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Abstract—Mineralogy, 0'%/0'¢, 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 um) 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
amixed igneous, metamorphic, and sedimentary source area and then deposited by ice-rafting and turbidity
currents. The minerals present are quartz, feldspar, illite, chiorite and/or non-expandable vermiculite, and
expandable vermiculite and/or mixed-layer illite/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'® values of the four coarser size fractions range from +9.7 to +12.0%0 with variations
attributable to changes in quartz/feldspar and clay/(quartz + feldspar) abundances. Values of 0 for the
expandable vermiculite-rich <0.1-um size fraction range from +12.1 to +16.3%, 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%. with variations attributable to changes in
amounts of different ciay minerals present. There is no mineralogic or isotopic evidence of post-depositional
reactions in the coarser size fractions, but a general change in 8D of the vermiculite-rich, <0.1-um size
fraction from about —50%o to about —70%. 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, 0'¥/0', Provenance.

INTRODUCTION

The potential use of 0'¥/0'® 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 et al., 1976; Mokma
et al., 1972) detailing the variation of 80'® of aeolian
quartz with particle size and geography. Lawrence
(1979) used 808 to decipher source areas of Recent sed-
iments in the south Atlantic Ocean. The present study
incorporates detailed mineralogy and 8D data with §0O'®
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 §0'® and 8D in a
multicomponent detrital sediment; (2) how diagenesis
is relatively unimportant in controlling the 808 and 8D
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of these sediments; and (3) how 8D of the sediments
might complement mineralogy and 608 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: (1) 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-um
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.

ANALYTICAL 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-um
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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°24. Quantitative es-
timates of the amounts of quartz, feldspar, and total
“‘clay” (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°28 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°29 = 17 A), illite (8.9°20 = 10 A), and chlorite
(12.2°26 = 14 A). The <0.1-um 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°C (Taylor
and Epstein, 1962) after first placing the samples in a
drybox and then outgassing at 250°C to eliminate inter-
layer and adsorbed water (Savin and Epstein, 1970a).
The extracted O, was converted quantitatively to CO,
and the gas analyzed on a mass spectrometer. Hydroxyl
hydrogen was expelled as H,O by heating the sample
up to 1300°C after removing interlayer and adsorbed
water by heating under vacuum for about 24 hr at 250°~
300°C. Hydrogen was formed by reacting the H,O va-
por with uranium (Godfrey, 1962), and the D/H ratio
was determined using a mass spectrometer (Friedman,
1953). The 80" 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%o. 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 bere. Figure 1 shows ‘‘oriented”” XRD pat-
terns of the <0.1-um fraction of sample G which is rep-
resentative of the other samples. Briefly, the peak po-
sitions shown in Figure 1a (ethylene glycol), Figure 1b
(K-saturated), and Figure 1c¢ (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 50'® and 6D 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: 50 vs. [feldspar/(feldspar + quartz)] x
100%. Column 2: 50" vs. % total clay. Column 3: 8D vs. (Ij3/I44). Column 4: 8D vs. [I174/(Lios + L148)]-
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Figure 3. 8D of 17-A vermiculite-rich <0.1-um fraction vs.
subbottom depth.

mineraology, 80, and 8D with size fraction. The §0*®
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 801#
varies with the amount of feldspar in the feldspar +
quartz component and total clay component, respec-
tively. The highest 80 values are from the clay-rich,
<0.1-um fraction, except for sample E, and the lowest
50! values commonly occur in the feldspar-rich, but
clay-poor, 0.5~1.0-um size fraction (column one, sam-
ples C, D, F, and G). That the 30" 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 §0* values of coex-
isting quartz, feldspar, and phyllosilicates weathered
from high temperature rocks would form a smaller clus-
ter than 8§08 values of those weathered from low tem-
perature rocks (Taylor, 1968).

There is no consistent trend of 80 with depth in
even the finest size fractions in these samples. Thus,
diagenesis is considered to be unimportant in its effect
on the 808 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-um 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
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Table 1. Core, interval, depth, inferred age, and glacial sta-
tus of samples studied.
Approxi-
mate
sub-
bottom
Sam- Sec- Interval depth Age
ple Core tion (cm) {m} (m.y.)! Glacial status'
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 ?

! Estimated ages and interpretation of glacial events from
von Huene 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 6§D 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-A 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 8D values vary both with size
fraction and, for the <0.1-um size fraction, with depth.
Columns 3 and 4 indicate that, at all depths, 8D de-
creases (becomes more negative) with increasing abun-
dance of 10-A material, which is usually most abundant
in the 0.1-0.5-um size fraction and, in the samples from
the deeper parts of the hole, 8D decreases with increas-
ing amounts of 17-A material, which is most abundant
in the <0.1-um size fraction. Thus, the 8D of a given
size fraction can be thought of as a mixture of 3 com-
ponents: (1) low 8D (< —60%0) 10-A material; (2) high
8D (>—60%c) 14-A material; and (3) 17-A material
which generally increases from <—65%. near the bot-
tom of the hole to >—55%¢ near the top of the hole.
There is no unique interpretation to this data. The 6D
of a phyllosilicate has been shown to increase with in-
creasing crystallization temperature, increasing 8D of
water present during crystallization, and decreasing Fe/
(Al + 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-rich and/or that
formed at a lower temperature than the 14-A material.
For samples such as A and D, for which the 8D changes
significantly with size fraction in the coarser size frac-
tions, but for which the 10 A/14 A ratio does not change,
the difference in 8D 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
IMd/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-um
size fraction. Small variations of 8D 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-um, 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 <0.1-um size fraction, suggests that some factor
other than post-depositional isotopic exchange may be
responsible for the variation of 8D with depth in the
<0.1-um size fraction. The alternative is that the 6D
variations are inherited from the source area. The av-
erage 80 value of +14%. for the expandable vermic-
ulite-rich, <0.1-pwm fraction dictates via mass balance
that the 808 value of the pure expandable vermiculite-
rich component would be more positive than + 14%o.
Such a value is incompatible with an O'/O** 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 8D of the <0.1-um fraction from about
—70%o to about —50%c 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-um; (2) determining Fe/(Al + Mg) of the material
to estimate the extent to which chemical changes affect
the 8D trends; and (3) determining 8D 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.
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In summary, §0'® 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 §0'® 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 6D 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 §0*® values.
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Pesiome—MuHepanorusi, cootHoweHusi 0'%/0' y D/H 6buin onpeaesieHsl Bis natd ¢pakumii (<0,1,
0,1-0,5, 0,5-1,0, 1,0-2,0, 1 >2,0 uM) cemu 0O6pa3uoB, BhIOpaHHbIX H3 500 M IJIEHCTOLEHOBBIX
rTyOMHHO-MOPCKHX OCAJIKOB, B3sThIX H3 MecTa peanusamud Ilpoekra I'myGoxo-Mopckoro Bypeunus
180 B AneytoBom Pope. OcaouHblii nieprof o6pa3uoB oxBaTbiBaeT nocnepune 300 000 mer. O6pasusl
ObLIM ONMCAaHBI APYrMMH aBTOpaMM, KaK KOHTHHEHTAbHBIH NETPUTYC, BLIBETPEHHBIH H3 CMELIAHHBIX
NPUPOTEHHBIX, METAMOPMHYECKHX H OCAJJOYHBIX MECT M [I0TOM OCaXIEHHBIH B pe3yJIbTaTe JIEAHHKOBOIO
JBH)KCHHsI H TYpOMAMTE LHBIX TedeHni. [IpucyTcTBYIOIAE MUHEPaAJIbl 3TO KBapH, (ejbaumaT, WUIAT,
XJIOPAT W/MJH He pacCIIMPSIOMMKCST BEPMHKYJIHT, a TakXXe pacCIIHPAKINHACSH BEPMHKYJUT H/HIA
CMEIIaHHO-CJIOHHBIA MIUTMT/pacliMpsIOIIMACA BepMHKYJIHT. OTHOCHMTENbHbIE KOJIMYECTBA KBapla,
¢denpaumnaTa U o0LIEH ITNHLI H3MEHSIOTCS C Pa3MEPOM YaCTHI], HO HOYTH MIOCTOSHHBI I pa3HbiX 00pa3nos
JaHHOro pa3Mepa 4vacTHL. BesmuuHbl 80 s uyeThbIp€x rpy6o3epHHCTHIX (PpakuMil HaxORATCS B
npeaene +9,7-+12%0 ¢ BapuanusiMA, CBA3AaHHBIMA C M3MECHEHHSIMH B KOJIMYECTBaxX KBaply/deisgmmar
H riuHa/(kBapy + ¢enbamnat). Bemmumnsr 80 gns dpakuum pasmepom <0,1 um, Boratoii B
pacIUUpsIOIIHACS BEpMHKYJIMT HaXOmATcs B npepene +12,1-+16,3%0. 10 yka3hIBaeT Ha M3OTOMHBIM
0o6MeH HEKOTOpOro KOJIMYECTBA KHCIOpOJa MeXXAYy aTMOC(EpHbIMH BOAAMH M MAaTEpPHHCKO# MOpOROH
MpH TeMmepaTypax MOBEPXHOCTH BO BpeMs o0pa3soBaHMA BepMHKyJHTa. BenuuuHbl 80 HaoopmaTcs B
npefene —46 no —74%o ¢ BapHALMAMH, CBSI3aHHBIMU C H3MEHEHUSMH KOJIMYECTB Pa3HbIX NPHCYTCTBYIOLIMX
IJIHHACTBIX MHHepanoB. Her HHMKaKHMX MHMHEpANIOTHYECKMX WIHM H30TONHBIX JOKa3aTeJILCTB MHOCIe-
OCaXKMTEJbHbIX peakiui B rpy003epHACTBIX (paKkuusax, HO OCHOBHOE H3MEHEHHE BEJIMYMHB! (ppaKumu
paamepoM <0,1 um, 6oraToif B BEPMHKYJHT, OT OKOJO —5%o N0 OKOJIO —70%c ¢ yBelHYHBAKOUIEACS
)1y GUHOM MOXKET ObITh BRI3BaHO HJIM MOCIIE0CAKAUTENLHBIM H30TONHBIM OOMEHOM, HIIH KJIAMATHYECKHMH
H3MEHEHUsSIMH B CYXONYTHOH cpejie BbiBeTpuBanus. [E.C.]

Resitmee—Es wurden die Mineralogie sowie die O'®/0'€- und D/H-Verhiltnisse in 5 Kornfraktionen (<0,1;
0,1-0,5; 0,5-1,0; 1,0-2,0; und >2,0 xm) von sieben Proben untersucht, die aus einem 500 m Bohrkern von
pleistozinen 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 von mag-
matischen, metamorphen und sedimentiren Liefergebieten stammt und dann durch Eisverfrachtung und
Suspensionsstrome abgelagert wurde. Die vorhandenen Minerale sind Quarz, Feldspat, Illit, Chlorit und/
oder nichtquellbarer Vermiculit, sowie quellbarer Vermiculit und/oder Hlit/quellbarer Vermiculit-Wech-
sellagerung. Die relativen Mengen an Quarz, Feldspat, und Gesamtton schwanken mit der Kornfraktion,
sind aber bei gegebener KorngréBe bei den verschiedenen Proben nahezu konstant. Die §0'-Werte von
4 groberen Kornfraktionen reichen von +9,7 bis +12,0%. mit Schwankungen, die auf die Verinderungen
in den Quarz/Feldspat- und Ton/(Quarz + Feldspat)-Gehalten zuriickzufithren sind. Die 80'8-Werte der
Fraktion <0,1 um, die reich an quellfihigem Vermiculit ist, reichen von +12,1 bis +16,3%.. Dies deutet
darauf hin, daB ein Sauerstoffisotopen-Austausch bei Oberflichentemperaturen zwischen Niederschlag-
swasser und Ausgangsgestein wiahrend der Vermiculit-Bildung stattgefunden hat. Die 8D-Werte reichen
von —46 bis —74%0 mit Schwankungen, die auf Verinderungen im Gehalt der verschiedenen Tonminerale
zuriickzufiihren sind. Weder bei der Mineralogie noch bei den Isotopen gibt es in den groberen Fraktionen
einen Hinweis auf Reaktionen, die nach der Ablagerung stattgefunden haben. Eine generelle Verdnderung
des 8D-Wertes der Vermiculit-reichen Fraktion <0,1 um von etwa — 50%o bis etwa —70%o mit zunehmender
Tiefe kann entweder auf einen Isotopenaustausch nach der Ablagerung oder auf klimatische Schwankungen
bei der terrestrischen Verwitterung zurtickgefiihrt werden. [U.W.]
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Résumé—La minéralogie, O'/O% et les proportions D/H ont été déterminées dans cing groupes de taille
différente (<0,1, 0,1-0,5, 0,5-1,0, 1,0-2,0, et >2,0 um) de sept échantillons pris dans 500 m de profonds
sédiments marins pleistocénes tirés du Site 180 du Deep Sea Drilling Project dans la transhée aleutienne.
L’age de déposition des échantillons couvre les derniéres 300 000 années, ces échantillons ont été inter-
prétés par d’autres comme étant des détruitus continentaux altérés provenant d’une région-source a car-
actéres mélangés ignée, métamorphique, et sedimentaire et ensuite déposés par transport par glace et par
des courants de turbidité. Les minéraux présents sont le quartz, le feldspar, I'illite, la chlorite et/ou la
vermiculite non-expansible, et la vermiculite expansible et/ou 'illite 2 couches mélangées/vermiculite ex-
pansible. Les quantités relatives de quartz, feldspar, et argile totale varient avec la taille de la particule,
mais sont quasi constantes d’échantillon en échantillon pour une taille de particule donnée. Les valeurs
80 pour les quatre groupes de tailles les plus grosses s’étagent de +9,7 & +12,0%, avec des variations qui
peuvent &tre attribuées a des changements dans les abondances de quartz/feldspar et d’argile/
(quartz + feldspar). Les valeurs 80 du groupe de taille <0,1-um riche en vermiculite expansible s’étagent
de +12,14 +16,3%o0, ce qui indique qu’aux températures de surface il y a un échange de I’isotope oxygéne
entre les eaux météoriques et laroche-mére pendant la formation de la vermiculite. Les valeurs 8D s’ étagent
de —46 a —~74%o, avec des variations qui peuvent étre attribuées & des changements dans les quantités des
différents minéraux argileux présents. Il n’y a pas d’évidence minéralogique ou isotopique de réactions se
passant apres la déposition dans les groupes de grosses tailles, mais un changement général de 8D dans le
groupe de taille <0,1-um riche en vermiculite de —50%. a a peu prés —70%o proportionnellement 2 la pro-
fondeur peut étre dii soit & un échange isotopique aprés la déposition, soit a des changements climatiques
dans I’environement d’altération terrestre. [D.J.]
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