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InLroductiau

The Tverrt 11•11mine, Illeol Ni»-wdy's inajor en/ltu drpottitstis H11"13/491

in ahe Oav vel e II area in Centra 1 Norway, near the vil Iape et llerkiiiii

(dbout. 150 lon NNW ol Oslo and 200 lon NNW ol Trondheim). Ceolapiralty, it

lies on the sonthwestern apex ol the rroildheini fry.lOn WhiCh IS built

ol Caledanian nappes, especia11v ho Trondheim Nappe Complex I). The


nappcs were thrusted Irom a north-westerly direetiou over the aut oelil

Precambrian basement of wcstern borway.

The Tverrl jelt Cti7Zn deposit belonps to tIte Iatnity til vatetuna i

exhalalive base metat deposits dud was Iormed in tollitilletICH with uhmdrine


valcanfe aetivites in Lare Camblian tu Ordavit idn tittws. StrdlipraphicalIv,

it is hosded within the voleanit sedimentdry Stmireu Croup (Tremadoeidn,

Arepigidu) ol Ihe Trundheim Supercroup detined by Cale & Roberls (19/4)•

Tdble 1 pives thett stratipraphie correldliou seheitirmd ir vi IL be ualrd

Ihat rhe SI‘tftenCioup, which is inIerpreted as the lower memher ot an eu-

pyosynclina1 sequen(e is correlaied with part 01 the Cula Croup (kocaobridu,

Ordovician), which is thoupht to (lave Iarmed in d miopeosynclinal envireu-

ment.

Ma ur dnd tidce-element dat i al Nttireu-preenstaues reveal

rist ics tifttecan-I1aa r Ihalei itrO Wa e & kobert tt, 197.);Vurne

1940), an ophiolitie suile with pmbbros, shceted dikes and pitIow Ittvds

twastretillived near lAtikkenCurtn-dePosit (Clettue il 41t, IYS")- A

back—ari. hasin etivironment was ptitt1111 lor IIle Iitic trelt nnir

by Cale (^",Raberts (1974) and this was Itirther eurrobarated by kurnus et

(19`t0).

In pre-MiddIt Ordovician tintes (Furnes et al., 1950), the eirtnnwtyttclinal

voliaiiid-sediwentdry pile (Ntitt6reu(;ratip)was ohtlii-teit,iItrthv beinp

posed with Ihe miaceosynetina1 Cula Craup rueks. lEi ufthir uappe unit Ipirted


by these processes is 1_11ATrandheim Nappe Comptcx which aonsists at the

Ittwercula Nappe oil the upper vkilt :lappe (ktle ,`;ILtberts,

(9/4). rint latlet incLudes rocks I U, SI rtli, Havin a151 Elorititet

(table I). Ourinp d tater event, renewed WV,1WHIS translattsI Ibe H‘Al

lurther lowards the east its present pasition. Constuptent ly,

and in tartatment with observalions mdtb' by Cutcsat bdsal thrust

plane I the Trotplheim Ndppe euta 011 the oldct tecionie cautact betweec

NI7Sren aud CuId Nappe. the scuthwestern part o1 Ihe Tiondketm recian rin-

ctudin the area avoun(1 Ihe Tveld I (11I mitie) the Inaldheim Nappe is innhalain

by the Niidherpshg(i Complex (Cue/cu, 1975) which between the

Trandbi iiiNappe aud the Precamb iali battement itstst.



Dur ing nappe tflp litiiltTt Liii iiiid rocks wtnt iitldttlinto I

isoul im,(1 reetinibentIolds I )1- k.:1 di ittt i  Hu; ntt I om

NW-SF twor E-W to NE-SW (Wolli koberts, 19W). A seeoud rold phase

(Ed), whiuh ovurpriutod the previously tornrd striteinros, is ebardet r-
ized by opun lo 1HIlt, sliploiy ihcliood Iolds with wavelengdou ol
sevoral kilomulers and axial diroctious berween E-W and NE-Sth A Ibird,
only hwally important (i.u. not punetrativu) dolormation pbase Ft)
prodneed tipshr, mus, s)pie seale, whieh bet.x-

ever have no markod elleer on gtti idaI gross strindure. In eorruspentleisa.

lhose reetonte evenrs, severaI mutamorphie episodus Jro reeirytixoti

withitt tho Trondheim Nstppu Comples Ohludon, 1918)

Althdligh an exhunsivo literatore exists ou lititnittyStnttiliiiivttit
exl lative iliLiSSiVtsiil ide deposit x, including useulIent genera I ibiscrip-

t iigts g. liiggt, I978; Vokes, 19`to;Vokes & Cale, 191(t) wel is


dutatled work on particnIar deposils, mt much has huun written aboto tho
gdoldgy o ilit Tvt•rrt ti i dttosit slit)r1

mine wax pnblished in Mindn5t,May»xine in

Tho prusenr shudy atitliwt tc unravel iht tt,liigytil tho area

aidund the TverrIb'll mino and lo give au inrerptelaiion lH lit FlOTt 1 L i idus


hodur wbieh the ore doposit oriediailly Tirmed.

mappreparation addition I ygDphysigu I WtIn tgeonitituctid,

elouhromagnetic) as vh.I I ;is dri II ititLi rcooriesy ni EolIdil Verd

wuro available. (iooehumieal sludies ti swtavolealhet limijor and itaue
elements) vutte earried ont iilordor to determinu tittgeoeheinicaI ehara
oI tIstiiiiihtkot,and hunee ittobhain isuse eunsiraints lor the tototehtoni
posiriun during ernption.

l' OniIII titiuSi tiiSSi I I til litt (t il I I ti I Ila I iffimsI

lihouitsic ru. WoIl I X Rolwrts, ISVO, txl iiett i liI I t' .:1
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Tyt'l 1 1 11.' I 1 H1 i 11C te lie ) I ‘'111111111 1•.n  be est itrat(•d 1,»,,•

t tbeitt ti.,. A 1 t Immth liii Ite 1k eopplims oti (see ht• I ,tw, table •')

	

ect,, vat ett i s imw a mit lit' I I 11.• 1•(111Z., gittrt .md t IdsparaPi

hiet e--elt Hpi , is ttind 1:Ir I,s 11:II ol typiet 1 t:11.1 let;

iii (P Z1111.11 .111 111^ is II1HZ11 1.111I mktiy 1111'.111Z-1(' ( ZI te .J.epte-

i I 1P;.• re lord vilosi,. i ;11 11:1 base, (2) t here

dt EL mm Hp't o liertitt 1 altet ;II i w 1 11 1 11 lhis rorkbody, , (i) beetust•

lii rp,et, wi li iIt; i t; ltil que Ite area and e 111,1 11- 1 y

tl I I t'l-Fir I I 111.11 0 I. t rw. I it. I dItt•11 I IIIt'nrs, (4) berauseliii

iii liii I v Immommeetts I1usilts i• 1 t er ;II r(ra tinn) and (s)

111.1•.111,i' I t :I lismosi lilluji Fel t si r I e;-; iii tirmma tt)fllposi t i opts t rom

itorm.t hamt I is li hi s andes i e. I 1arint; we I I dtlf i ned body iii liii•

eut ni I ni I —tin I ilurns :wd is ove r i n by m mLliittrt 1 i zed sequtPnee wh ch

,P1-.1 1 1v equ lea to Tve ria je 1 I crebody (see be)ow). The Itma

c, i mi llni;tisie IIm!HiiLiIi tilibedd • 1 iii I iirboiiit tniiui,

eved i slui]t cmiiI. I x ei 111 Ori "Illa I I y rhaps more ulIlit 111:11 k' I^ .11 .
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iii Ila, titt i 11 1.11111 51•1' 11111), I ) whi ell t'onsi of inn I y I

tmpleat p.. llowever , itt some st p• 1eve 1s, e I sie 111rapyleel s mil

dmui I lie brette I i tp )tt I Ilft' 0I vari011S rOck 1 Ylme s • •111(1

lit eipplimpeerlt mr,• id r I y mitit 1 1v yed ( i . i. t,, SttlIkt drsiii mM

lite li md, is ilm,ii,iit to rt.pre: Vill U111111;;1 11.v,tI a,tic debri t; 11.11

al'el1111111.1I l'11 I 1/ d t)uui;i t s of ri 1i I 1 ehltess •
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vitt i .11 mor t I requen I I y Andii)r be.rr rherl,;

is vl' I I m; d SSecilind I ed pyrrhot

hori Tht.y lIV. I. i .11) y Wi I ar I hy boundary o I Am1,11i bo I i

by,;,. ev.11.1Iyt I ve reti ryn,/lally diitbm. cant ;1in Any 0e1:11,,

lud beAr i ive tAl I tollS AppeAi

be Iv cLail I in'd I o lir :111<h) I I r ext rus cui. Ilydrotherma I Aller.d it fl,

whi I zed lit rhe now met:iinorphosed :iiolesi re by I be

,',Aup I C in r 1:111 , pil rti rul.ir I y ,

	

by earbail es And /or exceSs ive  I I ect

I Ar at, pArt I I lw body. liii nulliber cl dr I I I les , t. I (.1711

tlres wel'e eacculi ela,d iii rhe balwi yil I I ot he Andesite. oreS

embedded in A I, i lii y vnrinble sul ier ol sulridt, impregnated, ollun

rnrbon.tte-ri ch ICItr (11 chlori te—biat ite :;chHts,

I r ,Ja zAble tilsir t ul , 1.11111 inarlde I Ayers :wd pyr u

nnd pyrrhulitv I rinr, cherts. Abundaneu ol rnrbonntes and imprutyhttiou

vil li su I I bles s hat cic,'st' rucky, N.vt,re ;;Hb '1er t I The

or1:111:11 11,11111( I I he:Ir I ,ultviitis, lurt t hey
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n'h itly ich i I ILAI Aboul km unt I II I rast . ort mbut• I y

t,,oiw,,l I L I ve k. Il oi'Eiitlyed I I y omp I ir:It (.(1 :1nd uoi

yr iciljt I I r.)II:; I ,-;[': ts,iicclvr I pliy I lit ir 1m1

The Andeyi to I I I I knowli I row halued I alrly be I ov thu el)ody

. r hrr tdi I vii correslywd,, I I hr h,ISe of thr ali(1,•s i
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I ,lys vi.rt c:11 I II rritvl" :11.1(1 Vil 1cr.I

L'S:;r111 1.1 I iiree d St iii» (')re I ypes c;111 d I I I i ed.

I ocil wA I I ny. viii (i . v. Il'Lu[IL si,ictic Iii Hiur 11)

I. rbri:ti, b.nIonized urttrir i irh in chIorite and amphilhd with

nbunnnnt gunrcn tleis. Chnbour:lity., pyrrhliti. nd grintn/ Aru nwi:v

murphicAIL unnor ibiobInst ir puritu. 1.80 7 Cu, 0.h 7 Zn
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K.Iildeti pyri 1t--tiiliui i N' e. Alt rnat nr, ii;ijiiii i rL li and pyr ii

iiiitarr I lel In ytuis via I rw null Li sevtillrm I h i rkness III .t qudr

t ilt, iIiltHit:iriii!u,turt Clid eppyri te prei erent ni ly in 1iyriti

	

C p, ,

I. Nin;iv nr tit lit. Almon ,ii,isniVe pyriit wi th nsemi nat t I
--

copyrili, ;ffid SplililtIi i, subprdi nale gintrt z iUtl edlei te. Upward iii

in /.11 (0. /0- .f.)0 and dee re.He i n Cu ( •b0-0./.0 Z), t O S.

P :uiil]LlLliFV,yit'rnl ppwdrd i peredse iii lit dnd t di .11 sul ur dnd d

deein i i Il Cii OCjil (1•0111)a i i M i i i ty Mn y. i i Ile , I . Il i UpW:Ird

tid t 1.,111 pYFFIFil iii ive r I}yri iiilLiflt±i iN lii pv ri t .111pCars

	

ed i .ibs.,[utt• derre,Itie 111 gurrt z rnd itlil i ve

i net i n tiiiittu.



v I stni e ri ths,

‹it MI nibi .10 rdce e I ement tteerhemi st iy itf Lhe uet .o.si ean i

rateks been e:11.1 I t'd itul by misins I X-rdy 1 I tioreseenee and I i

(XRV). e I emeld s were det ermi les1 rom I i liiiiiiuitttjborntt t I a ,

Ve0 was measam phot eme 1.r ca 1 y, :11Id lIO ttrdv i me rteill I y Nb, Zr,

Y , Rh, Sr, Zn, Cii , Ni , Co, Cr and V v.,), ned 1rom powder t db lets

by XRV. ketat I e I ist ed in abl e jor oxides and true e I ements

i ft, lit I Sirt shown in I

A I I houtth :t el itur dna I yzed vork:; s]ittw h i tth CO,) rollt unt (

,its1 Itettee were a I , sonle si5niliiatiI

reeettn i zed. The ma jori t y ol I he dna yzed rocks are e i t her ttl i vi iii

Itudr1 znoimmt ive I holei i Les. Two 1).ts:t I t.s t-i,cil mitt nephel ine iii the r

tivrins, .t endeney rowdrds cr i t i ist I sili ea undersaturat is atso

observed wi t h ,iti u 'ti her Lransit iona I o t es. The rocks di sp I ay

I te i t ie t rend i i i h AFM I ri aoy, I tt (1 tt dnd show dn edr I y

i0., enri tatment I rend ( I . 2T1-3. 7 I Z) and siniiil I,iiitiiiisly inereas intt

1,.(•OK/Nly,0 zdt iet (0.'ne-a.13h) wi t h i niddsisi Si 0,, ront ents . TiO K. 0 and

Fet»K/Ntal va I ni•It .1 rt. I Hiur lhan I lii,;. il norma I ocedn floor basa I t

cl 11, t are hi tther iii IttO and Al ind lower heOxi, TiO and

It o t han leatis-tishei tes.

When I basa 1 i rtteks are jitiltIl i ittat the 01-P1ag-Cpx-didttrdni

.t 1 i tt. / Ths d i Cos et il. , H/tfl ,iii I wis Ilat: (lw thl t I I (A))

tlit il Ri IptI ,ty,I ue I ptISIP	 iitt(t i iIi iii mliii .111(1, I bereFore, these two

liii nera I s wei tta r I iest o rmed and s.I).ir;it til phenocrysts in I 11.• int• t .

I I v.in 1).• ...I Ittt be M).» :md A170. -ri Ol-t holei i hes represent

nlitre Itimil vi me I Is, whereas t he IhilettLes ire mere tviL I ved and

tiori ehed iii Ve014', rita, and P,)(T) titt delt I eted i ti My» mci Al , thw I,}

til ivii,t. p 1.1Se tPde t± tu1.11 I Tht. 5:111k. t rdelionat ion preeesses

	

t aot. e I ement ry. The eompd t i ble e I eme nt Ni

TodKr ,i. iiyliiv etirre t wi A I 0 Ni rontt

net irpoi thie ivi ne, and Cr I cnds t o t ath./OUSI Ypr('V I it I I i t

:1It CrP Sp I I I II til IV inagmatie 111111ILIIPt1 i leis behdv i our

lhal› Mao These eI emen lectuint litt iii 1.1h) mcl t ili,isi utti i I

, t iteCi I , l'es I .) )ifid/or e i (V rev tI il., IN7't hey,

etter,e):)-ne is tPur bt.tit .111t1

1)tttPtSllu li liii It llICtilItt I v (It'it tt ttPli

(:t11111/.11tPt1 tiiitirni,il orean 1 I tHm Ishpa I tt, t tat 1 vt) I t

I •It' I I .11.c.1 11-(' tpI I c.Int I v elir i elte.1 iii i inutilter ot 1.•I I II



I thl i Ti , Ith, Zr, ynd Nb. When plotted nro di winy-

t i diagrdius (e. i ,n1.1 ! ti,i,;,iitt1 liiiprednuo nyto I i iittt titl

Ot" ”t.tit ilii11-t) al bat-ttil 1S" ,ffid nllIl d-tiec;111 dya. Isisa i is '' . llowever , ot

ito, Zr-Ti Y, Cyan, ii; )) yield di ereni

	

restil Is. The reds this behyvi our arii hought in

evo ved ure til tilsI st titlii'dokks , pyrt i I ly in (1H.Ir Ti tirt

wliit'li becoine reversed tet sooll itt, I i tiopyrienitai t o ryit

The re ore , atui ti I I 11S il.11111 t.tyrtnitti, t ny,

t i ttiiiiiijn 1:-; .1 iiit,ir / i t.iitt , iii not I thir CASe Itt Cyttl yttd baSti t


::111Les.

(111:.;I y I twient lar Lo

tliose ouud I or itotia I led "Type I I oeihin-li loor-basyIts" (hryan et al. ,

197b) or "c-MORII ('lm iyhed Miii mevyn hystilt) ( Sur t Nesbilt,


0)78). This type 0I tholeiitic bysalts is found yssoriated with ylkali

iii ivine biety ! tt tin vo I thin i i p bit i orins tts ! ide iii d oyeyn r ideais (e. p. I cv-

I and) and at Hit I kent res I i ke oetian is I ilnds and sed-

moun 1s (e.g. hawaiiyn lubinds, Myurit ius ety.). Bysalts ot lhis kind

 ottror abovii iwitit I

"l1W :;pcf sn witv rt• dinter undep lit tiluttlui

	

it t ittilti iii I lest' part basa 11 ir stri ts.

()I Lli,ilt'iitii 11111 ti b .11 Int oceur ide by s ide in tliis ype

iii vo ydn i env i onment nt.plie I i ne-nowny i ve ynd t wins i t iona I

bysy ItsnI t Tverr yi proliab I 11 nt trprt•I in this sense.

	

lieeiii ir t tt IVitt-t- :1111I

	

sepy ry iii nr utdp il iy. It ) bi; "Iverrl il I dulphi ho es" (TV

dud TV fl , tyble Myerosropiedlly, these be distin-

puished by coasp COUS hirli biotite 11I alld thCir lighter,

wore yobuni. Chenticylly, !hey ehyryyterized by high

Nb, Zr, Vynd Ut vylues and art i nlerpreted as very highly evolved

1).1sy I !.s whi re dir i ved t i ittlti'tittillititi C 111:rtylUIS by ext i

renuiey I ol iii ivi , p 1 i tat I iise .11111 aLl I ititi,i1 Is Ciinopyroxene ( low V,

	

110t111.1I ) . rlItt Vt: .11111Ftt I e (Ty titt) yttt'it Int Ite is

ttrItIttlit ly tht 1.4h ull cl LL)111 t ion,it inn il tliis kind .

The i idny yoto It 01],t

\ttlt I t'll VtItK I rcit t- I I t. httl t t•tt t tt t titklt•ttl lat

111' tt t nit Ioird ophyre titt is weat i tuu.,1 ybovi, , erwed t.

inewbe re known yitit i tlittibt I til wite t iii iii re anv i i (,:a• :aullut C

c 1:11 itsislti p 1-cCa , I [I. rt1 i,phyrys yre

ktrunion1Y i ltittiylit ti I itr itt I 1. 111 11 r soureti wielt . t ophyrk

I t (TV I b ) air,t I iiy! urvi; chy ryyteri st itt Ier rondli jenii LItt` t' r

1') P.t) . Etttittte ,t1 1ttw tlt in i:, I 11 titt r,tst to



eVOIVt'd b3Sa ts and t nt .uuu&Iui le.

..anmaary , In• vt, t',1111 ti rrann 1 i ny, and Ites t ng t

Ivririle I I depas tt te; nar a I It.:1 i il ivi basa I ts, t

l'aaya. rom wre priuuui iv i --tetrmat i ve eji I y tvil ved quar z-noi lat

I i vi ocks o I ivi I uLl p lase and I a t.r il i nopyroxene

I rae toiii inn are respowt Itl e liii lit observed var alti I ity and evo

ry i ventk :thondanees ni atr tain jor and t rare e 1 ement s

 i Imary isa gina ss i i ilar I I netetel (ictan and,; seamonnt

	

iii vo ean e Ii Ll iiits Net.,1111c I I dy}l'S .



I ) i

:I 'vold I /1 Seyeral st niiiy de I orma( on;i I .ifid metamorpli i -

snde.• duri ny, tli Cd ltl,tni .11 I t•lupt s gc0-10y,1 r;i reeell-

St rnet 1011 e I pre-ereeell I C Otiiiil I I I 11111:11 rr,e y y OLI li1'eIl

d:d 'Irld (311 e0/11p:11-1SIIII vi I rtI11111e1II

I II I. Iverr I v I area, e I on til sublwir i i

I dvd::, pl' i!je neasylle I i iii i meul 0 1nd i 5,eueous Lurb

SOine elniSt I I I L 1(>111h'r y,i.•  1 i'iti)ITLC pOS iI 1011 dffil

ild i bar Tve r r je re.I I  Inued in inal 1100 111, but


not tua lar Irom a conlinental marnin, i. e. the Hallic Slii

I i ted dm'eumu til vo cart i debri nd i ea morpbol ogi yrad ient

and Ihe rapid lateral lacies channes Til he sedimends also sttnnest a


nounhitorw and tinsteady depositicnal environmenk which can be altlibuted

lo a submartne valcanic landscape.

The erupted basalts show typieal keatures ot ccean asland snites

ur ut matuttalic assaciatiaus trukt valeanie platlorms on mid-OCe:IM

Rol li re I ized i ume . lierautie iL•

inler..a a ed I 'rrii'i'iitiu:; d musi cone 1 ude t C:111 C

	

intermidtent and oeenrred olf wa!or spreadinn isis.

HUWevrl, relation to a back !are spleadinn centre is also conctivable.


lint estensive taittua tractionatian whieh is cbserved in the Tverr -

e I I .1 v • a rt' q res 1.1i I (iw-t-;ealeil milwaa ChallIber L nv ie

stiritration volumes il hinhly evalved Liquids like that

niudni.l i rU,.  011 ht. Tverr l" I I itti ne. Tht,

i der,re.• dt rav 111.'1•CS;;,il y ti kirm aTl andesi tic iid

I rdni primary basa II i war,ind vi I I leid :tlntiIllit til res I diid I I

e01111/.1r;lb I e to ør I rtter t 11;111 (11:1( 0 I :111deSile i l self.

tch mattma ehamber ou the o band des e01 bed

viii «li Kbuni ,ihl e 11) a lartte and langl ived ive

I u I I II I i mw kiI erle e I 11,1111 I I,

I . Obvi inisi y , .1 ::  Rm sk  iu I II t . 11111

1.Y.:11d1.11 vil bed I I I ke e I I Tve r I i miine (and 1 he

roryji I WhirhI mi iiitoi Only shartty atter aud


immt!diately abuRry the estinsikni a! the andesite.

	

ivt.ry t .1 11 (.11 and I..' in vitli miiiiliir'umTmIt'iits

(>1 An (0. rit and An ), and im IlLit; t

"Cypru:;--I ype" i t; dry>, . ar

this ,„; , unh 1:: 011 e I Ile tillder I y i ru::(



which prov des t I, tittils Iur the depos t s ,Ind wl, cca t I r I lie

1

I .
1

I .

I.

composition ol the hydrothermal soluLions. A peaelic Itnk;we

exlia ive oue de[lusi ts wi tli erean isitinil I ypv ve I ean sm appeurs l it

be uncolircui ; I e.is ne knewn t aut hors . Ilewever,

I rom t he case til t he ve rr I je I 1 depus it it i s ev i dent that h i ph I y

ev0 vt/d b.”;.1 I I. es/en I urt her eve I ved I es may serve

exp I orut I ou gui de , ;Is I hey art ;i,tm'iii ty Itt';;t e ed to the. Cp

ro:; ut maymulell.unbe rs .ire pet eut ere depos i t s .
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Captions


Fig. 1 :Location ut the Tverrfjell mine and other massive snIrlde deposits

in the Trondheim region (after Bugge, I97K).

Fig. 2 :Geological map ur the area around the Tverrfjell mine.

3 :Two north-south sectfons illustrating the structural interprelation

for the Tverrfjell area.

Fig. 4:Sehematie represeneation of the strati aphie sueeessi-n and interrud

facies refationships.

Fig. 5:Major and trace elements plotted against SiO , or the analyzed meta-

volcanic rocks ol the Tverrfjell area.(Major oxides in pereent valuet;,

trace elements in parts per million.) Squares = quartz-tholeiites,

circies = olivine-tholeiiles, triangles = nepheline-normative basalts.

Fig. 6:A-F-M-diagram (Na90 + K,0 , Fe0 + 0.9xFe203 , Mg0).Line separales

tholeiilie (above) from eale-alkaline (below) rock suites (lecording

to Irvine & Barragar,I971). Symbols as in fig. S.

Flg. 7:01ivine - plagioclase - clInopyroxene diagram (aceording to Cox el.al.,

1979), dIsplaying low pressure phase relationships for tholeiitie melts.

The data seatter around the plagioclase - olivine coteetic Ilne and

he ternary entectie minimum.

Fig 8:Discrimination diagram (Pearce,1980) using zirconinm and yetrinm.


Symbols as in fig. 5, IAT = island are tholeiites, MORB =

mid ocean rIdge basalts, WPB = within-plate basalts.

9:DIserimination dia:trau(Pearee,19S0) usiu: .11raminmand yttrinm.

Symbols as in tig. 5, IAT = island are tholeijles, MORB =

mid ocean ridge basales,WPB = within-plate basalts.

Fig.10:Zr - Ti - Y diserimination diagram (Pearee & Cann, I973).Symbots as in

fig. 5. A = low-K-tholeilles, 13= ocean floor basalts, C -

cale-alkaline basalts, D = intraplate basalts.
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Table I. fStratiedaphic correlat iii siututut ts proposed by CaLe tf. Roherts,

Table 2. :Major and trace elemet“ data fnr metavolcanic and melasedimentary

rucks 111 tverr .11`1 I .11 e.1,"I C PW 110 nns. rututpl i nunilwrs correspond I 11


numbers in lie a 2.
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teln d "hydrothermally altered" andesitl sampfe. t.v20 is a meta--
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tyl tv2 tv3 tv4 tv5 tv6 tv7 tv8 tv9 tv10 tv11 tv12 tv13 tv14 tv15 tv16 tv17 tv18 tv19 tv20

5102 48.50 46.29 47.91 49.09 46.19 41.26 47.68 44.47 47.43 45.62 46.13 47.25 51.72 48.29 50.28 69.08 47.17 57.66 62.38 59.42

Ti02 2.47 1.43 3.46 3.15 2.10 2.56 1.22 1.88 1.58 2.69 1.58 1.23 2.26 3.71 2.45 0.23 1.43 0.90 0.77 0.92

Al201 14.69 14.31 11.83 11.17 13.73 14.46 11.40 13.26 14.81 15.42 14.96 17.25 14.42 12.68 15.26 15.30 16.05 17.51 11.26 16.70

Fe203 5.71 1.06 5.60 1.11 1.36 4.28 1.21 4.02 2.119 3.13 3.02 2.25 4.27 4.72 4.47 0.95 2.85 1.63 1.11 1.39

Fe0 8.18 6.52 11.90 10.15 71.44 7.95 8.55 7.61 7.57 6.45 7.09 6.98 9.62 9.74 7.09 0.51 7.74 6.55 4.69 6.84

Mn0 0.23 0.14 0.25 0.22 0.22 0.16 0.18 0.19 0.16 0.16 0.14 0.16 0.13 0.23 0.18 0.03 0.15 0.08 0.09 0.10

Mg0 5.21 9.75 5.41 4.91 5.81 5.59 5.97 6.48 9.46 6.16 6.55 7.02 3.90 4.65 3.09 0.81 7.01 3.66 3.37 4.48

CnO 8.08 8.76 8.97 7.02 10.57 9.27 . 10.19 11.81 10.61 12.28 11.59 8.90 5.81 7.58 5.96 1.54 9.44 2.13 4.40 2.14

Na20
4.37 2.44 2.02 3.11 2.19 2.10 2.70 2.03 2.38 2.47 3.04 2.80 4.47 3.00 4.11 6.92 4.10 2.10 2.57 2.40

K20 0.23 0.15 0.20 0.32 0.21 11.55 0.23 0.21 0.20 0.61 0.18 0.92 0.19 0.26 1.45 1.00 0.58 2.67 1.26 2.80

P705 0.20 0.09 0.30 0.68 0.24 0.16 0.25 0.16 0.14 0.42 0.14 0.18 0.96 0.55 0.82 0.06 0.28 0.37 0.40 0.10

CO Z 0.14 0.24 0.06 0.94 1.78 1.04 2.14 2.74 0.48 2.38 1.80 0.94 0.12 0.74 1.20 1.50 1.65 2.20 6.00 n.d.

11,0- 0.04 0.05 0.03 0.03 0.04 0.05 0.04 0.04 0.04 0.02 0.03 0.09 0.03 0.04 0.08 0.04 0.09




n.d.

110•

2

1.28 3.62 1.77 3.00 3.66 2.72 1.26 4.25 2.20 3.66 2.95 3.22 1.79 2.56 2.74 2.16 3.40 2.31 1.31 n.d.

SUM 99.89 98.85 99.71 99.53 98.86 98.55 100.21 99.15 99.95 101.47 99.20 99.19 99.69 98.75 97.88 100.13 101.94 100.00 99.70




Nb n.f. n.f. n.f. 34 11 24 10 4 4 38




5 45 so 68 3 n.d. a.d. n.d. n.d.

Zr 110 83 1119 400 145 194 154 111 94 217 96 70 611 350 445 93 n.d. n.d. n.d. n.d.

Y 19 32 72 89 43 14 42 16 30 29 37 20 120 85 53 6 n.d. n.d. n.d. n.d.

Rb n.f. n.f. n.I. 4 n.f. R nt. 3 n.f. 10 n.f. 16 n.f. 2 18 32 n.d. n.d. n.d. n.d.

Sr 130 268 276 2140 156 253 183 266 153 soe 186 255 267 337 357 140 n.4. n.d. n.d. 0.4.

Zn 107 68 156 142 101 96 99 93 83 87 78 72 170 138 137 14 n.d. n.d. n.d. n.d.

Cie 16 107 n.f. n.f. 29 45 RO 105 34 16 19 n.f, a.f. n.f. n.f. n.f. n.d. n.d. n.d. a.d.

Ni 16 157 18 13 44 38




57 62 81 116 68 n.f. n.f. n.f. n.f. n.d. n.d. n.d. 0.4.

Cil 51 46 66 46 52 51 53 48 58 46 48 55 27 45 33 30 n.d. n.d. n.d. n.d.

Cr 11 409 n.f. 12 62 58 50 98 159 162 247 314 n.f. n.f. n.f. 15 n.d. n.d. n.d. 0.4.

V 197 265 496 255 351 298 270 327 353 270 327 353 11 345 114 29 n.4. n.d. n.d. a.d.

Or 1.40 0.94 1.21 1.98 1.46 3.44 1.44 1.35 1.23 3.80 1.13 5,74 1.15 1.62 9.04 6.13 3.55 16.57 8.06




Ab 17.28 21.79 17.54 27.74 21.70 20.62 24.21 18.71 20.90 22.01 24.56 25.00 38.83 26.71 36.67 60.73 25.88 18.66 23.55




An 20.10 34.91 23.22 22.51 27.96 29.14 25.19 28.81 30.24 30.73 28.28 33.53 19.22 21.43 19.94 7.92 24.52 8.56 16.75




Mr 2.114 2.18 2.18 2.18 2.111 2.18 t.18 2.18 2.18 2.18 2.18 2.18 2.18 2.18 2.18




2.18 2.18 2.18




11 4.141 2.86 6.74 6.86 4.48 5.15 4.47 1.89 3.11 5.38 3.19 2.47 4.41 7.41 4.91 0.21 2.81 1.80 1.58




Ap 0.49 0.21 0.73 1.69 0.61 0.75 0.50 0.26 0.25 1.00 0.25 0.25 2.19 1.25 LOO




0.49 0.92 1.03




Oi 16.28 8.33 17.20 7.71 22.02 14.49 22.31 28.28 19.28 25.00 26.27 10.09 3.70 12.35 4.83




18.55




3.12




Hy




16.03 27.97 24.95 18.35 22.43 19.64 8.68 12.64 1.35




8.25 26.16 23.29 19.55 2.09




19.91 13.87




01 16.92 12.71




1.25




0.08 7.84 9.97 8.58 12.67 12.52





16.60





Ne 0.36








1.48






5.44





Q




3.22 4.37




1.61





-----




2.21 3.79 0.94 21.26 ----- 22.86 29.68




Ru











0.13





n.f. • not found

0.4. • not deterained

CIPW-normca1eulatedfor Fe203 fixedat 1.50
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