PETROLOGY AND GEOCHEMISTRY OF
RACRUSTAL Al'D INTRUSIVE ROCKS FORM THE
R DOPATN QF THE GORE~GAMBELA GEOTRAVERSE

i Theuis bPresented to
Tne Uchool of (Graduate Studies

Addis Ababa University

In Partial Fulfillment
of the Requirements for the Degree

of Master of Science in Geology

BY
Mengist Teklay
July,1986



Petrology and

from the Birbir

Domain of

frexenamigernt

the Supracrustal rocks

Oave-Gambella - Geotraverse

= T
ieoedqly
S

Selence

r ULy
Approved by:
Dr, Bekele Megerssa -
Advisor
Dr. Yama Nkounga
Examiner
Dy, F.F Bonavia R

Examiner

Dr.S.Capedrzi

Examiner




isbstreet

The studicd srea, in thz Precanbriesn Shield of western
Ethiopia, is cheracterizcd by lov arphiddite grade metamorphism
and by supracrustal rocks of scdinentary =2nd volcsnic origin.
The castern part of the sres is conpnsed of well-preserved
_turbidites {wackes and neclites), volcaniclrstic rocks, silt-
stones cncd cherts which s2re sinilsr to subaqueous sedimentary
denansite sssociasted with nndern volcanic arcs, wheress the
western part is composad of strongly deforned metaplutonic

rocks ~nd schiste largely derived from smell intrusions,

The rocks werc subjocted to two nein phnses of deforma-

tion, The vsrlier was responsible for the regiornel develop-

rent of an exvirl plene schistnsity; the second wes responsible
for the development of mylonitic folietion, meinly in the
western part of the ares, Therc is no distinction in meta-
norphic grade between the minoral essenblages formed during
these twe events. Mete orphic pressure vwas 3.5 kbar or less

»nd tenperature of the order of 5250i 25°c, i.e. lower

arrphibnlite feacics,

Sixty chenicnl anelyses of the netavolesnic and neta-
intrusive rock indicate that they rcsult from destructive

plate n rgin nognatisnm, sand follow ~ calcs2lkeline trend.
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1+ IRTRCHUCTICH
1.1 Objectives

For lack of detsiled studies, the Precambrisn geology
of Ethiopie is still hardly understood. 4 generalized
tectono~-stratigrrphic closeificotion has bean suggested by
Fozrin etel. (1978) that currently provides = framework for

both geolopicsl interpretrtion and economic mineral explorstion.

The 2im of the present work is to provide new deta on
the pctrolory, geochemistry, stretipgraphy and peologic cnvi-
ronnert of formeation of & suite of Procambricn suprecrustal
and metsintrusive rocks in western %thiopis previously
rzgorded as reprusenting en islesnd arc sssemblagc of Upper
Protcrozoic esge (Fezmin etal., 1978). Structure 2nd mcta-
rnorphisn bave also been studied. The resulte obtained rre

conprrad with thosce of the rdjecent rress, previouvsly mepped.

1.2 Location, Topography, Lccessibility, Climete and

Vegetotion.

This study wes undertrken in en sres 10km west of the
town of Bure, locnated in Ilubrbor adninstrative region 680km
west of 2Addis /brba.(Tig.1 ). The map area is bounded by

O T " O ' Li} : 0 1 0 ] " y
34756 50 - 357C3 17 lonritudes and 8°15 - 824 37 1rtitudes.

The study ares lies on the western nargin of the north-
western Tthiopien plateru. To the erst the plateau, under-
1=in mainly by subhorizontrl Tertisry bssalt flows, lies at

elevations of 1500-1700m nhove sea=level, The terrain in



Figure 1: Location Map
C,P,U and V are subsheets of NC-%6/16 Map
oheet (Gore-sheet). Shaded =zrea shows

location of the studvy =res
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the rree is rugged, comprising Y-0 trending, Structurally
foptrolled ridges ond valleys and irregular mountnin messus,
rising to o~ arximunm elevstion of 1891m (it.M=20). The mnjor
river is the Birbir, which flows south rlong the western side

of the »rea, 2t rn spproxinete clevetion of &00-700m,

Vehicle rccess is provided only by one all-westher
road, the mrin Gore-Grmbeln rond which passes through the
central part of the erve, One ssneonel track, nesotisble
only by 4WD vebicle, crosecs the Meritiary besalt to the
extreme north of the aren., The rest of the arcs is accessi-

ble only on foot.

Climate of the srcn is hot nnd dry vith torrential reins
during the rainy season from rid-June to mid-ienptenber, end
most of the ares is sperscly vepetoated with trees, thorn
scrub 2nd elephant grass vhich is burned by the local people

befeore the field seeson.
1.3 Previous and j'resent work

The firet rceconncissence nepping of the repion wes done
by the Ethiopisn Institute of Geological Surveys during 1977
to 1980 2t 1:250,000 scrle (Mengesha,in press). The ares
was divided into three mrjor domsins, besed on lithology and
structure. These are, from west to erst, Bera, Rirbir ané
Geba donieins. The contral Rirbir domsin, wherein the studied
sree lics, consists of felsic and nnfic schistose rocks meta-
morphosed in upver greenschist tn low rmphibolite frecices, and

the two tordering drmeins consist of gneissic and migmatitic



b
rocks of 7iddle ~nd upper smphibolite f?CiCS crofe. De Vit
(1977v) nopped the roed scction butween Bure znd Gembela
(Tige 1) rnd divided the srer structurrlly imto three ‘domains.
" centrrl dononin of predorinantly linesr-to intermoedicte-
fabric t. ctonites (¢ rin2) is flenked to the erst end
west by plensr tectonite domrins (1 »nd 3). The rtudied

srea lies within the ersturnnost domein (1).

During 1984-1986 the erer was mapped by Core-Genbelen
Gocotrrverse team, of which the writer is 2 member. The
Geotraverse is o joint Ethin-Censdinn projcct, intended
to pive » meund hasgis for the subdivisiord the Precarbrian
in Ethiopir, estebligh ¢ nossible link between the Pre-
cerbrisn in Tthinpin rnd the Mozambiquean belt adjoining
sruthwards rnd to locote rossible minerel occurrences in the
aren., Preliminsry results of the Geotrrvorse heve been re-

ported (Gore-Geihele Geotrrverse, 1984,1986)
14 Metrods of Study

Geologic mapping wns carricd out during the peirod
Merch-June 1985, snd briofly in uerly 198¢€, es pert of the
Coro~Genbelr Geotreversa projuct. /n sren of about 216
squrre km was mapned by the writer at the sesle of 1:50,000.
Drts cere nlottzd on overleys to 1:50,00C aerisl photogrophs
snd trenceferred to bese mnps enlszrged frow the 1:250,000
topogrevhic mrp to the senle of the photorrephs, Stations
were direetly located on the photnsg; supplesentory control

was provided by altivetre. Meppine was cerricd out by
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meceng of faot traverses of 1-6 days dursatiorn snd some date
from other prrticipsnts in the Core-Gambel= Geotrrverse
werz nlso used. Voot naccess and outcron eore excellent

espeeirlly rlongside the “irbir river, the mein rond ond in

(4]

s-gnrl streoms which provided slmost continuous, fresh
¢¥posure. Outerons src sbhundant in the irtervening aresg n
and sre frceh, e¢vcept on hill wides w ich show poor =nd
wenthered evposures. Srmples were collected wherever
chanses in lithalogy ocerr snd petrographic studice on 100
samples were donc 4o detertine veorintion in eormosition and
t.xture. lModes were visuslly estimsted in thin section;
Streckeisen's (1976,1979) classificotions of plutonic ~nd
voleenic rocks were followed. IMejor snd trace clement.
enclyscs of metevnlesnic and matnintrusive rocks were used

to dotermine tectonic sctting using verious disgrems,



C. GEOLOGY-

2.,1. Regional Geology

The metsnorphic complex, with its sottocndent plutonic
rocks, that makes up the Precanbrisn hasemnent of Ethiopin.
hns in the past been rssigned to the Mozambique Belt- n
structurel zone stretchting from Mozsmbiaque to Suden nand
Tgypt »nd probably cven to Srudi frabia, In the original
definition of the hozambique helt Holuos (1951) described
it ns ¢ Loate Prceombrinn peosyneline so deeply sroded that
its inncr, highly metrmorphosdd prrte ere cxposéd on the
surfrec. ™e oane view wrs cxpressed by Cehep ond Snelling
(1966), but letter Clifford (1970) considered it rs a"yesti-
geosyneline™ or mobile bult built up ¢s-=entirlly of remobi-
lized sneient crust. The Mozambique bult hes an approximate
-5 oricntotion ~nd is cheracterized by rodinmetric dates of
400-700m.y. (Crhen, 1961). The position of Ethiopis is
uniquo in that within fts territory two najor structures meet:
the Red Sen belt whieh is »n Upper Proterczoic geosyncline
and the Moznitbique belt in which older rocks undarwent ncta-
wor~hism =nd deformstion =t & tinc roughly coincident with
closure »nd folding in the rrer of the pmsent day Red Sen

(Kaznin, 1978).

Preesmbrisn rocks outerop in four srens of Tthiopia
(Fiz. 2) and threc wain conplexes were rccognizcd by Fazmin
(1972). These are the Lower, Middle ond Upper Comploxes;

the possibl: strrtigraphy of these units, end their




.'\
BN % [] Mesozoic Tertiary, Recks
WL Wiy
’-1';:’,5 e B [i+] Precombrion  Granitoids
. B W
r_;‘ ¢ Bh Y [ Jupper Complex(post-Adola Gp)
F R B _ [yit8 Upper Compiex ( Adola Gp.)
S Ny VT : =S vadie Complex  (Wadéra Gp)
' v ¥ 5 1#5] Lowar  Cumplex
i ”/‘] Genergl Strne
il ©,  [77] Gonfacts o) Fuposed b)in‘erces
(AT w7 hva zene n Tigai,
& R sl S Nurthern Ethiopic
i_,\}‘ .1.;'_' 1 i ﬂ\,—' Il\. -.l.f.- T
9 “\'{“‘ - N ~ s sy
L. X
/ .'"‘_..' : iy
ETT & ”a 150  3e0km
S ;Jlr_.' . ot F
O A o . -
<_,,/_, ALy n S : / By V Kozmin(1372)
'_\’- r i | |" o ‘ - 4
’ :.-"I _o'rll "l'.'.llr- "G .,»'}: - -t a
tar et
.‘jr 7 -
Figure 2: Precambrian Basement of Ethiopia
Arrow indicates the location of study area. _
- 4
| )




-8-
coreclation to thos: of Enst .frics nnd Arabis, ore summa-

rized in Tsbles 4 and 2 .

The Lower Complex: conprigcs verinus high grode gneisses
and rigmirtites. Riotite ond anphibole gnoisses predominete,
with suberdinate quertzofeldspothic gncisses, erle-silicntes

rnd =mphibolitcs.

The Middle Complex: is resreeunted by panmmitic and
pelitic mutrsedinments with subordinste nrrbles, celcsilicntes

°nd raphibole schists.

The Upper Complex: consists of low-grede rocks in the
following upwrrd succussicn: opbiolitic rocks, ~ndesitic mota-
volernice rnd ssgsoci~ted motrsedinmunts, clsstie and » loszer

extent carbonstu scdirents,

The TLower, Middlu, end Uppor Complexes were interpreted
to renrescnt, respectively, older (prester then 2500t.y.)
cratnnic bnscement, Lower to Middle proterozoic nlntform cover
and Upper Proterozoie ielend rre ascerbleges (Frznin etnl.,

1978) ..

L

The three lithostructursl domrine identified on the basis
of rcconnziscnce mapping by Mengzehn (in press) ere shown in
Ficure 3 . The centrel, Rirbir dourin consists of felsic and
'afic schistosc rocks in upwver procnschist to low smphibdite
fecies. They rre in prrt of scdiventory origin, incluéing
voleoniclastic facics, ond intruddd by lrorec m~fic to intor-
medinte (typierlly tonslitic) plutons, some of which are

roletively unsffected by teetonism. Tho two bordoring domrins
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consist of gneiseic pnd —igmntitic rocks ot niddle snd upper

nmohibolite freics grode. In the Geba domein thuse sare pre-
do dinently quortzofeldsprthic hiotite gneisses; there ere
sirnilsr rocks to the west in the Prro domsin, but »luninaus,
mafic ond celc-gilicete porigncisscs rré much more promninent
thtTe, Both high prade domirins nre in?rudud by pegnntites
rnd lrrper plutonie bodics. In the Gebn Aomein these are
iriply mefic to intermedinte and strongly deformed; in the
Rero demein leucogrenite pradorinstes, including both early
lenticulrr deforned bodice ond 1lote, messive, discordant
stocks. The lrtter overlap and truncnate the boundary
between the RBaro and Tirbir domsins (Gore-Grmbels Geotrrverse,

1285).

Thre: essentizlly distinct wltern: tive interpretotions
of the repionrl reology were put forwsrd (Core-Gembele

Geotreverse, 1986)

1. The suprrerustsl rocks of the Rirbir cdonain were
denosited unconformebly on older besement of the adjscent
dowrins, perbrsps in an intrrcratonic rift (Fez=in etel., 1978);
trhe domwrin boundorice thds represent, rt lonst in prrt, a
toctonized urconfornity.

A. The thre. domains ore contumporaneous; the differc-
nces in metamornhice grade ecmons then, resulting from unkrown
c¢:ntrole, heve givecn rise to theé differences in lithology

~nd tectonic style.
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3. The domrins hove been tectonicslly nsscmbled by

mrjnf tranglations, thus thuir originel relrtions sre un-
krown. They may nll Ye of totally diffurent original age

snd locele of origin,
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2.2 Guology of the Study Arce

2.2.1 Btreotigraphy

The rocks of the studiced srus form part of the Birbir
domnin, cheracterized by low rmphibolite grade metamorph-
ism gnd supracrustal rocks of sedimentery end volcanic
origin, Thc enstern part of the map sren is domposed
mninly of well pruscrved motesodinentsry and metavolcenic-
lnstic rocks intruded by lorge plutons, vherers mrinly
hornblende-besrring schists of unkpnown origin snd mctrintru-
give rocks prodominet: in the western pert. Tedding/clesvage
discordrnce rnd greded beds in the nutesdédiments indicate
rn erstwerd direction of yorungine, but these reletions could
not be obscrved in the west beenuse mylonitization hee there
cblitureted much of the originsl nrture of the rocks and trons-
pesed the esrlier sxiel plene foliation, Sinilerily, although
some of the intrusive rocks enrn be ordered according to their
degrec of duformetion and contrct relotionships most of the
1etrmorphosed glutonic rocks nre of uncertnin relctive age.
It is thorefore, difficult to pive = conmposite stratiersphy
for thc Preéenbrirn rocks of the rres, and lithologic units
depicted on the geologicel map (Tig: 4) do not entirely re-

pres.nt a stratigrsphic order.

Deteiled vetrorraphic descriptions are given for the
typicel rock types of cvach litholopic unit, And minerrl com=-
position of the rocks of the arce, ore given in Appendixz 2 .,
\Vhare minaral ~odifiers sre uscd in rock nones, they =are

written in order of inereasing ~bundnnce. Concordency snd



figure 4: Geological Map.
1 L] ]
The area is bounded by 34°56 50 -35°0%'17'' longitudes
: | ! (]
and 8°15 -8°24 %7  latitudes. See next page for legend.
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discorinncy refer to the regionel folintion dircetion.
Z.2.2 Prececonbrin rocks
Pe2.2e1 Strotificd rocks

2.2.2.17.1 Hornblende-besring schists (bhs)

Hornblende, hintite-hornblende, hornblende-biotite,
biotitc schists and quertz-rich laycrs outcrop enst of the
metetonrlite (mtn). Associ-ted with those sre interlayers
of recognizable meteintrusive racks snd mafic metavolennics

and/or shallow intrusives

Drrk grey, finc-grrined hornblende-berring l-yers cre
predominant, In the southern nnd northern prrtes of the nrea,
these ere fine-groined hornblende, biotite-hornblende end
hornblende-biotite schiots, tyvicrlly interleyered on centi-
netre to metre scrle. Throughout, the deformstion hrs obscu-
rocd rmuch of the sriginnl neture of these rocks., Aggregrtes
of biotite ~nd hornblende and “iotite schistosity define the
folistion., Within thuse schists are minor interlsyers of
fine-to medivm-graines, lenticuler motsintrusive bodics of
dioritic %o paborie composition with reliét igneous texture.
There nre also continuous, 1-2m wide snd lenticuloar, few
centimetres wide and few metres long leyers of fine-greined

mafic metsvolcrnics ~nd/or shrllow intrusives.

The whole succession irs cut by numbrous finc-grrined
mafic dykes, nnd strongly folirted to mylonitic granitic

dykes » few centimotres to metrus wide.
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In the central prrt of the outerop, intirleoyered with
hornblende schists, rre vory fine-graincd, lipht grey ousrtz-
rich schistsj; here layerine renges fror “-Scnm Uptp 2-41, t¥pi-
cally &-1Ccm. At places, viry fipa-grsincd biotite schists

and gu-rtz-~rich schists rro intarleyered,

In the extreic northern pert of the arca, interleycred
with hornblende schists, are finu-to nedium-grained, mrssive
to lrminated carlonete racks. . graphitic layer vwrs observed

in the north adjacent to the quertz netsmonzonite (mmz).

Thie unit also contrins ¢ few silvers of ultrannfic,

chlorite-actinolite schists.

Carbonrte rocks ond grephitic schists in tbe unit sre
clearly metrasedinentary whereags other rock types(ns deforme-
tion has totslly obliteroted the originsl nrture of the rocks)
arc of unkrowp origin, Qurrtz-r’ch loyers could be metrsedd-
ments ~nd/or very fine-greincd tectonites derived from opce

cosrser rncks, perhsps cven from gronitoid rocks.
2e2.2.1.2 Metrsedimentrry rocks (nﬁaq)

These are mainly turbidites comprising metngreywackes
“nd metopelites, with groin-grednrtion, cross-lsminstion »nd
cliusvoge/bedding discordonce, '“ithin these ~re minor inter-
loyers of intermediate to feclsiec metsovolernics, graphitic
schists, rnd crrbonete rocks. The upnit cutcrops west of the
metevolesniclestics (ﬂsszj in the velley b unded by the two
lerge plutons of bintite metatonslite (BI nmtn) snd quertz
wtrnonzonite (mmz) »nd extends to the south waost of the

the biotite metntopslite (BRI ntn)
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Metegreywackes: #re light grey ané occur in beds 15-50ca

thick, clterneting with metrpelites. They form o minor pro-
rortion of the fturbidites, where fully dcveloped T, =Ta-e
Boumr~ scquences (Roume, 1962) wure observed at the jurction
2f Cheks snd Sudi rivers (station 032 Wig. 5). Fere the
lower intervel, Ts, is rrrded, vhere srradrtion is cxvpressed
by clestic feldspnrs 1-3mm, and this intirvel gredes to
snother intervel where prrallel lewination predominates, Tb
of Bouma (1962). This in turn is overlein by #n interval -
with cross-lsminntion ~nd cross-budding corresponding to
me of Bouns, Grein-grodetion, truncated cross-b.dding,~nd

eross~laminsrtion indicate consistent tops towards the east.

The moetrpelites comprise cfen, prrellel micaceous and
siliceous beds typicelly of 4-5cm. In the sbove mentioned
locolity they overlie mutagreyvrzckes corresponding to both
7 nnd T¢ of the Boums sequence, Bose-cut out sequences '
T4=Td—o ~nd/or T5=Te were the only obscrved irtervele in all
other nuterops. The metrpelites contrin coexisting porphyro-
bl-sts of rendomly oricmnted biotite 1-2mm, whitc to rink
snderlusite, with square eross-s:ctions of 2-3cm thet hrve
clearly grovn acrose both bedding and schistosity; reddish
brown subhedrsl to cuhedrrl 2-%nnm staurclite #~nd grey, oval,
1-1.5¢cm rggregetes which are possibly pseudomorphs of cordi-
arite porphyroblssts. £All the ~bove porphyrobleste ore
scrttercd in both the micrecous »nd siliceous beds of the

nectroelites nnd are #bs nt in the extreme esstern outerops

of metnpelite; none were observed in the nectegreywackes,
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Redding is close¢ (15-25) or parallel to folistion,
expressed by schistosity, indicating thot strain was extreme

~nd thot folding wes close to isoclinsl,

Elliptical concretinn of gpidotized corbonsate rocks ¢

sccur within the motagrewwackes ot the junction of Cheka and
audi rivers, These are up to 30-40cm long ~nd ~ligned percllel
to the budding. Carbonstc rrocks flso occur rs thin loyers
within the notepelites ot 2 few pleces. Graphitic 1lnyers

occur 2long tho main road.

The motavolesnic rocks interleycred with the turbidies
ape L-Gr thick, light rrey, fine-greaincd, with relict
plreinclr-sc phenocrysts tvpicelly 2-3mm and arc intermedinte
t5 fulsic in composition., Po pillows were observed but,

~etepdesite with quortz smygdsles outcrops in plaades.

Thi renersl occurrcnce ~nd chsrscter of this unit suggest
o ghrllow nerinc snvironmsnt, further suprorted by occurrence
of anygdeles in the metavolerpics. Grein size and thickness
of buds of metngreyweckes, greyvwrcke: pelite retio less than
onc, a2nd the common occurrence of Bese-cut out scqucences TP
indicstive of distal facies (Pettijohn, 1975). ibundence of
autenalites olso indicates thot deposition wns quite on the

sen floor (Pettijohn, 1975).
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15 Metrvolerniclostic rocks (r-lsge)

Thuse rocks outerop ezst of the metos dimcntery rocks
(ﬁssﬂj =nd e¢xtendzd to the south to the mein rosd where they.
ere trancrted by the biotite metstonslite (BI mtn)., They arc
composcd prodonin-ntly of metavolec-niclastic rocks with lenses
of metrconglomerste end lenscs nnd layors of moinly inter-
medintc to felsic metavonlcenics eond mefic to felsic dykes

and/or 8ills.,

lletrvnlcaniclestic rocke src¢ ill-to well-sorted, very
finc=~to nedium-groined snd light to dark grcy. They are
1rgsive to slightly folieted, shoving discontinuous felsic-
rich »nd mice-rich lrycrs, with foirly contiruous layering
~t pleces, Foliation where prasent is expressed by biotite
schistosity. LA very finc-grainced »iotite schistose matrix
with euhedrel »nd broken frogmnts of feldspors, partially
or wholly epidotized, 0.5-3mm and mafic ninererls (rarce) is
considered to have been derived from crystel tuff(?). In
“1rces thore ere metre-scrle leyers of dark, very fine-
frein.d schists (nctanudstones), with = fow seattered felsic
rock frapments sre even, 1-3c¢n greded bede with tops toward
the northesst,

Metacoplomerate lenses intercalested with the metovoconi-
clrstic rocks pre heterclithic, poorly sort«d snd antrix-
supeorted, Iayering is rrrej;where present is poorly defined
“nd n fow 1nycers are graded at the base. They #re mainly

nnssive, snd foliation where prescnt is expressed by - "%
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clong~tion of clrets end biotite schistasity. Cl~sts range
from 7x9 -20x/iCecrm, sverage size being 5x10ca, 'add constitute
7e-40% of the outcrop. They ore subrovnded to well-rounded,
fin.r cl-~sts being subsngular, snd light to derk grey, finc-
to swedium-preined, beine derived exclusively from volesnic
or shnllow intrusive rocks ord verying in cormpogition from
sncesite to rhyolite. Tine folistion, disenrdrnt to the

1 trix (regionel) schistneity, was scen in only two of the
hundr ds of closts excmined., These may be primery flow or
cutexitic fobrics (Core-rembala Ceotreverse, 1936),0r
~1torns tivvwly setamorphic in oriesin (°.¥. Hemmer, personcl

communiertion, 1986)

The motrix of metrcoglomerrte is micaceous, ¢oTk €rey
to dork grey blue, veary fine-to finc-grainod end messive to
well folisted, et pleces with feldspar fregnents or nuedles

of smphiboles upto >mm.

Motrvolesnics, dykes snd/or sills arc lenses end thin

lryors inturbeddod with the above rock types. They sre light

-

o derk grey, fine-greined, nassive to werkly folieted ernd

neinly intermediate to felsic in comnosition. Fhanocrysts
~r¢ subhedrel to euhedral plagiocl-se (sone epidotized) and

safic minerals sversge 2-3mm size. ¥o pillows were ovserved.

i wet-brsaltic-rndcsitie rock with quertz snypdrles was seen

in one outcrop.

The metevolesniclestic racks hové the charecteristic of

subequ-ous deposits: ill to well sorted, predomincntly very

finc-to fipe-grrined, poor bedding and ncecurrence of thin
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proded mudstone lzyers (Piske snd Metsutr, 1964; Yrmozeki

¢t »1.,1973). This is further suprortod by the occurrence
of netrcongloieretes which hnve the chrracterstic faetures
(nultinodal clast size distribution,poor sorting nnd netrix
sup.orted) of subnmerine debris flow deposits (Paraons,?1969;
IFisher,1971;Hanpton,1972 ond Gore-Gembela Geotrsverse,1986).
The weight of the evidence in the metrconglomerstos nlso
suggests loenl derivation from witiin » volecsnic arc succes-

sion,
2.2.2.1.4 HMetascdimentary rocks (mss;)

This unit consists of metnsiltstones, metochortes, c¢rrbo-
nate rocks =nd netavolceniclestic rocks. It outcrops 2t the
foot of the escorpment west of the metagrarodiorite(RIntn),
in the eastorn pert of the study esrea ond terninates agninst

nutagrenodiorite (BI nmtn).

The predoninsnt rock type is light to dark grey, very
fine-grained, slightly mrpnetic, finely foliatcd metasilt-
stonc, It is even, parallel-bedded 3mn-1cm thick, nverege
buing 4-6mn, Bedding is peresllel to the folirtion sxprossed
by biotite schistosity.

Tn the cestern pert of the cutvrop interbedded with the
netrsiltstones are finely lsminated, varioble colored, non-
negnotic metacherts. They compose 5-10cm thick 1lryoers
stending above the surrounding rocks due to differentisl
werthering., The matacherts extend to the enst and sre found

as wedges or xenoliths within the rdjrcent pluton,

L
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Carbonatc rocks occur ng minor intaerleysrs within the
mgtacherts, and are folded together with them. This foature
was interpreted as primery sedimentary folding as non: of the
exes colincide in orientetion with the rogionrl lincstion

Erend.

T

Mutnvoleaniclastic rocks occur mrinly within the biotite
metatonnlite (BI mtn) and olso rs intorleyers with the mota-
siltstones in the western pert of the uterop. They src
light to dnrk grey, fine-grrined biotite-hornblende schists
vwith thin laycrs =nd lenses of finc-greindd feldspar-rich
schists =~nd very fino-grnined auortzofeldspothic lrycrs
2=2.5" wide contsining rmalechite. Bedding which is of the
order of = few centimetres scale is discontinous, even and
parellel 2nd is discordnant to the folistion exmressed by
cgeregatcs of biotite ~ond hornblende.

The lithaologic rssocistion of this vnit is suggestive
of n shnllow marine eniviromment, is further cvidonced by

occurrences of carbonate layors within this vnit.

)

2.2.2.2 Pre-to Syntectlonic intrvsive rocks

LIS

2.2.2.2.1 Metatonalite (,mtn)
Thie body outcrops in t'ec westorn port of the study ereca,
proninent PNE trending ridges bounding

& relstively depresscd central pert unc.rlein by the seme

wodge-shapaed outerop pettern, nirching out

both to the north and south,
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The rock veries from light to derk grcy ond fine-to
corrse=-grained ;thourh it isg Fenerslly medium-greinced, Tolia-
tion is g-norslly well develnpad =nd is exprcssed by hornble-
ndc and biotite reegregates; ipncous texture is well precerved
=t places. Tocally, deformstion becomes intonse cspecially
at the wargins, whore concordrnt mylonitized zonus renge
from a fow centimetres tn a retre end 2 helf in width snd
extend for tens of metres and more in icngth. Composgitinnall-
it is generelly uniform but tends to be quartz dioritic to

the west.,

The unit is cut by finc-grrined concordsnt (some discor-
dant) nafic end grenitic dykes, tens of contimctres to fow
netres wide, Jngulrer to ¢llipsoidel, fine-grainnd mafic
schist xencliths are found in most places, but sre chrracteri-
sticnlly concentreted nlong its contact with adjecent units,

suizgesting that it intruded the surrounding rocks,

Micrvscopic texture end field relstions, i.e textural
renge from well preserved to mylonitic indicste pre- or

syntoctonic intrusion,
2.2.2.2.2 Qurrtz Mctogabbro (ngb)

The slope west of the metagrepite (mgt) domprises pre-
douinontly cuertz net gebbro, whiress in the southern and
northern prrt of the outcrop minor interlayers ere obscrved.

'hese sre fine-grained hornblende-biotite »nd biotite-

=

hornblende schists cnd medium-to cosrse-grained netatonslite

with ~ngen of plagioclnase 2-4mn.
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The rock is inhonogorzous, vorving from cusrtz gebbroic
to qurrtz dioritic in composition, mediun-to conrsc-grrined,
~nd uessive with rclict igreous texture %o folinted, the
1atter cxpressed by rggriogates of biotite end hormblende.

In the southern pert it is characterized by occurrences of

disseninstcd sulphides at places.,

The southwegtern contact is marked bv concordsnt leuco-
biotite grarite dykes rnd xenolith of fife-grrined nefic
schists suggesting that it intruded the rock unit bhs,
Tertursl veristion from well preserved to folinted surgests
pre-or syntectonice intrusion,

2.2.2.2.3 Metsrronite (nmgt)

Ir the centrel psvt of the sres, » thin prominent ridge
is totally composed of metagrenitce, that pinches out to the
south.

Tris metegronite is pale pink becoming more pirnkish
oastwerds., It is fine-to medium-greincd, strongly folisted
with augen of quartz ~nd foldsper 2-5mm wrepped in 1onticles
of biotite wvhich define the folistion.

Tts enstorn contnct with unit (bhs) is clorrly intrusive,
arked by lerge xenoliths of rocks of (bhs) wherees the nrture
of the conSset with the quertz metagabbro (mgb) wos not cleer.

Strongly developed mvlonitic folietion throushout the

unit suggests » pre-to syntectonic intrustion.
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2.2.0.2.4 Tornblende-biotit. noutrtonslite (AE-RI ntn)

This hodw cutcrope in the centrzl peart, west of (bhs),

1

~n¢ consists of metatonelits with felsic to mefic dykes.

Motrtonelite is inbomogoncous in cooposition, texture
né deuprece of deformeatisn., It is lipght to derk grey, fine-
graincd nylonitic to smgen gneiss; rugen reach 2cn but
typicrlly nre 4-5mm and predowincontly plegioclase with rere
r-fuldsnor. St places thi sugen ere stretched into lonses,
Leeregetes of biotite; harmblende, nnd fzldsprr dofine
felirtion. ILoenrlly, deformntion bicomes intonse; the rock
conteins concordent mylonitic zoncs typicelly 1-20cm wide,
~vernge beine 2-%cn, compositionerl vorintion scems to be
irr mulrr but thure is - genernl tendency of prading to
AinrTit . to the west and rranodiorite to the cnst.

Finc-preincd dykes meinly nafic and felsic with subordi-
nte intenudiate composition cut the unit in every outcrop.
Their width renge from Scm=1.5m end typically 25=20cm.,

Trey consititute up to 70% of the outcrop, the avarrge being
10¢.. Irruguler, disccerd=nt cuertz veins cut both the metad
tonslite ns well as the dykoes,

/nguler to ¢lliposidel, fine-crrined, mafic schistose
xenolithe sre found elmost in all outerops, eoncentrated at
certrin plnces rnd contacts supgesting that the metetonnlite
intruded ndjncent rock units (bhs) and (n8s,).

wicld reletions snd microscopic toxture indicatc a pre-

or syntectoric intrusion.

IR



2.2.2.2.5 Oturrtz metrgubbro, ctetanrlite #pd borntlondc-

buaring cchists (mpth)

rhe wostern nergin of the study avor conriste of inter-

loygrs of quarbz mutarrhbro, metntonnlite ané rocks of (hhs).

Metagabbros ~ru dark grey, nedium-grrined nresive o
workly folirted. They are the predoninent rock type in the
north with minor interleyers of light grey, fine-to mad i un=
grained netetonelite, ond fine-grrincd, dnrk grey hnrnblende
schists. The southern part of the outerep is predominantly
commoscd of hornblende=bearing schists of unit (bhs) with
ainor layers of setntonelite. Folietion in all ceses is

cypressed by rggregrtes of biotite ond hornblende.

2.2.2.3 Syn-to 1ntetectonic intrusive rocks

Yol elaDnl Metrhornhlendite (hbt)

These pre two snsll ellipticel bodics within the neta-
t~prlite (mtn) in the vost snd onc snrll trbuler body within
the bornblende - bintite metntonrlite (¥B-RI,ntn) in the
cuntrel prrt.

They ere black, eoerse=to V.TY cospse-groined, with sub-
cournt blouky hornblende 28 the major constitucnt. Vheroers
the two ellipticel outcreps arc mresive the tabulrr body is

workly folinsted, sxpresead by hopnblonde agprogntes.
2.2.2:5.2 njotite metetonrlite (BI ntn)

Bintite nmetstonslite occurics the southunstern quartsr
of the srea vhere it forns ¢ wajor flrt-topped ridges, rnd

grrdes to grnnodiorita to the erst, extending to the north



-20-

scross the Gore-Gsmboeles rond,

Mct:tonelite is grey, medium-to coarsao-graincd, wonkly
foli~ted ot its merrins snd messive with vell preserved igneous
torture in its centrnl part. Mineral sggregotas, norticulsrly

of bintite, express the folirtion.

The rock is cut by rendonly-oricented - wadeformed rplites,
pegmntites and aquertz veins., Tquant xcnnliths 3=30cn long
of finc-to mediun-greined, light to derk grey schists nre
found along its contrcts sugpesting that it intruded the

surrounding rocks.

The contect oxposcd on the main road truncates leyaring
snd schistosity in the enclosing metrsedimontery rocks, but
the west side is bounded by » mylonitc zonc. In the erst o
the contact is not clesr; it could be thet the body grodes

cnstward to grenodiorite.

The grenodiorite is pinkish, mediur-to coerse-greinod
becoriing more pinkich towerds the west in the northern part
of the ~uterop. Anguler to lenticular, fine-greined xcno-
liths of nofic schists occur throughout the hody and their
conceptr tinn in the outcrop decrerses sastwards, This
metagreonodiorite is weakly folirted rt pleces but nostly
nnssive, with relict igneous texture. Folirtion is expressed
by mineral esggregrtes, nerticulerly biotite. At pleces
alignment of xenoliths within mrssive nstagrenodiorite was
obscrved ~nd intorpreted #s due to negmetic flow. The north-
westorn contect is purely intrusive, marked by lerge nete-

chert xenoliths, Fine-greined intermediate to felsic
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dykes (?) up to 20m wide, with reliet feldspar phonocrysts
cut this rock. In eddition in the extremc north finv-grained

updefdrmed grenitic dykes were observed.

Ficld rzletions rnd microscopic turture indicoto thet
the biotite metatonslite unit (BI ntn) ie syn-to lrtetectonic,
naving been enpleced after folding in the netasedinunts ~nd
before the cessstinn of mnjor mylonitieetion. 1o sign of
contnct metanorphic effect was seen along nll contnets boetwoen

this unit end the enclosing rocks.
2.2.2.%2.%3 OQOuertz notenonzonite (mnz)

This body outcrons in the porthvwestern highly cleveted
srea including Mt.Mao(1£91m), the hirghost pesk in the nep

area .

It ie generrlly pink, medivn-to coaree-grained, with
week folistion expressed by ~gpregntes of biotite et its
“ppein ond messive in its contrel pert, with well presoerved
igpcous texture. The extrone western mArgin ie chnrectorized
by prescnce of concordsnt cheer zones # fow continetres wide
oxtending for tens of retres spd more, ond at its most sastern
~aroin two wenk fnbrice werc marsured where the one discordent
o the mein folistion direction is interpreted ns nognetic
in origin., This rock at pleces is ousirtz-rich, groding into
granite.

Rendonly-oricnted muscovitc—qu"rtz—fcldspﬂr pegrtitas
cut this rock. Ansuler, finc-grrincd, nefic schirtos. X¥no=

1iths »re ov rywhere found at its contnct, surgesting an

intrusive relationship.



This unit was c¢npleced leter then the biotite meta-
tonslite (BI ntn), s it cuts the sam¢ nylonitc zonc which
affucts the western nargin of the latter body. Possible
further cvidence of this asge reletion is the occurrvnce of
und. formcd prepitic dykes (correletive with (mumz)?) within
the bioctite tonsalite body. o sign of contact metamorphic
cffuet wes seen 2long sll contrscts botween this unit snd the

:nclosing rocks,

2.2.3 Tertsry rocks

2.2.%.,1 Volecenic rocks (Tv)

The most easterly part of the map arce is underlnin by
flat-lying sphyric bnsalt flows. Nowhere wrs the base of the
1~ve Been, butl therc is no evidence of deposits intervening -

between the Tertisry besalt end the Precambrisn rocks.




%, ATRUCTURE AND METLIORPHISM
2T Btructure

1enar feobrics gencrally strike in the range 345 -.020

Len)

|‘J.
cr
tn

subvertical dips, and linecar fsbrics sre nostly subpere-

o el : A0
11¢cl to strike with shallow plunges (mostly less them 307) to
porth +nd south(Fige ©)e mhy aren is divided into two strucu-

r~l con=ins (Pig. 7), the Erst Domein and the West Domnin,

2?0 diseardence

2 = ; . . . ¢ 0
™ Zrst Domein is cheracterized by a 15°-
yatwaen folistion 2nd bedding. JTdentifiable bedding is

bsent ferm the West Domein
7.1.1 TEnst Domain

Bedding as well as othur primary structurss are well
preserved in this domain., Details on prinery structures are

3

in chapter snd will not be repeatcd here.

7.%e1.1 Plener and lincar fentures
single mein folistion, B,, 18 abgerved throughout the
-t Domein., This fdlinrtion ig evarywhera represented by @
schictosity defined hy the plener preferred orizntetion of

: +1 = i ralins
plrty nminersrls, Also present in some nplaces Arc fclsic velns

. . i 5 I en 1 swWfWerroed ien-—
lincar fabric, defined by the linesr proferrcd orie

: . ; v oro .1 aemaratog. AT 2180
tation of minercl greins and ninertl f2gETeE tes, 2T

i hea on YU strike and subvertical dips. Iingations
trond subparellel to the strike of 85,

to both north mnd south.

4_________::---lIII..............I.III.I

and have shellow plunges

the
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2.1.1.2 Folds

Mososcopic folds in bedding are present which plunge to
the nerth, the syiasl plesnes sre prrellel to Sqe The folds

sre in generel S-shaped.
g X

The azinuth of bedding is locrlly 150—250 smrller than
the ~zimuth of folirtion. WNeer the west boundary of the
domrir, bedding strikcs northerly, snd folistion strikes
porthessterly. The szimuth of both decrcases toward the
znct, so that in the castern pert of the Eest Domain, bedding
strikes nore north-rorthwesterly, whereas folintion strikes

north-northwestorly.

Pedding/schistosity discordsnce in this cdonain indicate
thet foldine wes closte to isoclipsl., Top indicstors indi-

cate an crstery facing (syncline) major folcd.

Refolding of 8, by small lete folds (¥m) is only locally
observed, with = sporadically developed crepuletion cleavege

6m). These sare chevron style folds up to 2 netre 1n wave-

length, with stecp e-st-wust striking rxicl surfaces ond T

pa.
cXuS .

%+.1.2 West Domain
%.,1.2,1 Planar and lincer features
<y Tt
This domnin is a shear belt conprising nunerous mylonite

zonus seperreted by less strpined rocks. Mylonitic folietion

i - ~nd biotite, amphibole,
8., expressed by sliced rock fregnepts, nd "

e
[
nticles has @ gueneral

feldspar and qunrtz aggregrtes end 1o
"TE trend with step dips prudominnntly-ro the west. The

—



-3 =

gutbhorizonetsl linesr eloment oxoressed by minersl sggregates
is eubprrrllcl to the strike of the mylonitic folirstion and

is a streching linestion.

Yisoscopic fertures: rhesr bands, rotated porphyroblasts,
rnd verfwnce of small folds in mylonitic foliation give a
zinistrs 1l sense of movemant where vicwed on horizontrl nuts
erop surfrccs. These features sre consictent to the west as
far =g the nctegrronite (mgt) snd further west no observetions
werz mede, but kincmetic indicstors give s dextral sense of
soviment ot the Raro bend, south west of the study area
(Gore~Gomabelle, 1986). It is, thercfore not possible to

icentify ap over-sll displacement sensc for the entire belt.

,‘040202 FfﬁldS

loder~tely (a0°-eo°) north-or south-plunging open to
tight minor folds, Pn, in myloritic folistion with steeply

wost—"ipping axinl surfrces occur infrequently in this dom~in.

=

-

:J‘o/]o?s T"'“-U.ltS

Cther then the mejor ductile transcurrent novenent

indient:d by the numberous nylonite zones, Meny steep

> sterly-striking minor brittle frults with displrcenent

y e SEAE : domains.
(nostly doxgrel) of few centimetres occur 1n both

These could be relested o cnstorly-trending lingsments
pterrupting north-treonding,

(Fig. 7) treversing the ere? and 1

@ fentures in both donsins, Mojor dis-

3 spificd except
Plecesent elong those linesn¢nts 28 not been verified excep

lryerinr—controlle

~ apan (Mohonmed
»t fow locrlities in the central pert of the nre i

r 1 ars "1
Grmal bdusnlem end Renocng-Yakubo B. Kofl, persos
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conmuniertion, 1986) snd in sdjncent localities (Gore-

Gembells Geotroverse, 1986); in both crses the movement is

Z2.,1.4  Structurnrl tine scquence »nd tinme relstions of

deformetion to igneous intrusion

Mo moin pheses of deformation esre recognized in the
nap crez. The esrlicr of theee, D,, wes reponsible for the
pervasive rogionel development of axial plsane schistosity,
¢,y ond the trenspositive in pleces on orisincl sedinmentary
lryerinz, So. Tt was followed by the sccond phnse of deforc

~tion D5, TuspoOnN: irle for thz nylonitic folistion, Sos
meinly in Vust Densin. The (BI ntn) and (onz) on a mep scale
»t luast, cross cut the mejor fold as well s lighologic
contacts in the E-st Domain and hoth sre sffected by myloni-
tization; in nddition occurrenmce of islend of rgrwylonitized
sediment with bodding/schistosity discordence within the

nylonite zona (western Domein, statiom 017) rre evidences for
Dy to be later then Dy.

. S pn '.:1' -
The minor cvents, Fn ond Fn, with 2 sporadically deve

loned crenulotion folintion could mot be relatively dated;

. - DI ates
m wes leter then D, sinec Sm discrupts 54 end Tn postd

o P i he stud
S~e Toulting was the lntest phese of deform tion in t! J
-8 in both

eran, ns the frulte offset north-trending fesiur

#] .
daorm :a-|1]..l 3]
o

i asad,ond
411 intrusive rocke sre deformed ~nd metanorphassd,
ristion from pepetrrtive

%W » Teupe of textures indienting Ve
fron

Jgfqrnﬂtiﬂn varies

Y0 °nly locel strain. The defree of ¢
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~rge £ mlcce within o sing . : :

1rce 9 mloce within o single hodw, thus some intrusive bodies
cauld Prev. ctonic ~nd inhorogurncously deformed. Toth tho
wiotite ~ot-topelite (B3I ntn) and queortz metomonzonite (rmz)
crass cut the major fold as well as lithologic contrcts in

S P =¥} .'[‘,-' Y ) 54T ol N "i"‘ \ .

the enclosing met sadinents, thus arc T}ggt_Dq‘ having been
emmleced nfter £olding of the netnsedinents, and are syn-to

1nte-T o, the biotite rietntonelite heving been enmpleced before

the cessrtion of the najor mylonitizetion which offects the
yestorn -~rein of thig hody snd the quartz netrmonzonite =t
the lost strge Of Tyl spitization, since it did nbt zscnpe
ae~} strrin The metrhornblendites rre syn-to 1~tetectonic
to Ds. 11 other plutons ore Aifficult to relrte to Dy, but
sre pre~to syn-Dss MDY dykes in West Domain =re relrtively
awdeforiad rnd cut gimilrr, but nore highly str-ined, intrusi-
ons, This idntifies dyke erplecentrtns n1so syntectonic to

Df‘Je

o

in ~pprrent offset in the boundary between the two

dom~ing (in the centrrl nort of the mev aTun) WAS observed.

e o . g
This orrast cnuld be dus tq e faulE (7] Baviub the samé SeNSE

of disPlecement ns the kinemntic jndicators, but DO offset

of the litrolagic units ves seéll.

- T:-4 i1
S¢2 Metomorphisn

o . maten hoscd
11 Procenbrisn rocks of the D2P npca are netemory

= i to
“nd ~morosch oo cquilibriun nipsrel c5semble@es according

the tuxtursl rolotionships obocrvad under the nicroscopc.

) . e clow hova
Thus n11 nincrels listed in the agseriblepes €1V0D bel

y 3 mgytures
A hourdary sorme here in the rock with e~ch otheT. =
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ev rywhere refleet nuctanorphic rocrystrllizetion with relict

jenpocus te tures in fow srmples, Tabredorite ir metagebbros

.pd eliropyrovene £s inclusion in hornblende in metshornmblen-
ditos nre relict of the originel rock; where recrystnllization

is completc oligoclase end hornhlende are the stable ninersls
regpectively. o other replocenent toxturss vbre seen oxcept in
fay snrles whore chlorite occurs as A retrogrode vroduct.
rilorite ~1so occurs as A progradc mincrsl, meinly ip white

mices—frce rocks and 2s a highly magnesisan veriety with acti-

nolite in neteultrenafic schists.

The complete list of ninerel ~gsembleges found in the

Ll

study -~rea is inpgppendix 23 the c-itical minerrsl ossemblafes

arc: (see’s] sendix Key to mineral abbrevations)

HR-RI-0Z-0L (+EP)

EP-OL-HB (+ OF)

EP-RI-0L-CZ (+4M)

RI-EP-UM-FF-07~0L

BI-EF-n5-CL (+EP)

BI-KF-02~0L (VM)

G/ -EP-HB=07

4 -CH-BI-OL-1Z

r7-EP-RI-0L (+€C)

(—S7_tM-BI-0L-C% (4CH and/oT (7) €0)

thnt the rocks undervent

Th agscnblnges demonstrete

nnase
rorionsl metsmorphisn in the 1ower amphibolite frcics of
. e (A . jvyrshiro (1973)
Turner (1981), epidot&—ﬂﬂphlbolltu frecics of MY

. g T 7 3 flo 6 -
or modium-grode netemorphlst of winkler (1976)
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The coexistence of strurolite nnd cpdalusite (ond
posaibly cordierite) indicates thet the rocks nre of low=
oressurc intormedinte group fecics sories in the schume
of Wiyesriro (1961), devcloned et peak pressure of 7.5
orr or lzse (Holdowny, 1971) nnd tempersture of the order
of 525% 25% (Carnichael, 1978; Winkler, 1976j8¢e Fig.s )

%.2.1 Mine relntion of metamorphism to duforantion

letrorphisn wns rgsocinted in time with both D, nnd
D3. The prowth of rndrluaitc porphyroblasts across both
buddipg »nd schistosity in the metnpelitus indicrtus syn-to
post tuctonic with respect to Dy. Thara was olso nutrmorphise
synctuctonic with nylonitizntion, execpt that in ploces it
ntl~nted 02, whore hornblendec »nd biotite hhve OVargrown
~w1snitic folintinn. No distinction wns observad butween
nagotblapes forred during D1nnﬂ Doy thygn ~ctn-orphic con-
Aitisns sppesr to heve rorpined ot or nosr thadr perk through-
ut ruch of the history of wrrly defornation (D4), arplncos
¢nt of biotite -etstonolite ~nd quertz “ets onzonite ~nd

‘ylonitization (D). Yo pervesive retrograde notesorehis®

is nresent except loeel chloritization apd g

metamorphic affucts sround the intrusive

ricitizetion.

"o sirn of contret
Andslusite worphyroblasts nTu sbecnt in
~otepelitoe indiceting

bodice was seon.

the uvire~e orstern outcrops of the

th-t they ppe not procucts of contnct ete orphist.
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: B ; 2 p
with stability fields of cordlerlte and
staurolite after winkler(1976) and A1251€5
oldaway(1971). Dashed

olymorphs after H
Ttey : 1d of the study area.

line shows P-T fie



=LA

he che icrl ~nelyses used in this discussion sre of
se~nles collsetzd by Patriecis L,Allen, one of the prrticiponts
in the Gore-G#2 bella Geotraverse during the first ficld sersson
in 1964, BRBoth rajor =nd trace elencnts were deternined by
x-rrysfluorcscence ot the Ottewa~Cerlcton Contee for Geo-
scivnce tudics lsborstory. Mojor gid trice élement vnlues heve
~elntive procision (coefficient of veriation) of less then
four p.rcont. Iocnlities, petropraphic descriptions, and
sreeision dete of smples onelyzed are given, with the cheni-
cal ~prlyses, in Lppendix 3,

Seprrate deter-inations of F93+ nd F32+ were not nadeg
the Fo,0x (totr1l) velue was recalcul-ted to TeQ and F6203
using rssued Fagcﬁ/ﬂec ratios of 0.11 or 0.20 (see ’ppendix 3.)
B0 contont was ustineted by subtracting the cu~ of najor and
trree ¢le ents from 100,

Cro hundr.d thirty four rocks have been ennlysed fron

the study snd a2¢jacent rress of the Rirbir domain, Out of

these, sixty, identificd as neteipgmecus, were selucted on the

These *

basis of field relations and petrogrophic studies.

were divided into metsvolcenic and notaintrusive racks.

i < . s senle lict
Mediun to cosrse-greined rocks with lenkiculer and Te

o . cp3 .3 ng motni ive, wheross
intrusive textures were classified 78 ctnintrusive, e

finc-greined rocks 0stly with relict porphyritic texturs
were ecl-esified o8 metavolcenic rocks or sh-llow intrusives.

-phb-
1979)

Roth the nmetaintrusive ~nd «otavolennic rocks were:

3. " = . A ls ‘10?6
Alvided based on the Sioe(Wt-%) rnd Strockcisen ( 4

_ g
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clrceificstions of plutonic »nd volesrnic rocks.

The rocks rre clerrly nffected by regionsl setanorphisre
af lov eaphibolite facios and analytical dots ruflect a
:=gurce of cherical disturbance. Por oxanmple, rlteration
phiononegns are evident on elkeli vs silien dingrens. It is
clerr fro™ Pigures 9 and10 thet points are randorly scettaered

indiceting thet the remobiliantion of alkalissg.

Most of the rocks are quertz-and-hypersthenc-norcetive
-nd hove high =lucinn content, showing s subrlkeline cffinity.
;cific —etsiptrusives nre nll corrundun-nortstive (C.60-7.4)
whoress —etagabbros nre olivine-normstive., 4 few of the

={ic ~-tovolernice rre nephuline-and olivine-nor-etive which

is the rosult of chemical disturbsnce of najor clenents rrther

then nn originnl prirnery fenture.
4o1 Discririnant disgrans.

Trn order to recogpisc the plete-tectonic setting in
which the rokes wvere £orned, verious discririnsnt dirgrens
were uscd, besed on the following eriterie:
~ent sbundances, which discrininrte negne

1. As major ele

types in rceent rocks, pre very susceptibls to rodificntion

oy g H4 o to hrve
curing sltcration snd metanorphisn (vhich a8 rroved

happened in the study erea), rny dingren using IO ARENONES
is trken only as n supplesentrry discrinin~nt.
2. Studies of the effects of nlter~tion rnd -eterorphisn

" - ol &
om trrcs wlorent sbundances in fncient rocks (er. Cnnn, 19705

- y 74; Wood
Froy et »l., 1973%; Mhenoson, 19735 B rt et rl., 197%;
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=t “1-:, '1G?C rnd C‘)iSh, 1977) indic!"-‘to that neny trace élas
wnts snd €5 some oxtent the rero carth _lenents (REE) a1y
only slightly cobile, thus disgrens ueing thes: dlenunts

were used o8 primery discrininents.

e Ary dicgrem using Cr and §i is evoided, bocsusce of
th.ir v.ry high cocfficient of veriotion valuos in the nnalyzed

g=mpluis (sce Appendix 3).

hetavolcarics: the Ti-Tr disgran of Peerce (1982)and
mi-Ur-Y dirgrarn of Pecarce and Conn (1973) incdicate that thesc
vrlernic mocks were probably gencrated within » destructive
vlrte miergin orvirornent (i.e. fbove 2 subducting sleb)
(Tize, 142nd 42); in the AFM dirgram of Irvine And Baragar
(1971) (Pig.43a)the deta plot well within the enle-nlknline

Figld.

Metnintrusives: these plot in the ficld of voleanic au.
vlus syncollisisn grenitee on the Nb-Y diagrat, nnd in volca-
nic ~re grepites on the Rb — Y+Nb disgran of Pesrca ¢t nl.
(1984) (Migs.q47nd15). They =180 displey volesnic nrc chern-
¢t ristics by virtue of their low Fb (Fig. 16) °nd thoir crle-

"ll=1in. trend, vhep plotted on the AFM dingren ??ig°13b)'
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basalts, mid-ocean ridre basalts and arc lavas from
Pearce (1982). Compositions of metsbasnltic-andesites
and metabasalts for study aren are denoted by croses.

1 N
/
/ \‘.\_

/ﬁ \\

>

- \
e

i i i imi : ter Pearce
Figure 12: Ti-2r-Y discriminant diagram af
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calc—-alkali basalts in fields B and C and within '
plate basalts in field D. Compositions of metabasaltic-
andesites and metabasalts for study area are denoted

by croses.
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- Fipure13 : AFM diagram a) for the metavolcanics
b) for the metaintrusives. pached line is the
division between tholeiitic and calc-alkaline
characteristics after Irvine and Baragar(1971)
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Figureq4: Nb-Y discriminant diagrams for syn-collision
(syn-COLG), volcanic arc (VAG), within plated (WPG) and
normal and anomalous ocean ridge (ORG) granites, after .
Pearce and others(1984). compositions of felsic to = °

intermediate metaintrusive rocks for study erea are
denoted by triangles.
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syn- COLG

WwWPG

Rb -
ppm »

VAG
o L

ORG

Y t Nb ppm

Pigureqs: Rb-(Y+Nb) discriminant diagram quriin—
collision(syn-COLG), volcanic arc (VAG) , Wl;;pe
plate(WPG) and normal and annmalous Oce?%?“gi)-.
(ORG) yranites, alter Pearce and ot..hers( g S asive
Corpositions of felsic to intermediate metaint

rocks for study area are denoted by triangles.
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5. TISCUSSIONS AND RECOMMENDATIONS

The unlt 238, consists of distsl neta-turbidites and
subordicntu intorlayercd cerbonate metrscdinents, wherens
ngs, hegs = rore proxinal character (thet suggests the pre-
sonce of en sctive volernic source during deposition), and

unit ~ss. consists of shrllow rarine sedivients: rietasilt-

A% |

stopos ~nd retocherts. These units (584,788, ~nd "vss§)
arc sirilsr to subzquenus volc';nnicl:*stic and agsocieted
sodi entary éaposits found in rodern volernic ATCS (eg. The
Loss.r /ntilles ~re: Sigurdsson ¢t #l., 1980 ). It is not

clerr Tro~ the lithologic deta whether the volecrnic arc wes

by

yre-sre, back-are, or of /indenn type.

The rre- of supracrustal rocks in the Esstern Domain

is boundsd on the west by ¢ shear zone (WeSEEIs poriain).

Thecontinustion of the sunrrerustol units within, ond west

of , the shesr zonc h#as not ben r.‘nsitin}ly jdentified. The

 otesedinents, occur

Z71in 497?) .

clasest sinilar rocks, volennic-derived
in Assosa rcrer (pnrt of the airbir Group of K7

‘1thouch the unit (bhs) was poforred to by de Wit +(1977v)

78 a possible shected dyke couplex, it does not posses the
festurcs of clrssicnl sheeted dykos (dyke intruding dyke,
cross cutting dykes which AT¢ rere in the onit (bhs)). More=
over, none of the othsr menbers of the claseicel ophiolite

~pe present in

S5ulte (ultrg‘\:"]gfic TOCkS, ;-illow IJPSF‘ltS)
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sigrificant qusntity. N-fic dykes wore crplrced during a
substonitel part of the perisd of nylonitieation (sece
"Structurc")., The overall mafic conpoeition of this unit

is » reflcction of a lorge purcentege of nefic dykes, The
¢plecerent of thesc dykes vas synchronnus with trenscurrcnt

rother than divergent movenent,
1.2 Geochenigtry

The netavoleendé ond neteplutonic rocks in the ares
napped have the geochenical signsture of destructive plate
nargin 79§“rti;” °nd 2re calc-nlkaline. Thus Frzrin ot 2l.'s
(1978) interpretrtion of the Rirbir Relt as @ volcsnic srch
is support.d. It is not clear from the geochemistry whesther

the src wns ocesnte or cnsirlic.
5.2 Tecornmendations

The followine two questions arc arong thosc not yet
nnsvercd with cocrtsinty from the currently avnilsble dete

*nd are recomnended for further, nore detesiled investigotions.

1« Could the graphitic and corbonntc leyers ip unit
(ths) bs nmylonitized sedinents derived from the suprrcrustal
rocke?

2. Do the mylonitc zones in the Birbir domein reprosent
trenscorrent feults, which may heve been rosporsible for the

: i TR - : f
trensoortation of slivers of volernic rres, 28 o result o

continent-continent collision further south? (co~norrble to

Strge 3 of o plete tectonic evolution of Mozambinque ©:1t, rs

proposed by Senbato and de Wit, 1980 ).
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Jorrevetions of Mineral Memss Used in Text and mables

~lbite
ctinolite

sndesine

-

snite

-

1
andrlusite
eprtite
bictite
corbanste
Ch}orite
cordierite
clinopyroxeneé

U‘_::'j.'."‘ﬁt-;

Gk
34
KT
IR
o1
oq
PC
o
mT

TO

conp.

garnet
hornblende
k-feldeprr
lsbrodorite
cliroclrse
opaque
plegionclrse
strurnlite
titenite
tournmrline
white nicas

ziron
.'-}

corpusition

Abbrevetions of Wormstive Mincrels used in CIPYW norns.

sltile
npnorthite
npatite

corurdun

hyrersthene

11
Mt

Ve

ilmenite
nagnetite
nepheline
olivine
orthoclese
pvrite
quartz

zircon



!FIENDIE 2
Dut~iled netrogrephic descriptions for the tynical rock

types nf ¢sch 1lithologic vnit.

dodes were visually estinated in thin section, ¢ylours

#B¢ glven in order w-¢ -y for armphibole X~ y for biotite,

chiorite rnd strurolite, and nunbers in brocket refer to

gerinle nunboer,

(bths)
Hornblende schist (066RB)
percentoge minerels
50 Hornblendes: yellow green, olive erecn to preen,
finz-greined cligned acicular
prisms snd nediust-greined randomly
oriented subhedral prisns.
25 Cligoclese: vory fine-preined irregular neseic
with quartz.
15 Toidote; very fine-greined scrttered granules
snd nlso as » thin vein.
10 Quartz: vaery fipe-greined irrcgulcr noseric
with oligoclese.
troce niotite, cnrbonates, titenite, oprques and spatite
Toxture ; fine-grerined, nen-toblestic-grenoblastic.
Riotite schist (005.)
>0 Cliroclese: wvery finc-grnined irr gular regaic

with qu-rtz.
llowish t> ereenish brown, very

aC Riotite @
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>

tIrace

o3 P Y
Xture:

20

Epidote

..

very fine-grained scottercd eranules.

Cu=rtz i very fine-grrined irrecular moseic
with oligocleose.

Jerbon=tes : fine-grnined secondary ninernls
(vein).

Oprauis.

very fine-gresined, lepidoblastic-granobl=stic.

quertz-rich schists (005B)
cunrte | : very fine-greined streined lenticles.
Mignelerse : very fine-grerined mossic with

quertze.

‘Thite nicns thin continuous leyers.

Riotite .  yellowish to greenish brown, very
fine-groined flakes
narbonntes :  fine-grrined enhedrel scetters,

Oproues, opidote and apatite.

vory fine-greined; strripned quartz lenticles

1 white nicns define mylonitic folinrtion.

“nc

Moteproywncke (032 ¢)
Cuartz . very fine-greined mognic with

nlicoclese.

. = e ™ ;’1. '-th
Qlirnclase : Very fine-mrained £OSAIC W1

-h -
quertz ond grapulated POTRRYTO
clasts up o] ']ag"“.'"o

. - wall ".}i’_".n""d‘l
Riotite :  1igbt to dark brown

fine-grrined plates.
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Chlorite .
Garnot
Opnques .

‘hits micns,

colorless to light grecn, fine-
gr2ined subhcdral PpPrphyro-
hlrsts (?)

finc-grained subhedrel erystals
finc-greined, snhedral,

epidote snd spoatite,

very fine-greincd, lepidoblrstic-grrnoblostic

vwith morphyroclests of olirocl~se up to 1.5,

furrtz :

“Thite nices:

Chlnrite :

Stsurolite

Mutepelite (0322)

very fine-grained riossic with
olipoclase

light to derk brown, very fime-
greined well sligned plates.
very fine-greincd plates neinly
concentrated with chlorite sround

~nd within =ndslusite porphyro-

blosts.
colorless to light green, VOTY

fine-graincd flokes (with white

nices) rround ond within snd=lu-

site porphyroblecis, spd os fine-

grained subhedral crystals.

colorless 19 1ight yellow, nediun-

preined poikilitic norphyroblrsts

upto 2nm with inclusions of quertz

apnd oliroclase.
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trace
Texture s

(rmss
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.ndrlusite :  porphyroblosts gresrter than 3nm.
Apntite ond opacues.

porphyroblastic

Mctovoleaniclastic (0784)
Albite-Olifoclase: very finec-greained mosnric
with quertz and snhedrel,
grenulated, sericitized
vorphyroclssts with opequa,
apatitc snd biotite inclusions.
Riotite : yellowish to dark brown, very fine-
greined well alligned plotes oand
song clusters.
Quertz : very fine-greined noseic with plagir
clrse,
Vhite micas: thin continous leyers.
Cerbonstes : fine-pgreaincd, subhedrnl, neinly
associnted with biotite clusters,

v ry fine-grained subhedral crystals

Apﬁtite
Opoques : very fine-groind, 2nhedral.

Tpidote
lgpidoblastic-granoblastic, with poikilitic por-

phyroclrsts of plagioclssa.

Moetergilstone (051L4)

Oligcelnse : very fine-grained nosric with auertz

»nd spme enhedrel to subhedral grap»
1nted, sericitized ~nd saussuritized

porphyroblasts up to 1no.
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Texture:
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Texture :
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Cun ra 1 i
runrtz very fine-grrined regulsr mosaic
with oligoclese.

S s .
Riotit light brovn to greenish brown,

(V

vory finc-przined, well aligned,
¢long~ted plates.

Epidote : very fine-grrind, well-scetterad
prenules and sone clusters after
nlrgioclnsc.

Cvagques enhocral very fine-grained; rphadral

to subhedrel -edium-grnincd.
Cerbonot s : fine-greincd, subhedral.
Hornblende : Yellow grcen, olive green to
light grea=, fine-grained sub-
hzdral prisus.
Jprtite
very fine-groined, levidoblrstic.

Metechorts (08214)
ad irreguler nosaic.

cunrtz s very fine-grein

Hornblende : yellow green, 1ight green tO blue
Ereen, fine-groined aciculnr prisns
forning hornblende-rich thin leyers
geprrated by quartz 1nyers.

Enidote . very fine-to finc-grrined scattere”

prenules.

Garnets (Nanprncso-rich(”)): fine-greined sub-

hacrnl to anhedrrl.

vory fine-groined, nomatohl ~stic-grenoblastic.
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Matsvolesnicl~stic (C80R)
4.0 Hornblende :  yellow green, light green to
green, well »lignzd Tine-greiped
aciculer prisms end some subhedral

prisng 0.65 =%.5mn

%0 Oligoclsnse : fine-grrinid «wosaic. with quertz
and seucsuritized porphyroclnsts
unp +to 1.6mm
15 fuartz : fine-grerined unseic with oligoclnsc.
10 Epidote : very finec-grein.d scattored grovrule
anéd clusters after oligocl~se.
9 Op~guces : vory finc-grrined rectengular

rlipgned gr-ins.
Texture: mnemstobl-stic with hornblende end oligoclsse

L

norphyraclnrsts.

(intn)
Metstonrlite (6w 574)
52 Cligoclase ¢ 08 mptrir, end scricitized and
grussuritized sugen 1O 1mm #nd
spgrogetes to B
20 ru-rtz . ps streincd wetrix grrins
12 Riotite . 1lipght toO dnrk brown, rrgged pletes
to 1um
8 Hornblende : yellow grcen, clive green to
bright ercan, iprcuipgrepuler less
then 50 micron to 1mn
2 yhite nicas: VeTY finc-greinzd, rerleacing

oligoclnse in prtches and veins.

[
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7 snidote s A ) X
TREE tpatite, crrbonates, oprques and F-feldspar.

mexture: fine-to redivn-sroined, nylonitic with esugen of
olicoelr se wrappcd by lenticles of hornblendé end
biotite Fefining the folirtion.

(mEb)
Ourrtz netagrbbro (0671)

50 FPloginclese: both es 1) rigdiun~-greined, relict
subh:drrl to snhedrrl scricitized
i=brodorite crystals (shoving =
nornal zoning), end 2) minor
fine-prained natrix

40 Horpblende:  yellow freen, light to derk green,
nedivn-groined rrndo-ly-oriented
cubhedrnl prisms.

light to drrk brown, fine-rreined

2 niotite @
short plrtes.
> Currtz - 28 str;inuﬂ natrix
1 Epidote : v ry fine-grrined gr-nules
1 Cholorite : coloribes t0 1igbt grecn, fine-
groined flokes after biotite.
Erace jpeatite, carboratas snd OPLAUCS.
mexturas redinn-grained, aubhedrel-grapular
(met)
motegrenite (068A)
a5 currtz . 48 streipnud motrix with foldsprrs.
50 K-foldspar: urtwinnad aph.drnl vory finc-to

nzd os notrix and

nodinm-eral e
r nnd gercitized rugcn.

grﬂnulﬁtgd

L ———————



-62-

5 Jlbite-0ligocliase: as finu-grained matrix end

eronulsrted oné scricitized

fugon
10 vhite nmicrs: ns thin layerc snd replecing fold-
Spers.
5 Fiotite : light to decrk brown short plstes.
1 Epidote % fine-greincd grenulces
tr-ce Opnquus ond titenite
Tuxture : vlonitic; strained quertz lenticles =nd micas

define mylonitic folintion.
(A%-RI —~tn)
Hornblende-biotite metetonslite (Gp 26:i)
45 Oligoclese:  both as 1) relict subhedrnl to
anphocrel cugen 0.5-0m1, crovded
with fino upicote prisns, rnd
2) lenses of fine moraic resoci-
~te@ with quertz ond pertly °n-

closing larger crystals.

e rnrtz : strrined sutured cpenohlastic

apper.grtos tyoicelly 1m long

ﬁnd 0.’[_0!21’“ ﬂpins.

- - " +
$on to hrovid, cpgrogetes vn 0

0 wintite :
4nm nf very fins plates.
2 ¢ green
10 Hornhlendes  yellow gresm, €resh to blue green,

irropuler ~pgrefrtes of subhedrsal

arignsg (up to 2nm) aggocinrtad with

biotite.

. wr
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TeXturaes

(2eth)

~J

A

tIPGQ

m.
4. C

sXturc : medium-greined,

Epicote fin: grenvles in metrix ond fine

prisus in clifoclase.

Chlarite = colorless to light grean plates,
ot lemst in pert replacing biotite
snr hornblende.

Onr-ques, carbonatus snd K-feldspars.

encissose, with sur:n of olipoclase wrepped by

¢ pn tvork of williruter-thick bintite- and horn-

tlende-rich scans dufininp a strong faliection,

cusrtz motoesbbro (09%R)
Tlarioclnse: %Woth es 1) relict subhodrel to
ouhedrsl labredorite c‘ystals
croved with upidote prisns, some
curicitized rnd showing nornel

zoning, and &) minor fino-grained

natrix

mhrnblonde:  yellow green, 1icht to dark green,

s.diun=-grained subhedrrl nrisms.
Epidote : finc-greined grenules ofter nlogio=-
cleses

Rictite : yellowish brovn tn brown, Very

fina-grrined short plrotes

Chlorite : colorless to light green, Very

finc-grained f1nkes ofter mrfic
minerals

Opagques
subhedrml—granular.

L ———
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Metahornhlendite (0624)

Hornblcende:

FPlegioclece:

Epidote:

Chlorite :

Onagues

yellow green, olive grecn, corrse-
greined subhedral poikilitie with
inclusions of horrblende, clino-
pyro¥ene snd epidote. Streasks
of opaques were observed slong
fracture =nd cleavage traces in
sone erystels.

&8 fine int.retirl greins

rs fine inclusiops within horn-
rlende and also redium size groinc.
colorless to light green, fine-

grained pletes partinlly re-

nlrecing hornhlende,

Coarsc—-greined, cubhedrsl-granulor, poikilitic.

Metatonnlite (GJEOA)

Cligoclase

Nuaprtz :

White mices:

bath as 1) r:lict subhedral to
anh¢rrl crystrls, highly
sericitized end seussuritized, n~nd
2) lenses of fine mocrcic nS80-

ciated with ouartz

=1

»g gtreincd fine-groincd lenticles

meinly replecing oligoclnse.
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iotite: 1light to derk brown, fine-grainsd pletes

vidoete: very fine-groined prisms within nligoclse,

rrnblende:  yellow green, light to derk green,
fine-praincd subhedrel prisns,

Cpeques =nd T--feldsper

rediun-greined, prots-nylonitic; st sined quartz

lenticles snd micas define nvlonitic foliation.,

Mctogrenodiorite (0384)
Oligoclase: zericitized and soussuritized mediure-
rroined subhodrel to snhadrsl crystels

spd rs finc-grsined ptrix with F-felds-

ay

par end qurrtz.

nunrts: strrined lenges of fine metrix with
feldsper

r-feldaper (nicrocline rnd perthite): gericitized
and saussuritized medium-greined suba
hedral to srheérnl crystals and 8
netriX.

hite sidces: meinly replocing felden~rs.

Tnidote : very fine-greincd prisns croved vithin

feldspars.

vcllowish brovn to dark brovn,

-4

(=]
ct
w

Pio
very fine-gpained plates

yrless to light gresn, fine-grained

Chlorite col¢

.

flrkes after bhintite.

Opagues
crenular

nediun-praineds subh:drnl-=
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Teeture:

Guartz motsronzonite (GJ 1021.)
Oligolclese : nediun~-to cosrsc-graincd, subhodral
crystals, sone with kinked elbite
twins.
T-“¢ldsnar (oierocline snd perthite) : mediun-to
corrse~-frained, subhodrel cerystels
Cuertz 3 mediun-greined, snhedrs1l cryotrls
‘With slight wavy extinction,
Bintite : vellowish preen to greenish black,
finc~greined oxidized plrtes.
Chlorite: very finc-grsined flrkos sfter biotite.
tpnicote, opraues snd titnnpite
m.divm=to corrse-grained, subbedrsl-gremuler.
Grepul-~tion of eone of ths bordars of egrnins of
nuartz ond foldspers snd kinked slbite twirs in

sliFnclrse testify to slight mylonitizntion.



TABLE # : Mineral assemblages of amples studied in thin section
Symbois: X 25¢

-
X 5.25% o
LR
x 1-5% xenolith
F |1 ®%*  concretion

(x) retroograde

Samp le Number Rock: Name Texture. QZ PC Comp, KF Bl HB EP WM CH TI

Lbhs) & S Sah nematoblastic~
' 0668 - HB Schist granoblastic X X OL -= v. X X = = .« & & o = = =
nematoblastic-
015A HB Schist granoblastic R e A R R e R
088A HB Schist granoblastic % RO T ARy o L . e e g = e e
0898 HR Schist grancblastic SRR, S . R R S T S
095A  HB-EP = L
Schist banded Xy MOBBROL o= 2 WX X o B e e X e e =
nemato blastic
096A HB Schist granoblastic X: % O = = X % w =mom oWy e = =
IOIA  HB Schist granoblastic K B OO R WK T YarMache & goe S L T
1038 BI-HB N _
Schist granoblastic - X Ot o« S K rE == e x W  - g s = =
200 HB Schist nematoblastic X X A - . X = = ., = = = = = =« =
GWS5A  HE Schist nematoblastic X X OL - = X X = e e o e = =
005A Bi Schist lepidoblastic X X OL - X -~ - - - x x x = = =
0058  Qz-rich -
Schist Mylonitic X X 0L = X W o, g s e gy e m oW =
066A " » X X AB-OL - x -~ o om m om oy ow e we
L]
e e =_I___———— .
—————— e —

CC_AP_OQ GA ST AN _ Othe
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1078  Qz-rich b
Schist Mylonitic < D, B e S, P .
GE750 O#-rich
Schist granoblastic XaX 0. % %X = 4 % = -
087A* metagra-
nite  mylonitic X X AB-OL X X = x = = ‘ AL
O89A metagra=- i _
nite  mylonitic XTXRWB-E X=X ="x"=1~ : AL
099A meta Qz subhedral- -
diorite .. granuldar. X X 0L - X = X = = .
Gw55c meta Qz - . .
qabbro  pakiloblastic X X 0oL SO0 Eakt e et -
Gp75A metagabbro subhedral- =
granular v XN oy OL ~ ey 2B R = gt .
=, 1T A
C164 Bl Schist mylonitic X % 0L = %X = X "® = £
0I8B  HB-BI b ok
Schist lepidoblastic X X oL - X XK= Ee .
018C Bi-HB lepidoblastic~  _
Schist nematoblastic X X OL - X X x = = X
§ UL
018D phy llonite mylonitic X X o - X = x - - x
! g S
OI8E WM Schist mylonitic X X O = x = . X = %
027A  meta-ande- blastoporphy=
site ritic X X o - - X X = (x

- A

— e —— -
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028A meta-sedi- porphyroblas-
ment tic

0288 metasedi- lepidoblastice
ment grancblastic
0308 metagrey-
wacke nematoblastic
030C metapellte lepidoblastic
0300 metapellte porphyroblastic

031A* meta=-1gne- blastoporphy-
aus (rhyo-
|1+e-Dacite) " 11

032A metapellte porphy cblas-

tic
0328 n [}
032C metagrey- lepidoblastic~
wacke granoblastic
032D*** Qz-Ep

granoblastic
rock .

1 S
033A  metapelite porphyroblastic
granoblastic

056A  metahyo-

b lastoporphy
[ite

ritic
05683 metapelite porphyroblastic

058A meta-ande- nematoblastice
site grancblastic

121 11 11 I 11 L BBl B 134 11

1=

=

[d

>

11 X X !

1=

11

>

x 1

121

oL
oL
oL
oL

oL

AB=-OL

oL
oL

oL

oL

oL

oL
oL

oL

4 B 4
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- <

X Xl -

- TO
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x
|
o
O
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1)
022A meta-volcana=

lastic (mica-
Schist)

023A meta-volcana-
lastic

024A meta-volcanic
(daci te-ande-
site)

0248 meta=-volcano-
clastic

025A meta-volcano-
clastic
025C mete-ande-
site
0250 meta-volcano~
clastic
025E meta-andesite
meta volcanic
039A (shallow
intfrusive)
040h b

043/* metalgneaus
‘payolite-
dacite)

lepidoblastic

lepidoblastic
porphyroclastic
blastoporphyri-
tic
fepidoblastic

porphyroclas-
e

lepidoblastice

granoblastic

blastoporphy-
ritic

lepidoblastic

porphyroclastic

blastogorphy-
ritic

nematoblastic

lepidoblastic
blastoporphy=
ritic

lepidoblastic

blastoporphy-
pitic

121

[

X

X AB-OL
X o

X Lot
e

X oL
X oL

X oL

X 38L

X oL

X OL-AD
X oL
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1<

(x)

..0&...
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3

052A%

054A

o77A

0778

O78A

084A

051A
082b

080A

080B
080C
080D
082C
082A

metaigneaus
(dacite)

blastoporphyritic

meta-volcant - -lepidoblastic

clastic

mota-anderlite blastoporphyri-

metavolcani-
clastic
(GA - BI
Schist
metavolcanl-
clastic

metavolcani-
clastic

metasi | tstone
metasi | tstone

metavolcanie

clastic

metaandesite

meta-chert

The
lepidoblastic
porphyroclas-

e

lepidoblastic
porphyroclastic

nematoblastic

lepidoblastic
lenpidoblastic

nematoblastice
granoblastic

it

aoranob lastic

it
blastoporphyritic
nematoblastic -

granoblastic

1

X

[ 4 I b4 11 11

XX IX X X

>

11

10 11

11
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oL

oL

OL-AD

oL

oL

oL

oL

oL

oL
oL
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e Number Rock Name Texturs QZ PC Comp. KF BI HB EP WM CH TI CC AP 0Q AC CX Others

) ov 57A  HB-BI metatonss '~ myotrteler !

¥R ZR o = W W ow o B o 7 g o w
tite
|0BA**  HB-Schist granoblastic X O & B & BN S g W . S
067A quartz meta—--u. . subhedral-granu= x X 8 SO e, BT T T o e R
gabbro
121A metatonalite my lonitic X XA o Al o o A ae T e W e
| 068A metagranite mylonitle X %X oL 8 X = % X = Jb e 5w e
I = &
009A metacranodio- my lonitic X X Ot X K = % K moor amewm ug oW
rite
Gp 18A quartz metadio- mylonitic X X Ol-AD & % X X = &) m & o ¢ = =
rite
Gp 18C  CH-AC Schist nematob lastic - - - - = = = = X = = = = X -
Gp 25A metagranodio- mylonitic X X 0L X X = % X = = = ;g 5 = =
rite b
Gp 26A metatonalite my lonitic X X 0L v oK R % 5 W= oy =2 g om =
Gp 268* meta-ignieos poikilitic X X 0O = X X X = = = = = x = =

(intermediate}

GJ 48b HB=Bl Schist nematob lastic-

lepido blastic




h
p ) 0%38 quartz metagabbro subhedralgranular x

X LB - x X X =) (X} = - v . = -
mw n n 11] ® x OL . % X — = - 5 o -
0568 quartz metagabbra nematoblastic- b 3 AD = x X ST < - § Ea By L
granoblastic
| 12A ? " » x X AD X' o ) o e 5 =
090A metatonalite my lonitic z B O %, 0K = » (R S - - - -
059A " granob lastic o X T0OL ol e e = Q) e = = - =
I15A v my lonitic X e e Nk e g 3w e w - -
090C Qz=rlch Schist granoblastic X . BENERG Tk o= b W = 2 = e . - -
093A HB Schist nematob |astice " SRR R < 7 Y TR L e SR T S R
granob lastic )
T T N
Gw 58A Qz-Pc¢ Schist grancblastic X X 0L W a m wm R e B e X e -
GH 23A HB Schist nematoblastic-
granoblastic X R Lk o BaXagd . = - = = = =
') 062A metahornblendite subhedral granular - x OL =- - X . = (x) = 4+ = x =
poikilitic
019A i P e X OL « x X ox = ) & = = x o= =
1+n} GJ 50A Bl metatorélite subhedralgranular X 8 OL. = X X X ®H X ™ = = = A
038A  metagranodio- " X X O X x = X X (x) = = = , = =
rite
075A*  BI-HB Schist granob lastic X X o = % X x = = , = . , « =
O50A*  EP-HB Schist X X P = oz B X = = wm [ = e = o
'13 GJ) 102A Qz metamonzonite subhedral-granular E E oL g x = - (x)
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101(1) 101(2)

148

152,145

‘ 139,140, 141 94,98
‘ = r"fp
| | |
169,170 1l|ﬁl. |

1680 168 PRt ) 163 ‘
| 16k, 1646162 |
| 173,175,17CA

1768,190
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Table 5
Accuracy end precigion of felsic standard £ ¥2(syenite)

-80-

besed on 1C fusions of SY-2, all run onee.

Major elements

oxide
8102

1’3_1 205

Fe 505 (T)

Mg0o

Ca0

Na20

&20

%
S.f.
Vs
YoV

n="10
c0.18
0. 58
0.28
60.10

12.23
0.103
0.84

12.12
625
0.0%6
0.58
6,50
2.69
0.047
Varo
2,70
796
0.059
0.74
7.98
4,37
0.067
0.88
4,34
4,52
0.040
0.88
448

Trace

elements n=10

S

Ba

Cr

7r

sr

Rb

= 08017
Sede 0.012
CeVe 10.6
TV 0.01

467
517
1

460
9.8
8.1

82.6

12

269
3.67
356

280

256
7.15
2.8

275

222
3:92
V27

220

123
2.55
2.06

130




7i0,

MnO

X =
S.da=

CaVe=

PeVe=

rocks

Canades (Studies in

81~

0.4
0.005
3.6
0.14
0olt3
0.015
5.5
0.43
0.3%
0.000
0.0
0.%2

mean

standard deviation

Zn

Ni

239
31.66
13,25
250
261
3.2
152
10

coefficient of variations= sedexq00
X

Recomnended value fro
ngtandard

and minerals, paperd?

n Geologiceal gurvey of
gamples" of silicete

4.5,1983)
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Table 6 |
Precision of Chenical Anslyses

Element  Concentrstion Range (all in relotive %)

i ]

i { !
Wbe % 1 0.1=-1, 0.,1=2]| 1-3 {2-5 1’1—20_ 50--100
| i
l

' 1

a3
Mo

_4_-']5

F\JJ

]
I
|
|

’ = "
cmf | +10 +1 ;
Mno +10 |
S +40 | i
+ | | i |
TERGeE T T | e ]
(ppm) | 210 10-30 i »30

¥
o

:‘10
1-10 |
+10 *

\n
(&

Cr <10
ar .10
Sr | ~10
i Rb < 40
4§ .40
| ITb | -10
+ Zn 10

Ni | <10
' l

o
o

|
|
|

'_ +10
E£8

v
o

|:1C‘
|+4o i
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i

\no\n
@ i)

o

+ +710
,1—’10

T T TS L W -
\Jn
o

PR SRS SRR IS R T, SR
\NoAn
(&)

-o-'f,f"/‘
+2.58 X (8.d./x ) x 100= relntive ,

var(I
+ Q9 confidrnce level |
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el K
b i | et - v et = -~y e A ’ —
lement ¢ ysitions xides,wt.%) »nd CIFY nor
) Zed S IPL2S e
Ssymbols: A andesite, B basslt, BA br ite,
D ncite, R rhyolite, RD rhyodscite, ronit
B (rbbro, GD grenodiorite, T tynnlite
S ve Fe,Q; ,'e0= 0.2 wherers
= _z/
.-|‘..{‘P;.) r)‘\(p‘r) ":\.:':
2698 2077 69.3;
0.52 Q.36 0. 5
’]8-7":4' /|(:1° ,l/ 1¢ e 1
{\-_.u.JY) ( -i_\r' Ve,
A 7 r : [
2211 2.1% o |5
0,04 0.04 - L
.ﬁo’,-'; \Ve - '
W p A N
ﬁn(.‘l 71‘.,"‘] 1« 04
5.12  3.05 502X
oD [ -1 =
Fa ] ‘I‘
0.12  0.03 0413
0,59 0.9 0.58
TR A C a0 ac
Qg 7 0Q .8 7o)
'/\i - [?‘!'l _}H L] ' I.-\ - 'I' ;
S . 1.19
ﬁ,',”-L .'19‘," e !
- - 1 E A 54
> O 2 1A L "‘l )
or 10.11 18.87 32.00 12.13 .
» ™ [ i z ]
. L y o a0 ZR UAR 2/ clef "
Ab 36.17 3998 /230 FIsE4 .
b AP C (Vi
it - 14. .59 12 ) -
n 14 .74 6.17 1.71 iz
Di - - °F <
~ .nl-b‘ 2 ~
B c an -’If il ,’] FAl .
ly 5.11 D o0 s
ol - £, ] i 51
: = L e { = m
Ilit \':oi-").(_’ b l E S 27 o
- e ! T .
~ A AR 0O .30 { -
ll :-,“'o 34 | ¢\-'tJ Ue 0% - r.
- D 28 0.07 i .
A1 Yo 2] " . =
Yy - b .
Ll e ;
r 0 Ol B -I\r1 ’o\ 1 . >
L o\ i -
Py Q.04 e 3




=8l

-—

souple Fo. 88*(DA) 102°(DA) 63*(4) 67(n) 79*(A) B0*(A)
510, 62 .40 60,87 57 .81 59.43 58.19 50,53
Ti0, 0.84 0.82  0.87 , 0,84+ 0.81 0.86
11505 16.26  17.38  18.76  17.94 17.70 19,22
o505 1.30 .14 1.39  0.69 1.86  1.84
re0 5.22 4455 5.58 . 6,17 .46  2.37
Mo 013 00402 W00 08 BBl B0
MEO 1.92 2.56 285 . 278 3.2 467
Ca0 4.35 3.99 5,24 | 413 2.7 7,58
e 50 4.08 5.55 44 5.23  3.53 144
R0 2.92 2.07 L2617 2.5 392 3.28
POz 0.36 0.28 0,39 . 0.31 0.30 0,19
3 - i = - . _
H,O 0.23 0.51 0.4 = QufiZ 255
Totel 99.81  99.84  99.76 99.78 99.81 99.82
Q 1%,95 6 .54 4.55 4 .14 a8.41 1.58
c . » & 0.06 3.47 -
or 16.09  12.24  15.44 12,72 22.00  19.99
ib 348 U691 37.53 44.20 29.83 12.1%
An 17.98 -46.36 23.50 18.92 11.96 33.9
Ne - - i = £ y
Dt 135 S5  6uBn SR == e
Hy 11.47  11.88  13.78  16.51 19.%2 22.29
01 - - * % r \
Mt 1.89 1.65 2.02 1.C0 2.70 2.67
11 1.60 %Ee  WES B0 MO A8
ip 0.85 e B892 0l 01T 02
Cr 0.01 0.01 0.01 0.01 0.01 0.0
7 .03 . ouE) rogn 03 0503 0.
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Sample No. 83%(4) 8u4x(a) 87(z2) 100*(2) 122(4) 128+%(a)
5i0, 58,14 59,39 59.21 59.09 53.80 58,75
TiO 0.89 0.7h 0.79 0.85 0.98 0.98
— 18,76 16,72 18,16 17.89 17499 17.00
Fe,04 1,26 1.36 0,69 1,30 1.0l 14937
FeO 5602 5el6 6.23 5419 9,32 5449
Mno 0,14 0420 (019 . 0.12 0.15 0412
Heo eyRt 1,72 3110 2,72 by15 2,64
Ca 3.79 6440 .47 4,51 6,86 8,17
Na,0 5490 4,51 4,77 4,21 S 4,25
K0 3,16 2,23 2480 3,49 1,80 0,60
P;?5 0.k0 0,27 0.35 0.36 0.19 0.31
H,0 o 9 7 0.80 0,11 0434 0,08 .0.22

Total 89,79 99.80 99,81 99,77 99,80 99,87 _
Q - 7.81 5,08 6,20 0.66 10,49
C - B 1,66 - - -
Or 18,69 13,19 16,56 18487 10,65 3455
Ab 19,86 38,12 40,31 35458 29,07 35.92
An 15.33 18.75 15,29 20,45 28,28 25.50
Ne i - - - - e
Di 1,05 9,86 - 0.01 Lo11 11,01
Hy 5,80 7,35 17.5b 14,06 23,20  8.70
01 L,56 = - % > ¥
Mt 1,83 1,97 1,00 1.89 1651 1.99
I1 1.6§ 1,41 1.50  1.62 1,86 "?‘
Ap 0.95  0.84  0.83 0.85 0.45  0.73
Cm = p - 0,01 0,01 0.01
z 0.0 0,03 ©.03 0.04 0,03 0,00

By




136 (B(82)

0.94

16466
1408

k89 7230 6.98 8.49 70060 9.68 Q.41
Mno 0.14 017 0.20 0.17 0.18 R
Mgo 5.29 5493 2.93 4,61 339 1.08
Cao §.3o 5.83 10.48 £.96 1047

i 4,73 5. 64 3,19 2,84 3.1
Ko 1.34 2.89 1.81 0.6 0.1 é
P,0c 0.33 0.30 0.22 0.3k ).09 -

g ~ 0.09 - - = - -
H50 1.81 - 0.75 0.96 0.kS 1.99
Total 99.84 100,37 99.76 99.86 99,87

Q = = a 3,1 6 .66 14 r.-'

C g = N x s >

Or 7.93  17.63 10471 1,54 o 77 +8

s 39.98 2957 26.50 30,26 2400 1,27

An 23,48 19,78 32,81 31.09 32429

N - 9.81 0.25 - = -

Di L 82 6.28 15,42 9,473 16434 29.33

y 6.09 - - 18,00 5485 2..8¢

0l 11.48 12431 9,92 = » -

N 17 2.52 1.36 157 -52

11 2.17 1.94 1.62 1.92 o779 .79

0.78 0.71 0.52 .2 f

Cm 0.02 0.01 0.01 0 5

0,02 0.03 0.02 i .




sample No. 147(BA) 154(BA) 190(BA) 104 (B) 163(B) 173(a)

£10, k.18 S2.5%  53.01  51.91 50,67 k7.3
Ti0, 1.01 .95 0.94 1.00 1,14 0,54
41503 17.83 17.33  18.88  18.51 16.59  17.85
Fe,03 0.94 1,08 0,94 1.89 1.05 0.15
Feo | 8. b4 9,65 844 7 o5k 9.39 10.36
MnO 0.16 0.18 0.16 0.19 0.27 0.19
MgO 3.00 5.00 3.69 3.83 6.92 591
ca0 9.83 9.59 8.81 8.28 10.61 13.33
Na,0 3.36 3,14 3,41 3.05 2.85 2.37
K,-,,E* 0.53 0.52 0.89 1,10 041 0.46
?éug 0.23 0.12 0.16 0.28 0,07 -

S = - ” - - Ow01
H>0 0.35 - 0.51 2.26 - 037
Total 99.86 100.10 99.84 99.84 99.92 98,88

Q k.92 0.76 1.65 3.48 - “

C - a . - o .
Or . 001 3.08 5.26 6.51 243 2.72
Ab 28.40 26,54  28.82  25.78 2ka09 15,97
An 31.96 71,62 33,54 33.52 31.22 36.66
it h _ } o - 2,64
Di 13.14  12.87 792 5.0k 1738 2.7
Hy 14.19 21.6k 18.64  18.04 1374 .
ol - L = - 725 15.35
Mt 1.3€ 1.57 1.36 06 274 .52 0.22
11 1.92 1.81 149978 190 2T0M 1e02
Ap 0.54 0.28 0.38 0.66 0.17 *
Cm - 0.02 0.08 0.01 0.0k ~-Cj

Z 0.02 0.01 0.02 0.02 0.02 !f‘tjz

Py = - -




T

P R 1T e \ Al & Lo e ~ .

oarfnple o, ?(G‘- |‘{-5(‘\ﬁ} ’15@((}) |..'|'(G:’1\ 164 ;(ﬁr\} "‘U-D((‘,'"ﬁ
B0 7945  58.62  70.72 70.77  €9.23 63.3:
710, C.2 0.40 0.41 0.35 0.44 0.¢
Al ;}C'?' 1257 22.76 15.00 14 .76 15.%% 16 .00

°oV3 0.05 0.37 7.00.17 1032 0.29 0.62
FeQ 042 %.31 1,78  2.92 3467 5 .60
Mno 0.0 0,06 . 003 006 0.07 0.09
ME0 0,20 . #A2 . I0L48 A8 1.5% 2.4
c=0 0.66  1.90 . 145 .2.01 2.68 3,56
Na,0 5.01 340 4 .64 5495 4.49 5.6
E,0 0.88  5.85  3.61  2.90 2.32 2.01

j:_’EC":I = ()oc’t1 0-05 0009 O.L‘}Ei\ =

: - 0,04 & _ A
H,0 0.79 1.88 1,37  0.61 o 1.95

__Total 99.9Q 99,825 99.75 99.62 _ 100.23 99,¢
Q 44 94 838 24,97 8.80 23 .55 18.9
C 1 .84 7 40 0.78 1.55 0.60 1.22

or 5.21 . 3460 . 2405 Heal2 13.72 11.89
ADb 42,34 28,74  39.22 33.38 37,95 3093
An 347 9.33 7.28 9.72 13,14 17 .94

e - - = = - -
Di = 5 ud o = .
Hy 10% 85.01 3.62 e 52 Q.64 14,86

0l = 4 - A
Mt 0.07 0.54 0.25 0.46€ '

Tl Oet?} 00?6 0078 0967 Co‘(jii .-‘./‘{-.

’ A J 13.’10 -
Lp ik .19 0,12 .21 H ‘
M o o 0,01 0.0
7 0,02 0.05 0.07 0.03 0.04 J e

0.08 o .




—-50=

Sample Wo. 141(T) 153(T) 157(T) 160*(T) 161(T) 162(T)

_-’_-;ifiz 64.38 69.49 62.28 61.61  61.7 55.70
—.f'ilfﬂg 0.56 0.45 0.74 0.52 0.65 0.76
11504 16.80 15.27 16.94 17.62  15.83 16.50
Fe,0z 0.52 0.43  0.66 0.56  0.63 090
PeO 4.65 .88 5692 5.19 5.6 8.90
MRO 0.07 0.07° 0.2 0.11  0.11 0.15
Mg0 178 " Aha P2 Ay 247 2.51 4,40
ca0 4.01 347" 5,23 5.10 5,66 7.77
Na,0 4,48 4,77 3.89 4,19 372 3.05
50 176 AN 495 2.02  1.97 1,51
I-‘,;% 0.13 0.06 0.2 0.13  0.08 0.05
2 " . " = - 0.01
H50 0.71 - - 0435  1.32 0.92
Total 99.85 100.40 99.98  99.81 99.80  100.62
Q 17.26 25.24 15.04 12.03 14.26 2454
¢ Qo441 - o g i 3
or 1041 6.62 10.23  11.95 11.65 8.93
Ab 37.86 40.31 32.88 347 344 25478
19.38 16.81 23.61 23.62 20.64 2€.83
Ne - - - e & i
Di = 0.22 0495 1.00 6.1 976
Hy 1,75 9.60 14.41  14.05 12.11 19.23
al = - - - ) ™
M 0.75 0.62 0.96 0.84  0.91 1.31
11 1.06 0.86  1.41 0.99  1.24 T
Lp 0.31 0,14  0.57 0.31 2.1 Dele
Cm 0.01 0.01  0.01 0.01 0,01
z 0.05 0,035 0.05  0.05  0.08 iy
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rJI:\.I'.i]j..L 152(D) 155(D) 129(GB) 142(GB) 143(GR)  168(1)
’ B
B0y 2415 33.02  U51.700 (52065 Silngs u(_()(:n;
T102 0.87 .96 00,97 0.93 0.97 0.40
Mlgﬁa 17 01 19.09 17.22 17 .61 17.90 8.33
1i‘u':203 9898 0,93 0,86 1,01 0,98 1.10
FeQ 8.81 8.3%8 7.70 9.08 9.86 9.91
Mno 0.17 0.16 0.17 0.17 0.18 0.22
M0 4,70 5.4% 5.6 4.88 5.00 14.25
Ca0 Bollt 8.79 11 .41 9,01 8.63 14.%0
Na,0 3.57  4.11 3.32 3.08 3,36 0,34
B 1.03  1.03 0.18 0.85% 0:95 0.22
PO  0.17  0.47.¢ 0.16 0.4 0.18 . =
H;0 o = 0,54 0.45 047 1,57
Total 99.90 100.07  99.84  99.84  99.73 99.69
o N — = 1,19~ == -
C . = P i ». .
O 6.09 6.09 1.06 5.0% 5.62  1.30
ib 30.17 34.74 28,06  26.03  28.40  2.87
in 27.31  30.55 31,51 31,67 30,91 20.53
Di 91.45 10,34  20.05  10.23 9.19 40.80
Hy 20.26 .9.50 112,27 21.71  14.66 23,45
0l o 5,34 2.94 - 6.85 6.74
Mt 1,42 1.35 1.25 146 TH42 160
11 1.65 1.82 1.84 1.75 1.84 0.76
AD 0.40 0.40 0.38 0.38 0.43 =
Co 0.02 0.01 0.03 0.01 0.01  C.44
Z 0.02 0.02 0.02 0.02 0.02 -

—




168(2)
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169(GB)

Semple 170(GBR) 175(GB) 1764 1768
{o )8 (GR) (GR) (GR)
510, 48.75  48.39  49.58  50.99 52,21 50.29
1o, 044 0.99 0.63 0.20 0.3  0.55
A1505  9.50 G55 10,34 4,43 BL8 B.BD
Fe,05 110 1.23 1.08 0.85 0.91 1.13
Fel 9.83% " 11.06 10.69 6.71 8.13 10.16
Mno C.25 0.24 0.23 0.47 .. 021 0.26
Mi=0 12.9% 13,18 11.86  21.95 12.48 13.79
¢ad 15,87 12.30 12.39 11.06 13.45 12.46
Na,0  0.08 4.15 1.48 0.23 1.63 1.06

95 0.08 0.26 0.43% 0.03 0.18 0.25
P;OE » 0.12 0.03 = - -
S - - = - - -
H,0 1.58 1.57 1.10 3.35  1.50 1.05

Total  99.62 00.84  99.84  99.77 99.82 99.82
Q == & =X = - -
5 i 3 | I 4 o
or 0.47 1,54 2.54 0.18 1.06 1.48
b 0.68 0,7 12,51 1.94 13.78 8,96
An 25,30  19.56  20.27 , 10405 1527 18.55
Di 4% .49 33,06  33.46  B4.87 41.58 35.06
Hy 24,78  18.54  15.68  40.61 23.58 24.94
o1 0.85 11.88 1142 & 6.5 1,06 7.0
1t 1.60 1.98° 7 WMEF ¥ THEE ae RN
Tl 0,84 1.88 1.20 0.38 0.65 1.05
Ap - 0.28 0.07 : 4 -...n
Cn 0.50 0.16 0.6 4 10:55 T 023 WeeE
. = 0.01 0.01
Z 0.0 0.01 0.01
Py = = = = 5 N
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134

192

38.05
0.08
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