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A.BSTRACT 

Temlry volcanIc. CO"•• I ""id<: Irea III Yemen, .pproJllnalely one tmm of lhe IIlItlOrlal lerntOl')l. The)' 
occupy the ov.JOrily of the weMem part or lhe COWItry. Relalive crustal LhiM;nll (dT«ted by inlelUive 
l«tonic IletiVII)') n:lUllcd in continenlal nRill' (Lair) Oh~ - &rly M.OCCDe). IhrwCh ",'bich mallmu 
ucended InlI fo""ed the Yemtn H'llhland. and Plalau.\. The Yemen Trap Seria bu llIIinly t-n COlIlrolled 
by the NW·SE fnltinc tnnd.....bj,ch IS pa..lld ....,Ih the Red SelIllend. or lcs>: comll1Qrlly (NE·SW) ....,Ih the 
Gulf of Adooft trend. 
The Late Miocene-Quaum.ry volcaniu.1ll b:aled in the coastal ptlin oftbe Culf or Aden and in Ihe cenlnl 
pans or Yemen. ¥emcD YOIClOICI are compollfd ofhMic. 10 'nte......d..... ....d .,;>d.., rockl. 
Ha.uc roch .re ~tod by hualts, ...·bicb rorm tbe lower pall or the vowic complel".. whcreu the 

acidic lyJlCl!l lrhyolitell. \'olcarnc IlIIlSSOll' and pyrocla,llicsl occupy Lhe u~ paJ1 of the Yemen Trap Sen. 
volo;ani<:s. 

Thi~ piper deals ....ith the chemistry or the basallic rocks lOll with the composition of their lnIin 
constiluents (olivine. py,....,'""" and pla.,oclll!Je). n.c bIosaItic rotka nave alkalJ..oo.lbli characten, The 
clinopyro~me phenoctylitS sbow COncetllnc Md hOl.lr·IlIUl IOrlln,lhat can be ftl'rdcd u a llood indicatiOll 
of the malllnl evolution. The COmpol'hon of the plqiocWicl rana. '-- l.brMlori"'''ylowllite (fur the 
phenocryJU, AnS7~J) and andeaine-Iab..oonte <for \be pta,toclue in lht ,lOIlndmau, ~I-4O>. The 
olivine pheDoc:rys(, bavtl bi.hcr forsterite eonlenl (F09O-7SJ in their eorea; bul a- v.h.. dacline .. th.. 
rillll U "",,11 .. in u.. (round..... (F"7~4O>. 
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TIlE EVOLUTION or YEMEN BASALT IN RELATION TO TIlE RUT
 
DEVELOPMENT AND THE CREMlSfRY or ITS
 

PtUNERAL CONSTITUEl'ITS 

INTRODUCTION 

The oriain and evollllion of Yemen volcanic rocks is reC.rdtd .. !be R'AlII of !be nftin& (synnft, ute 
Olieocene·Early Miocem)uwl po6trift (Mioceoe up 10 Recatl) pbaseti of the fOllllatiOll of the Red Su...d 
the GlIlf of A.deft (in wIUdt oceanic KCrellon started). 
In the lAle Eoceoe, I ...idClllpread emereence of the &relier p&I1 of !be Antbian pbtfonn ot:aImld. It was 
rrohlbly II lbatlime tba! Gvlf of Adm riftinc _ inililtcld, .. tbc: lodiM Ocea.n sprudlne CUller proplelled 
east.....RI (Hlitb&m, et af., 1990). 
Thi. stvdy was carried OIIt 10 inv.ielle the rineral0lY. petroloo. u>d liNeNi'll a-Iou of Yemen 

voleame-. Our study rovers both the Yemen Trap Seria (YTS, Lilo OIieoc-·Ear1y Mioc:ene), Illd the 
Yemen Vokani<: Series (YVS, LlIt~ M~no-Re.'ltnl)and their evolUlion ID rellloOn 10 the rift devdopmml 
(FiS. 1). In this paper we deal Claly wilb the buic rocks and their aDlly_ rellted 10 the cbemica1 
compollition of the blAll.t and their main COft$llt\lmta COoIivlDe. pyroleno IJld plasioclasej. We have al50 
comlllcd the jleneralio!l and development of these vokanic coll'lpluetl by usine the data obtaiDcd from 
""isnUc IIId drilled wells in the ~ plains of !be Red Sea anti the Gulf of Aden. By V5ine microprobe, 
chemical anti opticalanaly_ erc.. , we altempt 10 eV1111ll1e the cbt.nueal cUrlden and thc n>llllla evolut>oa 
of lhee inveltiilled volcaoica. 

STRATIGRAPlrY, TECTONIC SETrlNG AND GF.NESIS 

Tbo volcanic rocks or Yernecl un be divided inlo !WO 1It1'le8 I.~. Yemen Tl'lp $erica (YTS) and Vemen 
Volcanic ~riClll (YVS). 
The YTS had bem developed IhmuJb the period flOln late a,~ 10 Miocene lsynrift-Sh1hr llroop).
 
It i. oornJl'OllOd of thid: volcanic rod!:s (lava flows, dikes, StUS rI<".) mllJ~ly of hL...IIIC C/.Im..,:Wtioo, which
 

form the lower part of the lIt:riClll. with interulatioru of volcanoclasht Oepotll.t.
 
Genetically, the YTS had bem u.socl.ted WIth Tertiary COIItinenlal IJId oceanic riftillll and .... ith 11 £ 

,eodynamic of the AflO'An.bian lithosphere plaltll. 
NlImerolll Tertiary intrusive bodiel, mamly of alkali iT'&llit£ll and .yenna, IIave al50 bot:a rq-oorte<J in """"y 

localities (p.rticvlarly in tIwl .....'e$lem pan of the lIudy atu 11 ....ith the Red Sea mlun lrefill) anti thOlY arOl 
closely associated with lhe voleam... compluu. 

In Early Miooene, differentiated alkaline vokuic compIUI$ potlred out on 10 thr .mlinenl 1 (W·SW) part 
of the counlry. 1lIe thit:lUlC:I$ of thcae volcanic complueI ranges from some mclres In lhe o:asto:m Ill" of YTS 
10 2CX1O m in the weslern part or more la the cenlrll part of tbc aru. 

HUle ulOUnls of b.ualtic flOWll buili the ~r part of the vokanlC coltlfllll~e'; u a ,'n""'IIIIlII'" ,( 
continenlal cf\lStal eltelSion. 

[n the Red Sea coastal plaill, faults caVliCl1 ,slroo& !lUhsidmce iD OhJOCe.e tuno:, whldt j;o:nmtloo W-.JIPI'IRj; 
blocks. Tilted blocks inlhe Gulf of Aden dip S. They have bo:en .ff......la! h) Inlo:ns"" t.....·hJ<lisn1 (faull ~y5lIln\l 

of ESE-WNW and NNE-S5W orj"ntation a",fau filled "'llh volcanic rod~ lMinly <>f trnnft till!", iFig. 2). 
"", YVS i~ fount! 01\ the: 00tila1 "lain of thll GlIlf of AIkn from the .....:..<1 iS01.ltll<'...",.'m pan of lh~ Ra! S.:a) 

P"rim I"larld, J.hal-Ktlitnu pa....in& onto Imnut -ldtl" Ad"" - A......" tu the ca.'" (Sh~.-<OIlIlffilIl" 11.10 .'/1'..). II 
WIL~ i:e'"' ....ta! IIIld lkvcl,"P<'tI1hmulh the poo;Infi "'.~'" ("I'I"'r JNln of Shihr Grourl and 'I is conll.k,"'" I" ~ 

IIf Lll" Mit~n<: III Reco:tl' 11"",. II i.~ .1", fllvaJ ," oth... k...-,.lih,·s thwu~houl Iho: couolry (San... ·Anlrllfl. 
Qh,,,,,,,._R,,,I. IIlnd Slr"..lIh·Marihl. Vok>ll\ic conc~. <It,""",. sh.:.:1~ alld 1,,"1 tlu..... lie I~ charactllnlllk' 1t4IUflll' 
"f Ih,~ ,..,riu. II i~ CtllJ'PlS<:U mainly "f N.."llh ...· 1.11\'. n.,...,~ IIIltI pyr"d..,,>c" ell':"!" t~ AI·Ust vokano (j km 
E "I' Dtuomar cily).....hich is oornpk:ldy '''''''''',slllI': of II.:Id,,' IsvI flo..... (,hyo!ilO:. rhyuhlic .:l.~ ami au;h). 
Thllre is l sharp lIncollfornuty bdWIXII tll.: two bl'riel. 

I.. the coastol plaill of the GlIlf of Atkn k". III\nII well) thick .:ooh....lllal basaltic lnlps 'lCcur. 01111"'1"'.-..1 
durin, aerill deposition, daled 18 ± 6 M. (Elf, 1990) ......h the 5lIme charact.:ristic fo:alufdl of lOOse 11:oo""" 
OIIshore. Such trap Jeries i. genel'ltcd by .ynrifi: IC.\lensiona! frar:lvrcl, ....hich potlral out hu.", UlltlOnlS of 
lavu dUM& I snort time re::lI'«lively. r.l1ly we agree WIth lhe idea r~lated to the ItlOlk of this n\lll:lTIlI 
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FIGURE 1 . SIMPLIFIED GEOLOGICAL MAP OF YEMEN 
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Fig. 2 Stratigraphic column illustrates Yemen Trap and Yemen Volcanic Series (I.1odifiedfrom Elf 

1990). 

UPPER 1'10([ 
10 PLI OC£N£ 

UPPER 10 
MI00l£·Ml0 
all GOC£ H[7 

}OOO 

s, 

PIIO-Q..t»t 

780 
1060 

HIOcefll' 1540VRo(\) 
1660 

7100 

3700 
b 

Fig.3 Geological sections corre/oJe the distribution of Yemen volcanics in the offshore ofthe Gulfof 
Adell (a) and the Red Sea (b). The distribution ofthe volcanic rocks is also shown from the 
seismic data ofdrilled well in the GulfofAden offshore (c). 
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eruption but 00 the otbef band there .re lIOlIlIl field .",idencell which .11IO prove the central volcanic aclivity. 
11le dyh _&mill within the YTS h.ve the same minenl cOIIIp05itioo wilb the adjacent outcropll, and the 
lara" Ml.eIlta of lbe pyrocluticl (t.g. ianimOOlet) without I.... vana!ioo in their thicknc:oc!J sulle&t 
fiuural erupCiOll. On the other hand the differellce in the mineral eonstituenu between lhe bualtic I.v. flowa 
and the adjaceral bou.llie dike- and the prosence of radial dike _'mIlI aupport cenlral volcanic activity (...g. 
Fi.llllt Report, 1988). Therefore, both filJUral and cenlral OfUpCion can be a&'!Iumed. 
T'bete i•• tectonic contacl be!:wOCQ • continental crust block &lid the .ynrift deplsiu. DUMna the Terti.ry 

eUeluional ph.-, the conti.lle!ltal crose bad bfen ,lretched and broken. The "",ulting r.ult worked U .a....l 
cruslal f.ult durina the aynrift rtai". 

Based on the data obtailkld from t'NQ well. offshore of the Gulf of Atlen (lmran .....ell) and Red Sea (AI­
Janhiyah well) the th~ of the volcanic umlll may .ltain !level.1 klTl/l, probably> 3 kml (Fi,. 3). 

The upper part of the tnp IiCries il IlIpreaenled by the slntienpbic level of lhe brw-up of the conlinent 
[(12-10 M,,(Ftl. 4) (After Elf Aqualine, 19'XJ)]. Tn~ (La~ Ohlocene) .1lI df:ro-itcd on I firllllynrift 
$edilDallal')' uni". 

An increase In ho"al flow happened .....hich can be rel~11ld '" the beainnilla of the Tclrtilry rifting Mlge (40-12 
M.) and started dClcreasmj from 12 Ma up to recenl lillle(Fi.ll ... Aflt;t Elf Aq., 199O}. 

Basod 00 ,,,,,"ope .gll data reportw by many 'ulhor, (t.g., Civelle <:1 Ill" 1978: C.paldi et .I., 1983, 1987; 
Fln.l Report, 1988: ChiCllll el (1/., 1989) and ,11IO ~ on our radiornelric ale d.ta [(16.6 ± 1.8 M. for Ihe 
upper part of JII.~I·Rabbiy (lbb); 21.5 ± 2 M. for Ihe baSllll of AI·D.m vill'lIe: 31.6 M. for the b&.ult of 
"1·.iilll1 vill.¥e SW from Ibb cily); 1992 thi$ r-ller] 11 can be infefTed Ih.t the volcaniC achvlty In tlit YTS 
SlIllled .boul 30 M. alo and conhnu.od for 1I Ma, .llInna whIch d,fferenhlllld rock ly.- were erupled in 
dlfferenl ph&Seli. 

YTS can partly he COlTl,llIt4 with 5Omc: Ohlo<:en~ M,oo:cne volcanic lieQu.._ or AI'li. Termaber, O.hle. 
•nd Tnp Sena, in Ethlopi. (Zanallin el ill. 198011.; Zan.nin 1992); and .1$0 With IIit conlinental.lk.h b&.uh 
flowl of nlrn.l As Slral and tbrral HIIdan In Saudi Anlb.. (Fleck eI ul. 1913: "mo n Ill. 1980.). Such. 
correl.tion i. IIIcludlnl hoth II.¥C and chemical .mnnies. 

After a lonl ,nluval (Late M,oo:cne-QWltemary ) the e~ten~,ort conlinued and I wtdCllp~ volcanic 
eruption Wall cleluw .Ioni the coll!ilal pl.ln of Ihe- Outf of Aden and In some olher localities lhroughout the 
CQUntry (t.S. SanKa-Amt'lIll, Slrwah·~hnb, Dh.mM-Rada ne.. ). ThiH unes WaB coneenlnlllld between 10 M. 
and S M., ".g. JlIhlIl-Kharu I"'C 8.8 M. (Final Report. 1988). Such erupllOflJ we~ «nlral-venl eompollilll 
$lU,IQvolcatlOOl, I'.g., J.ba1 Khl.nz. and J.b,ll Shal1".;an.1 Aden city. n.e """.....live wide hllt\Lll (9-10 Ma) 
allows us 10 maXe lIUCh. nomencl.ture dl~'lSlon ht:lwecn the .bove mer1l1nnoo5o'rtet. 

Further volcanIC compl...... are known aB recent vole_mc .cltv'lieoJ such III lhuse fuund lA Rir Alt, and AL· 
LIS. volcano 10 the vlclmty arila of DhalJlllr Province. Furthermore lustonc.1 vulclIIOCll have .lliO boco 
rtlflOned. 

NATURE Of OCCURJtENCE ANI> PETROGRAI>JIY O~' THE BASALTS 

Anonll tbll volcanic roekJr of Yetuel). bal;a11Jl .re predonunant. Th"y occur u 2-S m I.v. flow•. Columnar 
Jom13 "0 ahio found, and in IClmll lacalllies ucoed SO m (e.g. A)-D.hl vlll'IIl). Thcy .lso occur .u dikes 
n.tlaina from 0.1 m to 1-2 m In th>clt_ ....lllNy all... in IIevcnl hundred metl'eli III len.lllh. Thick b&salllc IlvI 
flowI, CIllD be found in !lever&! plllCel, (.K., in Dhala , Muselnur, Am-Shall ,,/e., bul lhe muimum lhickness 
(200 m) _ obIerved in tlit cenl,.1 part of San... 
BUoIll.l .re cba.,.;teriUld mcNitly by PQrphyrilic le~tun:lli (hokIcf)'$lItlme. ophllL~ and ptlolulllC) and mIlISIve 

slruct\lru, but .myadaloi<lal and veslcul'r (porou.~) 51ruct\l'e& are also reported. AmYlldules .re filled by 
UIOlilel, ClIlcedoony, carbon'lt:, chlorite In IOn'" CoO""" lhe porow; struclUro:s are dt:vOld of any 5OCondary 
mineral" particularly In the volcanIC' of the youn~r .slap (e.S' Shuqrllh, M.rib ('If.] the)" can .ttain up to 
401\ of the rock VOIUlllll. 

PEl'ROCHEMlSfRY OF THE YTS BASALT 

Chemical c1l1Mifie.tioo (Fill.l Report, 1988: Chiosa el Ill. 1989; Matwb tf al., 1990) of the Yemetl 
vowic mcb i. Ilhwrated on the totaJ .Ikali versus silica (TAS) di'lnm (.ftu Le Baa r:f ilL, 1986)(f'ill. 
S.). It rev...l, that umplOl from Yemell Trap Sen... and Yemm Voleartio:: SenCl, lie .Iong I tflllld of ,Ikalie 
diff<:n:oliltion. 11le sampl« Ire plotted in the bllSlll field. AecordlRg to the field boundary of hvine and 
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Fig.5 The petrochemistry of YTS basalJs is planed in (a) the to/aI alkali-versus silica diagram (after Le Bas el 
al. 1986), (b) AFM diagram after Macdonald and Kalsura, J964. -.•.•. -.•. '. Hawaiian tholeiilic 
trend, - ~ - - - - Hawaiian alkalic trend, and (c) Tt-Zr-Y diagram. 

c 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



-505­

Blraller (1971), b&$i-= me~n of Vemro volcanic rocb are ch.,.tcriz.ed b), IIbli bIsall (0l0ll1 of the 
IIIDtplu of the northc:m relliOllS ), and by suballaline built (11I06I of the samplel of the toIltbem re,iOlll); 
onl)' few sample. occur .loDa thi, (Kid bouodary. The more differenli.lcld .u.mpl0I (uodenat\Imed) Ire 
plOlled iD the lephrile - baAnite field (B.), 18 whic:h lbcy c~ze the volcanic. of the llOrth re,iolu &Dd 
re!ilricled l/J lhem onl)'. Th.i.I••I.o proved by AFM di.,rlm (Fi•. Sb), UI wbich,och from tIOI1hem reaiolUi 
or YTS point oullOme differcnotll ill !be .lkIli cooleol 10 compvUon with fOCb from the IlOUthem part. 011 
!he other band few IIImplOl .,e plolted In the b8W1iite (teld (SI); but the llJl)n differenti"ed roekl form • 
trend hDO from mUle-rite (Sz fidd), 10 balmonlc (53 field). The IImple. which lie Oft the b&$oIll • hlwaiile 
and tepbnte - hawliile fidd.l Ire CCJasidered hen llli hlwaiJIe. 
BasalllJ from both menliOflCld 1000htiell &10 plotted in the Ti·Zr-V di'lram, the plolted v.llla fill within pl.1e 
blsah (WPB) ficld aJ.C~1 few lImpIes of 1l1UU>ltiOflll ctw.etu (Fil' Se). 

MINERAL COMPOSITION 

Oliv1l\e, pyroneo and pl.,ioclase aft tbe mD$l lbundanl C(lIISIilUellu and fl'llqlSentl)' form pheoocry.u 
utetdinl In iOlUe ~ »SO '.' of tbe bulk. 
lImenile, lMllneIilc, apll'le &Dd Icu frequently biocilc are the common KCessariel. "The MICOlldIry minerals 
Ire reprtl6elllod by chlorilc, q»dote, IlCrpenline, iddin,.ile, arboMte, and rardy .mphlbole (bombletKle). 
The IlL'" phQe is very rue and WU ooly found ID I very few IIImp1cs, particularly in thole I,vu rel.ted to 
lhe Q-Rceenl voIClnic•. 
In this stud)' we.re only f0CU5inll 00 the lDIin ~Iluenll. 

OLIVINE 

B.sed on microprobe aoalyJel (Table 2) olivlDe phenocryltJl have hi,bet' forsterite content (F09O-n iD their 
eo""); whcmas IhCllll v.l_ dCCKUe .1 the rimJ and wilhin the ,fCMldmua (F075-40)' Acc.ordin, 10 the 
optical stud)' olivinCII rlnle from 0.1 mm 10 S mm, formin, C\lhednl 10 subbedJal ,rains. In IOme sampl". 
ollvioes are partly .hcred 10 setpeDune (F'I. 6a) and "iddin,lIilc" (Fi•. 6b). Q(ivi_ have '"I-numbers 
nu'llinl from 0.39 10 0.91. 
The M, conleol of M.rib bualu: blUllhe b'llbul VlIlue (MaO. 49.1311) .mlIa.1be l.DI.!yted bulllic rocu 
of Yemca. Their mg-numbcrl (0.91) Ire .110 hi,b, therefORo, they lUIy he COlU~red to he of deeper ori,la 
perh.ps from lbe upper nwule. They .re similar ID lheir eomposillOlt 10 ~ olivine ~enocry"" dexribed by 
KUrlt (1971) , Didrich IIld Poullldll (19SS). 

Ta\,aDI into coosilknlion the }ow(l6t eotIlellt,t obt.Iined from the Aden .reI (ml-DllmMn '* 0.39), wbich 
iudiCltel • sha.llow l1lIgDll orillD in relation 10 M.rib (,",-number - 0.91), !be litter CIlD he feear<led .. III 

indi~ evidence of deeper magma origin, in ....hic:h the contineataJ cl'\lSl becomin, thilVlCf E-ward (Balhlf, 
AI-Gawf-Marib et~.). 

The mg-number v.l_ dec_ at the rilDi and in the rround-. 
The NiO conlcnl ali,htly Ulcreases with illQllUi.n, t.4aO (Fi" 7.). md the CIO, MaO and FeO ate 

decreuin,. The MnO c:oatont nnpt: bdwoen 0.19-2'.' (KlUCbua..., of YTS) &Dd it readleIlbe muilllWll 
in the Fe-auiched olivina; IlId MI-<k:pletnd parti-=ularly &I the ri_ of _ olivine crystal. (~I' DbaI. &Dd 
Am-ShaJllrcaI iD the IOUtbem part of V_ Trap SerieI), hut !be MIlO (0.12-o.6l wt"l-"- (Fi,. 
7b) throulh the connectinllino betweea Ibb &Dd San.u.. 
The Cao c:oateat UI rel.lion 10 FeO hu li.-r distribution, hut IlMa dillribl.uioa ~ CQIKlCIllraled with 
decrusin, PeO COIltent (Fi,. 7c,.:lU1hem put of V_ T~ SeriCII) 

PYROXENE 

Their vain We f'Lllpl from I mm 10 7 mm. Some of the cl)'lUI. '-'e lIiqlle twianiq:. Zooin, oommoniy 
OCCUrl, bul ~ric.lOllin, IIDd bow-a1aM stnacture are DOl UDCOlNllOD (Fi,. ",b,c,d). 
aa.-t 00 micropn;lbe maly_ (Tabk J), pyrolCOel dKrw • ~itiooal variation fJom di0p5idi-= to Klilk 

and to IUlitic (Fi,. 91.). 
In !be !iSbl of the di"ram w..v.tI by t.aerrier et al. (1912), the IUjoriIy of OW" pyroleDeI: oompotlliOOl plot 
withiD the aIbIi bualtic dirlopyrolene (Fi•. 9b). Acc:ordtn, to lbeir Cr, MI, Fe IIId AI coote:nll !bey CID 

.110 he IUbdivided IS follows: Chromian Ferrou DIOPSIDE, Alueniniul Chromi~ FetT'OIlI DIOPSIDE, 
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Table 1. RepresenJalive microprobe analyses (average of 150 poinJ analyses) of clinopyroxenefrom Yemen
 
vo/canics.
 

, ) . ,	 , 
NT-, NT-' NT-6 !'IT-I. KT-l!l	 "T-19KT-1llI I'lT-21..	 ... ..1) .• 0 11. J5 1) . .ji<l 11 n.06 11.19 14.9'."120]	 ).7] !I. ]5 2. '0 • >7 '.26 !I.lI 5.ll 

.. 6.21 411.90 67 . "	 
,.•• - 4'

1

.•,	 

6 

...
• 

165102 "'.51 47.'9 47 .50 
COO 24.11 :u.u :ZOo )0 " .67 U.26 :z:iI.l5 H.G? ,.. H 
T!O:l	 

1. " 2." 1. 65 2. )I 1.61 1.51 1.17 1. 25.... 0.00 0.10""" 1." '.50 10.62 

0.00 0.21	 0.11 •. 00 O. )4.eo 1.77 '.25 12.'2 '.44 6.12 
Cz'2O) 0.25 0.00 0.00 0.00 0.05 O.U 0.52 0.00 
II&JO 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 

100.oa ,t.') 100.22 100. )] t'.'4 ".14 100.6) 100. 11 -T .U. 
su. 1 ••0$ 1.146 1. ... , 1. 761 1.734 1.116 1.144 1 .• 5S 
un 0.144 0.2)1 0.H4 0.201 0.166 0.214 0.221 0.121 
r.3+ o.on 0.016 O.OH 0.032 0.000 O.OH 0.011 

2.000 2.000 2.000!'ODL'	 '.000 '.000 '.000 2.000 2.000 

10. .n. 
0.0" 0.0:1]"1'" o.on 0.0416 0.06' o.n' 0.074 o.ottr.3+	 0.10 0.07'

0.047 0.067 0.047nu	 0.052 O.Ot4 0.044 0.049 0.015
 
=+ 0.015
0.001	 0.001 .. ­0.661 0.754 0.716lOP+ 0.7" 0.12' 0.767 0.1tl O.lll
 
...+ 0.092 0.16' 0.1l4 0.111 0.056
 0.044 0.05. 
!'ODL,	 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

IQ .it. 
lOP+	 0.024 
...+	 0.0)6 0.021 0.114 0.014 0.109 0.101 0.029 0.119..... 0.001	 0.00) 0.0010.001 0.011 
ca.>+	 0.964 0.916 0.119 0.916 0 .... 0.1'] 0.'47 O. III 
'IOTA!.:	 1.000 1.000 1.000 1.000 1.000 0.'" 1.000 1.001 

AT', 4.0ll 4.014 4.0]] 4.044 4.015 -t.Ol I 4.060 4.0)2

OD'DII: 5.'" 6.000 6.001 '.000 6.000 5.',"v 6.000
 6.002 

OIOPSIDEID l'\AalI:	 KT-. - ala:a1nlan Perroan HT-15 - alu:aJ.nl-.. .....111c1r. Perro.an DIOPSIOe 
KT-' - alWL1.alan .ubl1l1clc Terra.n DI0PSID[ HT-It - .1\Ul! "1..,. Perroan OIOPSIDE 
KT-6 - ala:a1n1an (M.a<CJne • 1 \U1-rlcb) AUC;ITr: H'I'-lt - alu:.l;,l..,. cb.roa1.n liutMil11clc .... rroan 010P5101 
KT-16 - al1:Dl1n1an Ferro.an DIOPSIDE	 KT-21 - .lualn1an IKacJneli1~-rlchJ AUGITt 
PfT-15 - alaajnlan .u~1l1c1c Fax-roan DloPSIOE 
HT-lI - al...1n1an Ferro.an DIOPSIOI: 
KT-19 - al\11&1nlan chre-l.n lIiubsll lc1c r.rroan DIOPSIOI: 
KT-21 - .1\Dtl"1." (M.a'i'ne lli lu.-rjch) AUCln 

-
 )0	 12 » 16 »
 ..• 
nOb " .... 2>61 251625~1 2146b	 26.11 

11.54 U.41 1] .11 ll.17 11.02 15.14 ll .... 1).20
 
AUO> 5.15 '.77 ].It 4.51 1.91 ).44 ].55 l. 1)
 

~1.l4 "'" sl02 0.04 50.ll 41.'1 50." 49.56 -t9.10
 
<:loO ll.14 ,:1).'4 21.11 JJ.21 21.41 21.14
 

46. " lO.,2 ll.51 

n02	 '.06 2.1' O. tI 1 .... 0.1' 1.04 1.1] 1."
 
0." •• 0> O. l' O.lJ 0.:11 0.25
1.02 0.16 

11.12'.eo	 1.44 ,.... '.0' ..... '.18 '.21 ....	 9.2t -Q-2O]	 0.11 0.14 o.ob 0 ..:17 0.15 0.11 0.0] 0.02 
0.51 0.50II&JO 0.00 0.46 0.51	 0.61 0.69 

't.16 100.14 " .1] ".51 100.11 100.16 100.04 100.21 -T _iu
 
&14+ 1.141 1.741 1."4 1.'16 1.1" 1.145 1. I))
1.,Ot 

un 0.257 0.251 0.106 0.1.4 0.H6 0.n4 0.155 0.141
 
h>+ 0._ 0.00' 0.004
 

!'ODL'
 l.ooO l.ooO 2.000 ).- 2.000 2.000 '.000 2.000 

IQ 0.1'"
 
un 0.001 0.014 0.014 0.015 0.001
 

0.014r.3+ O.U' 0.1:14 O. O~O 0.10' o.~o O.letS 0.104
 
rt4+ 0.057 0.061 0.027 0.CH5 o.on O.Ol, 0.041 0.055
 
=+ 0.005 0.004 0 .... 0.004 0 .... 0.001 0.001
 
...+ 0.75l 0.74) 0.1'6 0.76l 0.71) o.ln 0.74' 0.7lJ
 
r.3+ O.CHI 0.047 0.1:11 0.062 0.0]1 0."7 0.106
0.le7 

1.000 ),­!'ODL'	 >'000 1.000 1.000 1.000 ),- 1.000 

XI .1t..
 
...+ O.ou, 0.0-45 0.101 0.01' 0.015 0.H7 0.01)
O.OtO
 

-+ 0.00] 0.002 0.012 0 .... 0.001
0.0)2 0.005 ..... 
ca.>. O.,U 0.95) 0.14' 0.'24 0.1)5 0.115 0.15' 0.170
 
..+ 0.011 0.017 0.01' 0.041 O.OSO
0.04l
 
!OrAL, 1.001 ),000 O. ttt 1.001 O.'tt L001 ),000 1.001
 

4.0)00aY1: 4.04' 4.042 4.017 4.017 4.010 4.0lS 0)1 
'.001 5.'" 5.'" '.001 5.'" '.OOJ 6._ ..)-, 

DlA ..... ,	 ~ - al--.1Aian -w-111c1c P-n-oan DIOI'SIDt l40' - (~I.....r1dt.) _,n
 
J247lt - al-s.n.1&n -w-Ulclc PUTO&ft DIOI'SID& 23'7 - aluain.1.. Pen-oaa DIOPCI.DE
 
2SS7 - .1-.1A1on (x..gn.a1\la-rlch) ....In JSl' - aluainl.. P~ DJOPSJD!
 
2l46a. - al..uuan Perroan DIOPSJD! 24:Z7 al...1n1.,. Perroaa DIOPSJDE
..... - 1.......1 ..... rlch) A1.Xan
 
2167 - al--.1Alan PUToa" DIOPSIDE
 
2574 - .1.....n1an PerrO&n DJOPSJDE
 
JU7 - al_lnlan r.rroan DJOPSIDE
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Fig.6 SNlIIllillg t!/Utroll Imltgt!.t cl OI/ViM pMIliXrytIJ. The ..b"tuioll 10 supt!IIrill#! allt bt! It!t!t/ Ihro"gh tht! 
crltCO;.s ItJ owllll.l at ·ltt! rl/'fl,). FU81 .he a""',ugt! COli/DU III the tort!. FtJ61 tlu- awruJJe COllllnt tu rht! 
rim (a). aNl rb) ,Iw...., tht! aluratiou 01oli11/W! to iddillgJitt!.Mltgll!fiClllloII: 54X. +N. 

" •• . 
.. 

'. 

• -, , • ., 

,.
, .:' ..t. '., .. .. ., ." . .. ,
• , ... '0 

Fig. 7 Vltrltul_ ofHiD (It) ItM UIID (b) W1rslU mg-lI"",bttr find (e) slww.t the variation oj'CilO "t!rsJ<s FeD • 
the oJlYint!S of r..mt!n alJultl basabJ. . .11I 
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Fig.8 Scanning electron im<lgu ofwMd (a,b) and hO/lr-l;lass SlfIlctllrt (c,d) ofcliMpYfOXt'tlt' 
pht'tlt)(;fj'sts. The numbers showfI on Ihe crysl"l, /M/rote IM points .mal)<fM b,· micruprobt'. 

..," 
iLl' 

H __ ..L.__.., 0..(,,) cb) 

Fig.9 C()ftlposiliofl of CUrwpyrt)Xt'flt'.f of Yt'men alkali basalIS (a) and (b) shows lhat the W1aly.r1'd 
pMflOr:ry.rfS art' plotlM within the alkali basallic dinopyrou"t' (IU tal). 
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Aluminian Chromian Subsilicic Ferl'Oall DIOPSIDE. Ah"tuman Ferroan DIOPSIDE, Aluminian subsihcic 
Ferroron DIOPSIDE, Aluminian Titanian Subsilicic Ferman DIOPSIDE, [Magnesium-rich! Augite and 
Aluminian [Magnesium-rich!, Augite. It is worth to II'Ie(llion IIuII !be augue is the mP5I common Uld It is 
rt108lly euhedral. Titanllugite wu abo oMerved lNIinly al the rirm of the pyro~_ grains (Fiii:. 10). In some 
samples, pyroxene has been pllrtly altered to chlorile, e-rbonllle, epidole. and notely unoliliud (hornblendc). 

The er content of tne dinopyroune inereasetl wilb ilK"rUSinii: mg-numnen and alUlins !he muimum value 
Ihrough the inlcrval (O.7..().9 mr-numbers). The C'2O:J content in tne core of some pyroxene crystals 
(AluminiUl Olromi&ll Fctl'OM DIOPSIDE) rangct up to 1.09 "'It". bul the Cr20) contenl docruses al thc 
rims and wilhin the llroundmus (Fi,. I la). 

Howcver, Dobnsi d al. (1991) in !heir sludy found INt the Cr contenl increases lI'I those sectors having Ti­
enrichment. The results found in our study arc no! in conformily wilb their lindints. Since our an~lyfieli 

5howed lluIl the Cr contenl doxreases with inclU5ina TI. Some of our pyrounCll (Ti·poor IlO(:tors) 'fe also 
having more Si, Ma and ICIlI Fe and AI. 

AI20} and Ti~ have w"Se variation rangin, bclWeen 0.40-5.]4" for Ti~ and 1.39-8.88" for AI20}. 
The relationship bccwecn AI and Ti diMnbution i.SivCll in (Fig. lib). 11 ~ thal the Al COIIlenl incrca.<eS 
with illCrcuing Ti . 
Thc TilAI nlio can be considered u an approxllnillion for a qualitative Indication or Ibe Pl"C5Sllrc prevailing 
durin, crymlliution (Clark er al., 1962; Kushiro, 1969). Al:':ordinS to IOOlIl of our analy_ of the 
pyll)J.enell, lhe TitAI notio varies bdwem 0.1"().2, whoch lIKhcalC5 high pmi5ure oriii:in. This ntio is higher 
at the rims of !he pyroJ.ene cry5lals nlber tl\an In lhelr corl:$, a particular cl'laracterislic: of lhll liWlaugil1l 
varieties, indicalinll low.:r ptlllSUre Ihan tlull of lhe above mentioned pyrolllllC oorcs. On the other hand, the 
hillh Alvi contenl and hiCh Alvi/Aliv ntio also ,ndlcales hIgh pfC!.SUre oric,n (Aoti and Kushiro. 1968; 
Wass,1919). Thi. ratio in our 5IImplel1 is be:lween O.}O and 0.40 In the cora \lid <0.26 II the rims lUld 
within the gl'Owllht_. 11lc latter value IndicalCl ~f prftSUre rcspoetively. The majority of the Ti content. 
are increased wilh dectca5inll '",-numbers. with u~ptlOn of fllW sampla (Fig. lie). 

PLAGIOCLASE 

Their ,rain silCll ran¥C from I mm 10 8 mm. Albite. eaTlst.! and pc:ricli,,~ lWiMS a10 characleristic 
falute$. Zoninll il al~ common (Fi,l. 12 c.d ). 
Based on microprobe analy_ (Tablc J). Ibe plallioc:lasc compo$ilion ran~ be:l\.O.fem labradontll·hytownite. 

The hiahes! An contcnla in _r studied SIImples rache:d An81..(j}. in ....hlch the lower value characteri:r,q the 
An content at the rims (Fill. 12 a.b). 

Plallioclll$e within the llround_ h.u an avenge composition of labo<"adonte-andcsine (A"'6I-40)' but in 
J()I11C IIlIrnplcs the An OOQteI1t dclr:1inc5 (anduine compositIOn). The pllgioc:llM! has partly bctn alter~ inlo 
carbonate and epidoce. 

The llroundlMS5 also consists of auaitll (bc.ins "rongly altered Into chlontc) and ellhednl crystals of olivinll 
± 0\*I1Ie minerlls (ilmmit.n :I: INIgnctite). 

CONCLUSIONS 

Yemen volcanic. are.-ru of III utcnsivll elongate OUl(:rops lSIOCilled with the Red Sa, Gulf of Aden Md 
Afar (EtlOOpia) rifu. They have t-ro acncnoled in the Late OIi,ocene-Early Mioccnc (synril\ phase) and in 
the Late Mioccnn to RtlCent (postrift phase), and are mainly composed of basaltic rocks. The YTS emplaced 
in OligOCCDC and reached the muiDNm activity in Early Mioocne tilJJC!i, in which both filS\Jnol and unlnol 
eruplions loot place. 1llcM volcanic complcxes bad been afftICled by fauhing lNIinly of NW lmld (Red Sea 
trend) and E·NE trend (Glllf of Aden trend). According to the available rwJiomdric age data lbe Teniary 
intrusive bodies (alkali gran.illl. Iymile dr.. ) arc closely lLUOCialed wilb the Tcrtiary volcania (YTS). 

Yemen alkali oIivinc basaltll have 'CllCrated by (flClional crysUlhurlioo (differClltiation). Duda and 
Schmincte, 198$; Bedard d al.• 1988; DoboIi. 1989 showed in their study Ihal zooed pyroxeDcs Ire the best 
records of malllNl Ilvolution. In OUt samplcs. mninlland hour-,1.. MruclUIC are common fU'Id characleristic 
fUNta of lhe analysed pyroxCllCli. this aiva good infonnatiOll about the evolulion of the buallic INIllma. 
The chemical composilioo of the pyroJ.CDCI provC5 !hat !he ma,ma h.I boca crystallized and dcvlllopcd iD 
~P (Illllvated pressurll) a.nd sballow magma tbambcn. 11lc ratio of AI 10 Ti in the c1illOpyroxCDct, !he wide 
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ranee of M, content of !be olivine pbenocryslll, and the gap of lhe An content &lDC)Qg the plagM:Jclue 
pbellocrysUI indicate deep and shallow mlI,ma origin respectively. 

Aewtding to the recent data obtained from seismic and drillina thmuah the coastal plain (offsb<m) of the 
Gulf of Adeo (Elf Aqu., 1990), and of the IWItem Jide of the Red Sea (Total, 1989), it CIlI be ooncluOed thal 
the thickneu of the volcanic. (mainly of baYltic compoaitKJo) lIIIy Iltaln more than 3000 m below the _ 
..d. 
YTS can partly be COITelalCll in both aae and chemical cbaractel'l' with tomtl YOWlaer volcanic lllQueoeeI of 

ute Oliaoea-Mioccae in Ethiopia &lid Saudi Arabia. OIl the other band the LaICl Mioceoe • ~tema.ry 

volcanica of Yemen (YVS) are coneapondiDa to!bolle volCllltca reported from Afar volcanie field (Ethiopia) 
and to tholIe volcanic f'ielda T1IpOrUd from the IOIItbem and ~m parta of Saudi Arabia. 11ley are in 
accordanoe in aae and in cbemical trenda. 
Aceordina to the optical uudy of many bualtic umplClll, the p..-nce of olivine in a wble form, and the 

a\·ail.balily of li\llll.luaile indicate an dkaline ebaraclcr for the&e rocJc•. In aeneral the Yelllt\ll volcanica 
lTIOIitly Ibow an alkaline IRllld, but thokiitic .fflll.ity i. partly repreacated by tome basaltic rocks of the YTS 
e.l. the &outh·....eslemmoll .rea (Am-Shalt). It i. the n~ .,.rt (of the YTS) to the Gulf of Adc", which i. 
probably affcocllld and acneratetl at that time in ....hich the ....CIlem pari of the Oulf of Aden (rift phase) bad 
been ,tneralCld. 
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