcareous
phyllite, and iv) Grev-green quartz rich calcareous phyllite.
These lithological differences are quite apparent in geochemical
profiles constructed across the group.

The most striking difference is shown by the plot of soda
and potash, which is shown in diagram20. There is a hroadly
consistent trace for much of the group, but there are some very
strongly anomalous results for samples RH 128, RH 128z and RH 12Sc
of the feldspathic psammite unit and samples DB24, DBISA and
RH74 of the upper chloritic grit band; and also sample DB 19 + 10
which was placed within the meta-volcanic group.

In these samples there is strong enrichment of soda with
depletion of potash.

A plot of iron oxide against silica indicates further, this
strong difference between these sediments and the calcareous
phyvllite group as a-vwhole (see diagrampl). These anomalous
sediments plotted within the zones of the meta-volcanic rocks,
the chlorite rich sediments plotting with the basic voleanics and
the feldspar-quartz rich sediments plotting with the acid
volcanics.

The nature of these sediments is so different to these
sediments is so different to the calcareous phy1lite group as
a whole, that they will be considered with and compared to the

meta-volcanic group (see later discussion).

95
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Silica content in the group shows the expected trend
(diagram22), The lowest unit is evidently very silica rich
wvhich corresponds to the high percentage of quartz in the rock,
Silica drops in the carbonate-rich facies and this drop con-
tinues consistently across the group, corresponding to the
increase of phyllosilicates in the rock.

The profile of calcium across the group is shown in
diagram23 .

This shows a very low value for the grey quartz-rich facies,
and this is due to the generallv low carbonate content of the
rock whereas there is a sharp increase of calcium content in the
carbonate-rich facies, to be expected with the high carbonate
content. Sample DBl4 has an anomolously low value and is poss-
ibiy leached of some of the carbonate content.

Magnesium (diagram24 )} follows calcite sympathetically and
thus it may be supposed that some of the carbonate is dolomitic.

Aluminium, rubidium and potassium are piotted en a com-
bined profile in diagram25 . The lower two groups show a sym-
pathetic enrichment of these three elements, whilst the upper
two units have generally constant values for the three elements,

This sympathetic enrichment in the lower two units was
thought to be due to the presence of microcline in these lower
units as large clasts of microcline feldspar were seen in
slide RH 126,and it was suggested that there is a change of
sediment type between the feldspathic psammite and the upper
units from a microline feldspar to an alb ite feldspar,

since rubidium and potassium are dominant cations. To this end
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it was decided to emply X-ray diffraction to ascertain the
feldspars present in a) The grey quartzrich calcareous
phyllite b) The feldspathic psammite and c¢) The overlying
carbonate rich calcareous phyllite.

Samples DB6 and DB5 from the lowest group), RH 126
(from the feldspathic psammite), RH 128 and RH 128C (from
the interclated chlorite schists and quartz-feldspar grits)
and finally RH 132 from the overlying calcareous phyllite,

Smear mounts were prepared from sorted samples of these
rocks (see Appendix VI for sample preparation) and then were
scanned; the resulting traces shown in Appendix YyIZ RH 126
clearly showed the strong presence of microcline of most
probably intermediate composition from the values of d
spacing as wellas a plagioclase, most likely albite, quartz
and a small amount of carbonate.

RH132 however showed the presence only of a, probably
albitic, plagioclase feldspar together with quartz , some
chlorite (probably clinochlore) and muscovite/sercite.

RH 1.8 and 128c which from the upper part of the feldspathic
psammite unit also show only albite plagioclase together with
quartz in 128 and together with chlorite and calcite in 128 c.
The traces for DB 6 and DBS were then analysed.

The sorted sample DB 6 gave a trace for only quartz, so
it seemed sorting had removed the feldspar.

The unsorted sample DBS gave a good trace indicating
the presence of only an albitic plagioclase feldspar. This
showed that the elevated value for potassium, rubiduim and

aluminium was not due to the presence of microcline.
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On further examination the trace showed a strong trace
for chlorite and muscovite, the peaks for the latter mineral
indicating a large muscovite/sercite content. Muscovite is
able to take rubidium into the lattice, substituting for pot-
assium,

The group then is seen to represent a series of
meta-sediments characterised by variable contents of
guartz, albite, carbonates, phyllosilicates and in
one restricted horizon, microcline.

Lithological differences were picked up by the
whole rock geochemistry and the very different nature
of some of the units was indicated.

The results of the study compiled, together with
the petrological studies . . is shown

in table form in diagram6 .
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GREY-GREEN QTZ2-RICH HIGI Ca, Hg
CALCAREOUS PIYLLITE LCWER Al, K, Rb

CARBONATE-RIC
1 HIGH Ca, Mg

CALCAREOUS PIHIYLLITE
= E LOWER Al, K, Rb

FELDLPATIHIC
DEPATHIC HIGH K

PSAMMITE LOW Ca

E TZ-—
GREY QTZ-RICH HIGH Al,K,Rb

CALCAREOUS PHYLLITE
LOW Ca, Mg

HIGII
LESS

HIGII
LSS

HIGH
VERY

HIGH

VERY

CALCITE
MUSCOVITE

CALCITLE
MUSCOVITE

MICROCLINE
LITTLE CALCITE

MUSCOVITE

LITTLE CALCITE

DIAGRAM 26: Mineralogic features

indicated by geochemistry.




3: DISCUSSION OF META-VOLCANIC SUTTE AND "“ANOMALOUS"

CALCARLOUS PHYLLITE MEMBERS

The specimens and sections available of this rock group
(the latter represented by slides RH 124 and Rl 134) have a
strongly igneous character.

Specimens such as RH 134 and Rl 129 showed possibly
extrusive origin whilst other specimens showed strong evidence
of clastic banding (Rl 137 and RH 40) indicating volecano clastic
origin,

Similarly, the selected rocks from the feldspathic psammite
and chlorite grit horizons had typical "igneous mineral assem-
blages', all these types showing clastic textures however.
Specimens RI 128, RH 129 and RH 128 a showed evidence of possible
grading from a coarse feldspathic grit at the base of units to
a finer quartz-feldspar sediment towards the top,

In section specimens from both the volcanic suite and the
rocks from the calcareous phyllite group showed remarkable
similarities. The acid volcanic RH 134 showed large albite
phenocrysts in a fine quartz/plagioclase (mostly albite) ground-
massywith small acicular chlerites elongated parallel to the
visual fabric of the rock. The acid rock from the calcareous
phyllite group RH 129 showed small "grains" of albite vlagioclase
and biotite (with pleochreic haloes) with large polvecrystalline
quartz lenses and elongated laminae, themselves often set in a
sericitic matrix. Thesepolvsynthetic ouartz lenses and laminae
could possibly represent hydrothermal chert laminae or else

silica "shards" elongated during deformation. In either case the

(O S
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rock is very clearly clastic in origin but recrystallised. In
section the basic velecanic rock represented by RH 124 is
apparent by large, often altered albite porphyroblasts, often
shot through by acicular epidote and by the large masses of
chlorite, often after hornhlende (see photograph25 ). The
albite shows complete sericitisation.in parts and there are
some very corroded augites (probably iron rich) which indicate
the strong alteration. The rock has subsequently suffered strong
pervasive silicification, being shot through with fire micro-
crystalline quartz. Finally carbonate is seen to infill ovoid
cavities in the rock, possibly representing corroded primary
minerals or vesicles although a strong fabric preserved by
aligned relict hornblende rhombs suggests the rock may have
been a handed tuff.

The basic calcareous phyllite rock represented in section

by RH 128c has a very irregular, altered texture. It con-
tains strongly idioblastic epidotes and irregular chlorites
together with large, evidently sausseritized plagioclase with
cross cutting epidotes and coronic chlorites. Plagioclase
also appears to be present in the groundmass together with
ferromagnesians, mostlv comprising epidote and chlorite.

These sections then give clear indications of a volcanic
origin to the rocks, either as extrusive flows possibly or as
volcano-clastic sediments.

These rocks will nov be considered with respect to their
geochemistry, obtained from the plasma spectrometer results with
the aim of unifving geochemistrv and petroleogy into a class-

ification of these rocks.



Photograph 25:

e%

Pseadomorph of chlorite after
amphibole, presarving the
characteristic chombic saction

of amphibolas and the charactsristic
cleavage,
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Geochemical data is shown in the Appendix, major oxide per-
centages for these rocks calculated and shown
in diagram 27

A plot of titanium oxide against silica (diagram28 ) shows
relationships of the rocks to a superimposed c¢lassification based
on work by Woollard (1968) in the cascade range, North America,

a suite of rocks from a quaternary plate margin. As can be

seen the correlation of the rocks in this area is good, with the

basic "tuffs'" and basic calcareous phyllite rocks plotting in the
basaltic andesite to basalt range mainly and the acid "tuffs" and
acid calecareous phyllite rocks having an affinity to the dacite -
rhyolite range.

There is a noteable bimodal spread of rocks which is not due
to sample selectivity as characteristic rocks of all voleanic
tyvpes were taken,

The "spread" for the calcareous phyllite group as a whole
is shown on the diagram to indicate the lack of correlation of
these to the veolcanic group,

A nlot of total alkalis against silica is shown in
diagram29 and again plotted on the diagram are the average
values for rock types found in the cascades region of North
America.

The volcanics and the "velcanie' calcareous ph ¥lite rocks
lie gquite close to normal igenous values for total alkalis/
silica content, the basic rocks showing enrichment to a more
"alkali" composition except for HR 1-1 which appears more
"theleiitic', The acid rocks appear in the "tholeiitic"
domain. The rest of the calcareous phyllite group plots

fairly central on the diagram, guite distinet from the two



BIAGRAM 27: Oxide percentages calculated for samples,

SAMPLE Sio2 cao A1203 K,0 Na,0 MgO FeO Ti02 TOTAL%
134 74.45 .328 12.1 .049 6.826 .452 1.794 .432 96.451
38 71.89 .684 13.8 . 056 5.823 1.613 2.773 .286 96.925
138 74.24 .643 16.2 | .389 7.104 1.400 3.854 .191 104.021
128 8l.94 .828 13.35 .043 5,912 .477 3.174 .168 105.71
128a 77.45 «263 13.95 | .107 6.15 1.165 2.569 .205 101.853
125 68.46 .243 18.45 1.667 5.583 1.13 2,98 .227 98, 74
137 74.45 1.470 15.5 .452 6.353 .307 1.688 .128 100. 348
39 74.45 . 114 14.6 1.123 5.136 . 804 1.593 | .114 28, 02
IR 2-3 78.52 1.635 11.2 .851 3.565 . 997 2,48 I .118 99.37
r 74.45 1.005 14.6 .537 5.998 1.149 2,922 . 209 100. 87
IR 2-1 68.89 3.169 12.35 .Bl0O 1.704 6.719 5.281 .281 99.20
HR 2-2 60.55 .229 14.3 3.031 .152 1.819 19.13 .629 99,87
IIR 2-4 63.54 . 281 14.2 3.178 . 172 1.507 17.22 I «551 100.65
BASIC ROCKS (BELOW) HAVE NO ALLOWANCES FOR COp LOSS
128c 48,35 3.865 18.35 . 096 4.717 6.993 8.870 . 703 91.94
124 52.85 5.456 18.6 .113 5.115 6.568 9.101 .698 93.05
40 49,64 5.014 16.6 .103 3.899 11.365 | 10.68 .819 98.12
74 47.07 7.495 17.75 .116 3. 906 8.662 9.332 1.934 96.27
. 18a 47.92 8. 801 14.15 «154 3.643 6.721 7.933 1.286 90.61
‘l9+10 49.64 11.667 18. 05 .490 3.245 5.927 5.441 ! 1.369 95,83
MR 1=1 47.50 7.623 14.5 . 006 2.439 6.756 12,548 | 2.291 93.66
24 46.43 7.382 16.35 .69 2.605 9.74 10.202 2.20 95,60 __J

%

o
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groups of acid and basic rocks.

Again the basic rock types correspond roughly to basaltic
alkalis composition (slightly enriched as said before) whilst the
acid rocks appear to be equivalent to slightly alkali depleted
thyolites.

This indication of two separate igneous species is further
shown by a plot of titanium oxide against iron to magnesium ratio.
According to work done by Myashiro (1974), tholeiitic rocks are
characterised by first an increase of TiO2 content with inereasing
FeO: MgO ratio and then a decrease, whilst in a typical calcareous
alkaline series the 'I‘iO2 content decreases with increasing FeO:
Mg0. Myvashiro defined average trends for tholeiite and calcareous-
alkaline suites and these together with the values for the sam-
ples collected are presented in diagram 30 .

There is strong correlation of the ac¢id rocks with the
calcareous alkaline trend and the basic rocks with the tholeiitic
trend. As Myashiro points out, most tholeiite series in immature
island arcs are basaltic to andesitic in composition whilst the
calcareous-alkaline series is mainly andesitic to dacitic in the
same environment.

lle also points out that large amounts of andesitic rocks
are only present where there is a development of continental-
tvpe crust at a plate margin.

As can be seen on a plot of calcium against silica diagram,
there is a bimodal distribution of data into basic and acid
rocks with no intermediate rocks of andesitic composition.

The information from the plot of alkalis and silica (dia-

gram 29} will he considered further, as the volcanic suite of
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mapped in this area has been shown to contain keratophyres in
neighbouring Sweden by various authors, and it is indeed the
interpolated lateral equivalents of the "meta-volcanic group"
mapped by the present author that contains the Stekenjokk
quartz-keratophvre formation (Juve 1975}.

If a Marker diagram is plotted with a superimposed
"igneous spectrum'" as defined in Hughes (1972) from twp vol-
canic¢ suites from Cascades, U.S.A., plutonic rocks from Oslo,
Younger Granites of Nigeria and the San Juan provinces, both
the acid and basic¢c rock species are seen to lie mostly to the
inft of the igneous "envelope''. (Also plotted are Trench 2
sample but these are considered later on). (pjagram 31).

The significance of their 1lving to the left of the env-
elope is as Hughes (1972) says, indicative of alteration. The
rocks are soda enriched (consequently depletion in potish) and
in most cases show very little potash present at all. This
immediately suggests spilitic alteration has occurred and the
fact that keratophyres have been previously mapped in this
upit would add historical argumsnt to this.

Hughes (1972) defines a zone of "average' spilite from
between 5-20 along the bhottom scale and between 3 and 4,5%
total alkolioxides. He indicates that keratophyres can not be
so generalised, indeed potash rich keratophyres can be found
(various authors). From the graph it is apparent that the basic
rocks correlate reasonably well with Hughes's spilites whilst
the acid rocks show some affinity to his soda rich described

keratophyres.
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A triangular plot of soda , lime and potash shows
the strong potash depletion in both the basic and acid rocks,
the more basic rocks showing a higher calcium content that the
acid rocks, which is to he expected. (Diagram 32)

The mechanisms of spilitic alteration are guite widely
disputed, but it is evident that there are basically two genetic
proposals for spilites. These are a) derived from crystallisation
of melts and b) derived from mineral adjustments in materials
already cooled and consolidated. No discussion will be made of
these two conflicting theories but needless to sav it is difficult
to conzeive of a single model to account for the diversity of
~pilitic assemblages.

It used to be assumed that spilitization was a submarine
process, but even this has heen brought in to doubt by Vallance
(1974) who suggests some now spilitic assemblages may have been
erupted subaerially.

What is apparent is the need for high water and carbon
dioxide contents to the system to permit ion exchange resulting
in these "spilitised" assemblages.

Generally the process of spilitisation is represented
by the albitisation of plagioclase, which in the case of
a basalt would have the composition of lakradorite or
bytownite. Spilitisation,as said earlier, involves
hydrolysation and ion exchange, and has been acknowledged
by most authors to occur at, or close to, the sea floor-
sea water interface, In this environment we would expect

< . 2+ + + .
alkaline conditons where Ca” ,Na and K ions are more

soluble than the aluminium, iron and magnesium species.
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Albitisation of plagioclase was quantified by Turner

(1948) in this reaction:

. + .4+ , 2+ 3+
= + +
NaCaAl3315016+ Na + Si 2NaAlSJ.3O8 Ca Al

labradorite albite

I 1]

thus the 'anorthite in the plagioclase is converted to
albite.

This is not the complete answer as éhteinberg(l964)
notes that a rock altered in this way of average basaltic

composition, would be subject to a 6.7 wt% gain of silica

and a 5.6 wt% loss of Al.O

505¢ which from analyses of spilites

we know not to be the case.
Indeed the pyroxenes of the basalts are involved in
the process and a likely spilitisation reaction is shown
by Narebski(1974), whereby labradorite and pyroxene in the
approximate ratio of l:1 are altered in the presence of
soda and carbon dioxide bearing solutions, to albite,
epidote,chlorite , sphene and calcite.
This seems to tie in well with the assemblages seen
in the basic tuffs of the meta-volcanics and the volcanogenic

members of the calcareous phyllite group.

In thin sections of these rocks there is abundant chlorite,

epidote, albite, calcite and in section RH 124, small sphenes

are secn dispersed in large chlorite masses
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In conclusion, it appears that the meta-volcanic suite
of rocks represents a spilitic suite of keratophyres and
basic spilites, highly enriched in soda and sympathetically
depleted in potash, It is apparent that there are no
rocks of intermediate composition, which if the plate margin
defined by the Caledonian Front is assumed, fits well into
the ensimatic island arc model suggested in Halls et al.
(1977) on comparitive data from Miyashiro (1974), who
attributes the lack of intermediate rocks to an immature
consuming plate margin on oceanic crust.

What is also apparent from the studies is the presence
of spilitic and keratophyric tuffs, intercalated in the
calcareous phyllite units, which does much to explain
the presence of sulphide showings of copper and zinc in

adjacent areas within the calcarecus phyllite group.



DISCUSSION OF TRENCH 2

During the investigation of the meta-volecanic suite it
became apparent that rocks 2-4 and 2-2 from trench 2 were mis-
fits and did not fit into the same pattern as the spilites and
keratophyres;and plotted well outside the pattern described
by the meta-volcanic suite.

This was first apparent in the FeO against silica plot,
where samples 2-2 and 2-4 plotted well outside the areas defined
by the basic volcanics, calcareous phyllite group and the
acid volcanics. This ties in with the sample description (see
section on trenching) where over 10% of free pyrite was noted.

TiO2 against silica plot again showed 2-2 and 2-4 to plot
well outside the two groups defined by the volcanics, and plot
within the "andesitic'" range.

These rocks 2-2 and 2-4 were taken from the second rust
zone nmapped at skjerp 2 and occurred structurally beneath 2-1
and structurally above 2-3,

Rocks 2-1 and 2-3 show slight geochemical discrepencies
with the meta-volcanic rocks but evidently have more affinity to
these than the types 2-2 and 2-4,

In hand specimen (thin sections not available) rock 2-1
was a quartz rich chlorite, carbonate schist with a large con-
tent of fine quartz, but visually appeared to be a silicifed
basic tuff. Elongate lenses of quartz up to 2 mm long indicate
possible intercalated chert laminations or silica "shards'.

The hand specimen of 2-3 was slabbed and is shown in

photograph 26, It is a quartz chlorite schistose rock with



Photograph 26: Slabbed specimen of HR 2-3.

(Actual size)
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abundant pyrite grains constituting about 1% of the rock. The
general appearance is of a banded acid tuff rich in pvrite. A
strike extension to this horizon was mapped and sample RH 139

was taken from this horizon. In this sample, what appeared to
be primary laminations of chert were seen, this is shown by the
slabbed specimen in photograph27 .

The plot of alkalis shown in diagram29places the samples
2-4 and 2-2 well outside the range expected for the igneous
spectrum, but in the reverse sense to the spilites and herato-
phyres. Samples 2-1 and 2-3 also show this sense of 'shift",
sample 2-3 plotting within the '"andesite" range of alkali con-
tent,

It is apparent that these rocks show varying degrees of
enrichment of potassium at the expense of sodium. This is
further shown by the triangular plot of lime, potash and soda
(see diagram33.

Evidence is shown for the visual classification of sample
2-1 as a silicified basic tuff and sample 2-3 as a keratophyric
tuff by the closeness of the plot to the spilites and keratophyres
respectively,

Samples 2-4 and 2-2 show very strong potash enrichment
whereas the bordering horizons of 2-1 and 2-3 show this potash
enrichment from the more ''mormal” spilite and keratophyre less
strongly.

This is unusual in a suite of volcanic rocks noted for soda
enrichment.

A thin section of 2-2 was available as HR 2-2b and a close
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Photograph 27: Slabbed specimen of RH 139, showing
possible primary chert laminations.

(Acfuul size)

\ 24
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study of this rock was necessary to elucidate the assemblage
and any possible alteration of the minerals.

The rock is predominantly quartz andsericite, with large
idioblastic grains of pyrite. Deformation of the rock must
have been severe as much of the quartz shows strongly undulo se,
sweeping extinction, it is apparent that the quartz crystals
have a well disturbed crystal lattice,.

Most of the pyrite cubes are idioblastic, probably annealed
after deformation although some show cataclastic textures where
cubes have abraded one another during deformation.

Sercite or muscovite occurs generally as two types. There
is a coarser type of sub-idiomorphic crystal which usually
occurs with the quartz and pyrite, and is probably muscovite s.s.
The other tyvpe is fine grained and occurs in 0.5 mm bands which
separate generally quartz "muscovite" and pyvrite rich segregations.
These fine grained sercite bands contain small pyrite grains.

Also apparent is the "alteration" mineral which is shown
in the photographs28  and 29 . As can be seen in the photo-
graphs this "alteration' appears to pseudomorph a sub-idiomorphic
grain. On closer examination is apparent that this alteration
consists of very fine quartz and another unidentified mineral.

It was impossible to recognise the mineral in thin section,
apart from its low birefrigence and low relief, refractive
index apparently lower than quartz.

The idiomorphic pseudomorph is suggestive of an altered
feldspar however,

Since a probe slide of the specimen was available, an

electron microprobe scan was suggested to elucidate the composition



of the mineral. The slide was carbon coated and the mineral
was analysed.

The readout from the microprobe is shown in diagram 33 .

It was analvsed on the assumption of 32 oxygens, i.e.

a feldspar, since on an initial scan the peaks for aluminium,
silicon and potassium were quite high and a potash feldspar
was considered,

The analysis was possibly doubtful due to the low total
oxide content, the presence of fine sericite and quartz
as well confused the analysis.

However, the recorded values of oxide percentages
resemble analyses for orthoclase (Deer,Howie and Zussman)

It was concluded, therefore, that the mineral was pro-
bably a fine grained potash feldspar with intergrowths of

sericitic and quartz alteration products.

The horizon represented by samples 2-2 and
2-4 is the pyrite rich quartz,sericite schist shown
on diagram « It represents something of an enigma
as a potash enriched rock within a group of soda
enriched spilites and keratophyres. It resembles
most closely the kerotophyres mapped in the area
but chemical differences are clearly shown in
comparison ( See diagram 27).

Potash is generally low in spilites ( Carmichael,
Turner and Verhoogen 1974), but potash spilites are
known (Fiala 1974), and are considered to have a

primary magmatic origin and examples of potash

DA
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enriched rocks have even been noted within soda rich
spilitic suites.

his possibly explains the horizon, and it may
represent a potash enriched intrusive body which post-
dates the spilitic suite into which it was introduced,

accompanied by high H.O content,which lead to the slight

2
alteration and potash enrichment to the bordering horizons
2-3 znd 2-1.

Alternatively the rock may represent a highly
altered spilite where all the soda has been removed and
replaced by potash, and indeed indications of pervasive
alteration has been shown.

This alteration must have been very specific and
perhaps the high content of free pyrite has something
to do with this, although the potash enrichment of
the bordering horizons could be argued to represent
this secondary alteration phenomenon as well as the
noted zinc enrichment in the samples.

It seems difficult to accept such a specific
secondary potash enrichment and the present author
suggests that the horizon represents a ptash rich

intruded body which has subseguently suffered some

sericitisation to the potash feldspars present.
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BASE METALS IN THE MAPPED UNITS

Base metal element contents are plotted for the
sample profile across the calcareous phyllite group in
diagram 34. The profile includes all rock units in the
group.

What is apparent is the generally constant background
valuas of base metals in the sediments, with notable
exceptions found in the feldspathic psammite unit and also
in the chlorite rich horizon represented by sample RH 72.

As discussed earlier the feldspathic psammite unit
contains intercalated velcanogenic sediments , and this
enrichment of base metals is perhaps indicative of the
presence of metalliferous brines associated with the volcanisn.,

The author ruggests that any mineralisation which is
to be found in this group is likely to be related to

the volcanogenic units of the group.

The basic volcanics are typified by generally enhanced
values of Cu and Zn (see Appendix V), and this is most
likely due to the substitution of these elements in the
ferromagnesium minerals, whilst the acid volcanics have

base metal contents very similar to the sediments.

Finally it is noted that the bituminous phyllite
units are slightly Cu enhanced, due probably to the
localised reducing conditions created by the formation

of the hydrocarbons and iron sulphides.
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Base metals in the trench samples is dealt with

in the report.
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PREPARATION OF GEOCHEMICAL

SAMPLES AND ANALYSIS
METHOD

APPENDIX IV



Preparation of Samples For Whole Rock Analysis

Selected samples were cleared by washing, and
weathered material was removed as far as was
possible, too heavily weathered samples were
discorded. Primary erushing was done by jaw
erusher with the apertive set at %",

For each sample [ split, crushed and then

seived it through a brass seive with a mesh
apertive of 3.35mm (%"). Oversize material

was then returned to the jaw crusher and
processed for a further time, being seived again
after this crushing in the same seive. Oversize
material after this second crushing was then

put aside as "Waste"; as it was considered that
the seived material accurately respresented the

sample, the samples all being fairly fine grained

(Less than 2Zmm diameter) homogeneous rocks, with

no fractionation at this grain size being expected.

The sample passing through the 3,35 seive was
collected and passed to the secondary grinding
stage, a Tema agate mill being selected.

1 coned and quartered the samples carefully, to
prevent size/density fractionation, until a
suitable size {Half fill of the Tema mill) was
retained for milling.

I milled the samples for 5 minutes each, and the
product was then passed to a 200 mesh seive, all
the -200 mesh fraction being collected as a

representative sample.
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Each plece of equipment was thoroughly cleaned
inturn, the fine material removed carefully by
a paintbrush and added to the retained product.
Samples were collected in individual sample

bags and were ready for the analytical stage.

Pre Analysis Preparation

For the method of attack chosen, 250mg of each
sample was required.

The samples were weighed on a slip of glazed
paper om an open pan balance calibrated to

Img intervals. A vibrating spatula was employed
enabling 250mg to be precisely weighed directly
onto the balance. Each of the 25omg samples
was welghed in a random order and placed into
clean plastic beakers, numbered from 1 to 100
inclusive together with randomly intreduced

st andard samples, blank samples and duplicates.
8 duplicates, 4 standards of 71 standard, &
standards of Z3 standard and 4 blank samples
were included with 80 samples to be analysed.

I had 55 samples to be analysed and 25 samples
belonging to Steven Hide were included in the
batch.

Samples then passed to the digestion process.
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APPENDIX V
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PREPARATION OF XRD SAMPLES

5 samples were selected- DB6,126,128,128¢c and 132.

It was decided after discussion that a concentrated
sample would be needed, with concentration of the feldspar
grains and hopefully liberation of the phyllosilicates, which
would confuse the feldspar traces.

The separation technique below was selected:;

It was decided that the +200 mesh sample from the
whole rock analyses would be used as i)the sample is sorted
and ii)the sample may be examined by binocular microscope.

The samples were poured over clean computer paper and
the fine polar phyllosilicates were retarded on the paper.

The product was suitably concentrated after 2 pourings,

The sample was then crushed to =300 mesh and mixed with

alcohol, applied to a smear mount and allowed to dry.

The samples were then run, the traces shown in Appendix VII.
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XRD TRACES
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