
Abstract The regional patterns of texture and composition
of modern continental slope and pelagic sediments off
Chile between 25°S and 43°S reflect the latitudinal seg-
mentation of geological, morphological, and climatic fea-
tures of the continental hinterland. Grain-size characteris-
tics are controlled by the grain-size of source rocks, the
weathering regime, and mode of sediment input (eolian off
northern Chile vs fluvial further south). Bulk-mineral as-
semblages reveal a low grade of maturity. Regional varia-
tions are governed by the source-rock composition of the
different geological terranes and the relative source-rock
contribution of the Coastal Range and Andes, as controlled
by the continental hydrology. The relative abundance of
clay minerals is also predominantly influenced by the
source-rock composition and partly by continental smectite
neoformation. Latitudinal variations of illite crystallinities
along the Chilean continental slope (and west of the Peru–-
Chile trench) clearly reflect modifications of the weather-
ing regime which correspond to the strong climatic zona-
tion of Chile.

Key words Chile · Modern continental margin sedimenta-
tion · Marine sediments · Clastic sediments · Granulometry
· Mineralogy · Clay mineralogy

Introduction

The Chilean continental margin provides an excellent op-
portunity to study recent terrigenous surface sediments in
relation to the continental hinterland. Chile reveals a strong
geological and morphological latitudinal segmentation. Ex-
treme climatic gradients between northern and southern
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Chile result in equivalent variations of the continental hy-
drology. Additionally, bathymetric features of the shelf,
slope, and trench vary significantly. All these factors can in-
fluence the composition and texture of modern continental
slope and pelagic sediments west of the Peru–Chile trench.

The purpose of this study was to investigate regional dis-
tribution patterns of mineralogical and grain-size parame-
ters in relation to source rocks, weathering regimes, modes
of sediment input, and types of deposition. We show that
the mineralogy of surface samples along the Chilean conti-
nental margin is primarily controlled by relative source-
rock contributions of the different geological terranes in
Chile and only subordinately by varying weathering re-
gimes. Climate strongly influences the mode of sediment
input. Some pelagic samples from areas west of the Peru–-
Chile trench were studied in order to show whether the
trench displays a barrier for the seaward transport of terrig-
enous sediments and whether regional distribution patterns
of sedimentological parameters can also be observed fur-
ther offshore.

Regional sedimentological studies in the investigated
segment of the South American continental margin are
sparse. They include primarily investigations of the prove-
nance and petrofacies of trench sands (Thornburg and Kulm
1987b) and river sands (Baba 1986). For adjacent areas ex-
aminations of surface sediments exist for the continental
margin off Peru and northern Chile (Krissek et al. 1980;
Rosato and Kulm 1981; Scheidegger and Krissek 1982) and
shelf areas of the Chilean archipelago (Siegel et al. 1981).
Additionally, terrigenous sediments, recovered during ODP
leg 112 on the Peruvian continental margin (Clayton and
Kemp 1990) and ODP leg 141 near the Chile triple junction
(Kurnosov et al. 1995), were analyzed concerning mainly
the clay mineralogy.

Study area

The study area stretches from approximately 25°S to 43°S
along the continental margin of Chile in the Southeast Pa-
cific (Fig. 1). Surface samples were recovered from the
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continental slope in transects at 27°S, 33°S, 35°S, 36°S,
and 41S° to 43°S. At the 36°S profile additional samples
were taken on the shelf and the uppermost continental slope
while the remaining transects cover the slope at water
depths between 500 and 3700 m (Table 1). Additionally,
samples were taken west of the Peru–Chile trench between
25°S and 43°S.

Marine geological setting and bathymetry

Along the active continental margin of Chile the Nazca
Plate is subducted beneath the South American continent.
In the study area (Fig. 1) the Peru–Chile trench can be di-
vided into three morphologic segments which are separated
by tectonic discontinuities (Thornburg and Kulm 1987a, b).
North of 27.5°S the trench reaches its greatest depth of up
to 8000 m. Because sediment infill is very thin, from 27.5°S
to 33°S a continuous sediment wedge partially fills the
trench up to water depths of approximately 5500 m (Scholl
et al. 1970). Further south the sediment fill increases mark-
edly up to 2 km thickness. South of 38°S the structural
trench is completely buried. The maximum water depth
therefore diminishes gradually to approximately 4500 m at
37°S and <4000 m south of 40°S.

The continental slope is generally steep reaching maxi-
mum inclinations of 10–15° in its lower part. The ascent
from the trench is often broken by structural troughs which
form sediment traps (Scholl et al. 1970). Submarine can-
yons beginning at the shelf break occur off the mouth of
major rivers. They are sparse to absent north of 33°S but be-
come more frequent further south where big submarine fans
are developed on the lower continental slope and in the
trench (Thornburg and Kulm 1987a, b). North of 33°S the
shelf is extremely narrow averaging only 10 km; further
south it widens to an average of 20–30 km and reaches up
to 150 km width south of 42°S (Scholl et al. 1970). The
shelf break is generally located at water depths between
150 and 200 m.

Oceanographic setting

Subantarctic surface water is transported northward by the
Humboldt Current (HC; Fig. 1), which originates from the
Antarctic Circumpolar Current (ACC; Strub et al. 1998).
The ACC approaches South America at approximately
40–45°S and branches here into the HC and the southward-
flowing Cape Horn Current (Boltovskoy 1976). The HC oc-
curs offshore of the poleward Peru–Chile Countercurrent
(PCCC; Fig. 1), which transports Subtropical Surface Wa-
ter to the south. Inshore of the PCCC the Chile Coastal Cur-
rent (CCC; Fig. 1) flows toward the equator (Strub et al.
1998).

Beneath these surface currents occurs the poleward-di-
rected Gunther Undercurrent (Equatorial Subsurface Wa-
ter) located mainly over the continental slope and outer
shelf (Fig. 1). Maximum velocities occur between 150 and
300 m water depth (e.g., Johnson et al. 1980). Equatorial
Subsurface Water reaches the surface during coastal up-
welling. Upwelling favorable winds occur in northern and
central Chile north of 35°S throughout the year but are re-
stricted to the austral summer between 35°S and 42°S.
South of 42°S prevailing onshore blowing westerlies pre-
vent upwelling (Strub et al. 1998).

Below 400–600 m water depth Antarctic Intermediate
Water flows toward the equator which is underlain by slug-
gish southward-flowing Pacific Deep Water (e.g., Shaffer et
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Fig. 1 Map of the study area with location of sample stations and
principal oceanographic features (after Strub et al. 1998). Distribution
of Quaternary volcanism and forearc alluvial basins (after Thornburg
and Kulm 1987b) reflect three main geological and morphological lat-
itudinal segments within the investigation area: north of 27.5°S, 27.5°
to 33°S and south of 33°S. Additionally continental hydrology and
climatic zonation (after Heusser 1984) are presented
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Table 1 Bulk grain size and silt grain-size data of surface samples from the Chilean continental margin between 25°S and 43°S. 

Sample Latitude Longitude Water Sanda Silta CIaya Medianb Sortingb Skewnessb

station* south west depth (wt-%) (wt-%) (wt-%) (phi) (phi)

27°S transect
GeoB 3374-1 27°28.4´ 71°10.3´ 1352 m 13.25 71.67 15.08 5.21 1.11 –0.41
GeoB 3373-1 27°30.1´ 71°12.4´ 1580 m 16.85 70.28 12.87 5.13 1.06 –0.42
GeoB 3375-2 27°28.0´ 71°15.1´ 1948 m 7.40 71.85 20.75 5.50 1.12 –0.30
GeoB 3376-2 27°28.0´ 71°21.7´ 2437 m 13.29 67.17 19.54 5.46 1.15 –0.31
GeoB 3378-2 27°30.0´ 71°30.0´ 3286 m 5.67 65.74 28.58 6.02 1.30 –0.16
GeoB 3377-1 27°28.0´ 71°31.5´ 3576 m 8.07 69.69 22.24 5.70 1.22 –0.26

30°S transect
GeoB 3368-4 30°21.6´ 71°57.5´ 3240 m 3.66 65.82 30.52 6.28 1.31 –0.07
GeoB 3371-1 30°21.6´ 72°01.1´ 3458 m – – – – – –

33°S transect
GeoB 3311-2 33°36.4´ 72°02.8´ 471 m 68.97 20.03 11.00 4.94 1.36 –0.56
GeoB 3301-2 33°08.8´ 71°58.9´ 970 m 20.52 58.90 20.58 5.42 1.26 –0.35
GeoB 3302-2 33°13.1´ 72°05.2´ 1502 m 9.59 61.84 28.57 5.98 1.30 –0.16
GeoB 3303-1 33°12.4´ 72°10.5´ 1983 m 4.72 58.02 37.26 6.54 1.30 –0.03
GeoB 3304-3 32°53.4´ 72°11.5´ 2413 m 5.75 57.85 36.40 6.46 1.24 –0.01
GeoB 3365-1 32°17.1´ 72°16.0´ 2450 m 18.64 50.20 31.16 6.59 1.36 –0.08
GeoB 3305-2 32°51.1´ 72°25.4´ 3029 m 0.71 52.78 46.51 7.09 1.12 –0.13

35°S transect
GeoB 3359-1 35°13.0´ 72°48.5´ 680 m 6.84 55.95 37.21 6.37 1.28 –0.01
GeoB 3355-4 35°13.1´ 73°07.0´ 1511 m 11.06 51.17 37.77 6.49 1.33 –0.03
GeoB 3357-1 35°17.0´ 73°13.2´ 2103 m 5.78 53.47 40.75 6.79 1.13 –0.07
GeoB 3352-2 35°13.0´ 73°19.0´ 2108 m 7.02 52.54 40.44 6.56 1.30 –0.05
GeoB 3349-4 35°15.1´ 73°25.2´ 2471 m 2.00 49.44 48.57 7.12 1.16 –0.19
GeoB 3354-1 35°13.0´ 73°29.3´ 3233 m 1.15 47.73 51.12 7.22 1.09 –0.14
GeoB 3353-1 35°15.0´ 73°34.6´ 3749 m 1.44 48.83 50.18 7.08 1.26 –0.18

36°S transect
VG 2 36°40.1´ 73°03.9´ 19 m 1.01 45.65 53.34 6.46 1.16 -0.14
VG 7 36°36.5´ 73°00.6´ 37 m 1.76 53.72 44.53 – – –
VG 9 36°34.6´ 73°00.8´ 36 m – – – – – –
VG 18 36°30.8´ 73°07.7´ 90 m 13.10 43.22 43.68 – – –
VG 21 36°29.5´ 73°11.7´ 107 m 11.97 40.52 47.51 6.50 1.15 –0.07
VG 26 36°25.9´ 73°23.4´ 120 m 20.02 43.41 36.57 6.03 1.18 –0.22
VG 32 36°23.8´ 73°32.0´ 200 m 85.45 11.88 2.67 – – –
VG 34 36°23.3´ 73°33.6´ 400 m 51.54 31.38 17.08 5.50 1.30 –0.29
VG 36 36°22.6´ 73°35.9´ 600 m 5.99 59.85 34.16 – – –
VG 40 36°20.1´ 73°43.7´ 1000 m 8.10 55.29 36.62 6.21 1.22 –0.07
VG 41 36°19.6´ 73°49.1´ 2000 m 2.05 63.39 34.56 – – –

41/43°S transect
GeoB 3312-8 41°00.5´ 74°20.2´ 579 m 12.75 57.83 29.43 5.90 1.21 –0.21
GeoB 3313-3 41°00.0´ 74°27.0´ 851 m 1.47 62.84 35.69 6.39 1.14 –0.08
GeoB 3314-2 41°36.2´ 74°58.8´ 1652 m 10.21 57.76 32.04 6.09 1.31 –0.15
GeoB 3316-3 41°56.3´ 75°12.8´ 2575 m 2.10 57.90 40.01 6.58 1.20 –0.01
GeoB 3317-6 42°00.8´ 75°18.1´ 2923 m 3.97 56.30 39.73 6.50 1.26 –0.04
GeoB 3318-2 42°02.3´ 75°19.3´ 3207 m 3.30 60.21 36.49 6.73 1.10 –0.00
GeoB 3323-4 43°13.1´ 75°57.0´ 3697 m 0.58 51.63 47.79 7.25 1.04 –0.15

West of trench
GeoB 3388-2 25°13.2´ 75°31.5´ 3557 m 7.88 30.94 61.18 7.48 0.95 –0.17
GeoB 3383-1 28°15.0´ 73°00.0´ 4207 m 7.78 45.04 47.18 7.13 1.28 –0.20
GeoB 3372-4 29°56.3´ 73°17.2´ 4409 m 1.26 45.20 53.34 7.37 1.09 –0.19
GeoB 3308-3 33°07.9´ 73°44.9´ 3620 m 1.12 38.64 60.24 7.52 1.01 –0.19
GeoB 3347-1 35°15.0´ 75°00.0´ 4182 m 0.81 37.52 61.68 7.74 0.84 –0.20
GeoB 3327-6 43°14.4´ 79°59.5´ 3535 m 0.62 45.04 54.33 7.79 0.73 –0.32
GeoB 3326-1 43°14.1´ 79°00.0´ 3635 m 0.94 43.79 55.28 – – –
GeoB 3328-1 43°14.0´ 81°00.0´ 3693 m 0.42 43.30 56.28 – – –

* GeoB = Geowissenschaften Bremen station. Samples recovered during R/V Sonne cruise SO 101-3; SO 102-1 and SO 102-2.
VG = Vidal Gormaz station. Samples recovered during Thioploca cruise (march 1994).
a bulk sediment 
b silt-fraction



al. 1995). The deepest parts of the Peru–Chile trench are
filled with northward-flowing Antarctic Bottom Water 
(Ingle et al. 1980).

Continental geology and morphology

North of 27.5°S Chile is divided from west to east into the
Coastal Range, a longitudinal depression, and the Andes,
which form the present volcanic arc (Scholl et al. 1970).
The Coastal Range exhibits an abrupt morphological rise
from sea level to elevations of 2000–2500 m. It consists pri-
marily of Mesozoic intermediate calc-alkaline plutonites
and subordinately of metamorphites and basaltic to andesit-
ic volcanics (Zeil 1986; Thornburg and Kulm 1987b). The
longitudinal depression is structurally a forearc alluvial ba-
sin (Thornburg and Kulm 1987b) filled with thick continen-
tal clastics and volcanoclastics which originate from the
Andes (Zeil 1986). The volcanic arc itself is characterized
by rhyolitic to andesitic ignimbrites (pre-Pliocene) overlain
by Plio-Quaternary volcanoes. The volcanoes consist of
andesitic rocks and tephra, and reach elevations of more
than 6000 m (Zeil 1986).

From 27.5°S to 33°S Plio-Quaternary volcanism as well
as alluvial forearc basins are absent (Fig. 1), due to a low an-
gle of the subduction zone in this region (Jordan et al. 1983).
The area is characterized by a constant increase in elevation
from the coast up to the Andes. The geological features of
the Coastal Range are comparable to those north of 27.5°S.
The Andes in this segment are characterized by more abun-
dant plutonites, older sedimentary and volcanic rocks, as
well as outcrops of the metamorphic basement (Zeil 1986).
The elevation of the cordillera is high and reaches maximum
values in latitudes around 33°S (up to 7000 m).

South of 33°S morphological and geological features
change abruptly (Lowrie and Hey 1981). As the dipping of
the subduction zone reaches again higher values, Plio-Qua-
ternary volcanism and forearc alluvial basins (the Chilean
Central Valley; Fig. 1) are present again. The crestal eleva-
tion of the Coastal Range (average 1500 m), and especially
of the Andes, decreases significantly. The latter reveals a
gradual average crestal elevation decrease from approxi-
mately 5000 m at 33°S to only 2000 m at 42°S (Scholl et al.
1970). The geology of the Coastal Range south of 33°S is
marked by abundant, primarily low-grade metamorphic
rocks (Zeil 1986). Especially north of approximately 38°S
Paleozoic plutonites are also common (Ruiz and Corvalan
1968). The Chilean Central Valley is filled with up to 4000-
m-thick sequences of alluvial sediments (Zeil 1986). South
of Puerto Montt (41°S) the sea has ingressed into the Cen-
tral Valley (Fig. 1). The basement of the Andes consists
mainly of Mesozoic plutonites south of 41°S. Between
33°S and 41°S more pre-Pliocene andesitic to rhyolitic
volcanics and sediments crop out (Zeil 1986). The Plio-
Quaternary volcanics occurring throughout this Andean
segment are more basic than in northern Chile (Thornburg
and Kulm 1987b). Pleistocene glaciations reached the sea
level south of 42°S and were restricted to crestal areas of
the Andes further north (Paskoff 1977; Zeil 1986). 

Continental climate and hydrology

The climatic features of Chile are summarized by Miller
(1976) and reviewed by Heusser (1984). The climate of the
study area can be categorized as follows (Fig. 1): north of
27°S the climate is hyper-arid with precipitation values of
<50 mm/a. Further south annual precipitation increases
slightly due to rare passages of frontal systems of the
Southern Westerlies in midwinter. From 31°S to 37°S the
amount of winter rain grows significantly and the climate
can be classified as semiarid Mediterranean. Summer dry-
ness disappears south of Concepción (37°S) and a humid
temperate type of climate is developed with precipitation
amounts of up to 2000 mm/a in low elevations and even
higher values in the Andes. Southern Chile (south of 42°S)
is characterized by humid, cool temperate conditions
throughout the year with heavy precipitation varying de-
pending on the exposure towards the very strong westerly
winds in this region.

Depending mainly on the climatic conditions, the hy-
drology of the study area displays a similar latitudinal seg-
mentation: north of 27.5°S transversal valleys in the Coast-
al Range, which reach the Pacific Coast, are nearly absent.
From 27.5°S to 33°S rivers originating in the Andes gener-
ally cut through the Coastal Range but river discharge val-
ues are very low (<1 km3/a; Milliman et al. 1995). Further
south the density of river systems increases rapidly. Fluvial
runoff is significantly higher and reaches up to 21 km3/a
(Puelo River, ca. 41°S; Milliman et al. 1995). Chilean rivers
generally reveal steep river gradients and are short, rarely
exceeding 200 km in length (Bio-Bio river: 380 km; Milli-
man et al. 1995).

Materials and methods

The samples were recovered during the expeditions R/V
Sonne 101 and 102 (Hebbeln et al. 1995). Additional sam-
ples (courtesy H. Fossing, Max Planck Institute, Bremen,
Germany) were recovered during the Thioploca cruise with
R/V Vidal Gormaz in 1994 (Fossing et al. 1995). Samples
were taken by a multicorer in order to obtain undisturbed
surface samples of the uppermost centimeter of the sedi-
ment. The detailed location of the sampling stations is giv-
en in Table 1.

Forty-eight surface sediment samples were investigated
concerning bulk mineralogy, bulk grain size, silt grain-size
distribution, and clay mineralogy. For a few samples it was
not possible to perform all analyses due to restricted avail-
ability of material (see Tables 1–3).

Bulk mineralogy

Bulk mineralogy was deduced from X-ray powder diffrac-
tion (XRD) analysis. A constant amount of 750 mg of car-
bonate-free bulk sediment (sand-, silt-, and clay fraction;
decarbonation by 10% acetic acid) was homogenized with
150 mg of Al2O3 standard by carefully grinding with ace-
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tone in a mostar. The samples were then measured as cavi-
ty mounts using a Philips PW 1820 (Philips, Best, The
Netherlands) diffractometer with CoKα radiation. The
spectrum from 3–100° 2θ was measured with a stepwise
velocity of 0.02° 2θ/s.

The analysis of the mineral spectra of each sample was
performed by manual evaluation of the main mineral peaks
using the MacDiff software (R. Petschick, unpublished da-
ta). The used mineral peaks were: quartz (3.34 and 4.26 Å),
plagioclase (3.19 Å), K-feldspar (3.24 Å), amphibole (8.4
Å), clinopyroxene (3.00 Å), mica (10 Å), and chlorite (7 Å).
These mineral groups are clearly detectable in the diffracto-
grams and are assumed to represent 100 wt.% of the car-
bonate and Corg-free sediment. The calculation of weight
percent of individual mineral phases was obtained by a cal-
culation procedure which compares the measured intensity
of each mineral to the maximum intensity of the pure phas-
es (Emmermann and Lauterjung 1990) including the mass
absorption of the total samples and individual minerals.

Bulk grain size

Prior to grain-size analysis the sediment was treated with
3.5% hydrogen peroxide for removal of organic matter and
disaggregation and with 10% acetic acid in order to solve
carbonate. Amorphous SiO2, including opal and volcanic
glass, was not removed because XRD measurements and
smear slide analyses revealed that only minor concentra-
tions of amorphous SiO2 occur.

The sand fraction (>63 µm) was removed by wet sieving.
The silt- (2–63 µm) and clay fraction (<2 µm) were separat-
ed by Stokes’law settling using Atterberg tubes (Müller
1967). The settling procedure was repeated 9–12 times in
order to separate the size fractions nearly completely. Co-
agulation of clay size particles was avoided by using a 1%
sodium polyphosphate solution. Remaining sand and clay
particles in the silt fraction were detected through the silt
grain-size analysis.

Silt grain-size distribution

A detailed grain-size analysis of the silt fraction was per-
formed using a Micromeritics SediGraph 5100. Micro-
meritics manufacturer location: Micromeritics Instrument
Corporation, Norcross, U.S.A. Details about the operating
procedures of the SediGraph are in Stein (1985), Jones et
al. (1988), and Syvitszki (1991). The SediGraph analysis
gives a high-resolution grain-size distribution in steps of
0.01 phi. In order to detect remaining sand and clay parti-
cles in the silt fraction, the analyses were performed in the
100- to 0.63-µm size range. Statistical grain-size parame-
ters of the silt grain-size distributions were calculated by
formulas from Folk and Ward (1957).

Clay mineralogy

The separated clay fraction was analyzed by X-ray
diffractometer (XRD) measurements of oriented mounts
following standard procedures described in detail by Pet-
schick et al. (1996). The Mg-saturated clay fraction was ex-
amined for the four main clay mineral groups smectite, il-
lite, kaolinite, and chlorite. Using a Philips PW 1820
(Philips, Best, The Netherlands) diffractometer with CoKα
radiation (40 kV, 40 mA) three XRD scans were run: firstly
on the air-dry state (between 2 and 40° 2θ, 0.02° step size),
secondly, after ethylene glycol solvation (2–40° 2θ, 0.02°
step size), and finally, a slow scan between 28 and 30.5° 2θ
with steps of 0.005° 2θ was obtained on the glycolated
mounts in order to distinguish the 3.54/3.58 Å kaolin-
ite/chlorite double peak.

The diffractograms were evaluated by the MacDiff soft-
ware (R. Petschick, unpublished data). A semi-quantitative
clay mineral analysis was performed by weighting integrat-
ed peak areas of the main basal reflections in the glycolated
state using smectite (17 Å), illite (10 Å), and kaolinite/chlo-
rite (7 Å). Relative proportions of kaolinite and chlorite
were determined by the evaluation of the 3.54/3.58 Å dou-
ble peak. The relative percentages of individual clay miner-
al groups were obtained using the empirically estimated
weighting factors of Biscaye (1965). Additionally, Fe con-
tent and Fe distribution in the two layers of chlorite were
calculated using the relative intensities of the chlorite 00l
series (Moore and Reynolds 1989).

The crystallinity of illite and smectite was measured as
the half height width (HHW) of the 10-Å illite peak and as
the integral breadth (IB) of the glycolated 17-Å smectite
peak, respectively. The IB represents the breadth (∆°2θ) of
a rectangle of the same area and height as the peak.

Results

Bulk grain size

Surface sediments along the continental slope off Chile are
mainly clayey silts to silty clays. Some nearshore stations
of the northern part of the investigation area as well as the
shelf samples of the 36°S transect contain more sand-sized
material (sand to sandy mud/silt; Fig. 2; Table 1). Samples
from areas west of the Peru–Chile trench are generally fine
grained and can be classified as silty clays.

The bulk-sediment grain size reveals basically a fining
trend with increasing water depth which is most pro-
nounced in the 27°S and 33°S transects (Fig. 3A; Table 1).
Exceptions are samples of the 36°S transect including very
fine-grained (clayey silt to silty clay) nearshore and slope
samples. Coarse-grained (sandy) sediments occur on the
outer shelf and uppermost slope.

The bulk grain-size data exhibit also regional distribu-
tion patterns. The mean silt/clay ratios of the slope samples
reach a minimum value at 35°S. At this latitude silt/clay ra-
tios of the pelagic samples reach a regional minimum as
well (Fig. 3E).



Silt grain-size distribution

In the northernmost transect (27°S; Figs. 3B–D, 4; Table 1)
sediments are characterized by very homogenous silt grain-
size distributions with median grain sizes in the coarse silt
range. Silt fractions are very positively to positively
skewed. Sorting values vary between 1.06 and 1.3 phi. The
statistical grain-size parameters exhibit a slight trend to-
wards finer grain sizes, poorer sorting, and less positive
skewness with increasing water depth and offshore dis-
tance.

Silt grain-size parameters of surface samples of the 33°S
transect (Figs. 3B–D, 4; Table 1) feature a conspicuous de-
pendence on water depth with silt medians increasing from
<5 phi (very coarse silt) nearshore to >7 phi (fine silt) near
the Peru–Chile trench and skewness values ranging from
0.56 to –0.13 phi (very positively to negatively skewed) in
the same area. Sorting values are mainly around 1.3 phi.

Surface samples at 35°S (Figs. 3B–D, 4; Table 1) reveal
silt fractions which are significantly finer grained (medium
to fine silt) than further north and negatively skewed. A mi-
nor offshore fining trend exists. The sorting values are vari-
able. The silt medians of the shelf samples at 36°S are
mainly in the medium silt grain-size range, positively
skewed, and exhibit similar sorting values as in the 35°S
transect (Figs. 3B–D, 4; Table 1). Further south, between 41
and 43°S (Figs. 3B–D, 4; Table 1), silt medians are predom-
inantly in the bounds of medium silt and skewness values
are variable but primarily slightly positive. Sorting ranges
from 1.1 to 1.3 phi but does not correlate to increasing off-
shore distance. Surface samples from areas west of the Pe-
ru–Chile trench (Figs. 3B–D, 4; Table 1) are significantly
finer grained and better sorted than the slope samples. Silt
medians are in the fine silt range. A slight regional south-
ward trend towards finer medians and more negative skew-
ness is noted (Fig. 3F).

A regional comparison of the means of silt parameters of
the slope transects (Fig. 3F) reveals coarse-grained and pos-
itively skewed silt fractions in the northern transect (27°S)

and a southward fining trend towards the 35°S transect. In
this area the finest grained and most negatively skewed silt
fractions occur. Median grain size and skewness values in-
crease slightly again in the 41/43°S transect. Sorting values
do not display significant regional distribution patterns
along the Chilean continental margin.

Bulk mineralogy

Bulk mineralogical data exhibit mainly regional variations
and only subordinate local changes with increasing water
depth and offshore distance. Samples from areas west of the
Peru–Chile trench reveal very similar regional distribution
patterns compared with the slope sediments (Fig. 5E, F).

Feldspar is the dominant mineral in all transects and al-
so in the sediments west of the Peru–Chile trench. Feld-
spars are predominantly plagioclases. The plagioclase con-
tent ranges from 38 to 53 wt.% with highest mean values
between 33°S and 36°S (Fig. 5E). The 35°S transect is
characterized by very constant plagioclase contents (Fig.
5B). K-feldspars occur only in subordinate amounts with
maximum values at 27°S (Table 2).

The second most abundant phase, quartz (Fig. 5A),
reaches maximum values in the 27°S transect (23–40 wt.%)
with a relatively high variability within the transect. Further
south the mean amount of quartz gradually decreases to val-
ues of less than 20 wt.% in the 41°S to 43°S transect (Fig.
5E). Quartz abundances are more constant within the south-
ern transects especially in the 35°S area (Fig. 5A).

The third most abundant minerals are amphiboles in the
north and pyroxenes in the southern part of the study area,
respectively, with a generally reverse distribution pattern
(Fig. 5F). While amphiboles range from up to 17 wt.% in
the north, 2–7 wt.% in the 35°S to 36°S area, and 5–10
wt.% in the southernmost transect (Fig. 5C), the respective
values for pyroxene are 7–12 wt.%, 12–15 wt.%, and up to
19 wt.% (Fig. 5D). Amphibole contents reveal a compara-
tively high variability especially within the northernmost
transects (Fig. 5C). Pyroxene amounts are relatively con-
stant within each transect (Fig. 5D).

Mica contents also display a regional pattern (Fig. 5F;
Table 2). Highest mean values occur in the 27°S and 30°S
transects (3–6 wt.%) and in the southernmost 41°S to 43°S
transect (5–8 wt.%). Chlorite occurs in minor amounts in
the bulk fraction and is slightly more abundant in the cen-
tral part of the study area, especially in the 35°S and 36°S
transects (Table 2).

Clay mineralogy

Distribution patterns of the relative abundance of the four
main clay mineral groups smectite, illite, chlorite, and ka-
olinite, as well as crystallinity and chemistry parameters of
selected clay minerals, reveal significant regional patterns
but also local variations within the transects.

Clay mineral assemblages of the 27°S transect are dom-
inated by well-crystallized smectite ranging from 56 to
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27°S
30°S
33°S
35°S
36°S
41-43°S
West of trench

1 Sand
2 Silty sand
3 Muddy sand
4 Sandy silt
5 Sandy mud
6 Clayey silt
7 Silty clay

Sand

Silt Clay

1

2

3

4
5

6
7

Fig. 2 Textural classification (after Shepard 1954) of carbonate-free
bulk samples
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Transects: 27°S 33°S 35°S
36°S 41-43°S West of trench+

* Mean of each transect
**Samples west of trench
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Fig. 3A–F Grain-size data of surface samples of each transect and of
samples from areas west of the Peru–Chile trench. Data are plotted
A–D vs water depth and E, F as mean values vs latitude. A Silt/clay
ratio of the carbonate-free bulk sediment as a representative parame-
ter for the bulk grain size. B–D Statistical grain-size parameters (me-

dian, sorting, and skewness) of the carbonate-free silt fraction. Medi-
ans are classified after Friedman and Sanders (1978), sorting and
skewness values after Folk and Ward (1957). E, F Mean silt/clay ra-
tio, median, and skewness of each transect compared with data of
samples from west of the trench
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Fig. 4 Silt grain-size distribu-
tions of carbonate-free surface
sediments of each transect.
Water depth of each sample is
indicated
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Transects: 27°S 33°S 35°S
36°S 41-43°S West of trench+

* Mean of each transect
**Samples west of trench

Fig. 5A–F Bulk mineralogical
data of surface samples of each
transect and of samples from ar-
eas west of the Peru–Chile
trench. Data are plotted A–D vs
water depth and E, F as mean
values vs latitude. A Quartz con-
tent; B feldspar content; C am-
phibole content; D pyroxene
content; E mean quartz and feld-
spar contents of each transect
compared with data of samples
from west of the trench. F Mean
amphibole, pyroxene, and mica
contents of each transect com-
pared with data of samples from
west of the trench
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66% (Fig. 6A) with crystallinities (IB) between 1.4 and 1.6
∆°2θ (Table 3). The secondmost abundant clay mineral is
illite (20–26%; Fig. 6B). Illite crystallinities are compara-
tively well and vary around 0.4 ∆°2θ (Fig. 6D). Chlorite
amounts are low (11–14%; Fig. 6C) as well as the Fe con-
tent of this clay mineral (Table 3). Kaolinite contents are

very minor reaching only 3–5% (Table 3). Clay mineralog-
ical parameters show no evolution with water depth or off-
shore distance in the 27°S transect.

The 33°S transect is characterized by a stronger water
depth and offshore distance controlled clay mineralogy.
Smectite contents are generally lower (44–57%) than fur-

Table 2 Bulk mineralogical data of surface samples from the Chilean continental margin between 25°S and 43°S. For location and water
depths of the sample stations see Table 1

Sample Quartz Plagioclase Amphibole Pyroxene K-feldspar Chlorite Mica
station (wt-%) (wt-%) (wt-%) (wt-%) (wt-%) (wt-%) (wt-%)

27°S transect
GeoB 3374-1 25.31 38.25 17.67 6.84 4.62 1.57 5.73
GeoB 3373-1 22.73 40.53 10.78 8.03 13.94 1.08 2.91
GeoB 3375-2 24.29 41.62 12.90 8.90 7.18 1.57 3.55
GeoB 3376-2 31.94 41.02 7.58 8.53 5.95 1.97 2.99
GeoB 3378-2 39.92 37.61 4.29 7.59 4.49 1.69 4.40
GeoB 3377-1 27.99 38.58 12.99 6.98 7.25 1.87 4.33

30°S transect
GeoB3368-4 25.46 41.21 9.14 11.17 5.15 2.48 5.40
GeoB 3371-1 23.64 37.86 12.19 12.46 4.60 3.28 5.97

33°S transect
GeoB 3311-2 22.82 43.81 12.45 7.46 10.94 1.08 1.45
GeoB 3301-2 20.92 48.47 14.69 6.91 5.95 1.21 1.84
GeoB 3302-2 23.60 47.25 9.59 10.13 4.85 2.89 2.89
GeoB 3303-1 29.09 44.79 5.73 10.91 4.70 2.79 2.79
GeoB 3304-3 23.32 46.12 10.31 10.55 4.54 2.87 2.87
GeoB 3365-1 24.44 50.04 5.61 10.26 4.74 3.17 3.17
GeoB 3305-2 22.08 44.70 12.47 10.56 4.62 2.99 2.99

35°S transect
GeoB 3359-1 22.05 48.02 4.05 14.28 4.61 3.31 3.66
GeoB 3355-4 24.68 49.51 2.90 12.27 4.04 3.02 3.59
GeoB 3357-1 22.30 48.22 3.27 15.66 3.99 3.43 3.13
GeoB 3352-2 21.80 48.09 7.38 13.69 3.86 2.60 2.58
GeoB 3349-4 24.18 47.21 2.89 14.25 5.05 3.44 2.98
GeoB 3354-1 23.64 48.57 2.37 14.18 4.78 3.54 2.92
GeoB 3353-1 22.77 49.60 3.19 12.99 4.63 3.16 3.66

36°S transect
VG 2 – – – – – – –
VG 7 – – – – – – –
VG 9 23.88 38.94 6.94 13.64 3.33 8.26 4.99
VG 18 – – – – – – –
VG 21 – – – – – – –
VG 26 20.79 52.96 2.24 12.81 4.51 4.11 2.57
VG 32 – – – – – – –
VG 34 – – – – – – –
VG 36 22.17 43.65 2.57 15.34 9.90 3.36 3.00
VG 40 – – – – – – –
VG 41 – – – – – – –

41/43°S transect
GeoB 3312-8 19.97 44.8 1 5.00 18.62 3.37 2.24 5.99
GeoB 3313-3 14.64 46.32 5.14 19.22 4.96 3.00 6.72
GeoB 3314-2 17.98 47.26 8.56 15.79 3.60 1.97 4.85
GeoB 3316-3 18.81 48.94 6.50 13.52 2.33 3.15 6.73
GeoB 3317-6 18.91 45.74 7.95 14.73 3.24 3.44 5.98
GeoB 3318-2 17.47 43.56 8.84 14.15 3.55 4.04 8.40
GeoB 3323-4 18.18 43.41 9.87 16.19 3.10 3.22 6.03

West of trench
GeoB 3388-2 – – – – – – –
GeoB 3383-1 26.56 38.63 12.72 8.74 5.57 2.11 5.67
GeoB 3372-4 29.11 37.75 8.03 11.00 4.99 3.04 6.08
GeoB 3308-3 25.89 46.05 3.72 13.60 5.06 2.91 2.77
GeoB 3347-1 23.20 50.25 2.95 13.51 3.42 3.59 3.09
GeoB 3327-6 21.09 44.44 7.23 14.04 3.48 3.39 6.34
GeoB 3326-1 20.44 43.54 8.66 13.42 3.64 3.12 7.19
GeoB 3328-1 20.73 42.67 8.94 14.99 3.68 2.98 6.01
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Transects: 27°S 33°S 35°S
41-43°S West of trench+

* Mean of each transect
**Samples west of trench

Fig. 6 Clay mineralogical data
of surface samples of each
transect and of samples from
areas west of the Peru–Chile
trench. Data are plotted A–D vs
water depth and E, F as mean
values vs latitude. A–C Relative
contents of the three main clay
mineral groups (smectite, illite,
and chlorite). D Illite crystallini-
ty calculated as HHW (in ∆°2θ).
E Mean clay mineral contents of
each transect compared with da-
ta of samples from west of the
trench. F Mean illite crystallini-
ty of each transect compared
with data of samples from west
of the trench
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ther north and reveal an increasing trend offshore (Fig. 6A).
Correspondingly, illite and chlorite tend to increase towards
the continent with values of 17–23% and 20–28%, respec-
tively (Fig. 6B, C). Additionally, minor amounts of kaolin-
ite (2–6%) are present (Table 3). Illite crystallinities are sig-

nificantly poorer than further north (0.44–0.47 ∆°2θ;
Fig. 6D), whereas smectite crystallinities are compara-
ble to the 27°S tansects (Table 3).

At 35°S significantly lower smectite and illite contents,
but higher chlorite amounts, occur (Fig. 6A–C). The re-

Table 3 Clay mineralogical data of surface samples from the Chilean continental margin between 25°S and 43°S. For location and water
depths of the samples stations see Table 1

Sample Smectite Illite Chlorite Kaolinite Illite HHWb Smectite IBc Chlorite
station (%) (%) (%) (%) (∆°2θ) (∆°2θ) (Yd)

27°S transect
GeoB 3374-1 55.82 26.39 12.69 5.10 0.42 1.46 1.20
GeoB 3373-1 63.20 21.62 11.91 3.27 0.39 1.49 1.13
GeoB 3375-2 60.95 22.54 13.46 3.06 0.41 1.39 1.43
GeoB 3376-2 59.29 22.60 14.48 3.63 0.41 1.36 1.10
GeoB 3378-2 66.15 19.57 11.00 3.28 0.40 1.49 1.01
GeoB 3377-1 61.45 22.85 12.14 3.55 0.43 1.54 0.97

30°S transect
GeoB 3368-4 63.97 17.09 16.91 2.02 0.38 1.59 1.32
GeoB 3371-1 – – – – – – –

33°S transect
GeoB 3311-2 45.50 21.10 27.89 5.51 0.47 1.48 1.98
GeoB 3301-2 45.65 23.34 26.45 4.57 0.45 1.32 1.59
GeoB 3302-2 49.83 21.30 24.38 4.49 0.47 1.33 1.47
GeoB 3303-1 49.83 20.53 27.67 1.97 0.44 1.32 1.42
GeoB 3304-3 57.17 17.38 23.63 1.82 0.45 1.60 1.61
GeoB 3365-1 56.22 19.05 19.69 5.04 0.47 1.45 1.27
GeoB 3305-2 56.03 18.59 19.61 5.77 0.45 1.40 1.19

35°S transect
GeoB 3359-1 42.91 11.34 43.99 1.77 0.51 1.52 3.53
GeoB 3355-4 51.81 11.72 31.30 5.17 0.43 1.53 2.71
GeoB 3357-1 54.34 12.39 32.46 0.81 0.47 1.50 3.03
GeoB 3352-2 53.41 12.46 30.29 3.84 0.44 1.44 2.08
GeoB 3349-4 49.65 13.79 31.23 5.33 0.40 1.50 2.38
GeoB 3354-1 51.51 14.02 28.19 6.28 0.40 1.45 2.04
GeoB 3353-1 55.23 13.20 25.11 6.46 0.50 1.49 2.21

36°S transect
VG 2 0.60 19.98 79.43a – 0.61 – –
VG 7 0.88 18.28 80.84a – 0.45 – –
VG 9 – – – –
VG 18 2.64 17.23 80.13a – 0.57 – –
VG 21 1.61 15.35 83.04a – 0.52 – 5.60
VG 26 9.11 13.12 77.77a – 0.54 – 5.70
VG 32 – – – – – – 3.80
VG 34 12.30 14.20 73.50a – 0.46 – 3.50
VG 36 14.72 12.54 72.74a – 0.50 – 3.65
VG 40 17.28 13.36 69.36a – 0.43 – 3.10
VG 41 12.21 15.71 72.08a – 0.46 – 3.00

41/43°S transect
GeoB 3312-8 60.92 9.40 22.66 7.02 0.34 1.63 1.28
GeoB 3313-3 58.16 9.42 26.01 6.41 0.34 1.65 1.85
GeoB 3314-2 64.00 8.59 20.77 6.64 0.36 1.72 1.71
GeoB 3316-3 70.09 8.43 16.63 4.85 0.36 1.75 1.73
GeoB 3317-6 57.28 14.36 23.69 4.37 0.34 1.61 1.36
GeoB 3318-2 49.99 15.47 25.14 9.40 0.28 1.49 1.07
GeoB 3323-4 65.79 11.94 16.78 5.50 0.32 1.71 1.23

West of trench
GeoB 3388-2 61.35 17.31 15.45 5.89 0.40 1.69 0.75
GeoB 3383-1 50.34 22.04 20.28 6.80 0.36 1.39 1.07
GeoB 3372-4 53.81 21.87 22.21 2.12 0.44 1.51 1.38
GeoB 3308-3 53.98 18.81 22.28 4.93 0.50 1.41 1.45
GeoB 3347-1 64.99 9.30 24.13 1.58 0.43 1.52 2.00
GeoB 3327-6 41.70 26.21 28.42 3.67 0.28 1.42 0.98
GeoB 3326-1 38.13 28.38 30.34 3.14 0.29 1.35 0.91
GeoB 3328-1 36.67 32.51 25.54 5.29 0.32 1.46 0.69

a No kaolinite separation possible
b Half height width of 10-Å illite preak 

c Integral breadth of glycolated 17-Å smectite peak 
d Number of Fe atoms in six octahedral sites of chlorite



spective values are predominantly in the range of 50–55%
for smectite, 11–14% for illite, and 25–44% for chlorite.
Kaolinite contents are again only minor (1–6%; Table 3).
Smectite and chlorite contents show a reverse evolution
with increasing water depth where chlorite amounts dimin-
ish. Illites reveal comparatively poor crystallinities
(0.4–0.51 ∆°2θ; Fig. 6D). Smectite IB values are medium
and vary around 1.5 ∆°2θ (Table 3). The Fe content of chlo-
rite is significantly higher than in the northern transects (Ta-
ble 3).

Clay mineral assemblages of the 36°S area (Table 2) are
dominated by Fe-rich chlorite with extremely high abun-
dances mainly in the range of 70–80%. Illite contents vary
from 13 to 20% and are comparatively poorly crystallized.
The relative amount of smectite is very small remaining be-
low 10% on the shelf and reaching up to 17% on the upper
continental slope. Due to extremely high abundances of
chlorite, the kaolinite content could not be determined.

The southernmost transect (41°S to 43°S) exhibits gen-
erally high smectite contents (mostly 57–70%; Fig. 6A)
with poor crystallinities (IB approximately 1.7 ∆°2θ; Table
3). Illite amounts are very low (8–15%; Fig. 6B) and are
very well crystallized (0.28–0.36 ∆°2θ; Fig. 6D). Chlorite
contents are medium, ranging from 17 to 26%, and show
comparatively low Fe contents (Table 3). Additionally, mi-
nor amounts of kaolinite (4–9%) are present (Table 3). Nei-
ther of the clay mineral parameters display any water-
depth-related evolution in this transect.

The clay mineral contents of samples recovered west of
the Peru–Chile trench are generally in the range of those of
neighboring slope samples (Fig. 6A–C, E). Exceptions are
the southernmost more offshore samples (Table 3). They
contain significantly less smectite (ca. 40%), which is well
crystallized (IB ca. 1.4 ∆°2θ; Table 3). Illite and Chlorite
occur in approximately equal amounts of approximately
30% in these samples.

Regional patterns of clay mineralogical parameters be-
come clearer by looking at the mean values of individual
clay mineral parameters in each transect (Fig. 6E–F). The
36°S transect is not considered here. Mean smectite con-
tents reveal a regional minimum in the 33°S to 35°S area,
where chlorite amounts reach maximum values. Illite con-
tents generally decrease from north to south throughout the
study area. Kaolinite contents are minor and exhibit no re-
gional distribution pattern. The illite crystallinity shows a
significant regional pattern indicating poorest crystallinities
in the 33°S and 35°S transects, which is also visible in sam-
ples recovered west of the Peru–Chile trench (Fig. 6F).

Discussion

Grain-size, bulk-, and clay mineralogical data are discussed
separately for each transect. Sedimentological parameters
and controlling factors for the slope tansects are summa-
rized in Fig. 7.

Grain-size distributions

High silt/clay ratios and coarse silt medians in surface sed-
iments of the northernmost transect (27°S) are explained by
the arid continental climate, predominantly plutonic
source-rock composition, and prevailing eolian sediment
input. An influence of turbiditic processes and bottom cur-
rents on our textural data is excluded because of the rela-
tively homogeneous distribution pattern of the measured
grain-size parameters throughout the slope from water
depths of 1300–3600 m. Firstly, physical weathering,
which predominates in arid climates, provides generally
coarse-grained source material. Several authors (e.g., Sum-
merhayes et al. 1976; Krissek et al. 1980) have found that
the amount of sediment derived from a landmass decreases
but its grain size increases as the climate becomes more ar-
id. Secondly, plutonites are dominant in the Coastal Range
in the 27°S to 30°S area and exhibit a coarser-grained pri-
mary texture than volcanics. Thirdly, silt grain-size param-
eter and the homogeneity of the silt grain-size distributions
of the 27°S transect (Fig. 4) suggest notable eolian sedi-
ment supply. Comparable grain-size distributions have been
found in eolian shelf and slope sediments off northern Afri-
ca (e.g., Sarnthein et al. 1984).

The hinterland of the 33°S transect is still characterized
by relatively coarse-grained source material due to prevail-
ing mechanical weathering under a semiarid climate and
high morphological gradients. But as winter rain increases,
sediment is mainly supplied by rivers. The strong offshore
fining trend of the bulk- and silt grain size at short distanc-
es indicates a strong energy gradient as occurs off river
mouths (e.g., Reading and Collinson 1996). Eolian sedi-
ment input is less important. The fluvially supplied materi-
al is probably mainly deposited by hemipelagic processes,
as turbidity currents are channelized off central Chile
(33–38°S) and are restricted to submarine canyon and fan
systems (Thornburg and Kulm 1987a), which have not been
sampled.

In comparison with the 33°S transect, the significantly
finer grained bulk- and silt grain sizes at 35°S are explained
by finer-grained source material due to abundant volcanic
source rocks (see Bulk mineralogy) and to increasing pre-
cipitation which promotes chemical weathering. Moreover,
morphological gradients in the hinterland are less pro-
nounced than further north, and some coarser grained ter-
rigenous material might be trapped in both the Chilean
Longitudinal Valley and on the shelf which becomes wider
in this area.

The shelf samples of the 36°S region reflect a more vari-
able environment due to the complexity of shelf dynamics.
Fine-grained shelf sediments occur in very nearshore areas
within the Bay of Concepción indicating local calm-water
conditions. Sandy sediments on the outer shelf and upper-
most slope probably result from winnowing by normal bot-
tom currents (Stow 1986) and/or resedimentation process-
es.

Mean grain sizes in the southernmost transect (41°S to
43°S) are slightly coarser than at 35°S, due possibly to
coarser-grained source rocks and less chemical weathering
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in the hinterland (as indicated by bulk and clay mineralogi-
cal data; see below). On the other hand, the marine sedi-
mentary environment in this area is characterized by very
high sediment input and resedimentation processes of fluvi-
al material on the shelf and upper slope (Thornburg and
Kulm 1987a); thus, especially surface samples with more
positively skewed, coarser grain-size distributions (Fig. 4)
may represent distal turbidites.

Bulk mineralogy

Short transport distances, high morphological gradients,
and limited chemical weathering preserved the original
source-rock signal in the analyzed surface samples. Gener-
ally low quartz contents, the dominance of plagioclase, and
high amounts of pyroxenes and amphiboles emphasizes the
low maturity of the sediments (Fig. 5).

Compared with the southern transects high quartz, am-
phibole, K-feldspar, and mica contents, and less plagioclase
and pyroxenes in surface sediments of the northernmost
transect, are explained by the dominance of plutonites in
the Coastal Range with lesser amounts of metamorphites
and basaltic to andesitic volcanics. Due to the few rivers
cutting through the Coastal Range, the influence of source
rocks from the Andes can only be minor.

Towards the 33°S transect quartz, K-feldspar, and mica
contents decrease, and plagioclase and pryroxene amounts
increase, while the amphibole content remains roughly con-
stant. While the source-rock composition in the Coastal
Range does not change significantly, the mineralogical
modifications may be due to an increasing contribution of
Andean source rocks towards the south supplied from areas
east of the Coastal Range by rivers. Trench sands of the
33°S area are attributed to Andean source rocks, especially
to Quaternary volcanics at the northern limit of active vol-
canism of the South Chile province (33°S; Fig. 1;
Thornburg and Kulm 1987b).

A possible explanation for the high variability of the
bulk mineralogical composition within the transects of the

Fig. 7 Summary of sedimentological parameters of the slope
transects and factors controlling the regional pattern of each transect
along the Chilean continental margin



27°S to 33°S region (Fig. 5) is the limited onshore drainage
areas. Due to the arid to semiarid climate with only episod-
ic flooding events, the source-rock signal of individual sur-
face samples might reflect variable local geological condi-
tions in the respective drainage basins.

The most immature bulk mineralogical assemblage of
the study area occurs in the 35°S to 36°S area (i.e., very
high plagioclase and pyroxene contents, the lowest amphib-
ole amounts, and comparatively low quartz contents). This
is in agreement with findings of Baba (1986) for river sam-
ples and Thornburg and Kulm (1987b) for trench sands at
similar latitudes. The very immature character of the sedi-
ments is in contrast to maximum chemical weathering in-
tensities expected by the climatic conditions in this area,
i.e., a combination of high rainfall and temperature. How-
ever, high morphological gradients at the active Chilean
continental margin and seasonal precipitation (i.e., maxi-
mum rainfall in winter coincides with minimum tempera-
tures) might explain reduced chemical weathering rates and
thus unaltered bulk-mineral assemblages. Baba (1986) sug-
gested that the high rainfall induces a rapid rock erosion
which offsets the increased weathering intensity. Source
rocks in the 33°S to 38°S segment include abundant meta-
morphites in the Coastal Range and dominant volcanics
(basalts to basaltic andesites) in the Andes. Our bulk miner-
alogical data indicate a dominance of debris from Andean
source rocks transported by the high discharging river sys-
tem. The mineral assemblage of the 35°S transect reveals
the lowest variability within the continental slope transects
of the study area (Fig. 5) reflecting extended drainage areas
and the dominance of the Andean source rocks. Thornburg
and Kulm (1987b) also noted the singularity of provenance
for trench sands in this area due to the overwhelming con-
tribution of high erodible volcanics of the Andes.

In the southernmost part of the study area (41°S to 43°S)
the heterogeneity of the bulk mineralogy within the transect
increases. While feldspar and quartz contents are compara-
tively low, amphibole and mica amounts reach their maxi-
mum values within the study area. The sediments are prob-
ably derived from various source rocks including meta-
morphites of the Coastal Range and volcanics and
plutonites of the Andes. Due to the extreme width of the
shelf, including the sea-covered forearc basin and the dis-
section of the Coastal Range to islands, the provenance of
surface samples cannot be related directly to single drain-
age basins. The variability of our data within the slope re-
sults from varying source-rock contributions and likely
shelf dynamics, as well as resedimentation processes on the
slope as indicated by the grain-size data. Thornburg and
Kulm (1987b) also observed a mixed igneous and metamor-
phic provenance for trench sediments around 42°S and ex-
plained the diversity of the mineralogical assemblage by
mixing processes in fluvial and shallow-marine environ-
ments.

Clay mineralogy

The clay mineral assemblage along the Chilean continental
margin is generally dominated by smectite followed by il-
lite in the northernmost part of the study area (27°S to
30°S) and chlorite to the south. Kaolinite only occurs in mi-
nor amounts (Fig. 6E). Global clay mineral distribution
maps (Griffin et al. 1968; Windom 1976) indicate higher il-
lite, lower smectite, and partly lower chlorite contents for
the appropriate area than our data show.

Smectite in our study area is thought to be primarily of
detritic (including continental neoformation) and only sub-
ordinately of authigenic origin. The detritic character of
smectites at similar active continental margin settings (Ja-
pan trench) has been noted by various authors (e.g., Aoki et
al. 1974; Chamley and Debrabant 1989; Aoki and Kohyama
1992). Smear slide analyses of our samples showed only
minor amounts of mainly unaltered volcanic glass. This
rules out any significant authigenic smectite supply by
halmyrolytic weathering of volcanic glass. High smectite
concentrations and crystallinities in the northernmost part
(27°S to 30°S) of the study area may reflect continental
smectite neoformation. Warm and semiarid to arid climatic
conditions, as in northern Chile, enhance this process
(Chamley 1989). Slightly lower amounts of smectite in the
33°S and 35°S transects are in contrast to more abundant
volcanic source rocks in the hinterland which should in-
crease smectite concentrations as volcanics preferentially
alter to smectite (Chamley 1989). The comparatively low
smectite abundance probably reflects less smectite neofor-
mation in this area due to a more humid climate. Lowest
smectite contents, occurring nearshore, might be attributed
to differential settling processes (see below). In the south-
ernmost part (41°S to 43°S) the highest smectite contents
occur associated with poor crystallinities here. Source-rock
composition remains favorable for smectite formation and
poor crystallinities are characteristic of humid-temperate
climatic conditions (Chamley 1989) as found there.

Illite contents, revealing a gradual southward decrease,
reflect mainly the source-rock composition along the Chil-
ean continental margin. Highest values in the northern part
coincide with more abundant plutonic source rocks. The
only measured sedimentological parameter which reflects
primarily the strong climatic zonation of Chile is the illite
crystallinity, which is thought to indicate the chemical
weathering intensity in the source areas (Singer 1984;
Chamley 1989). Therefore, better crystallized illite in the
northernmost and southernmost transects (Fig. 6F) results
from low chemical weathering activity in this areas due to
arid climate in the north and cool temperate climate with
heavy rainfall in the south (Fig. 1). Poor illite crystallinities
in the 33°S and 35°S transects indicate stronger chemical
weathering intensity which corresponds to a relatively hu-
mid and warm climate in this area. However, immature
bulk-mineral assemblages seem to contradict this finding.
Apparently chemical weathering is sufficient for a strong
hydrolyzation of illite (resulting in poor crystallinities), but
not for significant alteration and dissolution of minerals of
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the source rocks due to high erosion rates and short trans-
port distances.

Chlorite derives mainly from low-grade metamorphic
and basic igneous source rocks but is easily destroyed by
chemical weathering processes and therefore concentrated
in high latitudes, especially in the southern oceans (Cham-
ley 1989; Weaver 1989; Hillier 1995). In our study area
chlorite contents are controlled primarily by regional varia-
tions in the source-rock composition. A generally high
abundance south of 33°S, with maximum values in the 35°
to 36°S area, correlates to the abundance of basic igneous
and metamorphic source rocks as described previously. The
high iron content of chlorite, reaching its maximum in the
same area, indicates a primarily basic igneous origin here,
because more iron-rich chlorites often form from hydro-
thermally altered ferromagnesian minerals of basic source
rocks (Deer et al. 1992). Therefore, iron-poorer chlorite of
the southernmost transect is mainly of metamorphic prove-
nance.

The observed minor amounts of kaolinite can be derived
from the erosion of fossil kaolinite from sediments and
paleosoils or transportation by oceanic currents (e.g., GUC
or PCCC) from equatorial areas. Under the present climatic
conditions kaolinite should not be formed in Chile as the
neoformation of this mineral requires intense chemical
weathering intensities as in humid tropical and subtropical
climates (Chamley 1989; Weaver 1989; Hillier 1995).

The regional clay mineralogical patterns in our study ar-
ea are clearly related to source-rock composition and, sub-
ordinately, to climate. However, differential settling pro-
cesses, due to distinct size distributions of the clay mineral
groups, can influence significantly the clay mineral distri-
bution along continental margins (e.g., Gibbs 1977; Carson
and Arcaro 1983). Differential settling might have account-
ed for the generally minor variations within the slope
transects (i.e., depth dependence of smectite, especially
33°S transect). This process also explains the totally differ-
ing clay mineral assemblage of the shelf and upper-slope
samples of the 36°S transect (i.e., very low smectite con-
tents; Table 3). The more offshore samples comprise higher
smectite amounts which might indicate that this mineral is
held in suspension and settling begins further offshore. The
source-rock composition as well as the bulk mineralogy of
the surface sediments do not differ significantly from the
adjacent 35°S transect.

Samples from areas west of the Peru–Chile trench

Surface sediments from areas west of the Peru–Chile
Trench contain significant amounts of terrigenous fine silt.
This material might reach the pelagic areas by eolian trans-
port in the northern part of the study area as also proposed
for northern Chile and Peru (Krissek et al. 1980). In the
southern part the trench does not display a barrier for the
seaward transport of terrigenous material due to its thick
sediment infill. Therefore, distal turbidity currents can
reach the oceanic parts west of the trench axis and deposit

the silty material. In this area prevailing onshore westerly
winds prevent eolian sediment input.

The bulk- and clay mineral assemblages do not differ
significantly from the adjacent slope samples and the re-
gional patterns of the slope samples are particularly well re-
corded for the bulk mineralogy (Fig. 5E–F) and for the illite
crystallinity (Fig. 6F). The southernmost more offshore
samples (43°S, 80°W) contain less smectite and high chlo-
rite and illite amounts. Clay mineral studies off southern
Chile at ca. 42°S–55°S (Siegel et al. 1981) and at ca. 46°S
(Kurnosov et al. 1995) revealed illite- and chlorite-domi-
nated assemblages. Therefore, the differing clay mineralo-
gy of these offshore samples might indicate lateral input
from southern areas or pelagic areas to the west as the Ant-
arctic Circumpolar Current approaches South America in
this area (see Oceanographic setting).

Conclusion

The sedimentation of terrigenous material on the continen-
tal slope off Chile is dominated by hemipelagic processes.
Climate affects the mode of sediment input (eolian vs fluvi-
al) and the grain size of the source material (physical vs
chemical weathering). The latter is also influenced by the
primary grain size of source rocks.

The original source-rock signal of the different geologi-
cal terranes of Chile between 25°S and 43°S is best pre-
served in bulk mineralogical data of slope sediments. Bulk-
mineral assemblages are not significantly altered by conti-
nental chemical weathering because of high morphological
gradients and short transport distances throughout the study
area. Climate does not influence the bulk mineralogy by
significant modifications of the weathering regime but by
its impact on the continental hydrology which controls the
relative source-rock contribution of the Coastal Range and
Andes, respectively.

The relative abundance of clay minerals is strongly af-
fected by variations of source-rock compositions on the
continent. Climate influences the continental neoformation
of smectite and especially the illite crystallinity. The latter
reflects the latitudinal variations of the weathering activity
in Chile corresponding to the climatic zonation. Clay min-
eral assemblages have not been altered significantly by ma-
rine authigenic processes. Differential settling generally
only plays a minor role for the distribution of clay minerals
across the slope but significantly affects the clay mineral
assemblages on the shelf and uppermost slope of the 36°S
transect.

Bulk and clay mineralogical parameters of sediments
from areas west of the Peru–Chile trench generally reveal
similar regional distribution patterns as the slope samples,
indicating that the trench does not display a barrier for the
seaward transport of terrigenous material.
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