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Marine sediment cores from the continental slope off mid-
latitude Chile (33°S) were studied with regard to grain-size distri-
butions and clay mineral composition. The data provide a
28,000-yr “C accelerator mass spectrometry-dated record of vari-
ations in the terrigenous sediment supply reflecting modifications
of weathering conditions and sediment source areas in the conti-
nental hinterland. These variations can be interpreted in terms of
the paleoclimatic evolution of mid-latitude Chile and are com-
pared to existing terrestrial records. Glacial climates (28,000—
18,000 cal yr B.P.) were generally cold—humid with a cold-
semiarid interval between 26,000 and 22,000 cal yr B.P. The
deglaciation was characterized by a trend toward more arid con-
ditions. During the middle Holocene (8000—4000 cal yr B.P.),
comparatively stable climatic conditions prevailed with increased
aridity in the Coastal Range. The late Holocene (4000-0 cal yr
B.P.) was marked by more variable paleoclimates with generally
more humid conditions. Variations of rainfall in mid-latitude
Chile are most likely controlled by shifts of the latitudinal position
of the Southern Westerlies. Compared to the Holocene, the south-
ern westerly wind belt was located significantly farther north
during the last glacial maximum. Less important variations of the
latitudinal position of the Southern Westerlies also occurred on
shorter time scales. © 1999 University of Washington.

INTRODUCTION

recently, modeling studies for the LGM paleoclimate of Pat
agonia (Hultoret al., 1994) and glacier fluctuations in south-
ernmost Chile (Clappertoet al., 1995) support a moderate

northward shift of the Westerlies.

Age control of the continental records is often problematic
Better stratigraphic control can be expected in marine sed
ments. The analysis of the terrigenous part of marine sedimer
provides an opportunity to examine modifications of weather
ing conditions and fluvial catchment areas of the continent:
hinterland. These variations can be interpreted in terms
terrestrial paleoclimatic changes recorded within the well
confined stratigraphic framework of a marine sediment core
This approach has been successfully applied to reconstruct I
Quaternary climatic changes in northern Chile (27.5°S) on bot
Milankovitch (Lamy et al., 1998) and shorter time scales
(J. Klump, unpublished data) of the last 120,000 yr.

In this paper we discuss the last 28,000 yr, as recorded
two sediment cores off Valparaiso, Chile (33°S). High sedi
mentation rates and a robust age control, based®@raccel-
erator mass spectrometry (AMS) dating, allow a detailed re
construction of glacial and Holocene climates and ¢
comparison with terrestrial records.

STUDY AREA

The two analyzed sediment cores were taken from the col

Reconstructions of late Quaternary climatic changes tiental margin off mid-latitude Chile at approximately 33°S

southern South America are primarily based on terrestrial datig- 1). This area is characterized by a narrow shelf (10 to 2
including pollen analyses (e.g., Heusser, 1990; Viﬂagrakm wide) and a moderate to steep continental slope. One co
1993), glaciological (e.g., Clapperton, 1993), angtation is located in the southern part of the Valparaiso Basil
geomorphological—pedological (Veit, 1996) studies. Latitudthe second approximately 60 km farther south on the contine
nal shifts of the southern westerly atmospheric circulatidal slope.
system have been proposed as being responsible for the paledhe oceanography of the study area is controlled by tw
climatic variations recorded in these terrestrial datasets. Cirdirthward-flowing surface currents: the Humboldt Current an
lation during the last glacial maximum (LGM) is still contro-the Chilean Coastal Current (Fig. 1). Separated from the Hun
versial regarding whether the latitudinal shift was equatorwaf®ldt Current (Subantarctic Surface Water) by the polewarc
(e.g., Heusser, 1989) or poleward (e.g., Markgraf, 1989). Mollewing Peru Chile Countercurrent (Subtropical Surface Wa
ter), the Chilean Coastal Current consists of a narrow band

1 To whom correspondence should be addressed. E-mail: franki@allgeo.mparatively low-salinity water from the southern Chilean

bremen.de. Fax:#+49) 421 218 3116.

fjord region and is part of the coastal upwelling system (Strul
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FIG. 1. Map of mid-latitude Chile and the adjacent southeastern Pacific Ocean showing location of cores and principal oceanographic features (aft
et al., 1998). Superimposed geologic map is based on Thornburg and Kulm (1987).

et al., 1998). The surface water masses are underlain by ttage between 400 mm/yr at the coast (Valparaiso)y-ab@00
Gunther Undercurrent (ca. 100—-300 m water depth) (Fig. Ihm/yr in the high Andes (Miller, 1976). To the north, precip-
which consists of Equatorial Subsurface Water flowing souitation declines, whereas farther south significantly higher val
(e.g., Shaffer et al., 1995). Deeper currents includeues, and lower seasonality, occur in both coastal and mounte
equatorward-flowing Antarctic Intermediate Water (ca. 400areas.

1200 m water depth) underlain by southward-flowing Pacific Modern sediments on the continental slope in the area «
Deep Water. 33°S are primarily supplied by rivers, without significant eo-
The physiography of the continental hinterland is dominateéidn sediment input (Lamt al., 1998). The northern core site
by the Coastal Range and the Andes (Fig. 1). The Coastinfluenced by the RiAconcagua, which has very low fluvial

Range consists primarily of plutonic rocks, including mainlgischarge values (1 kiyr; Milliman et al.,1995). The south-

Mesozoic intermediate calc-alkaline lithologies but, especialgrn core is located off the mouth of thédRMaipo, with higher

in the vicinity of Valparaiso, Paleozoic rocks also occur; thesischarge values (3.2 Kityr; Milliman et al., 1995). Both

are more alkaline in composition (Zeil, 1986; Thornburg andvers originate in the Andes and cross the Coastal Range

Kulm, 1987). Subordinately, Upper Cretaceous to Tertiatheir lower course. The geology of the two drainage basins |

marine sediments, Mesozoic marine volcanics, and Paleozoamparable.

metamorphic rocks can be found within the Coastal Range

(Fig. 1). The geology of the Andes is characterized by abun- MATERIAL AND METHODS

dant volcanic rocks that can be divided into pre-Pliocene

rhyolithic to andesitic ignimbrites and Pliocene—Quaternary Gravity core GIK 17748-2 (32°4%5; 72°02W, water depth

andesitic rocks and tephra forming high stratovolcanoes up2645 m, core length 383 cm) was recovered from the Val

6000 m (Zeil, 1986). paraiso basin during German R/V Sonne cruise SO 80 (Stoffe
Mid-latitude Chile is characterized by a semiarid-etal.,1992). The sediment consists primarily of light-brown to

mediterranean-type climate controlled by the seasonal inflolive clayey silts and silty clays. Three distinct sandy turbidite

ence of the Southern Westerlies. Precipitation values at 3388ers are present. Carbonate contents range from appro
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mately 2 to 18 wt% (Marchant, 1997). For the examination alay mineral contents are-6.5%. Crystallinity and 5/10 A
terrigenous sediment parameters, the core was sampled at Speak intensity ratio measurements are correct within a relativ
intervals (3—178 cm core depth) and at 10 cm below 178 amargin of =5.2 and+6.7%, respectively.
depth.

Gravity core GeoB 3302-1 (33°1S; 72°06W, water depth Dating Methods
1498 m, core length 412 cm) was taken from the continental ] »
slope during R/V Sonne cruise SO 101-3 (Von Huetal., The_ stable oxygen isotope composmon of shells of the
1995), and was opened and described during cruise SO R§gnktic foraminiferaNeogloboquadrina pachydermglex.)
(Hebbelnet al.,1995). Sediments principally consist of olive tgVaS measured with a Finnigan MAT 251 mass spectromete
olive-brown clayey silts. Carbonate contents are minor (5 to 1¥venty individual shells %212 um) were picked for each

Wt%; unpublished data). Samples were taken at 5-cm intervdReasurement. The isotopic composition of the carbonate sau
ple was measured on the G@as evolved by treatment with

Grain-Size Determinations phosphqric gcid at a constant temperature of 75°C. The ratio
¥0/0 is given in parts per thousand relative to the PDE
Grain-size analyses were performed on the carbonate anddhghdard. A working standard (Burgbrohl €@as) was used
organic-matter-free sediment, removed by 10% acetic acid a@d measurement of the isotopic ratios of the samples NBS 1
3.5% hydrogen peroxide, respectively. The sediment was spl§, and 20 of the National Bureau of Standards. Analytice
into three fractions by wet sieving (sand fractie®3 um) and  standard deviation is about0.07%. PDB (Isotope Lab, Bre-
Stokes’ law settling using Atterberg tubes (sil2—63um and men University).
clay fraction= <2 um). The settling procedure was repeated *“c AMS dates were obtained for 10 mg carbonate (onl,
8-12 times; coagulation of clay particles was avoided Ryhells ofN. pachydermpat the Leibniz Laboratory (University
adding a 0.1% sodium polyphosphate solution. The silt fractigp Kiel, Germany; Nadeawt al., 1997) and the Center for
was further analyzed by measurements with a Micromeritigsotope Research (Groningen, Netherlands). All ages are cc
SediGraph 5100 providing a high-resolution grain-size distfiected for*C and for a reservoir age of 400 yr (Bard, 1988).

bution in steps of 0.1 phi. The operation of the SediGraph fhe “C ages were converted to calendar years after the meth
based on the X-ray scanning of a settling suspension assumifgard et al. (1993).

Stokes’ law settling (e.g., Stein, 1985).
Clay Mineral Analysis CHRONOLOGY
Clay mineralogy was determined by X-ray diffraction of the The stratigraphy of core GIK 17748-2 (Marchant, 1997) is
carbonate-free Mg-saturated clay fractien2(um) following based on siX‘C AMS dates and linear interpolation between
standard procedures after Petschetlal. (1996). The analysis the age control points (Table 1). The sediment surface, with
was performed on oriented mounts with a Philips PW 182@odern age, is set to 13 cm, as the comparison with samples
diffractometer using Gé« radiation (40 kV, 40 mA). Each of a boxcorer indicates that the uppermost 13 cm of the core
sample was measured three times: (1) under dry air conditionsssing (Stofferset al., 1992). Additionally, three turbiditic
(scans from 2° and 4082 step size of 0.02°), (2) after ethylendayers (9-16, 47-54, and 160-177 cm) are assumed to
glycol solvation (2°-40°8, 0.02°), and (3) under ethylenegeologically “instantaneous” and were subtracted from thi
glycol solvation (28° and 30.5% 0.005°). The latter was run sedimentary sequence. Supported by two AMS dates immec
as a slow scan in order to distinguish the 3.54/3.58 A kaolinitately above and below the older turbidite layer, erosione
chlorite double peak. effects can be excluded. The same is assumed for the tv
Relative percentages of the four main clay mineral grougsunger turbidite layers. The age of the core base is appro»
(smectite, illite, chlorite, and kaolinite) were estimated bynately 15,600 cal yr B.P. Sedimentation rates vary betwee
weighting integrated peak areas of characteristic basal reflapproximately 7 and 20 cm/1000 yr for the Holocene sectio
tions in the glycolated state with the empirical factors adnd are significantly higher during the deglaciation (Fig. 2).
Biscaye (1965). Crystallinity and composition of illite were The age model of core GeoB 3302-1 is also principally
assessed by measuring the half height width (HHW) of the based on AMS dates (Table 1). Additionally, thé’O isotope
A peak and the intensity ratio of the 5 and 10 A illite peakeecord was correlated with that for core GIK 17748-2 for the
(Esquevin, 1969), respectively. Smectite crystallinity was meappermost sample of the core (Fig. 2). Between the seven a
sured as the integral breadth (IB) of the glycolated 17 Aontrol points (Table 1), a linear interpolation was applied. Fo
smectite peak, which represents the breadit?§) of a rect- the lowermost part of the core the sedimentation rate betwet
angle of the same area and height as the peak. the two oldest AMS dates was extrapolated. The core is esi
The reproducibility of the measured clay mineralogical panated to cover the interval 9600 to 28,000 cal yr B.P. Sedi
rameters was tested by repeated measurements of indepe@ntation rates are rather low, varying between 5 and 6 cr
dently prepared mounts of the same samples. Relative errord®00 yr in the upper part of the core, which represents th
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TABLE 1

Age Control Points of Core GIK 17748-2 and GeoB 3302-1
Mainly Based on “C AMS Dating of Planktic Foraminifera (N.
pachyderma) Performed at the Leibniz Laboratory (University of
Kiel, Germany) and the Center for Isotope Research (Groningen,

Netherlands)

Laboratory  Core depth  “C AMS age  =*Err. Calibrated age
numbe? (cm) (yr B.P.) (yn) (cal yr B.P.)
GIK 17748-2
GrA 1095 69 3760 40 4160
GrA 1096 101 6890 40 7750
GrA 3805 128 9650 80 10,700
GrA 1097 156 10,520 50 12,210
GrA 1098 185 11,200 50 13,050
GrA 1099 341 12,890 60 15,140

GeoB 3302-1
3 9790
KIA 4050 18 11,030 160 12,840
KIA 4049 48 14,950 120 17,700
KIA 4044 68 15,200 130 18,010
KIA 4043 103 16,660 150 19,820
KIA 4042 133 17,450 170 20,800
KIA 4041 178 18,590 180 22,210
KIA 4040 233 19,700 210 23,590
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high and significantly more variable during the deglaciation
Medians also reveal a high degree of variability (Fig. 3).
During this time span, sedimentation rates were extremely hic
(Fig. 2). We assume that this is due to resedimentation pre
cesses that may have been caused by the postglacial sea-le
rise, resulting in a reworking of sediment stored on the conti
nental shelf. This is also indicated by increased abundances
redeposited benthic foraminifera (Marchant, 1997).

At the beginning of the Holocene, silt/clay ratios in GIK
17748-2 are in the range of those from GeoB 3302-1, an
silt fractions are slightly finer grained (Fig. 3). During the
Holocene, silt/clay ratios generally exhibit a trend towarc
finer grain sizes, especially in the early Holocene. The
grain-size distributions of the silt fraction show similar
trends (Fig. 3).

Clay Mineralogy

Relative contents of the main clay mineral groups, crystal
linities of smectite and illite, and illite 5/10 A peak intensity

3'"%0 (%o vs. PDB) Sedimentation-rate

of N. pachyderma (dex.) {cm/1000 yr)
20 15 1.0 05 00 0 1020 3040 50 60 70 80 90100

Note.The C ages were corrected for a reservoir effect of 400 years (Bard,
1988) and calibrated using the method of Batdal. (1993).

@ GrA, Groningen; KIA, Kiel.

® Correlation of6*®0 isotope record to GIK 17748-2.

earliest Holocene and the deglaciation. During the last glacia-
tion, sedimentation rates were high and generally in the range
of 20 to 40 cm/1000 yr (the “spike” at ca. 18,000 cal yr B.P. is

an artefact due to the narrow spacing of the dates; Fig. 2).

RESULTS

Grain-Size Data

Both cores (GIK 17748-2 and GeoB 3302-1) primarily con<
sist of clayey silts. Sediments are comparatively coarse grained
in the oldest part of GeoB 3302-1 (Fig. 3). Grain size becomes
finer toward 26,000 cal yr B.P. Between 26,000 and 24,000 cal
yr B.P., silt/clay ratios are higher again. Both silt/clay ratios
and medians of the silt fraction indicate rather constant fine-
grained sediments throughout the interval from 23,000 to
17,500 cal yr B.P. (Fig. 3).

Grain-size data of core GeoB 3302-1 exhibit a general
coarsening trend from 17,500 cal yr B.P. toward the early
Holocene, concomitant with a significant decrease in the sed-
imentation rate (Figs. 2 and 3). The trend is interrupted by ar”
interval of finer grain sizes about 15,000 cal yr B.P. (Fig. 32’
The coarsening trend cannot be observed in core GIK 17748,

e (10° cal yr B.P.)

0 1 ' 1 ' 1 | T I I I 1

14¢ AMS dates
..... P GIK 17748-2
~~f— GeoB 3302-1

III[IIIII]IIIIIIIII

GIK 17748-2
—e— GeoB 3302-1

30
1G. 2.

Stratigraphy of cores GIK 17748-2 and GeoB 3302-1. The age

odels are primarily based dfC AMS dates and interpolation between these

e-control points. Th8'0 record ofN. pachydermddex.) of GeoB 3302-1
been correlated to that of GIK 17748-2 at the top of GeoB 3302-1

In core GIK 17748-2, silt/clay ratios of the bulk sediment argedimentation rates for both cores are plotted to the right.
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FIG. 3. Bulk grain size of carbonate-free sediment, represented by the silt/clay ratio and median of silt fraction (note axis break in left panel).

ratios reveal a distinct temporal evolution (Fig. 4). Both sedHolocene smectite contents in GIK 17748-2 were slightly
ment cores are dominated by smectite, followed by chlorite ah@jher, illite amounts similar, and chlorite and kaolinite con-
illite. Kaolinite only occurs in minor amounts<10%) and tents lower than in GeoB 3302-1. However, the deglacial tren
shows no significant temporal pattern (Fig. 4g). Smectite coof increasing smectite and decreasing illite and chlorite cor
tents are comparatively low (30—35%) about 27,000 cal yr B.tents continues throughout the early Holocene in GIK 17748-2
The amount of smectite increases to 35—40% during the int&mectite contents increase to nearly 60%, while illite an
val 26,000-22,000 cal yr B.P. and diminishes again to 3@hlorite amounts decrease to less than 20% (Figs. 4a, 4c, a
35% between 22,000 and 18,000 cal yr B.P. (Fig. 4a). Chloridé). Between 8000 and 4000 cal yr B.P. clay mineral content
shows a reverse pattern: generally low values from 26,000u@re relatively constant (i.e., comparatively high smectite, lov
22,000 cal yr B.P. (25-30%), and higher values3Q%) ca. illite and chlorite; Figs. 4a, 4c, and 4f). In the late Holocene
27,000, as well as between 22,000 and 18,000 cal yr B.P. (Hi¢000 cal yr B.P. to recent), our data show a comparativel
4f). lllite contents are rather constantly high during the wholeigh variability. Generally, mean smectite contents tend t
glacial part of the core (approximately 26—-30%; Fig. 4cflecrease, whereas chlorite abundances especially are hig
During the deglaciation, smectite contents in core Geo®jain (Figs. 4a and 4f).

3302-1 increase from 30-35% to more than 45% (Fig. 4a).Smectite as well as illite crystallinities (Figs. 4b and 4d) are
lllite contents decrease from 25-30% to about 20%, and chimemparatively low, and illites are Al-rich (Fig. 4e) in the oldest
rite contents also diminish by approximately 5 to 10% (Figs. 4wart (28,000—-26,000 cal yr B.P.). Between 26,000 and 22,0(
and 4f). For this time interval clay mineralogical parameters @l yr B.P., crystallinities of both minerals are higher and the
core GIK 17748-2 have not been considered because the demposition of illite is more Fe—Mg-rich. From 22,000 to
glacial sedimentary sequence of this core is affected signifi8,000 cal yr B.P. smectite crystallinities are lower. Mean illite
cantly by resedimentation processes. At the beginning of theystallinities are also slightly lower, with a distinct peak of
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low crystallinities near 22,000 cal yr B.P. The composition akduced rainfall in mid-latitude Chile. But, as shown by mod-
illite is relatively Al-rich during this time span. During theern precipitation patterns (Miller, 1976), rainfall within the
deglaciation and the early Holocene, smectite crystallinitidsdes is significantly higher than in the Coastal Range. Thert
show a decreasing trend until approximately 8000 cal yr B.fare, clay mineral assemblages are dominated by the Ande:
lllite crystallinities reach a maximum between approximatelyource rock signal during drier climatic intervals.
13,500 and 11,500 cal yr B.P. The illite 5/10 A peak intensity Increased relative contribution of Coastal Range sourc
ratio reveals comparatively Al-rich compositions betweerocks occurs concomitantly with higher sedimentation rate
15,000 and 12,000 cal yr B.P. During the Holocene, illitérigs. 2 and 4). This indicates higher overall sediment inpu
crystallinities are constantly rather high and a Fe—Mg-righointing to more humid conditions. Increased precipitation ir
composition predominates. The late Holocene can be charde presently semiarid environment should enhance sedime
terized by generally lower crystallinities and a more Al-riciinput from the lower reaches of rivers that lie within the
composition of illite. Similar to the other clay mineralogicalCoastal Range. Our data therefore suggest a dilution of t
parameters, a higher short-term variability can be noted duriAgdean source rock signal by a higher relative contribution o
this interval. The smectite crystallinity is generally low duringCoastal Range sediment during more humid intervals.
the Holocene. Superimposed on the source rock signal, which most likel
controls the difference between glacial and Holocene cla
DISCUSSION mineral assemblages and variations within the Holocen:
changes in the amount of smectite produced by neoformatic
might have contributed to minor variations of smectite content
during the glaciation. The neoformation process is particularl
important in semiarid climates with seasonal precipitatior
The relative abundance of the three major clay minerébinger, 1984; Chamley, 1989). Smectite formed through nec
groups smectite, illite, and chlorite records the relative contfiermation is characterized by high crystallinities. Such smec
bution of different source rocks. We assume that smectitetite is especially abundant between 26,000 and 22,000 cal
our sediment cores is primarily of continental origin. LowB.P., which may indicate temporary semiarid conditions in the
concentrations of opal and volcanic glass (deduced from X-r&pastal Range, superimposed on the general more-humid g
powder diffraction measurements and smear slide data), botal climate. Poorly crystallized smectite, which is dominan
in the sediment cores and in surface samples of the area (Latiying the Holocene (Figs. 4b), is characteristic of humid-
et al.,1998), rule out any significant authigenic smectite inpuemperate climates (Chamley, 1989) and can be found |
due to halmyrolytic weathering of volcanic glass within thenodern sediments off humid southern Chile (Lamty al.,
marine environment. 1998). This is consistent with the assumption that during th
On the continent, smectite is formed through chemicalolocene smectite is mainly derived from the volcanic Andes
weathering processes, either by degradation of primary minerhere, due to the high altitude, more humid—temperate conc
als or by neoformation using ions released in leaching solutiotsns can be expected.
(e.g., Chamley, 1989). The amount of smectite formed within Grain-size data of terrigenous sedimentary sequences und
the source areas is strongly increased in volcanic rocks (etgrbed by resedimentation processes, as well as crystallini
Chamley, 1989). In the study area, volcanic rocks are neadgd composition of clay minerals, can be used as proxies f
exclusively located in the Andes. Therefore, we interpret vaigontinental weathering conditions, which strongly depend o
ations of smectite contents within the glacial to Holocende climate. Chemical weathering causes a more comple
sequence primarily as a source rock signal. Higher smectifmin-size reduction of the source rock debris, as well as
contents imply increased relative input of sediment from vobpening of the structure and leaching of Fe/Mg from the illite
canic Andean source rocks (Fig. 1). crystal lattice. This leads to finer grain sizes and low-
lllite and chlorite mainly result from physical weathering otrystallized and Al-rich illites related to intervals of more
crystalline (i.e., acidic plutonites for illite and basic igneoumtense chemical weathering. Correspondingly, coarser gra
rocks for chlorite) and low-grade metamorphic rocks (e.gsjzes and highly crystallized and Fe—Mg-rich illites are char
Chamley, 1989). These source rocks can be found predomiteristic of relatively reduced chemical weathering (Singel
nantly within the Coastal Range (Fig. 1). Thus, a higher abuh984; Chamley, 1989; Gingele, 1996). The chemical weathe
dance of these minerals in our sediment cores indicatesng intensity in subtropical to temperate climates, as in mid
higher relative contribution of Coastal Range source rocks.latitude Chile, is mainly determined by the amount of rainfall.
Variations of the relative source rock input are accompaniddherefore, we use variations in chemical weathering intensitie
by changes in sedimentation rates. When sedimentation reassan additional proxy for the reconstruction of precipitatior
were low, as especially during the middle Holocene, claghanges in mid-latitude Chile. Our paleoclimatic interpreta
mineral assemblages indicate the highest influence of Anddams thus are based on various independent proxies, i.e., gra
source rocks (Figs. 2 and 4). This can be explained best éige data, clay mineralogy, and sedimentation rates.

Proxies for Source Rocks and Continental Weathering
Conditions
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Paleoclimatic Implications Coastal Range, as indicated by higher smectite crystallinitie

The temporal evolution of the proxv data allows the diff rSmectite neoformation and reduced chemical weathering imp
€ temporal evolution of the proxXy data allows the ieley o iy climatic conditions similar to those of today, rathe

entiation of time-spans with specific characteristics that can an a year-round humid climate, as expected with a northwa

interpreted in terms of paleoclimatic conditions. Figure 5 PI%hitt of the Southern Westerlies. However, sedimentation rate

vides a summary (.)f dgta, sedimentoilogic.al interpretations, Were high and smectite contents did not reach Holocene value
paleoclimatic implications for each time interval. indicating that rainfall was still higher. We suggest that the
Southern Westerlies shifted northward, but possibly less the
during the LGM two millennia later.

Clay-mineral assemblages and sedimentation rates indicat&rain-size data and the composition of illite suggest tha
increased fluvial sediment input and a relatively large supply ofiemical weathering intensities were highest during the LGN
Coastal Range source rocks, implying generally more hum{iapproximately 22,000-18,000 cal yr B.P.). This implies the
conditions during the glaciation. The only source of moistumaost humid conditions and the northernmost position of th
in mid-latitude Chile is rainfall originating from the westerlySouthern Westerlies during this time interval, consistent witl
precipitation belt (Miller, 1976). Therefore variations in rainpalynological data of mid-latitude Chile (e.g., Heusser, 1990
fall indicate latitudinal movements of the Southern Westerlieand paleoclimatic reconstructions based on pollen and bee
The direction of those shifts in southern South America havecords from the southern Andes (41°-43°S) (Heusset.,
been controversial, especially with regard to the LGM. Basd®96). These data indicate cold, wet conditions for the interve
primarily on palynological data of Laguna de Tagua Taguk8,000—14,0003‘C yr B.P. (ca. 21,500-16,500 cal yr B.P.).
(34°S), an equatorward displacement of cyclonic depressions
related to the Southern Westerlies was suggested by Heugs@e-Glacial to Early Holocene (18,000—8000 cal yr B.P.)
(1990). On the other hand, generally cool, arid conditions have
been proposed for mid-latitude Chile during the LGM, pointing For the deglaciation, a notable change in clay mineral a
to a poleward shift of the westerly precipitation belt (e.gsemblages and grain-size parameters can be observed. Gel
Markgraf, 1989). The data presented here, in addition to sedlly coarsening bulk and silt grain sizes indicate increasin
mentological studies off northern Chile (27.5°S; Lamtyal., physical weathering intensity, which can be interpreted as
1998), modeling studies of annual rainfall and snowline leveleend toward more arid conditions. Increasing smectite cor
in central Chile and Patagonia (Caviedes, 1990; Huéibal., tents indicate a growing relative influence of Andean sourc
1994), and glacier fluctuations in southernmost Chile (Clapacks coinciding with significantly lower sedimentation rates
pertonet al., 1995), support Heusser's view of a northward his is consistent with decreasing rainfall and less dilution o
shift of the Southern Westerlies. the Andean source rock signal by inputs from the Coastz

Superimposed on the generally humid conditions of thHRange. Palynological studies show an overall increase in ter
glaciation are less-pronounced, shorter-term paleohumidfigrature and intervals of desiccation during the deglaciation |
changes, which are mainly indicated by varying intensities afid-latitude Chile (Heusser, 1990). In the southern Chilea
continental chemical weathering. For the oldest part of the cdreke District and on Isla de Chilpgollen and glaciological
(28,000—-26,000 cal yr B.P.), relatively Al-rich and low-data indicate a rapid warming after the final advance of glaciel
crystallized illite point to a comparatively high chemicabetween 14,890 and 13,9 yr B.P. (ca. 17,600-16,400 cal
weathering intensity, which is also indicated by fining graigr B.P.) (Lowell et al., 1995; Heusseet al., 1996).
sizes. Clay mineral assemblages suggest less smectite neofofrid conditions in mid-latitude Chile prevailed at the
mation as well as a high input of Coastal Range source rocReistocene/Holocene transition (Heusser, 1990; Villagnad
culminating at 27,000 cal yr B.P. These data imply relativelyarela, 1990; Veit, 1996). Enhanced aridity in this area migh
humid conditions and a northern position of the Southebe related to the strength of the Southeast Pacific Anticyclon
Westerlies. This interval coincides with a major advance efhich reached its maximum intensity during the deglaciatior
glaciers in Southern Chile (Lowedt al., 1995). The glacier (Villagran, 1993), possibly forcing the Southern Westerlies
advance is most likely due to a global cold pulse (Lovet¢ll., into a southern position. In addition, increasing temperatures |
1995), which could have forced the westerly wind belt northAntarctica might have reduced outbreaks of polar air, decrea
ward, thereby causing higher rainfall in mid-latitude Chileng the intensity of mid-latitude cyclones (Leroux, 1993).
Leroux (1993) has shown that the intensity of cyclones in the Proxy data for chemical weathering intensity indicate tha
Southern Westerlies is directly controlled by outbreaks of cokliperimposed on the trend toward more arid conditions durir
air from polar regions, and thus by high-latitude temperaturthe deglaciation are short-term climatic events. However, th

From 26,000 to 22,000 cal yr B.P., temporary coarser grgimoxies do not reveal a homogenous picture: finer grain size
sizes and Fe—Mg-rich, high-crystallized illites point to weakdra. 15,000 cal yr B.P.) and Al-rich illites (peaking at 13,500
chemical weathering. Higher smectite contents during this ioal yr B.P.) point to temporary higher chemical weatherinc
terval can be explained by smectite neoformation within thietensity, whereas high illite crystallinities from approximately

Last Glaciation (28,000-18,000 cal yr B.P.)
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Al-rich illite intensity in the Coastal Range
4

low sedimentation rates
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low illite and chlorite content
higher illite crystallinity
Fe-Mg-rich illite

dominating influence of Andean
source rocks

reduced chemical weathering
activity in the Coastal Range

decreasing sedimentation rates
coarsening grain-sizes

increasing smectite content increasing influence of Andean
decreas!ng §medlte crystgl[. source rocks
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18 12,000 cal yr B.P.)

high sedimentation rates

fine grain-sizes high contribution of Coastal Range

low smectite content source rocks (dilution of Andean

high illite and chlorite source rock signal)

content high chemical weathering

lower illite crystall. (22,000 cal intensity within the Coastal Range
oo yr B.P)

high sedimentation rates
coarser grain-sizes (26,000-
24,000 cal yr B.P.)

higher smectite content
higher smectite crystall.
lower chlorite content
Fe-Mg-rich illite

26 higher illite crystall.

high sedimentation rates
fining grain-sizes

lower smectite content
lower smectite crystall.

high chlorite content (27,000
calyr B.P.)

Al-rich illite

28| |ower iliite crystall.

less intense chemical weathering
and higher smectite neoformation
within the Coastal Range

reduced smectite neoformation
within the Coastal Range
increasing chemical weathering intensity

FIG. 5. Summary of data, sedimentological interpretations, and paleoclimatic implications for the last 28,000 years, based on the study of terri
sediments off mid-latitude Chile.

13,500 to 11,000 cal yr B.P. point to reduced chemical weathtiddle Holocene (8000-4000 cal yr B.P.)
ering. These data imply short-term variations of paleohumidity
during the deglaciation, which are also indicated by geomor-Grain-size and clay mineralogical data for the middle Ho.
phic (Veit, 1996) and palynological records (Villagrand locene are relatively constant and imply increased physic:
Varela, 1990) of mid-latitude Chile. weathering and a higher relative contribution of Andean sourc
Farther south, in the southern Chilean Lake District ad@cks. This can be interpreted as evidence of comparative
on Isla de Chiléepollen data show evidence of short-ternarid conditions, also indicated by low sedimentation rates.
temperature changes (i.e., a Younger Dryas cooling),Holocene paleoenvironmental reconstructions point to in
whereas indications of glacier activity during this time spaereased aridity for coastal areas and the Coastal Range in t
are absent (Lowellet al., 1995; Heusseret al., 1995; early and middle Holocene (Villagneand Varela, 1990; Veit,
Heusseret al., 1996). 1996). Compared to the glaciation, greater overall aridity im
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plies a reduced influence of the westerly wind belt during the The paleoclimatic study of terrigenous sediments off mid
middle Holocene. The comparatively low variability in outdatitude Chile strongly supports Heusser’s view of a significan
data throughout the interval of 8000—4000 cal yr B.P. can lberthward shift of the Southern Westerlies during the LGV
interpreted as pointing to relatively stable climatic conditionge.g., Heusser, 1989). Additional smaller movements occurre
which have also been noted by Veit (1996) for the Coastdiiring both the late-glacial interval and the Holocene, indicat
Range before 5008C yr B.P. (5600 cal yr B.P.). ing that the latitudinal position of the Southern Westerlies als
varied on shorter time scales.
Late Holocene to Recent (4000-0 cal yr B.P.)
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