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Abstract--Mineralogy, O18/O 16, and D/H ratios have been determined in five size fractions (<0.1,0.1-0.5, 
0.5-1.0, 1.0-2.0, and >2.0/zm) of seven samples taken from 500 m of Pleistocene deep-sea sediments cored 
at Deep Sea Drilling Project Site 180 in the Aleutian Trench. The depositional age of the samples spans the 
last 300,000 years; the samples have been interpreted by others to be continental detritus weathered from 
a mixed igneous, metamorphic, and sedimentary source area and then deposited by ice-rafting and turbidity 
currents. The minerals present are quartz, feldspar, illite, chlorite and/or non-expandable vermiculite, and 
expandable vermiculite and/or mixed-layer iUite/expandable vermiculite. The relative amounts of quartz, 
feldspar, and total clay vary with particle size, but are nearly constant from sample to sample for a given 
particle size. 80 is values of the four coarser size fractions range from +9.7 to + 12.0%~ with variations 
attributable to changes in quartz/feldspar and clay/(quartz + feldspar) abundances. Values of 80 is for the 
expandable vermiculite-rich <0.1-/.tm size fraction range from + 12.1 to + 16.3%o which indicates some 
oxygen isotope exchange at surface temperatures between meteoric waters and the parent rock during 
vermiculite formation. Values of 8D range from -46 to -74%0 with variations attributable to changes in 
amounts of different clay minerals present. There is no mineralogic or isotopic evidence ofpost-depositional 
reactions in the coarser size fractions, but a general change in 6D of the vermiculite-rich, <0.1-/zm size 
fraction from about -50%~ to about -70%0 with increasing depth may be due either to post-depositional 
isotopic exchange or to climatic changes in the terrestrial weathering environment. 
Key Words--Deep sea sediments, D/H, Isotopic ratios, OWO is, Provenance. 

INTRODUCTION 

The potential use of O18/O16 and D/H ratios of sili- 
cates as provenance indicators has been recognized 
since the first detailed study of oxygen and hydrogen 
isotopes in sediments was made by Savin and Epstein 
(1970a, 1970b, 1970c). R. N. Clayton and M. L. Jackson 
and their colleagues published a series of papers (e.g., 
Clayton et  al . ,  1972; Churchman e t  al. ,  1976; Mokma 
et  al . ,  1972) detailing the variation of 8018 of aeolian 
quartz with particle size and geography. Lawrence 
(1979) used 8018 to decipher source areas of Recent sed- 
iments in the south Atlantic Ocean. The present study 
incorporates detailed mineralogy and 8D data with 6018 
data of several grain-size fractions of deep-sea sedi- 
ments. The emphasis in this paper is on: (1) how grain 
size is critical to the interpretation of 6018 and 8D in a 
multicomponent detrital sediment; (2) how diagenesis 
is relatively unimportant in controlling the 60  ~8 and 8D 
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of these sediments; and (3) how ~iD of the sediments 
might complement mineralogy and 8018 in defining the 
nature of the source area. 

The samples for this study were taken from Deep Sea 
Drilling Project (DSDP) cores from site 180, Leg 18, in 
the Aleutian Trench (Table 1). The sediments have been 
interpreted to be continental detritus transported to 
their depositional sites by ice-rafting and turbidity cur- 
rents (von Huene et  al . ,  1973). Hayes (1973) demon- 
strated that the clays in the Aleutian Abyssal Plain are 
dominated by a complex assemblage of detrital, well- 
crystallized, terrigenous chlorite, mica, and vermiculite 
plus some mixed-layered clays. A study (Slatt and Pip- 
er, 1974) of heavy and light minerals of sands and coarse 
silts in Site 180 and nearby DSDP sites indicated two 
source areas: (l) pyroxene-rich sands, with lithic frag- 
ments of volcanic and sedimentary rocks, were eroded 
from the Alaska Peninsula and south-central Alaska; 
and (2) an altered-grain assemblage, with lithic frag- 
ments that include metamorphic and plutonic compo- 
nents, was eroded from southeastern and south-central 
Alaska. 
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Figure 1. X-ray powder diffraction patterns of the <0.1-t~m 
size fraction of sample G. All patterns are from preferentially 
oriented slurry mounts. A = ethylene glycol; B = K-saturat- 
ed; C = K-saturated followed by ethylene glycol. 

A N A L Y T I C A L  TECHNIQUES 

The samples were dispersed and treated to remove 
carbonates, noncrystalline and organic matter, and free 
iron oxides by the methods of Jackson (1974). The sam- 
ples were then separated by centrifugation techniques 
into <0.1-, 0.1-0,5-, 0.5-1.0-, 1.0-2.0-, and >2.0-/zm 

size fractions. Each size fraction of each of the seven 
samples was examined by X-ray powder diffraction 
(XRD) using a Norelco XRD-7 diffractometer equipped 
with a single crystal monochrometer using CuKa ra- 
diation. Randomly oriented powder mounts were pre- 
pared and scanned from 33 ~ to 18~ Quantitative es- 
timates of the amounts of quartz, feldspar, and total 
"c lay"  (phyllosilicates) were made by measuring peak 
heights and using the method of Schultz (1964). The 
precision of these measurements is estimated to be 
about -+ 10% of the amount present. Preferentially ori- 
ented sample mounts were prepared by dispersing a 
small amount of sample in distilled water and allowing 
the dispersion to evaporate on a glass slide. These 
slides were scanned from 33 ~ to 2~ both before and 
after saturation with ethylene glycol. Peak heights were 
measured for those samples that had been treated with 
ethylene glycol so that relative intensity ratios could be 
determined.  Peaks used were expandable clays 
(5.1~ = 17 •), illite (8.9~ = 10 /~), and chlorite 
(12.2~ = 14 A). The <0.1-/zm size fractions were K- 
saturated and X-rayed before and after solvation with 
ethylene glycol to check for the presence of vermicu- 
lite. 

Oxygen was extracted from the samples by reacting 
the samples in vacuum with fluorine at 550~ (Taylor 
and Epstein, 1962) after first placing the samples in a 
drybox and then outgassing at 250~ to eliminate inter- 
layer and adsorbed water (Savin and Epstein, 1970a). 
The extracted 02 was converted quantitatively to CO2 
and the gas analyzed on a mass spectrometer. Hydroxyl 
hydrogen was expelled as H~O by heating the sample 
up to 1300~ after removing interlayer and adsorbed 
water by heating under vacuum for about 24 hr at 250 ~ 
300~ Hydrogen was formed by reacting the H20 va- 
por with uranium (Godfrey, 1962), and the D/H ratio 
was determined using a mass spectrometer (Friedman, 
1953). The ~O is values are based on single analyses; 
from past experience, the standard deviation is prob- 
ably better than 0.2%~ Most of the samples were ana- 
lyzed twice for D/H and the precision of these analyses 
is ---2%~ All of the analyses presented here are in the 
usual notation and are relative to Standard Mean Ocean 
Water (SMOW) (Craig, 1961). 

RESULTS AND DISCUSSION 

The interpretation of the clay mineralogy is similar 
to that made by Hayes (1973) and will not be discussed 
at length here. Figure 1 shows "oriented" XRD pat- 
terns of the <0.1-/zm fraction of sample G which is rep- 
resentative of the other samples. Briefly, the peak po- 
sitions shown in Figure la (ethylene glycol), Figure lb 
(K-saturated), and Figure lc (K-saturation followed by 
ethylene glycol) argues for a mixture of illite, chlorite 
and/or vermiculite, and expandable vermiculite and/or 
mixed-layer illite/expandable vermiculite. 

Figure 2 summarizes the variation of bulk and clay 
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Figure 2. Variations of 80 TM and 8D with size fraction and mineralogy. Size fractions (~m) are: circles, <0.1; squares, 0.1- 
0.5; inverted triangles, 0.5-1.0; triangles, 1.0-2.0, and diamonds, >2.0. Column 1: GO TM vs. [feldspar/(feldspar + quartz)] x 
100%. Column 2 :80  TM vs. % total clay. Column 3: 8D vs. (IloA/II4A). Column 4: 8D vs. [I17A/(I]o A + I[4A)]. 
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Figure 3. 8D of 17-A vermiculite-rich <0. l-t~m fraction vs. 
subbottom depth. 

mineraology, 6 0  TM, and 8D with size fraction. The 8 0  TM 

values are compatible with a mixed assemblage of min- 
erals derived from weathering of igneous (Taylor, 
1968), metamorphic (Garlick and Epstein, 1967), and 
sedimentary (Savin and Epstein, 1970c; Churchman et 
al., 1976) rocks. Columns one and two show how 8018 
varies with the amount of feldspar in the feldspar + 
quartz component and total clay component,  respec- 
tively. The highest 8018 values are from the clay-rich, 
<0.1-/zm fraction, except for sample E, and the lowest 
6018 values commonly occur in the feldspar-rich, but 
clay-poor,  0.5-1.0-tzm size fraction (column one, sam- 
ples C, D, F,  and G). That the ~O 18 values of the coarser 
size fractions of samples A, B, and E do not vary sig- 
nificantly with size fraction may be due largely to a fair- 
ly constant feldspar/quartz ratio in each size fraction, 
but it may also reflect a greater quantity of sediment 
derived from an igneous and/or high-grade metamor- 
phic terrain rather than from a sedimentary and/or low- 
grade metamorphic terrain. The ~O TM values of coex- 
isting quartz, feldspar, and phyllosilicates weathered 
from high temperature rocks would form a smaller clus- 
ter than 60  TM values of those weathered from low tem- 
perature rocks (Taylor, 1968). 

There is no consistent trend of 8 0  TM with depth in 
even the finest size fractions in these samples. Thus, 
diagenesis is considered to be unimportant in its effect 
on the 8 0  TM of these samples. Yeh and Savin (1976) re- 
ported a small, but measurable amount of oxygen iso- 
tope exchange between clay minerals and sea water. 
However,  their samples were rich in clay minerals, and 
the sample that experienced the most exchange (mini- 
mum of 27% exchange for the <0.1-/xm size fraction of 
the 2,725,000 year old SCAN 29P sample) was very 
smectite-rich. Apparently,  smectite is much more sus- 
ceptible to oxygen isotopic exchange than illite and 

Table 1. Core, interval, depth, inferred age, and glacial sta- 
tus of samples studied. 

Approxi- 
mate 
sub- 

bottom 
Sam- Sec- Interval depth Age 
pie Core tion (cm) (m) (m.y.) 1 Glacial status I 

A 1 1 85-98 1 0 .01  Interglacial 
B 4 1 120-129 29 0.025 Glacial 
C 8 3 50-59 69 0.05 Glacial 
D 12 2 100-107 149 0.14 Glacial 
E 17 3 85-92 264 0 .18  Interglacial 
F 22 4 20--40 436 -0.3 Glacial 
G 24 3 91-100 454 -0.3 ? 

1 Estimated ages and interpretation of glacial events from 
von Hnene and Kulm (1973). 

chlorite, which are the dominant clays in the Site 180 
samples. 

Columns three and four of Figure 2 summarize the 
variations of  clay mineralOgy and 6D with size fraction 
and sample depth. The data indicate that 17-A material 
(expandable vermiculite and/or mixed-layer illite/ex- 
pandable vermiculite) increases with decreasing size 
fraction (column 4). Also, 14-/~ material (chlorite and/ 
or non-expandable vermiculite) generally increases 
with increasing size fraction at the expense of 10-A 
material (illite) in samples A, B, F,  and G, but remains 
about the same or changes erratically in samples C, D, 
and E (column 3). The ~D values vary both with size 
fraction and, for the <0.1-/~m size fraction, with depth. 
Columns 3 and 4 indicate that, at all depths, 6D de- 
creases (becomes more negative) with increasing abun- 
dance of 10-,~ material, which is usually most abundant 
in the 0.1-0.5-~m size fraction and, in the samples from 
the deeper parts of the hole, 8D decreases with increas- 
ing amounts of 17-]k material, which is most abundant 
in the <0.1-/~m size fraction. Thus, the ~D of a given 
size fraction can be thought of as a mixture of 3 com- 
ponents: (1) low 6D (<-60%~) 10-~ material; (2) high 
~D (>-60%o) 14-A material; and (3) 17-A material 
which generally increases from <-65%o near the bot- 
tom of the hole to >-55%o near the top of the hole. 
There is no unique interpretation to this data. The 8D 
of a phyllosilicate has been shown to increase with in- 
creasing crystallization temperature, increasing BD of 
water present during crystallization, and decreasing Fe/  
(A1 + Mg) in the octahedral lattice sites (Suzuoki and 
Epstein, 1976). Thus, the differences in 6D values 
among the coarser size fractions could be attributed to 
10-A material  that is more Fe-r ich and/or  that  
formed at a lower temperature than the 14-A material. 
For  samples such as A and D, for which the ~D changes 
significantly with size fraction in the coarser size frac- 
tions, but for which the 10 A/14 ~ ratio does not change, 
the difference in ~D values might be due to a high con- 
centration of high-temperature 2M illite polytype in the 
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coarser size fractions versus a high concentration of 
low temperature 1Md illite polytype in the finer size 
fractions. Such variations with grain size in the ratio 
1Md/2M of illite polytypes have been documented in 
shales (Velde and Hower,  1963). 

Figure 3 shows that, except for sample E, there is a 
general decrease with depth of the 8D of the <0.1-/zm 
size fraction. Small variations of SD with depth in other 
deep-sea samples have been interpreted to be due to 
isotopic exchange between clay minerals and sea water 
(Yeh and Epstein, 1978). However,  those measure- 
ments were made on <0.1-tim, smectite-rich, 2-3 m.y. 
old sediments, and the 8D values showed an increasing 
trend with depth (Yeh and Epstein, 1978), rather than 
a decreasing trend with depth as at Site 180. This, plus 
the facts that sample F does not fit the trend of decreas- 
ing 8D with increasing depth and that there is no evi- 
dence for post-depositional oxygen isotopic exchange 
in the <0. l-/zm size fraction, suggests that some factor 
other than post-depositional isotopic exchange may be 
responsible for the variation of 8D with depth in the 
<0. l-p,m size fraction. The alternative is that the 8D 
variations are inherited from the source area. The av- 
erage 80  TM value of + 14%o for the expandable vermic- 
ulite-rich, <0.1-/~m fraction dictates via mass balance 
that the 80  TM value of the pure expandable vermiculite- 
rich component would be more positive than + 14%~. 
Such a value is incompatible with an OlS/O ~6 ratio in- 
herited entirely from an igneous (Taylor, 1968) or meta- 
morphic (Garlick and Epstein, 1967) ferromagnesian 
parent mineral and thus suggests an approach toward 
oxygen isotopic equilibrium at surface temperatures 
between meteoric waters and the newly-formed ver- 
miculite weathering product. If the oxygen isotopes 
approached equilibrium in the weathering environ- 
ment, it is not unlikely that the hydrogen isotopes also 
would have done so. The degree to which isotopic equi- 
librium between the vermiculite and meteoric water 
may have been approached is impossible to evaluate 
because the 8D of the meteoric water is unknown and 
the hydrogen isotope fractionation between vermiculite 
(or even smectite, cf. Yeh and Epstein, 1978) and water 
is poorly known. However,  it is possible that the gen- 
eral increase in ~D of the <0.1-/~m fraction from about 
-70%0 to about -50%~ may reflect a climate-induced 
increase through time in the average 8D of precipitation 
in the source rock areas. A test of this hypothesis would 
necessitate: (1) acquiring fairly pure 17-A vermiculitic 
material, possibly by making size-cuts smaller than 
<0.1-p.m; (2) determining Fe/(AI + Mg) of the material 
to estimate the extent to which chemical changes affect 
the 8D trends; and (3) determining ~D of closely-spaced 
samples to determine to what extent 8D fluctuations 
correlate with established Pleistocene temperature 
curves, making the assumption that deposition in the 
Aleutian Trench occurred not long after weathering and 
erosion from the source areas. 

In summary, ~O TM and 8D values of these sediments 
are not affected by diagenesis, but they are strongly 
dependent on the mineralogy, and thus the size frac- 
tion, that is analyzed. The 80  TM and 8D values are com- 
patible with a mixed igneous-metamorphic-sedimen- 
tary source area, and though this study did not attempt 
to define the locality of the source area as Slatt and Pip- 
er (1974) did using heavy mineral data, the 8D data 
show sufficient variation with size fraction, and thus 
with mineralogy or environment of formation, to war- 
rant the consideration of 8D values as a provenance 
tool, perhaps as useful as 8 0  TM values. 
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Peam~e---Manepa.aoraa, COOTnomenlt:a O18/O16 H D/H 6hmn onpe~le~Ienbl gas n~Tn qbpaKllltI~ (<0,1, 
0,1-0,5, 0,5-1,0, 1,0-2,0, n >2,0 /~M) cesla o6paauos, abl6pannbIX na 500 i nzeficTouenosbix 
ray6nnno-mopcrnx oca~Kos, aaaTbIX n3 iecTa pea.aaaatma IIpoeKTa Fay6oro-Mopcroro Bypenna 
180 s AaeyTosOM Pose. OcagoqnbIfi nepno~l o6pa3uos oxsaThmaeT nocae~nne 300 000 neT. O6pa3tthl 
6blUrt onncanbi ~IpyrnMI4 aBTOpaMlt, r a t  KOHTnnenTa~bttbifi ~eTpnTyc, SbiBeTpennbifi n3 c~emannbix 
npHporenm, ix, MeTaMopqbHqeCKXX H ocagoqnbIx MeCT H nOTOM oca,'Ka~nm,Iii s peaym,TaTe ae~Inm~osoro 
~M:.:eml~ n Typ6KllJrreabnux Teqent4fi. IIpncyTcTsylOltIge M~nepa.tibl aTO rsapR, qbea~unaT, IL!LrIHT, 
xaOpXT H/a~In ne pacmI~pmomI~iica sepMaKyaXT, a TaKme pacmnpammm~ca sepMaKyaaT a/nan 
ciemanno-caofinblfi naa~T/pacmnpsmmafica sepMnKyanT. OTnoCnTe~,nbIe KOJmqecTsa I<aapua, 
qbeab~mnaTa n o6mefi rannbl ~aMenamTCa c paaMepoM qacTmL HO noqTn nocTomn-lb~ ~ paanblx o6paaaos 
gaHHoro paaiepa qacTnIL Be~mqnHb~ ~O TM ~is  qeTblp~X rpy6osepnI~CT~aX qbpaKUnfi naxo~aTCfl s 
npe~le~e +9,7-+12%o c sapnaImaMn, cs~3annmMn c naueHena~Mn s KOaHqecTsaX Ksap~em,~mnaT 
n ranna/(KsaptI + qben~lmnaT). Be~n,mnbl 80 TM gas qbparI~n~ paaMepoi <0,1 /~M, 6oraTofi s 
pacmnpsmm~fics sepMnKy~nT Haxo3~qTCS S npe~e~e +12,1-+ 16,3%o. ~)TO yKaSSlaaeT Ha naOTOnHb~fi 
o6Men net<oToporo KOaaUecTaa Kncaopo~la MeX<:Iy aTMOCqbepHblMn so~laMa n uaTepnncKofi nopoAofi 
np~ Te~nepaTypax nosepxnocTn so spe~n o6pa3onanna aepuI~KyanTa. Beanq~m,1 80 naoo~aTCa s 
npeAe:~e -46 ~Io -74%~ c aapnaanaMa, csasam~,lSm c nauenemIaMa KOaW~eCTn paan~-LX npncyTcTsyiottmx 
F3"niHIICTbIX MHHepa.IIOB. HeT IOIKarltX MHHepa.rlOFHqeCKHX I4JIH H3OTOHHbIX JIOKa3aTeJlbCTS noc.rle- 
oca~nTeabnb~x peaK~nfi a rpy6oaepnl~CTb~X qbpaxu~sx, HO OCHOSHOe nauenenae ae~nqnm,i qbpartmn 
paaiepoM <0,1 / ~ ,  6oraTofi n sepMnKyanT, OT OKO~O --5%0 ~IO OKO~O --70%, C yse~mlnsamulefica 
r~Iy6Hnofi MO~KeT 6bITb Bbl3BaHO HJIH HOC~Ieoca3K,~HTeYlbHblM H3OTOHHblM 06MeHOM, HYlH K.rlHMaTHHeCKHMH 
H3MeHeHHaMH S cyxonyTHOfi cpe~Ie ~bmeTpHeanHa. [E.C.] 

Resiimee---Es wurden die Mineralogie sowie die OWO 16- und D/H-VerhSltnisse in 5 Kornfraktionen (<0,1; 
0,1-0,5; 0,5-1,0; 1,0-2,0; und >2,0 p.m) von sieben Proben untersucht, die aus einem 500 m Bohrkern yon 
pleistoziinen Tiefseesedimenten genommen wurden, der im Rahmen des Tiefseebohrungsprojektes Site 
180 im Aleutenbogen gezogen wurde. Das Ablagerungsalter der Proben umfaBt die letzten 300 000 Jahre; 
die Proben wurden von anderen Autoren als kontinentaler Verwitterungsschutt gedeutet, der yon mag- 
matischen, metamorphen und sedimentiiren Liefergebieten stammt und dann durch Eisverfrachtung und 
Suspensionsstr6me abgelagert wurde. Die vorhandenen Minerale sind Quarz, Feldspat, Illit, Chlorit und/ 
oder nichtquellbarer Vermiculit, sowie quellbarer Vermiculit und/oder Illit/quellbarer Vermiculit-Wech- 
sellagerung. Die relativen Mengen an Quarz, Feldspat, und Gesamtton schwanken mit der Kornfraktion, 
sind aber bei gegebener Korngr6Be bei den verschiedenen Proben nahezu konstant. Die ~O~s-Werte von 
4 gr6beren Kornfraktionen reichen yon +9,7 bis + 12,0%o mit Schwankungen, die auf die Ver~inderungen 
in den Quarz/Feldspat- und Tord(Quarz + Feldspa0-Gehalten zuriickzufiihren sin& Die 80~s-Werte der 
Fraktion <0,1/~m, die reich an quellf~ihigem Vermiculit ist, reichen v o n +  12,1 bis + 16,3%o. Dies deutet 
darauf bin, dab ein Sauerstoflisotopen-Austausch bei Oberfliichentemperaturen zwischen Niederschlag- 
swasser und Ausgangsgestein w~ihrend der Vermicufit-Bildung stattgefunden hat. Die 8D-Werte reichen 
yon -46  his -74%~ mit Schwankungen, die auf VerS_nderungen im Gehalt der verschiedenen Tonminerale 
zuriickzuf'tihren sind. Weder bei der Mineralogie noch bei den Isotopen gibt es in den gr6beren Fraktionen 
einen Hinweis auf Reaktionen, die nach der Ablagerung stattgefunden haben. Eine generelle Ver~inderung 
des 8D-Wertes der Vermiculit-reichen Fraktion <0,1/~m von etwa - 50%~ bis etwa -70%~ mit zunehmender 
Tiefe kann entweder auf einen Isotopenaustausch nach der Ablagerung oder auf klimatische Schwankungen 
bei der terrestrischen Verwitterung zuriickgefiihrt werden. [U.W.] 
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R6sum6---La min6ralogie, O18/O TM et les proportions D/H ont t~t6 d6termint~es dans cinq groupes de taille 
diff6rente (<0,1, 0,I-0,5, 0,5-1,0, 1,0-2,0, et >2,0/zm) de sept 6chantillons pris dans 500 m de profonds 
s6diments mafins pleistoc~nes tir6s du Site 180 du Deep Sea Drilling Project dans la transh6e aleutienne. 
L'fige de d6position des 6chantillons couvre les derni~res 300 000 ann6es, ces 6chantillons ont 6t6 inter- 
pr6t6s par d'autres comme 6tant des d6truitus continentaux alt6r6s provenant d'une r6gion-source h car- 
act~res m61ang6s ign6e, m6tamorphique, et sedimentaire et ensuite d6pos6s par transport par glace et par 
des courants de turbidit6. Les min6raux pr6sents sont le quartz, le feldspar, l'illite, la chlorite eUou la 
vermiculite non-expansible, et la vermiculite expansible et/ou l'illite h couches m61ang6es/vermiculite ex- 
pansible. Les quantit6s relatives de quartz, feldspar, et argile totale varient avec la taiUe de la particule, 
mais sont quasi constantes d'6chantillon en 6chantillon pour une taille de particule donn6e. Les valeurs 
~O TM pour les quatre groupes de tallies les plus grosses s'6tagent de +9,7 ~ + 12,0%~ avec des variations qui 
peuvent ~tre attribu6es ~ des changements darts les abondances de quartz/feldspar et d'argile/ 
(quartz + feldspar). Les valeurs 8018 du groupe de taille <0, l-/zm fiche en vermiculite expansible s'6tagent 
de + 12,1 ~t + 16,3%o, ce qui indique qu'aux tempt~ratures de surface il y a un 6change de l'isotope oxyg~ne 
entre les eaux m6t6oriques et la roche-m~re pendant la formation de la vermiculite. Les valeurs 8D s'6tagent 
de -46  ~ -74%0, avec des variations qui peuvent ~tre attribu6es ~ des changements dans les quantit6s des 
diff6rents mint~ranx argileux pr6sents. Il n 'y a pas d'6vidence min6ralogique ou isotopique de r6actions se 
passant apr~s la d6position dans les groupes de grosses tailles, mais un changement g6n6ral de 8D dans le 
groupe de taille <0,1-p.m fiche en vermiculite de -50%0 h ~ peu pros -70%0 proportionnellemerlt ~ la pro- 
fondeur peut ~tre dfi soit hun  6change isotopique apr/~s la d6position, soit fi des changements climatiques 
dans l 'environement d'alt6ration terrestre. [D.J.] 
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