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Gtuchro llulogy of Gnm ilts in Iht C h('r''Sk ii ltan~(". Yak uti a a nd
Irnl llin l io ns for Acc rd io n of Trr ra ncs 10 Ih t S ibtri a n Cralou

The northwest trending Qinling -Dabie s u tu re zone between
the no rth and south C h ina cratons extends >2 000 km across
central China. The eastern pa rt of Ihe suture is a high -grade
metamorphic belt marked by a series of fault -bou nded belts
composed of crus tal protolrths. This zone is off set 450 km to
the nort h by the Tanlu fault. The subduction- related
metamorph ic rocks I8nge from low greenschist facies in the
sou thw est to ultrahi gh-pr essu re eciogite facies in th e
northeast. The ultrah igh -pr essure belt is coesite and
dia mond -bear in g. indicat ing subduction to dept hs of
app roxim ately 120 km as a result of con tinental co llision .
The ultrahigh·pr essure belt is mostly compos ed of
quartzofe ldspath ic gneiss, but also con lains baud ins of
eclogrtes . Tim ing of th e cont inental co llision has previously
been inferred as upper Tr iassic from reg iona l geolog ical
relations, or Cal edon ian from 4oAr /3 9 Ar dating of the
adjacent and po ssib ly relaled Qin ling melamorphic belt .
Direct dat ing of ult l ahigh·pressure eclogrtes from the Dab ie
Mountains using U-Pb anal yses on z irc o n s Yields a
metamorphi c age of 209 ± 2 Ma. U·Pb zi rcon ana lyses on
the surro und ing quartzofe ldspathic gneiss also lende rs
ages of 201 ± 10 Ma, indica ting subdu ct ion and exh umat ion
of large . cohe rent sl a bs of con ti nenla l crust. The se
metamorph ic cooling age s co inc ide with the later stages of
collision, and thereby give a minimum estimate of the time 01
collis ion . Desp ite extreme metamorphic conditions, zircons

Timing of Collision of th e Slno -Korean end
Yangtse Cratons, China

~, G A Tilton (Department of Geological Sciences,
Universrty of Cal ifornia , Sant a Sarbara, California , 93 106)

and within the thrust sbeeu.Tbe Bee ch Moun tain thru st sheet with in
the Blue Ridge complex is o ne of the four thrus: shee ts recog nized
west of the Grandfather Mo untain wind ow . Prog ressively deformed
mctagranite in and alo ng shear zones within the Beech Mou ntain
thrust shee t was anaJyzcd to ev aluate the effect s o f de formation and
metamorphism on isotop ic sy stema tics .

Seve n whole-rock analyses o f Beech metagranite, incl uding
protom yloniti c to myloniti c samples o f the pluton, give a Sm-Nd
isochron (MSWD=O.04) with an ageof755 ±81 Ma, which is
co nsistent with U·Pb zircon res ults (Su and o thers, 199 2). Data
indicate that the Srn and Nd were relat ively immobile durin g Paleozoic
greenschist-Iacies metamorphism and subsequer ulare Paleozc ic
deformation. In contrast, Rb-Sr analyses of whole-roc k Beech
metagra nite do not yield an isochron and sho w random and small
varia tions in the 87R bjll6Sr and 87SrJ86Sr rati os. suggesting lim ited
and incom plet e Rb and S r m igrat ion. Seve n thin slices CUI from one
uhramyloni te hand spec ime n yield a Rb -Sr isoch ron (MSWl) =1.5)
with an age of 307 ± 10 Ma and an initial ratio or O.7 X9 1 ± O.(X1I 9,
reflect ing iso topic re-equilibration {complete rescuin g) on a c m scale
d uring myloniuzation. Thi s latc Ca rbo nife rous age agrces wi th an
earl ier da te obtained for the Linvillc Fall s r~1U1t rnyloui tc (V:1IlCam p
and Pullagar, 1982) and is interpreted as thc tintin g o f mylouiti zat ion,
sugg esting that northw estward thru sti ng of the Blue Ridge co mplex.
occ urred during the Alleghan ian orogcny. Rh-S r iso topic resu lts for
sheared mcmgmnite from the Lansin g nod the Warrc nsvillc phn on
co nstitute an errorc hron and a geo logica lly mean ingless pseudo­
isocurou, respecti ve ly, which arc cons ide red «I he thc rc.xult (If
inrcrucrion between the granl te :lUd :t flu id phase with higll Rh/Sr and
87Srj86Sr rati os.

C. itic ll ex:ulIinaliu ll o f puh lished RlIssi;Ut da ta illtlicalcs that Ihe agc
range !tlr the Main Bdl gra nilcs may in f"(.1 he an arlifa ct o f datin g
llIillclal phases and who le rock sample... wh ich have 1>c.'Cn cxposed to
v"riolls dcg rt'..:s of pa rtia l lhermal rese tting u t lel elltitln o f exces s
argo ll . O ther agcs included in the Russian co mpilalio ns may reflect
Inler ore mineraliza tion evcn ts. Our analysis ind icatt.'S (hal the Main
Bclt glilfl i t c.~ sho w a sing le age IIl<HJc o f I]O-U S Ma. while the
Tra nsverse gr;:mitcs sho w Iwo age mod es ;It (X)- I IO and 135 M a
·1heSt: delta suggc.'iIS thal two discrete eve nts occurred , with 135 M a
bei ng indicat ivc uf lhc limc o f aIXrelion (If t hc Ko lyma-Omolon
supc rlerrane (0 the Siberia n cratn n Th e UniVt.'fsity of Alask a
(j(.·ochl"OlIology I.abo rato, y It.ilS begun 40 A,/JC>Ar dating o f the Main
Bdt and Tran sverse g ranilcs , Prelim inary result s have I>t.:cn ob tainoo
fill the granitic C hibagalakh massif. o nc o f the l a rgc.~ piuIo ns in the
Main Bell. Il iot ile and musco vile SCP<lnt lC.'i sho w age plaleaus o f
J·12.I}J 1 0 .65 Ma and 142.25 J 0 .6 5 Ma respectively . These ages arc
cllde , than lhe whole roc k K-Ar ages 10 1 Ihis I'IUltlll ICported in
Russian Clllllpilations.

O) J facke lL I) W Layer. K Fujita (Gt."'Ophysical Inst itule, University
o f Alaska, Fairb an ks, AK 99775)

I. M Parfenov (Y akutian Gco log ica l lnstitutc . Yaklll Alliliaf c Siberian
Branch, Academy ofScicnccs,.1 9 Lenin Ave, Yakutsli.. Russia)

Jmass ic to Crcla ccou s g ranitic pillIon s km n liuCoiu bells which arc
para llel to (e .g. lhe Main Belt ) and pe rpe nd icu lar to (e .g. the
Twn sverse gn lOiles ) bOlh thc ax is o f the C hcrskii mount ains and Ihe
VClkhoyansk fold system loca led in eas lern Y,lkul ia, Russia. Russian
K-Ar nges Of lhc.-.cplul on s span a rangc from 60 Ma 10 200 Ma. wit h
Ihe majl lrily o f ages being hc lwccn 120 Ma nnd 150 MOl T he large
;lge range has hec" interpr et ed 10 Ruml a prol raClt"t.l period of
ltIi1gllli1tism rellceti ng the duralion of the co llision o f Kulyrna·Omolon
t:Ulllpl lsile ll:lIa llCwith Ihc Silx:..ian cra lnn
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C l' 1)j·WuIC AN lI :lll iday, au d E. ) 1·; SS ( 'Il I ~ , {I)('ll urtlllc!Ilt. lJj'
Geo IOf:rlC;'11 Sci l"n ce~. lJni\'us it)' of Michi l-:":tll Ann Arhor. MI
.1~ lU9 · l ur~l )

K Mez~er . (:\fa x I'I:mck Inst itut Ii:lr « ~h '-·l1J i l ~ . Saars l m l"-! :l :t, u·
li50U M<lim., (;e rm;III)· ,

C Zei sslt·r . (NIST, (ia ithcrshu rl:, MD 20K99)

In cont ra st , nlmn ndi nl"-pyrope Cllrncts from the Archellll cor t:'
complex of the Wind IUver Ran J.:e. WyominJ.: , have a llet eroJ.:cncous
di st ributi on of fission tm cks with U 1 "- ~ illJ.: locat ('d hoth in th e C:lflw t
itse lf, rind in ca 20 Ilrn mon:lzit e incl us ions . Ste pwisf' d issolut ion
revea ls corre latio ns of Sm/N d (1I.:l·1.2 ), VlN d (U.U2-0.20) lInd Uf l'h
10. 15-0.83), cons istent with th e obse rved vr escn cc of 11lonuzi te
tnclus ions . Th e 207 Pb/206 Pb 8J.:e de fined by nine J.:u rn et nliquots
from t.he sa me sa mple (27.17 !.. 'l 0 Ma ) is olde r th nn V· Ph lIJ.:eS on
J.: roundmnss monazit es (2659 ± IMa ) sUJ.:J:est inJ.: n h iJ.:her closure
te mperatu re for th e V·Pb sys te m in garnet. Both V-Pb and S m-Nd
ga rn et· whole rock a~es (2598 .±. 13 Ma) appea r to be unalTet ted by the
prese nce of monnzite inclusio ns. The you nJ:er S m-Nd age sUbogests
that th e S m-NtI syste m in ga rnet is reset at tem peratu res of ca 6000 c.

l1·l' b .<l nll ~m·Nd dat ing of l-:"arnc t ;1rC imporumttuuls for iltlvrovin..:
our und f'rst and inJ: of the d'm nm ic aspt'cl s of mcL'lmor('lhi~m . Vd bnUI
sys tems sulTer from possible conta minat ion hy inclus ions of phiIS('S
such : IS 1Il0na:f.itc or ....ircon which a re r ich in thCSI~ element s. 1\
'otc pwise dissolu ti on techniqu~, eombined with meilSUrl!!nent of
ind uced th si on t ra ck d is l ribu t ions C;1I1 Ill' WH' d to itlt'lIl1l'v till'
J l rc ~c n cc of Illun nz ite, ;l1lan ite ur zi rco n incl us ions, a nd' al so
de ter mine the imp;lct of th ese inclu t;; ions on V-lilt :lIld S m·Ntl :1t:I'S.

IlIclu sion t ree ~rossu l a r ·:lIHl ratl i t l! J.: a rlll~ ts from t: asc:uh! S lid"
Ad irondn cks. N.l' . prod uce a h O lllo ~~en co u s di st r ihuti on of fiss ion
t rack s. and show limit ed va riati on in UlNd (0.022-0.023), Th/V (2.08 ·
2.15). a nd SmlN d (0.2·11·0.247) hetwe en dissoluti on s te ps. l)issoluti lJn
steps yield II 207Pl/206 Pb isochron :JJ.:e of 1027 ± 5 Ma., in :I~rCi'men t

with pr eviously determined :lJ.:es for th is sllmpll".

Evaluatinf;! th e MIle of inclu sions in U· I'h a nd Sm ·Nd (: lIm ct
(~(·,(",-·hronoluJ:Y : Sh~pwi'OC I)is.-..: .lut in n l':xpcnmc nts llnd
Ind u(·t .'d Fission '(h ic k (Jistribu t in ns

Futa et al. Geochim Cosmochim Acta 52. 2229 (1988).
Ingram et al. Geochim Cosmochim Acta 54. 1709 (1990).
Hein et al. Poleoceanogrophy 7. 63 ( 1992).

Testing Models o f Fission Track Anneal in g in Apati te in a
Simple T herm a l Se tti ng : OD P Si te SOO, Lc~ 129

P. Vrolijk (Exxon Plod . Res. Co., 1'. O. Box 2 189. Houston. lX
77252; 7 13-965-4151)

R. A . Do neli ck and M. C loo s (Bo th at: Dep t. Ge o l. Sc i., Univ.
Texas.A ustin. TX 78713)

L Queng (5742 Reamer. Houston, TX 77W6)

R es pon ses of Rb·S r a nd S m·Nd Isot o p ic Sy stema tics t u
M elamor ph ism an d I>d ormation : Exa m ples From th e
C rossnore.t ype P iu ton s in th e So u lhe r n Ap pa lac h ia n
Blu e R idge

Q.i..5.u, P I) Fullagar , S A Go ldberg a n d M G Adams
(De panment of Geo log y. Universil y of Nonh Caroli na at C hape l
lI ill . Chapel Hill , NC 21599·3315)

The Blue Ridge thrust co mplex in the southern Appa lachians
co nsists of seve ral lhrust shee lS with thick shear zones boundi ng

Fou r models of fissio n track a nnea ling in a patite are compared
wi th mea sured fission track lengths in sa mples fro m Site 800 in the
Ea s t Mariana Basin . ODP Le g 129 . give n an inde pe nde ntly
determined temperature histor y. T he tem per ature histo ry o f S he
tWO wa s c alc u la ted using a o ne-dl rnen si on a t. co m pac u vc,
co nd uc tive he at flo w model a ssum ing lWO e nd -mcmber the rm;,1
ca ses : o ne for coo ling of Juntssic ocean crus t IhJl h~IS ex pe ric nced
no subseq uent he ating . and o nc for (:oo ling of Cn.:lac.; l"()IJS on ·all
cru st. Because the sam ples ilnalyzc d were o n ly shallowly hur il·lJ
and becau se the tcct o nic histo ry o f Ihc Jrea since s~unp le depo sitioll
is s imple. rcsolu tion (If th e tcm pe riltur c h islo ry is hi l~h . Th e
maxim um tem perature cx pe r ie m.:cd hy Ihe s:ullp lcd hed is LlCtwn ·n
16°_2 1°C a nd tK~curs ;1I (Jh M a; tCIIlI}(,;1iIture s s incc the Crc laccu us
hilVC d ropped in sp ile of COnli llul'cl pda~il· sl' \liIllClll depo si lioll
bcc: llIse hcat flo w has cll lltinlll..·tl to th.."(·ny cx po nc nlially ;lI1d ho tlum
wilter tcm penttll rcs llavc d ml )pcd . l:issitll1 tr:u:ks l tl)scrvcd willlill

aratite grains from the sam plcd IInl ;Irl: 1·1.6 ± 0. 1 fUll ( 10) IOlll!,.
G ive n the prop o sc d tempCl"il tlllc h is tor y o f Ille sam ples. OIlC

unpuhlished mu] thr ee puh lishcd IIIlKlcl s of fi ss ioll lrack annea ling

11rcdi ct mcan track length s from Ill.X tn 15 .() pm. ·l1lesc lIludel s
requ irc tem pcmw re s as mu c h as ·lO"C high er th:1II I hl~ c;lh.:u la ICtl
palc ol c mpcratu rc rnOl xil11um 0 1 the sa m plcd hed 10 pmdul:e lhe
same degree o f lrad :lIIl1c:di llg. Mc.iISurcd ami prl·di l:ll·d vilh ll·.!'- , IlC

d iffere nt hcc:m sc annc:l ling llHJ(ld s arc hascd 0 11 c XIWpol:ll ion 0 1
high tempcrat ure lalxJrOl lor y dalil 10 gct'logic tillICS. -l1le ll)lIdcllh:t1
ma ke s the d OSl:Sl pred icIlo lI is hasl·d nu lhl~ gn·.:lles l 1Illlll llCl o (
ex per ime nts perfonnc(! al low I l~ml >cr.ll ure illld ( HI all :tpalile ha ving
(".(lm positio ll clOSCSl to th:ll o f the (·o rc S:lIl1plcs .

ferromanganese formation . because this wo uld me an that several
layers ranging in depth from 9-68 mm were precipitated virtually al
the same time . Th is is co rro bora ted by lOBe and micro-fossil dating,
Co chronometry. and 81SrJll6Sr and611lQdating of francoli te inclu­
sions in th is crust, Resid ues from lA and L7 exh ibit a co ntinen tal
81Srf86Sr signature whereasresiducsfrom L12 and L17 have all
altered basal t s igna ture. Our results show that ferr omangancsc: oxide
material must be effectively sep arated from all detri tus or fcancolite to
have any hope of ob tai ning re liab le formation ages using Se isotopes .
and cas t doubt upon previous age interpretations usin g this method.
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In order 10 furthe r eval uate the proposed 87Sr/86Sr dating rnc!.hod for
ferromangancse oxides(Futael aI.1988; Ingram el ai, 1990; and
Hcin et aI; 199 2). four subsamples repr ese nting lithic end -members
of an -9.5 cm thick ferroman ganese crus t fro m Schumann Seamount
were chosen fo r 87Srt86seanaly ses _ These subs amples represent
crust materi al with 3. large aluminosilicale frac tion (lA) . a la)'er with
high Fe oxide and alumi nosilicate content (L7), a layer conl..1ining
abundanl francolite (L I2). aoda layer rich in Mn oxide (L I7).

Acetic acid leaches (2N) were followed by HZOz leaches. then
subsequently s tro nger HClleaches from O.2SN up to 2N and finally
total dissoluti on of the HC I residues. Th e supcm atant from each
dissolut ion was analyzed for 87Srt86Sr. The acet ic acid and H2<h
lcacha tes have a predominantly mode m seawater signature. Fran­
coli te is alsopartially disso lved by the aceti c acid. which ex plains !.he
de viation from modem seawater value s in L12 . 1bc 87Srf86Sr for the
He l lea ehes vary considerably with the streng th of the acid , the
0.25N HCl leach givi ng the lowes' values for threeof the four
layers. Layers 4. 7, and 17had values ranging belwc:cn 0.70821610
0.708276, while the francolite-rich L12 exhibited a ratio of
0.708650. Thesevaluesclearly cannol be interpretedasagesof

Variations in the composition and rate of accumulation of slowly
growi ng hydrogeneri c ferrom.1ngancse crusts are suggested to rt'cord
Iong·tenn paIeo=lnographic evcnlS. A lthough thick, well·
preserved. and pre sumably o ld cru sls~ fo und on Oetaccous
seamounts. prev ious lOBe and 81S rJ86Sr d ating of these deposi ts
suggest they are no older than Mi~ne. a finding that is sugges ted to
coin cide with relatively OXleconditions in the globa l ocean tha t bega n
in the Oligocene and intensiflCd in the Nrogene. However, 'N'C fch
that it is doubtful oxic conditions were so low throughout the water
column of the Palcogene ocean that preciphation of fenunWlganese
oxide s was inhibited. To investigate this hypothe sis, we perfonned
a variety of chem ical and isotopic analyses of a -9.5 cm-lhick:
ferroman ganese crust, dredged from Schumann Seamou nl in the
Hawaiian Archipelago. Theseanalysesincluded lOBe profil ing.

81Sr,<l6Sr and olllQage delerminalions of includedphosphatised
I~stooe debris and vein inf1lli ngs . and Co chrono metry. Toge ther
with microfossil stTatigra phy (CoweDel al., 199 2). our results
indicalC': tha t some: seamounl cru sts greatly exceed Miocene age,
probably approaching the Cretaceous seamounl age. Phosphatised
limcslonc inclusions between40 la 51 nvn depth yield 81SrJll6Sr and

o'llQdaICs near Eocen< microfossil agesreponed in overlying
layas , whereas a substrale vein in fLI ling R:JRscnt s Middl e Miocene
phosphatisation. ScamountpaJeooacking indicates"luatoriaJ
divergencecann'" explain the M iddle M ioccnc phosphogenc:sis. and
suggeslSN.E. trade wind transpon of aluminosil icales in the
Cenowic. thelaner coosislent with <><her evidence for theantiquity of
this fcrromangancse crust.

Cowen, ] . et al., Eos :u. 73 (1992 ).

M...hhinsti and W R Van Schmus (both at Dept.. 01Geo logy. Unl v. of Kansas,
Lawreece, KS66(45)

F Cbcmalc Jr (DepL de GeoIogia. Univ. do Vale do Rio dos Sioos ,
sao Leopol do, RioGraode do Sui. BraziQ

K Kawashila (lnsti tuto deOeociencias, Univ. de sao P'ilulo. Slo Paulo. Brazil )

Pb isotopic compositions andU andPb conc enD'atiolls delermincd for carbonate
rocks of Bambul Group. Sao Francisco Basin. Brazil show 4 distincl types of Pb.
cal led types 1,11.111 andIV. Type I is presen l in samples with rela tively Iow·Pb
and high-U; it is variably radiogen ic, dependi ng on the U/Pb ratios . Type 11is
present in samples with relatively high -Pb and low·U; Ibis is non-radiogenic:Pb
wilh composition (a ... 18.8, p ... 15.15) similar to that of averag e crusial Ph at
ca. 600 Ma. Type III is also found in sarnpk:.s with high -Pb and jcw-U, but it is
radiogenic crustaJPb and can be divided mro types lUa (a ...36.0. p... 18.3) and
IIIb (a ... 34.0. P... 11.8) , etc . accord ing to isolopic compositions. T ype IV is
intmnediate in com(X)Sition between type DJand type 1.

Type I Ph represe nts in s itu growth of rad iogenic Ph and yie lds a Pb -Pb
isoch ron age of 672 ± 95 Ma. Type 11 Pb falls on the lower extens ion of lhc
Isocnron for type I Pb, suggesting that it represents the initial Pb composition;
regression of type I and type 11daLayields a Pb-Pb age of 6 5 1 ± 4 3 Ma. We
interpret this isochron age for Type I Pb as the minimum age of depositi on for
carbonates of the Bambuf Group, and we infer that rock hosting Type I Pb, in
thiscase, was noI affcced by subsequent alter.lUon.

Type III Pb plots Ofl a line where Type 11Pb falls Ofl the lower end of this
line ....·hic.h Intersectsthe Stscey andKnlmers (S&K)growthcurve; the regression
of type 11 and type III data yields S&K inlfttcptS at about520 and 2050 Ma. We
inerpeet type III Pb and type n Pb as crustal Pb ex tracted between 650 and 520
Ma from 2.1Ga (TJaflSaIT1azonian) crustal sources; type 11Pb representsaverage
crust. whereas type III Ph represen ts crustal sources with higher U/Pb ratios.
This Pb was inU'Oduccd imo some of lhe Bambur Groupcarbonates during 5ow­
grademetamorphism (W hydrothermal ahet3lion assoc iated with lhe ca. 600 Ma
Brasiliano orogmy . lbc mobility of Pb isotopes shows thallhis basin was noI
100000II y stable. especiallyon its borders, during Ihc BrasilianoCyc le.

Type IV Pt>appears10 be a mixtu re of type I Pb and type 111 Pb; it formed as
a result of illlroduction or type III Pb into the rocks dwing the 600 Ma alleralion,
bul in qu.antitics insufrlcicnl to dom ina te subsequent growthof radiogenic Pb.
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