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ABSTRACT

The intersection of the Nazca, Antarctic, and South American tectonic plates is a trench-ridge-trench triple junction (Chile Triple
Junction, or CTJ) at latitude 46°S along the Chilean margin of South America, Pliocene-Pleistocene sand and sandstone samples
were collected during Leg 141 from Sites 859 and 860 (located 10 km north of the CTJ), Site 863 (located a few km south of the
CTl), and Site 862 (located farther south on the Taitao Ridge). Sand detrital modes of 107 samples were determined using the
Gazzi-Dickinson method of point counting. Sand compositions are fairly uniform, with the following mean values: QFL%Q 31,
QFL%F 35, and QFL%L 34. These sediments have a dissected arc provenance, reflecting extensive onshore erosion of quartzose
Paleozoic metasedimentary basement rocks and the Mesozoic Patagonian batholith in conjunction with late Cenozoic glaciation and
tectonism. The lithic component is dominantly intermediate to mafic volcaniclastic debris derived from arc volcanoes and perhaps
near-trench volcanic centers on the Taitao Peninsula. Sites south of the CTJ show higher metamorphic and sedimentary lithic
proportions, probably due to uplift and erosion in the Taitao Peninsula region during northward migration of the CTJ.

INTRODUCTION

The intersection of the Nazca, Antarctic, and South American
plate margins is marked by a trench-ridge-trench triple junction lo-
cated near the Taitao Peninsula along the Chilean margin of South
America (Fig. 1: Herron et al., 1981; Cande and Leslie, 1986; Cande
et al., 1987). Plate reconstructions by Pilger (1978) and Cande et al.
(1982) indicate that this triple junction migrated northward along the
coast of southern Chile, starting at approximately 14 Ma. They pro-
pose that alternate ridge and transform segments were sequentially
subducted: first a series of long ridge and short transform segments
(14-6 Ma), followed by a series of short ridge and long transform
segments (6-0 Ma).

The effects of ridge subduction were investigated based on five
sites drilled along this margin on Ocean Drilling Program (ODP) Leg
141 (Fig. 1): Sites 859, 860, and 861 along a transect at the northern
end of the subducting ridge segment, approximately 10 km north of
the Chile Triple Junction: Site 863 a few kilometers south of the triple
Jjunction on an intensely deformed section of the accretionary wedge,
Just above the subducted ridge crest; and Site 862, farther south, on
the Taitao Ridge, a possible extension of the Taitao forearc ophiolite
complex (Forsythe and Nelson, 1985), or a fragment of oceanic crust
(Leslie, 1986). Subduction of a spreading ridge occurred at approxi-
mately 50 ka near Site 862 (Bangs et al., 1992). All of the sediments
recovered on Leg 141 are younger than the Taitao ophiolite, but in part
they are synchronous with its sedimentary cover (R. Forsythe. pers.
comm., 1993).

Schematic stratigraphic sections for Leg 141 sites are shown in
Figures 2 and 3; they consist of hemipelagic mud and mudstone with
minor sand, sandstone, gravel, and conglomerate. The coarse sedi-
ments are interpreted by Behrmann, Lewis, Musgrave, et al. (1992)
as the deposits of high- and low-density turbidity currents and debris
flows associated with onshore continental glaciation, which extended
to the shelf edge during the early Pleistocene (Clapperton, 1990:
Rabassa and Clapperton, 1990). At Site 859, a thin section of folded
upper Pleistocene trench-slope cover unconformably overlies a thick
sequence of Mat-bedded to severely disrupted mud and mudstone that
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may represent an accretionary wedge. This sequence contains less
than 1% coarse clastic material. Upslope from Site 859, at Sites 860
and 861, progressively thicker and more complete Pleistocene trench-
slope sections overlie Pliocene mud and mudstone (Fig. 2). The only
lower Pliocene sediments were encountered at Site 860 in the lower
faulted section. On the Taitao Ridge, at Site 862 (Fig. 3), volcanic
basement is draped by a thin sequence of clayey siltstone with fine-
sand layers, interpreted as turbidites and possible contour-current
deposits (Behrmann, Lewis, Musgrave, et al., 1992). The most dra-
matic sedimentary sequence was recovered at Site 863, where ap-
proximately 500 m of near-vertical sandstone turbidite beds were
cored (Fig. 3). Due to the steep dip, the total stratigraphic section
represented at this site may be significantly less than the cored inter-
val depicted in Figure 3. The complex structural history at this site
indicates normal, reverse, and strike-slip fault movement, which can
be ascribed to recent subduction of a spreading ridge at this location
(Behrmann, Lewis, Musgrave, etal., 1992). The purpose of this study
was to determine the detrital modes of Pleistocene and Pliocene sandy
sediments recovered on Leg 141 and to relate them to the tectonic
evolution of this margin.

METHODS

Samples of sandy sediment were taken aboard ship from cores
recovered at Sites 859, 860, 861, 862, and 863. Unconsolidated
samples were air dried and lightly sieved by hand for the sand frac-
tion (0.0625-2 mm). Sand concentrates were then epoxied to glass
slides and ground to 30 pm thickness. All thin sections were sub-
sequently stained for both calcium- and potassium-rich feldspars,
using the method outlined in Marsaglia and Tazaki (1992). Where
possible, 400 points were counted on each section using the Gazzi-
Dickinson method, which minimizes the effects of grain-size vari-
ation on composition (Dickinson, 1970; Ingersoll et al., 1984). Grid
spacings were used that maximized coverage of the thin section and
were larger than the maximum grain size.

Counted grains were placed into 40 monomineralic and poly-
mineralic compositional categories (Table 1) with textural subdivi-
sion of volcanic lithic types based on Dickinson (1970) and Marsaglia
(1991. 1992). Point-count categories and recalculated parameters are
defined in Table 1, raw point-count data are presented in Appendix 1,
and recalculated parameters in Appendix 2. Recalculated parameters,
means, and standard deviations were calculated using a Lotus 123
spreadsheet program.
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Figure 1. Location map for Leg 141 sites from Behrmann, Lewis, Musgrave, et al. (1992). Heavy barbed lines denote subduction zones, heavy plain lines denote
ridge segments (CR = Chile Ridge), and light dashed lines indicate fracture zones. TR = Taitao Ridge; CTJI = Chile Triple Junction.

GENERAL DESCRIPTION

Roughly 50% of the samples taken from Sites 859, 860, and 861
were unsuitable for this study because they were too fine grained or
poorly sorted, and they lacked sufficient sand-sized material to ana-
lyze. Site 861 was especially sand-poor, with no sufficiently sandy
intervals sampled below 260 m., Grain size was less ol a problem with
samples from Sites 862 and 863, where roughly 75% of the samples
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were counted. Sample intervals for counted samples are shown in the
stratigraphic columns of Figures 2 and 3.

At the northern transect sites (Sites 859, 860, and 861) and at Site
862, the sand fraction is predominantly very fine, with minor fine-
sand intervals (Appendix 1). At Site 863, the mean grain size is
somewhat larger, with fine sand in the uppermost sections cored at
Holes 863A and 863B. Fine sand dominates the upper sections of both
Holes 863A (0-259 mbsf) and 863B (326457 mbsf), whereas the
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Table 1. Counted and recalculated parameters,

Counted purameters

Qp Polverystalline quartz
Qm Monocrystalline quantz
P Plagioclase feldspur

PiA/D) Altered or dissolved plagioclase

K Potassium feldspar

Unst Feld Unstained (Nu?) feldspar

Lyvo Other voleanic lithie (microcrystalline aggregate)
Lvw Vitrie voleanic lithic

brel = brown glass

orbg = orange-brown glass

clzl = colorless glass

blgl = black glass

A/D = altered or dissolved glass
Lvf Voleanie lithic with felsitic wexture
Lvml Volcanic lithic with microlitic exture

brel = brown glass

orhg = orange-brown glass

clgl = colorless glass

blgl = black glass

AD = altered or dissolved gliss
Lyl Volcanic lithic with luthwork texture

brel = brown glass

clgl = colorless glass

blgl = blick glass

A/D = altered or dissolved glass

Lmv Metavolcanic lithic

Lmm Polycrystalline mica lithic

Lmt Quartz-mica tectonite lithic

Lma Quartz-feldspar-mica aggregate lithic
Limp Phyllite lithic

Lsi Siltstone or sandstone(matrix/cement) sedimentary lithic
Lsa Argillite-shale lithic

Lse Sedimentary carbonate lithic

Lsch Sedimentary chert or cherty argillite lithic
Gilau Glauconite (Celadonite?)

Org Organic matter

Bio Sil Siliceous microfossil

Bio Cur Calcareous microfossil or bioclast

Curb Carbonate minerals

Mus Muscovite

Biot Biotite

Chl Chlorite

OpD Opaque dense minerals

NonOp D Nonopague dense minerals

Oth/Unk Other miscellaneous and unidentitied grains
Total Total points counted

Q=0m+Qp F=P+ PIA/D) + K + Unst Felds

L=Lm+Lv+Ls
Lm=Lmv + Lmm + Lmt + Lma + Lmp

Ly =Lvo + Lyvv + Lvf + Lvmi +Lvl
Ls = Lsu + Lsc + Lsi + Lsch

Recalculated parnmeters

QFL%Q = 100°QAQ + F+ L)
QFL%F = 100"FQ + F+ L)
QFLY%L=100"LAQ + F+ L)

LmlvLs%Lm = 100*Lnv/l.
LmbLvLs%Ly = 100*Lv/L.
LmbLvLs%Ls = 100%Ls/L

QmKP%Qm = 100#Qm/|Qm + K + Unst Feld + P + P(A/D)|
QmKP% = 100%[P + PIA/DIQm + K + Unst Feld + P + PLA/D)|

QmKP%K = 100*K/Qm + K + Unst Feld + P + PIA/D)|

Total colorless gluss = LvelLvbrLvbl% Lvel = 100%|Lvv(elgl) + Lymlelgl) + Lyvlielgh | Lvviclgl) + Lyvmitelgl) +
Lvltelgl) + Lvvibrgl) + Lyvml{brgl) + Lvlibrgl) + Lyviblgl) + Lvmliblgl) + Lvliblgh)

Total brown glass = LvelLvbrLvbl%bral = 100%| Lyv(brgl) + Lvmi(brel) + Lvl(brgl) /| Lvviclgl) + Lvmlitclgl) +
Lvltelgh + Lyvvibrgl) + Lvmithrgl) + Lvlthrgl) + Lyv(blgh) + Lvmliblgl) + Lviiblgl)|

Total bluck glass = LvelLvbrLvbl%blal = 100¥|Lyvviblgl) + Lvmlitblgh + Lvliblgh )| Lvviclgl) + Lvmliclgh +
Lvltelgh + Lvv(braly + Lvml{brel) + Lyltbral) + Lyv(blgl) + Lvmithlgl) + Lvl(blgly|

Frie Mica = (Musc + Biot + Chloryi Total)
Frie 12 = 10pD + NonOpD i Total)

lower sections are characterized by very fine sand (Hole 863 A, 259-
288 mbsf; Hole 863B, >457 mbsf). See Diemer et al. (this volume)
for more detailed grain-size analyses.

Sand grains range from very angular to rounded in any given
sample, but are generally angular to subangular at Sites 859, 860, and
862, angular at Site 862, and subangular at Site 863. The more easily
abraded components, such as phyllitic and sedimentary lithics, tend
to be more rounded.

GRAIN TYPES

Various monomineralic and lithic components are present in these
samples (Pls. 1 through 4). Common monomineralic grains include
quartz, potassium feldspar, plagioclase, and green amphibole. Rare
monomineralic grains include albite (unstained Na-feldspar), biotite,
muscovite, chlorite, pyroxene, sphene, epidote, and opaque minerals.
Monocrystalline quartz crystals exhibit both wavy and straight ex-
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Figure 2. Schematic stratigraphic/structural columns for Leg 141 sites along
the northern slope transect (Fig. 1). The coarse-grained intervals have been
somewhat exaggerated in these sections, For more specific information on the
sandy intervals analyzed in this study, see Appendix 1.
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tinction; some have numerous inclusions. Some sand-size grains oc-
cur in igneous intrusive, coarse schist (or gneiss), and silicic volcanic
fragments. Polycrystalline quartz is relatively rare. Plagioclase feld-
spar is the most common feldspar; it ranges (rom calcium-rich, unal-
tered grains to altered calcium-poor grains, partially replaced by
sericite. clay minerals, or calcite.

Volcanic lithics are present in every sample, and are the predomi-
nant lithic type in most (Pls. 1. 2, and 4). These lithics are highly
variable in composition and texture. Glassy fragments exhibit a range
of colors in transmitted light: colorless, light tan, tan, brown, dark
brown, light gray, dark gray, and black. These range from nonvesicu-
lar to highly vesicular. The colorless glass takes a light calcium stain
and occurs as stretched or woody pumice fragments. Brown sidero-
melane glassy fragments tend to be blocky and range from nonvesicu-
lar to moderately vesicular. Black tachylitic fragments tend to be non-
vesicular. Microlitic fragments are characterized by silt-sized feld-
spar, pyroxene, and opaque microlites, whereas lathwork fragments
contain sand-sized plagioclase, pyroxene, or rare olivine phenocrysts
suspended in a vitric or microlitic groundmass. According to the
Gazzi-Dickinson method of point counting, most laths are counted
as monomineralic constituents. Glassy fragments were also distin-
guished if their groundmass had been altered or dissolved. Volcanic
material is especially altered at Site 863B (see Prior et al.. this vol-
ume). Other volcanic constituents include silt-sized aggregates of
plagioclase and dense minerals, such as amphibole, pyroxene, and
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Figure 3. Schematic stratigraphic/structural columns for the southernmost sites
drilled on Leg 141 (Fig. 1). The inconsistent stratigraphic ages for Holes 863A
and 863B suggest that these holes straddle a steeply dipping boundary between
upper and lower Pleistocene sediments. For more specific information on the
sandy intervals analyzed in this study, see Appendix I. The shallowest section
of Site 863 is a complexly faulted domain (cfd).

opaque minerals, and felsitic fragments with characteristic granular
textures, differentiated by the presence of internal relief and potas-
sium or calcium staining (Pls. 1 and 2).

Hypabyssal, fine-grained igneous intrusive fragments and gneissic
fragments are represented by aggregates of the following minerals:
feldspar, quartz, amphibole, and mica (Pls. 2 and 3). Sand-sized min-
erals in these fragments were counted as monomineralic constituents,
but grains with silt-sized constituents were treated as lithic fragments
and placed in the Lma category. Common Lma combinations include:
plagioclase and mica; quartz, feldspar, and mica: and quartz, feld-
spar and pyroxene(?). Based on textural observations in the fine sands
at Site 863, some quartz-feldspar-mica aggregate grains are metaar-
kose fragments.

A moderately diverse suite of metamorphic fragments is predomi-
nantly composed of variably metamorphosed shales, siltstones. and
sandstones (Pls. 3 and 4). These include phyllites/slates (Lmp), poly-
crystalline mica aggregates (Lmm), and quartzose schist fragments
with muscovite. biotite, chlorite, and other fine metamorphic miner-
als (Lmt). These metamorphic fragments are commonly opaque due
to the presence of graphite (PL. 3).

Sedimentary lithic fragments are primarily restricted to Hole 863B.
These range from claystone/argillite to siltstone, to fragments of very
fine sandstone (Pl. 4). The silt component is commonly quartz and
plagioclase, with lesser potassium feldspar and opaque minerals. Some
are rich in organic matter. Variable induration of these lithics is re-
flected in differential compaction and the production of pseudomatrix



(i.e., Dickinson, 1970). Input of reworked sedimentary detritus is also
reflected in the presence of reworked Miocene to early Pliocene fauna
(Behrmann, Lewis, Musgrave, et al., 1992). Rare sedimentary car-
bonate and cherty grains were observed.

Care was taken not to disaggregate sedimentary lithic fragments
during processing of unconsolidated samples, but most samples from
Sites 859, 860, and 861 are poorly sorted muddy sands, which when
dried and sieved produce pseudo-sedimentary lithic fragments or
“gloms” of matrix. These can be mistaken for sedimentary grains and
vice versa, but certain characteristics help differentiate them. Matrix
material tends to be more homogeneous and less compacted, and
routinely coats grains. Sedimentary lithic textures are best preserved
in the impregnated samples from Hole 863B. Larger gloms were
routinely inspected to see if they contained sedimentary lithic grains.
There is a tendency for lithified samples at Hole 863B to be rich in
sedimentary lithics and unlithified samples to be poor in sedimentary
lithics. Upon review of thin sections from the upper part of this hole
and Hole 863A, this appears to be a true downhole enrichment in
sedimentary lithics, rather than an effect of preferential preservation
in consolidated units.

Other minor constituents in these samples include siliceous micro-
fauna, such as radiolarians, sponge spicules, and diatoms, and cal-
careous foraminifers and bioclasts. Rare coarse carbonate crystals
may be detrital or may represent incipient cementation.

SAND DETRITAL MODES

In general, Leg 141 sand detrital modes are uniform. Petrographic
analyses show that these sands contain subequal amounts of quartz,
feldspar, and lithic components (Fig. 4), with some spread of values
towards the lithic-rich and quartz-rich ends of the diagram. The
samples generally contain subequal amounts of plagioclase feldspar
and quartz and lesser potassium feldspar, with some quartz-rich and
plagioclase-rich end members (Fig. 5).

Greater variation is observed in the lithic proportions of Leg 141
samples. Volcanic lithic fragments are present in every sample (Fig,
6), and these are predominantly intermediate to mafic, brown and
black glassy fragments (Fig. 7). Sands from Site 862 and the lower
section of Site 859 are slightly enriched in metamorphic lithics,
whereas those from Hole 863B are enriched in sedimentary lithics
(Fig. 6; see discussion below),

SAND PROVENANCE

Leg 141 sand composition reflects the diverse onshore geology
of the Chilean forearc (Fig. 8). The low-grade metamorphic compo-
nent of Leg 141 sands is likely derived from an outer belt of pre-
Late Jurassic metamorphic basement rocks, which include metasedi-
ments (metamorphosed cherts, limestones, and turbidites) and meta-
volcanics (some metamorphosed pillow basalts). These are mostly
greenschist-facies rocks that have undergone polyphase deformation
and have yielded Paleozoic metamorphic ages (Hervé et al., 1981,
1987, 1988; Forsythe, 1982; Pankhurst et al., 1992).

Another major source province that provides quartzo-feldspathic
detritus to the forearc is the Mesozoic to Cenozoic Patagonian batho-
lith (Fig. 8), which is predominantly composed of calcalkaline I-type
granites (Forsythe and Prior, 1992). Sources of epiclastic volcanic
debris include silicic and intermediate volcanic and volcaniclastic
rocks associated with the Patagonian batholith, late Tertiary to Holo-
cene volcanic and volcaniclastic deposits associated with the volcanic
arc, specifically Hudson Volcano (Fig. 8) and a Pliocene (3-5 Ma)
ophiolite sequence on the Taitao Peninsula (Forsythe and Prior, 1992),
The latter volcanic sequence consists of basalt, basaltic andesite, and
dacite with lesser rhyodacite and rhyolite (Mpodozis et al., 1985;
Forsythe et al., 1986; Kaeding et al., 1990; Forsythe and Prior, 1992),
The Taitao Ophiolite is associated with calcalkaline stocks and plutons
and may represent an obducted ridge segment or an incipient-forearc-
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Figure 4. Ternary plot of QFL data by site. See Table | for parameter definitions
and formulas and Appendix 2 for recalculated parameters,
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Figure 5. Temary plot of QmKP data by site. See Table | for parameter
definitions and formulas and Appendix 2 for recalculated parameters.

rift sequence emplaced in association with ridge-trench interaction
(Forsythe and Prior, 1992). Hudson Volcano and forearc volcanic
centers on the Taitao Peninsula (Fig. 8) are likely sources of the glassy
pyroclastic debris that dominates the lithic component (see further
discussion of volcanic sediment provenance below). Detailed chemi-
cal analyses of these volcanic fragments are needed to tie them to their
source volcanoes,

Exposed sedimentary source rocks include Eocene carbonaceous
clastic sequences and Oligocene to Miocene shallow-marine/deltaic
sandstone and siltstone (Fig. 8; Servicio Nacional de Geologia Y
Mineria, 1980; DeVries and Stott, 1984; Forsythe et al., 1985;
Mpodozis et al., 1985). Other possible sources for sedimentary lithic
fragments in Leg 141 samples include the submarine erosion of Plio-
cene to Pleistocene forearc shelf and slope sediments.

COMPARISON WITH PREVIOUS STUDIES

Despite the fact that the western margin of South America is
considered a classic continental arc-trench system, petrological stud-

137



K.M. MARSAGLIA, X.V. TORREZ, I. PADILLA, K.C. RIMKUS

Lm

Lv Ls

Figure 6. Ternary plot of LmLvLs data by site. See Table 1 for parameter
definitions and formulas and Appendix 2 for recalculated parameters.
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Figure 7. Ternary plot of glassy voleanic lithic proportions, by glass color.
See Table 1 for parameter definitions and formulas and Appendix 2 for
recalculated parameters.

ies of modern sands derived from this arc system, especially the
southern Patagonian arc segment, are limited. In a general study of
South American provenance, Potter (1984, 1986) analyzed modern
beach sands from all the major coastal segments of South America,
except the southernmost shoreline of western Patagonia (south of
42°S). Thornburg and Kulm (1987) examined sands from piston
cores taken along the Chile Trench (23°-42°S) north of Patagonia.
Other global studies of sand provenance include no samples from the
weslern margin of South America (e.g., Dickinson and Suczek, 1979;
Ingersoll and Suczek, 1979; Valloni and Maynard, 1981: Valloni and
Mezzadri, 1984; Marsaglia and Ingersoll, 1992).

Only Yerino and Maynard (1984) provide data for offshore south-
ern Chile from piston-core samples taken along this margin. They
found a latitudinal variation in the proportion of lithic detritus. mainly
volcaniclastic debris, which they correlated to arc volcanic activity
(Fig. 9): sands derived from inactive segments are lithic-poor, whereas
those derived from active segments are lithic-rich. None of their sand
samples exhibit metamorphic lithic percentages as high as those seen
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at Sites 862 and 863. As discussed below, the increase in metamorphic
lithics at these sites may be a function of local triple-junction-related
uplift of the Taitao Peninsula. The compositional difference in QFL
proportions (Fig. 9) between Yerino and Maynard’s (1984) piston-
core samples (43°-49°S) and our Leg 141 samples (46°S) cannot be
readily explained by variations in techniques; Yerino and Maynard



(1984) looked at the very fine to fine sand fractions, stained the thin
sections for potassium and calcium feldspar recognition, and col-
lected petrographic data using the Gazzi-Dickinson method. There-
fore, this compositional discrepancy remains unresolved.

Leg 141 detrital modes can also be compared to those of other
arc-trench systems characterized by Marsaglia and Ingersoll (1992).
As shown in Figure 10, Leg 141 samples are most similar to continen-
tal ares with a history of strike-slip along the forearc or arc axis or
oblique subduction, and to triple-junction-related sands. This similar-
ity is not surprising for the following reasons: (1) Paleogene conver-
gence along the Chile margin was predominantly oblique (Pilger.
1983; Cande and Leslie, 1986); (2) the modern Chile forearc region
is cut by a major arc-parallel. right-lateral, strike-slip fault system, the
Liquifie-Ofqui fault zone (Forsythe and Prior, 1992); and (3) at least
four periods of uplift and erosion have been documented in Tertiary
sections within the Golfo de Penas region associated with migration
of the Chile Triple Junction (Forsythe et al., 1985),

DISCUSSION
Slope Transect Sites

There is a distinct change in lithic proportions down section at Site
859. This break occurs between 284 and 420 m, below the change from
flat-bedded to broken formation (Fig. 2; see Site 859 site report in
Behrmann, Lewis, Musgrave, et al., 1992). At 420 m the dominant
lithics are metamorphic fragments, and the quartz content increases.
This can be seen in the bimodal distribution of Site 859 lithic compo-
sitions on Figure 10 (859U, upper section, and 8591, lower section).
Although the depth at which this apparent change in provenance oc-
curs is poorly constrained because of the paucity of sand in this lower
interval, it is significant. and may correspond to a major structural
break within the broken formation. No similar trend is observed at Sites
860 and 861, where sand compositions remain relatively uniform. One
explanation for this discrepancy is that the sediments cored at Sites 860
and 861 and in the upper part of Site 859 are slope deposits with a
similar onshore source of sediment. The lowermost section at Site 859
could then represent offscraped trench fill or trench overspill derived
from along-strike submarine canyons, hence the anomalous composi-
tion. The quartzose nature of these sediments would be consistent with
an uplifted metamorphic source, possibly the northern Taitao Penin-
sula. Alternatively, the quartz and metamorphic enrichment could be a
diagenetic effect resulting from dissolution of plagioclase feldspar and
volcanic lithic fragments, In support of this theory, the lower interval
is characterized by common alteration of voleanic lithics, birefringent
clay-mineral coatings on grains, inorganic microcrystalline carbonate,
and an increase in chlorite and decrease in smectite in the clay-mineral
fraction (see Site 859 site report in Behrmann, Lewis, Musgrave, et al.,
1992). The anomalously high consolidation of the sediments at Site
859 suggests that some removal of section may have occurred at
this site, and maximum burial depths may have been much greater
(Behrmann, Lewis, Musgrave, et al., 1992),

Site 862

The sandy sediment examined from Site 862 on the Taitao Ridge
is relatively uniform in composition, and similar to that of the other
Leg 141 sites (Figs. 4 and 5), but with an overall higher metamorphic
content (Fig. 6). This sediment was deposited during the late Pliocene
(NN18-16), near present water depths, but prior to Chile Ridge
subduction in this region.

At present, the Taitao ridge forms a spur off the continental shelf
near the Taitao Peninsula (Fig, 1); the similarity of its sediment
composition with that of other Leg 141 sites suggests that the Taitao
Ridge was connected to the shelf during the late Pliocene and could
not have been an isolated ridge on the subducting plate. The presence
of 10 locally derived, hydroclastic vitric-tuff layers intercalated with
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Figure 9. QFL ternary diagram comparing the mean Leg 141 sand composition
with detrital modes calculated from data collected by Yerino and Maynard
(1984). Polygons represent the fields of variation (standard deviations) about
mean values (filled stars and circles). Yerino and Maynard data are grouped
according to latitude of sample locations.

these mainland-derived sediments (see Strand, this volume) suggests
that ridge volcanism was concurrent with sediment transport from the
mainland. Triple-junction-related uplift and erosion of metamorphic
basement rocks on the Taitao Peninsula (Fig. 8) may account for the
higher metamorphic component in Site 862 sands, but there is no
distinct evidence of Taitao Ophiolite-derived material at this site.
Given present offshore bathymetry (Fig. 1), however, material eroded
from the Taitao Ophiolite (Fig. 8) would likely be carried off the
shelf edge south of the Taitao Ridge rather than northward toward Leg
141 sites.

Site 863

The composition of sub-vertically bedded, anomalously lithified
(see Prior et al., this volume) Pleistocene units at Site 863 reflects
tectonism and perhaps the effects of glaciation in their source areas.
The sedimentary lithic fragments that characterize the turbidite sand-
stones of Hole 863B may have been produced by rapid downcutting
in the unnamed canyon which heads off the continental shelf north of
the Taitao Peninsula (Fig. 1). During Pleistocene glaciation, this chan-
nel may have funneled sediment-laden glacial meltwaters from the
Taitao Peninsula into the Chile trench, and the resulting sequence of
sandy turbidites was subsequently upended in response to recent
subduction of the Chile Rise. Thus, Hole 863B sedimentary lithic
grains may be eroded accretionary-prism sediments or till pellets, or
possibly, they represent the eroded sedimentary cover of the now-
denuded Taitao Peninsula.

Input of sedimentary lithic fragments into trench sequences is
known from the Japan triple-junction region, where the Fuji River
drains uplifted accretionary-prism sediments and the crosscutting
voleanic edifices of the magmatic arc (Marsaglia et al., 1991, 1992).
Similar sedimentary-lithic-rich sequences have been cored in the
Japan forearc and are thought to have been associated with an Oligo-
cene forearc disturbance, possibly related to the passage of a triple
junction (Marsaglia et al., 1991, 1992).

Controls on Sediment Provenance
in the Southern Chile Forearc Region

The three main controls on sand provenance near the Chile Triple
Junction are tectonics, climate, and volcanism. These controls are, in
part, interrelated.

Tectonics

As summarized by Behrmann, Lewis, Musgrave, et al. (1992),
ridge subduction in a triple-junction setting stratigraphically and struc-
turally affects the overriding plate. Certain effects are particularly

139



K.M. MARSAGLIA. X.V. TORREZ. I. PADILLA. K.C. RIMKUS

A Q

CRATON
INTERIOR

++

TRANSITIONAL
CONTINENTAL

RECYCLED
OROGEN

o_
859L

BASEMENT
UPLIFT

4 Remnant Arc

v Intraoceanic
Arc

o Continental Arc
% Triple Junction

= Strike-Slip Con-
tinental Arc

+ Anomalously
Quartzose

o0 Leg 141 Site Mean
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pertinent to sand-provenance studies (Marsaglia et al., 1991, 1992;
Marsaglia and Ingersoll, 1992); for example, the passage of a triple
Junction may be recorded along the arc by rapid uplift and subsidence
associated with a lull in arc magmatism, and recorded in the forearc
by anomalous near-trench magmatism, uplift, subsidence and exten-
sional deformation (Del.ong and Fox, 1978; Marshak and Karig,
1977 DeLong et al., 1978, 1979; Herron et al., 1981; Barker, 1982).
The Taitao Ophiolite was rapidly uplifted and exhumed during the
late Pliocene or Pleistocene due to migration of the Chile Triple
Junction (Forsythe and Prior, 1992),

Sedimentary patterns in forearc settings are commonly disrupted
inboard of triple junctions. Triple-junction tectonics may serve to
localize the formation of submarine canyons that control the rate of
influx and provenance of sediment deposited in the trench. Large sub-
marine canyons flank the Izu Peninsula near the Japan Triple Junction
(see Marsaglia etal., 1991, 1992, and Marsaglia and Ingersoll, 1992),
and similar submarine canyons occur in the vicinity of the Taitao
Ridge (Fig. 1).

Climate

Glaciation has characterized the Patagonian Andes since at least
4.6 Ma, with significant ice-field expansion between 2.4 and 1.2 Ma
(Mercer, 1976; Rabassa and Clapperton, 1990). South of latitude
43°S, during the greatest extent of glaciation in the early Pleistocene
(1.2 Ma; Mercer, 1976), glaciers extended from the Andean continen-
tal divide out across the Pacific continental shelf (Clapperton, 1990;
Rabassa and Clapperton, 1990). The Taitao Peninsula approximately
marks the northern limit of continental glaciation during the Plio-
cene/Pleistocene, the last vestige of which is the Northern Patagonia
icefield (Campo de Hielo del San Valentin; Fig. 8).

The preferential glaciation of the southern Patagonian Andes may
be a function of differential uplift induced by migration of the Chile
Triple Junction; at present, there is a 2 to 3 km increase in elevation
of the Patagonian Andes south from the Taitao Peninsula (Forsythe
and Prior, 1992). Extreme differences in trench sedimentation pat-
terns north and south of the triple junction may be a function of the



Pliocene limit of continental glaciation at this latitude (Lothian, pers.
comm., 1993).

Volcanism

The modern volcanic arc in southern Chile is superposed on the
Patagonian batholith trend. Presently, there is a volcanic gap of ap-
proximately 300 km in the Chilean Arc from Lautaro Volcano at 49°S
to Hudson Volcano at 46°S (Fig. 8), which may have evolved over a
subducted “slab window™ (Forsythe and Nelson, 1985; Cande and
Leslie, 1986; Forsythe and Prior, 1992). Recent eruptions of Hudson
Volcano have probably provided little voleaniclastic material to the
trench slope. The ash clouds produced during these eruptions are
carried by the prevailing “Roaring Forties” winds to the east (anony-
mous, 1991). Westward transport of material is limited to material
carried down valleys into fiords and an intricate series of interior
waterways that characterize the Chonos Archipelago (see Fig. 8; Best,
1992). During glacial maxima, volcaniclastic material may have been
carried as englacial or supraglacial debris from the arc to the forearc
shelf region.

SUMMARY AND CONCLUSIONS

Leg 141 sand compositions are fairly uniform and these sediments
have a dissected-arc provenance, reflecting extensive onshore ero-
sion of quartzose Paleozoic metasedimentary basement rocks and the
Mesozoic Patagonian batholith. The lithic component is dominantly
intermediate to mafic volcaniclastic debris derived from arc volca-
noes, and perhaps, near-trench volcanic centers on the Taitao Penin-
sula. Sites south of the Chile Triple Junction show higher meta-
morphic and sedimentary lithic proportions, probably due to uplift
and erosion in the Taitao Peninsula region during northward migra-
tion of the triple junction.

Thus, the three main controls on sand provenance in the Chile
forearc region at latitude 46°S are tectonics, volcanism, and climate.
Tectonic uplift of the forearc due to triple junction migration, and
tectonic uplift of the arc system as a whole due to oblique subduction
and arc-parallel strike-slip faulting have resulted in the erosion of
metasedimentary Paleozoic arc basement rocks and the Patagonian
batholith. Late Cenozoic glaciation in this region may have been
enhanced by this uplift and provided a means of supplying arc vol-
caniclastics (and volcaniclastics from Taitao volcanic centers?) to
the forearc.

Intersite and intrasite trends in sand provenance are limited to
higher quartz and metamorphic contents at the bottom of Site 859 and
higher metamorphic and sedimentary lithic contents at Sites 862 and
863. The former trend is most likely a function of diagenetic modifi-
cation by dissolution of plagioclase and volcanic lithic fragments, and
the latter trend likely reflects tectonism in the Taitao Peninsula region
associated with triple-junction migration.
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APPENDIX 1
Raw Data
Age
Core, section, Depth  Grain (nannofossil P Unst Lvv Lvv Lwv Lwv Lwv Lvml Lvml Lvml Lvml Lvml
interval (cm) (mbsf)  size zone) Qp Qm P AD K Feld Lvo Brgl Orgl Clgl Blgl A/D Lvf Brgl Clgl Blgl A/D  Brgl
141-859A-
3H-2, 24-25 12.4 1 18-16 | 56 145 0 i3 1 2% 0 11 3 6 3 38 4 36 4 6
3H-3, 115-116 14.85 1 18-16 1 49 137 0 12 1 0 001 4 311 318 0o 79 1 4
6X-1, 96-98 35.65 1 18-16 1 104 155 0 8 2 0 21 0 17 10 6 2 14 1 22 1 2
141-859B-
2R-4, 1-5 66.1 1 18-16 3 119 97 0 12 0 0 22 0 19 12 0 1 22 3 25 0 |
16R-3, 146-149 25905 1 18-16 5 78 1499 0 13 2 6 0w o0 5 4 3 5 37 3 13 0 0
17R-1, 32-34 264.6 1 18-16 2 96 157 0 15 0 4 5 0 0 10 3 11 13 8 21 1 0
17R-4, 74-76 269.55 | 18-16 7 104 145 0 18 | 1 7 1 5 7 5 7 8 1 20 2 1
19R-1, 79-81 284.3 1 18-16 0 74 168 0 13 0 0 2 0 3 6 11 7 10 2 8 3 0
33R-2, 61-63 42044 1 18-16 2 250 79 0 24 0 0 0 0 0 0 9 2 1 0 4] 2 0
37R-CC, 5-9 459.1 | 18-16 6 104 24 0 6 0 0 1 0 1 0 1 0 0 1 0 1 1
38R-CC,8-10 4689 1 18-16 4 214 79 0 230 0 2.0 0 0 5 4 5 4 0 5 0
141-860A-
IH-CC, 2-3 9.5 1 21-20 4 97 122 0 15 1 1 32 0 7 14 7 6 14 | 22 0 1
141-860B-
2H-6, 110-112 9 2 21-20 3 125 109 0 23 2 0 19 0 0 12 2 12 23 0 17 0 4
3H-4, 139-142 16.75 1 20 3 129 9 0 21 0 0 13 0 3 T 1 5 22 1 18 0 1
3H-7, 30-35 20.2 1 20 4 115 91 0 22 0 o 30 0 8 8 6 2 20 1 16 0 |
4H-2, 140-143 233 1 19 9 104 8 0 13 1 1 20 0 4 T 2 4 21 I 32 0 0
SH-5, 113-116 37.05 1 19 3 113 105 0 28 0 0 7 1 10 7 2 I 21 2 17 0 2
SH-7, 35-40 38.65 1 19 4 118 104 0 15 0 4 a5 0 11 9 4 1 29 2 8 2 5
SH-CC, 141-144 394 i 19 7 119 02 o 16 0 0 40 0 4 9 4 4 20 2 18 2 1
6H-3, 76-79 43.15 2 19 0 71 1o o 14 0 6 48 0 7 5 3 7 32 8 12 0 7
6H-6, 60-63 47.5 2 19 0 94 120 0 16 1 2 3l 0 6 7 5 2 24 | 16 2 13
6H-CC, 19-20 48.2 1 19 2 79 126 0 21 1 3 18 0 2 4 4 6 27 3 20 3 9
141-860B-
10X-CC, 8-13 69.5 1 19 4 82 77 0 13 0 1 84 0 8 20 2 2 31 2 16 1 1
14X-2, 95-99 101.3 1 19 0 32 69 0 16 0 0 104 o 16 9 | 4 33 2 17 2 1
17X-2, 130135 1293 1 18-16 4 178 90 0 14 0 4 7 0 3 6 1 3 12 0 17 2 0
19X-1, 31-33 137.4 1 18-16 1 102 118 0 12 0 2 17 1 4 20 2 1 17 2 26 1 5
22X-2, 138-143 167 1 18-16 2 97 136 0 18 0 4 16 | 6 10 7 3 17 6 20 0 3
22X-3,22-27 168.35 1 18-16 1 97 130 0 20 0 3 13 2 9 12 9 6 19 5 13 1 2
30X-2, 83-85 2439 1 18-16 2 71 122 0 16 0 1 3o 2 9 29 2 3 17 2 23 2 3
30X-3, 13-18 244.6 1 18-16 0 81 140 0 17 0 0 37 0 23 15 5 2 21 5 9 0 2
32X-2, 57-62 262.97 2 18-16 0 105 122 0 13 0 0 19 0 3 4 1 3 27 3 14 1 1
37X-1, 132-134  311.1 2 18-16 0 8 2 0 2 0 0 3 0 2 5 | 1 4 4 0 0 0
48X-1, 76-77 406.7 1 18-16 5 37 15 0 8 0 0 0 0 2 0 2 2 0 0 3 2 0
49X-1, 28-32 416 1 18-16 3 63 53 0 2 0 0 14 0 5 5 | 1 4 0 8 0 0
53X-2, 26-31 450.8 1 18-16 0 13 28 0 3 0 0 3 0o 2 0o 2 2 1 2 8 2 0
58X-1, 85-87 493.6 1-2 18-16 2 43 52 0 2 0 1 10 1 6 f 1 1 3 1 10 1 1]
58X-3, 10-12 495.9 | 18-16 3 36 55 0 7 0 1 8 4 I 3 0 2 8 1 28 0 0
141-861C-
3H-CC, 27-30 22 1 21 4 142 61 0 11 0 0 16 0 2 3 0 1 35 3 11 1 I
6H-2, 132-137 438 1 20 3 110 94 0 19 0 3 59 0 4 3 2 2 22 | 16 1 |
6H-3, 15-17 44.1 | 20 1 99 121 0 23 0 1 42 0 5 14 2 3 19 6 15 0 |
6H-5, 120-124 482 1 20 3114 91 0 18 2 1 6 0 4 9 3 3 23 1 12 0 0
TH-5, 129-134 57.8 1 20 4 84 137 0 27 0 0 40 7 3 6 2 4 10 1 4 0 7
10H-5, 4247 774 1 20 1 47 57 0 q 0 0 19 0 8 3 0 4 4 3 11 0 0
10H-2, 66-68 7315 1 20 6 100 117 0 17 2 0 49 0 10 9 1 3 15 3 13 0 1
14X-2, 146-148  112.3 4 20 2 140 e 0 19 3 2 12 0 5 3 4 5 13 3 12 1] 1
32X-2,32-34 258.8 1 18-16 1 73 44 0 4 0 0 5 0 5 0 0 0 2 4 14 0 2
141-862A-
|H-2, 28-29 1.8 | 18-16 3 96 16 0 17 0 0 29 0 7 7 1 | 10 4 12 0 4
2H-1, 134-136 6.75 1 18-16 10 105 104 0 12 0 1 8 0 12 6 5 2 10 6 12 2 1
2H-2, 23-24 7.15 1 18-16 4 102 100 0 18 1 1 9 n 17 10 2 4 12 11 20 2 1
2H-5,7-9 11.47 1 18-16 2 102 17 0 20 3 3 10 3 20 9 2 0 12 5 14 5 0
3H-2, 100-102 17.4 1 18-16 4 110 98 0 14 0 1 &8 0 8 5 2 2 13 4 13 0 |



PROVENANCE OF PLEISTOCENE AND PLIOCENE SAND

APPENDIX 1 (continued).

Lvl Lvl  Lvl Biv  Bio Non  Oth/
Clgl Blgl AMD Lmv Lmm Lmt Lma Lmp Lsi  Lsa Lsc Lsch Glw Org Sil  Car Carb Mus Biot  Chl OpD OpD Unk Total

0 1 0 0o 0 1 2 0 0 0o 0 0 0 0 0 0 0 | 8 0 6 26 1400
0 6 0 O 0 3 0 1 0 0o 0 0 0 0 0 1 0 0 0 0 4 130 400
0 3 0 0 0 0 3 0 0o 0 0 0 0 I 0 0 0 2 0 416 0 400
0 2 0 0 3 1 3 0 0 6 0 0 0 0 i 0 0 4 I8 [ 7 18 0 400
0 8 0 21 2 10 0 0 0 o0 0 0 0 i 0 I 4 0 1424 10 400
0 2 0 0 13 0 10 10 00 0 0 0 0 l 7 1 s 3R 0 40
0 2 0 0 3 s 3 0 0 20 0 0 0 0 0 0 0 5 I 3023 13 400
0 0 0 0 4 1 0 0 0 0o 0 0 0 0 0 0 0 137 I 336 10 400
0 0 0 0 5 112 0 0 i 0 0 | 0 0 1 0 0 4 0 1 2 1400
0 0 I 0 4 15 5 0 0 o 0 0 0 I 0 0 4 3 4 I 6 10 0 200
0 i 0 0 11 14 4 0 0 01 0 0 0 0 2 0 3 5 [ 6 34 4w
0 1 0 0 4 5 2 0 0 2 0 0 0 0 0 0 0 210 0 42 5 400
0 2 0 0 3 7 & 1 0 0 0 0 0 | 0 0 0 0 3 0 4 137 400
1 ] 0 17 12 3 0 0 0 0 0 0 0 0 29 0 1 5 0 7 9 I 400
0 2 0 0 5 10 11 2 0 0o 0 0 0 0 T 0 2 1 0 I 20 0 400
0 3 0 0 2 3 8 0 0 2 0 0 0 | 0o 27 I 4 s 0 20 26 0 400
| I 0 0 7 11 s [ I 0 0 0 0 0 4 [ 0 7 0 | I 0 400
0 0 0 0O 7 7 6 0 | (B b0 0 0 3 0 0 5 0 | 710 40
0 4 0 0 1w 12 3 0 0 i 0 10 0 0 2 0 4 3 0 I 9 0 400
3 1 0 I 4 3 4 0 0 7 0 0 0 0 0 I 3 | 9 2 1 21 0 400
0 6 I 15 6 4 0 0 i 0 2 0 0 0 0 0 0 3 2 0 1710 400
1 4 1 2 7 7 3 0 0 0o 0 0 0 0 0 0 0 l 4 0 5 13 24 400
0 0 0 0o 3 1 1 0 0 0 0o 0 2 4 0 0 321 2 5 i3 0 400
0 1 1 0o 3 0 3 0 0 0 0 0 0 45 | 0 0 1 1S 2 3 19 0 400
0 2 | 0 6 11 2 0 0 1 0 o0 0 2 I 9 | | 3 0 4 15 0 400
0 4 1 0 3 6 2 0 0 0o 0 0 0 0 0 25 0 2 3 I 5 170 4
1 4 0 0 5 5 0 2 1 o0 0 0 0 0 2 0 I 6 0 2024 0 400
0 1 0 17 4 0 0 6 0 10 0 0 3 0 0 3 0 0o 21 0 400
1 2 0 o 1 2 1 0 0 I 0 0 0 0 0 3 0 0 4 0 9 42 0 400
0 0 0 0 2 3 3 0 0 10 0 0 I 0 1 0 0 8 0 22 0 400
1 6 | 0 6 6 0 0 0 0o 0 0 0 0 1 9 0 | 9 4 2 18 0 400
0 0 0 o1 0 0 0 0 338 0 0 0 1 0 I 1 0 0 0 0 50 400
0 0 0 0o 3 5 1 0 0 10 0 0 0 2 0 0 3 ] i 3 50 100
0 0 0 0o 3 2 1 0 0 10 10 I 0 0 0 0 I 8 15 1200
0 3 0 0o 0 4 2 0 0 2 0 0 0 0 0 3 0 | 0 0 5 40 100
0 1 0 0o 2 9 1 20 0 0 I I 7 0 0 0 6 21 200
1 3 0 0 I 4 0 0 o 0 0 0 0 0 5 0 I 0 0 8 w0 200
i 1 0 0o 7 17 2 0 0 0o 0 0 0 0 14 4 2 6 I 7] 170 400
0 3 I 0 4 8 0 0 0 0o 0 0 0 0 0 9 0 s 7 3 1 19 0 400
0 0 0 o112 0 2 0 10 0 0 0 1 2 0 0 4 1 320 0 400
0 2 0 0o 5 2 2 0 0 4 0 0 0 0 0 i 0 2 7 l 6 15 0 400
1 4 1 0o 2 7 10 0 0 0 0 3 0 0 0 0 I 0 4 0 0 30 40
[ 3 0 o 1 3 0 0 0 0 0 0 0 0 0 3 3 0 4 I 3 140 200
0 1 0 0 6 4 2 0 0 30 0 0 0 0 0 0 ol 0 422 0 400
1 5 0 0 2 4 4 0 0 0o 0 0 0 | [V b 0 0 2 0 2 26 I 400
0 0 0 0 4 9 2 0 0 0 0 0 0 0 0 5 0 0 2 [ 3 150 200
0 8 0 0O & 14 3 0 0 4 0 0 0 0 0 0 2 6 01l 60 400
0 I I 0 13 40 9 2 0 0 0 0 0 1 0 4 I 2l 1 2 16 0 400
5 6 3 0o 18 2 2 0 0 0 0 10 1 2 2 0 0 9 0 3 9 3 400
1 1 1 0o 13 11 5 0 0 0 0 0 0 0 0 0 0 010 0 30027 2 40
1 4 0 0 16 32 5 4 0 4 0 0 1 0 0 s 0 [T 0 420 0 40
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APPENDIX 1 (continued).

Age
Core, section, Depth  Grain  (nannofossil P Unst Lvv  Lwv Lwv Lvv Lwv Lvml Lvml Lwvml Lwvml Lvml
interval (cm) (mhsf)  size #one) Qp Qm P AD K Feld  Lvo  Brgl Orgl Clgl Blgl A/D Lvf Brgl  Clgl  Blgl  A/D  Brel
141-862B-
2X-1. 4446 179 2 18-16 4 124 119 0 2] ! 7 9 0 5 10 | 0 12 7 10 0 4
2X-2. 127-128 203 1 18-16 I 13 20 0 0 37 0 2 0 0 0 7 I 7 0 0
2X-CC. 24-26 214 [ 816 4 134 110 12 0 0 6 0 3 4 1 8 4 il I 4
141-863A-
IH-2. 124-126 2.75 2 T 2 157 104 0 15 0 2 14 0 3 3 0 2 6 0 12 1 |
IH-5. 15-17 6.15 z i 7 136 106 0 25 V] 1 2 ) 3 6 4 12 7 2 7 0 ]
IH-CC. 27-29 8.55 | e | 110 70 0 1 ! 1 7 0 3 5 2 2 10 2 10 0 0
2H-6,9-11 16.15 2 i 3 99 140 0 14 0 0 26 0 18 4 0 8 8 | 6 V] 2
3H-2. 57-61 20.2 | L 6 70 81 0 13 2 2 18 0 10 2 0 5 11 | 7 0 |
3H-2, 128-133 238 | 2 7 165 100 0 21 2 3 9 0 7 3 | 4 7 3 14 | 0
TX-4. 56-59 61.15 1 20 5 103 134 0 14 1 0 11 0 2 5 4 2 12 I 34 8 0
8X-3,91-95 69.4 2 0 2 150 14 i} 12 [§] 3 20 0 4 9 2 0 10 0 9 0 0
YX-CC. 13-15 76.25 | - 5 127 118 0 13 0 0 23 | 6 9 0 4 9 i 25 0 |
10X-CC. 25-27 8335 2 ) 0 146 132 0 17 [§] I 16 0 | 7 2 2 5 0 9 1] 3
HX-CC. 6-7 94.76 2 2 3 77 e o 2 2 2 13 0 3 I 3 7 4 1 10 0 |
14X-2, 31-36 125 2 ¥ 3 106 116 0 23 | 2 16 | 6 I8 b3 1 18 2 2] 0 2
17X-CC. 17-20 153.2 2 2 2 99 147 0 22 0 2 17 0 3 6 ki 4 14 0 18 | 0
19X%-1. 48-51 172.5 2 % 6 123 B8 0 26 0 0 12 0 ! | S 10 9 i 8 5 0
24X-1. 10-12 2204 2 b 1 126 11 0 21 | 4 ] 0 I 3 4 I 8 10 20 2 ]
26X-CC, 14-16 2407 2 19 2 106 122 0 A | 0 30 2 4 11 3 3 12 4 14 0 1
28X-1,69-71 2594 2 19 4 ul 73 0 21 0 0 23 0 3 3 4 3 15 9 11 7 0
28X-1. 105-108 25985 1 19 2 96 131 0 18 | 2 15 0 4 13 0 2 15 6 19 0 |
28X-CC, 19-22  260.25 1 19 1 98 115 0 1 0 6 22 0 6 3 6 4 18 9 16 5 2
29X-2, 25-28 26945 1 19 4 89 134 1] 16 | 3 17 0 2 0 I 4 9 2 24 8 |
30X-1.3-7 278.13 1 19 3 88 119 0 21 0 | 20 o 12 2 6 2 10 1] 18 10 |
I0OX-CC.20-22 2807 | 19 2 102 144 0 13 0 I 13 0 10 2 2 74 13 18 9 2 2
3IX-1,34 287.63 2 19 4 107 109 0 16 2 0 13 0 3 1 5 2 15 12 10 7 4
JIX-1. 4143 288.05 | 19 7 80 131 0 21 0 3 22 0 7 6 5 | 14 2 19 10 2
141-863R-
4X-1, 23-26 326.13 2 20 3 123 113 0 19 | | 8 0 3 10 2 4 4 2 9 pd 2
4X-2,1-3 3274 1-2 20 k] 145 83 0 19 2 0 4 0 1 1 3 6 3 0 4 3 0
AX-4129-134 331.7 2 20 2 120 110 0 27 0 2 11 0 2 9 6 i 9 4 10 | 0
4X-5.2-7 331.92 2 20 0 124 98 0 27 2 4 10 0 3 1 5 1 16 1 1 i 0
IN-CC. 46 357.3 2 20 5 70 76 0 4 4 2 18 0 2 4 2 4 5 4 13 2 0
BN-1,5-7 35745 2 20 1 116 89 0 18 | 3 2 0 0 0 8 1 8 1 1 7 0
TOR-1. 65-T1 371.68 2 20 4 91 85 0 13 0 2 23 | 2 I 7 6 5 0 7 13 |
12R-1. 38—0 386.68 2 20 2 84 63 1] 9 ] 2 4 0 0 2 4 + 4 0 9 13 0
13R-1. 4143 396.2 1-2 20 4 123 105 0 I5 0 3 13 0 2 2 6 10 4 z 5 4 I
15R-1. 1-3 415.21 3 20 2 58 6 0 12 | 0 | 0 0 0 3 | 3 2 1 5 0
16R-4, 130133 4305 2 20 2 107 78 4 8] 2 0 0 0 0 | 8 5 2 1 5 16 0
ITR-7. 20-25 443.1 2 20 1 45 35 1 I 1 0 0 0 1 o 10 5 0 1 0 18 0
19R-3. 102-105  457.75 2 20 3 108 17 0 I8 5 5 3 0 2 0 6 | | 0 ! 9 |
21R-1.72-75 473.7 | 20 1 101 110 | I 0 2 | 0 0 I 13 4 3 0 4 31 0
22R-1, 81-83 483.5 | 20 6 100 1! 0 4 1 1] 1 0 0 4: 23 6 7 ! 16 20 0
24R-3, 11-13 505.1 I 20 2 97 131 0 17 0 0 6 0 1 | 12 6 13 0 8 14 0
25R-2, 111-114 5143 1 20 I 130 126 I 17 I 0 11 0 2 0 9 2 13 0 a 13 0
32R-5. 38-40 585.1 | 20 3 82 82 0 10 5 3 2 0 1 2 4 2 3 1 9 9 |
34R-5, T0-73 6047 | 20 1 127 121 0 24 % 0 3 0 0 6 8 2 9 a B 12 0
A5R-1.4-6 608, 1 1 20 2 131 134 0 24 1 1 5 0 | 1 8 6 =1 3 5 8 0
3TR-4. 77-80 632.2 1-2 20 I 125 109 1 16 0 3 6 0 | 0 11 5 5 3 1 9 0
39R-2, 105-107 6487 | 20 0 62 101 0 16 0 | 9 0 0 | 16 5 5 0 3 4] 2
42R-2, 62-64 677.3 | 20 5 118 107 5 21 3 0 0 0 0 3 7 4 5 0 10 1 0
43R-2, 73-75 687 1-2 20 3 (5 89 I 26 I 0 2 0 2 1 7 3 5 2 13 11 0
HR-5, 4346 700.7 | 20 4 17 134 0 17 5 0 7 0 0 4 4 4 13 2 16 2 1
45R-2, 60-63 705.8 2 20 2 127 126 0 32 | 0 5 0 3 0 5 T 12 2 4] 4 0
46R-2, 62-66 7089 | 20 3 94 68 3 15 | 1 3 0 0 0 2 3 6 0 5 4 0
4TR-1. 111-122 7149 1-2 20 4 78 68 0 13 0 1 3 0 | | 5 2 3 0 | 16 0
49R-1, 86-89 734 I 20 3 117 135 3 I7 0 0 2 0 0 1 7 1 3 0 10 15 0
Notes: Grain size: | = very fine, 2 = fine. 3 = medium. See Table 1 for key to abbreviations and formulas.
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APPENDIX 1 (continued).

PROVENANCE OF PLEISTOCENE AND PLIOCENE SAND

Lyl Lvl Lvl Bio  Bio
Clgl  Blgl  A/D Lmv Lmm Lmt Lma Lmp Lsi  Lsa  Lsc Lsch Glw Org  Sil Car Carb Mus  Biot
0 | 0 0 3 15 4 0 0 2 2 3 0 0 0 0 3 0 5
0 (] 0 0 2 | | 0 4] 0 0 0 0 4] 0 0 0 0 3
0 3 0 0 9 28 8 1 a 0 0 0 0 i} 0 4 0 2 bt
0 0 0 0 | 24 8 0 I 6 0 0 0 2 3 6 0 0 9
0 3 0 0 6 22 7 0 0 0 0 0 0 I ] 6 0 I 3
0 2 0 0 ) ] 4 0 0 0 0 0 0 0 2 i 0 2 2
0 2 0 0 5 12 3 0 0 1 0 0 0 2 0 4] 0 ] &
0 2 | 0 5 6 2 0 | 6 0 1] 0 | | 3] | 0 8
] 2 o 0o 2 1 - 0 0 0 0 0 0 ] ] 5 0 2 2
0 4] 3 ] 3 5 3 0 0 3 1 0 0 0 1] 0 0 () 9
I { 0 011 15 4 0 0 0 0 | 0 0 0 4 0 | 8
0 | 0 0 ] I 2 0 0 3 0 0 0 0 0 7 | | 5
0 I 0 0 4 12 6 0 1] 0 0 0 0 0 0 0 0 0 0
0 3 1 0 4 4 2 0 0 0 0 0 0 0 0 0 2 ] 0
0 2 0 0 5 7 0 1 0 0 0 0 0 I 0 | 0 | 5
0 3 0 0 3 13 2 3 0 0 0 0 0 0 0 1] 0 2 [{]
0 3 1 0 2 47 0 16 22 0 0 0 0 | El | | 4
| 0 ! ] 5 12 8 0 0 | 0 | 0 | 0 3] 3 0 4
2 4 0 0 2 13 2 0 0 4 0 | 0 0 I 4 0 0 10
5 I 0 0 8 19 17 4 12 37 0 | 0 0 0 9 0 1] 2
! 2 1 0 9 17 | 0 0 | 0 0 0 Q 0 | 0 2 K
0 ! 0 0 3 13 6 0 0 5 0 0 0 0 0 5 0 0 14
! ! 2 0 5 17 4 0 2 5 0 0 ] 0 0 | V] 0 4
4 ! 2 0 4 7 5 0 0 5 0 0 0 0 0 1] 0 0 6
v ! 0 }] 6 12 | 0 0 | 0 | ] 1 0 0 0 1] 4
7 | 5 | 2 19 14 2 3 3 0 0 0 0 0 2 0 0 4
0 3 | 0 3 10 6 0 1 7 (} 0 0 0 1] k| 4] 0 4
2 3 | 0 4 12 10 0 2 3 0 0 (1] 0 0 3 ] 0 |
| | 0 0 | 8 2 0 0 | 0 0 0 0 0 0 0 0 4]
0 5 0 0 14 17 6 4 | 2 0 | 1] 0 0 2 0 1] 6
1 2 0 0 ] 16 9 V] 14 12 0 0 0 0 4] 0 0 i 2
0 | 0 0 6 18 | 2 6 109 0 0 0 7 0 ] 0 | 5
| | 2 0 I 32 10 6 13 43 0 0 ] 0 0 2 0 1] |
| 6 3 0 4 19° 22 0 13 45 V] 0 0 0 0 | 0 | |
0 2 [ 0 3 21 9 2 21 113 2 0 0 0 ] 0 I U] 0
0 1 0 0 5 15 5 2 15 £t ] ] | 0 0 0 3 0 0 |
1 0 4 0 2 15 22 B 153 59 0 0 V] 0 0 0 ] 0 3
0 0 3 0 3 n 6 1] 12 45 0 0 ] 0 0 0 0 0 2
| 0 4 0 0 14 14 8 48 67 2 0 0 ] 0 3 0 0 |
0 1 3 ot 6 47 12 3 5 40 1 0 0 0 0 2 0 1 3
0 0 | 0 6 18 9 U] 6 45 0 1 4] 1] 0 6 0 0 |
0 1 0 0 8 17 7 2 5 21 0 0 0 0 ] 0 0 0 3
0 0 1 0 6 15 7 | | 15 0 0 0 0 0 4 | 1] 2
0 | I 0 2 ] 6 0 | 23 0 V] 0 0 0 | 0 0 7
0 | | 0 | ] 3 0 8 9 0 0 | 0 V] 0 | 0 |
0 | 0 0 3 14 3 2 7 17 0 0 0 0 0 0 0 I 7
0 0 2 0 10 9 5 0 0 4 0 0 0 1] 1] 2 0 | 2
0 | | 0 2 14 5 | 5 10 1 0 0 0 0 | I 0 2
0 | 0 ] 3 9 3 0 7 13 0 0 0 0 0 0 0 0 |
0 0 0 0 8 18 5 | ] 35 0 0 0 0 Y] | 0 1] 3
0 3 4 0 8 16 6 0 7 39 0 0 0 V] 0 3 0 0 10
0 0 ! 0 3 12 10 2 6 9 0 0 0 0 0 0 0 0 4
0 0 0 0 2 23 3 0 0 8 0 | 0 0 0 3 0 0 9
0 0 0 0 2 14 13 0 25 110 1 ] 0 0 ] ] 0 4] 3
1 1 2 4 4 12 12 0 8 i’ 0 0 0 0 0 | 0 0 0
0 0 3 0 3 8 8 I 4 i5 0 0 0 0 0 6 0 0 2

Chi

0
0
0

Now

1 Ot

OpD  OpD  Unk

R R

Mﬁ\E:‘J\‘-ﬂbuil-.l-lh—ld#«‘.d—rull-l'-il

e h b R RN AR =t = A DAN R R = T

10

e S S M BN SO D AN D e S ——

Total

400
100
400

400
400
300
400
300
400
400
400

400
300
400
400
400
400
400
400
400
400
400
400
400

400

400
300
400
400
400

400
400
400
001
400
300

400

400
290
400
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APPENDIX 2
Recalculated Parameters
Core, section, QFL QmKP LmLvLs LvellLvbrLvbl
interval (cm) %Q GoF Gl %Qm %K %P SeLm Tol.v Fels %eLvel %Lvbr  %Lvbl
141-859A-
3H-2,24-25 159 444 397 26.0 5.1 68.8 2.1 97.9 0.0 12.0 56.0 320
3H-3, 115-116 13.1 393 47.6 24.6 6.0 69.3 2.2 97.8 0.0 23 30.2 67.4
6X-1, 96-98 279 438 284 387 3.0 584 15 92.5 0.0 20,0 41.1 389
2R-4, 1-5 34.8 311 34.2 522 53 42.5 5.8 89.2 5.0 20.8 42.5 36.8
16R-3, 146-149 239 473 28.8 322 54 62.4 6.0 94.0 0.0 10,0 58.8 313
17R-1, 32-34 217 48.6 23.7 358 5.6 58.6 6.0 92.9 1.2 13.6 30.5 55.9
17R-4, 74-76 31.3 46.2 225 38.8 6.7 54.5 13.8 83.8 25 1.8 314 56.9
19R-1, 79-81 23.7 58.0 18.3 29.0 5.1 65.9 8.8 91.2 0.0 16.1 38.7 452
33R-2, 61-63 64.6 26.4 9.0 70.8 6.8 224 514 40.0 8.6 0.0 100.0 0.0
37R-CC, 59 64.3 17.5 18.1 716 4.5 17.9 774 226 0.0 50.0 50.0 0.0
38R-CC, 8-10 58.0 271 14.9 67.7 7.3 250 51.8 464 1.8 333 583 83
141-860A-
IH-CC, 2-3 282 385 332 41.3 6.4 523 9.2 89.1 1.7 8.7 511 40.2
141-860B-
2H-6, 110-112 344 36.0 29.6 48.3 8.9 429 17.3 82.7 0.0 0.0 59.7 40.3 0.8 4.3
3H-4, 139-142 379 345 276 51.8 8.4 398 24.0 76.0 0.0 7.5 537 38.8 L5 4.1
3H-7, 30-35 336 319 345 50.4 9.6 399 23.0 77.0 0.0 10.5 59.3 30.2 0.8 53
4H-2, 140-143 349 318 333 50.2 6.3 435 120 86.1 1.9 5.7 46.6 477 4.8 7.0
5H-5, 113-116 309 354 338 459 1.4 427 189 80.3 0.8 13.3 61.2 25.5 1.8 ER|
5H-7, 3540 326 318 356 498 6.3 439 15.0 82.7 23 13.1 69.7 17.2 1.3 21
SH-CC, 141-144 331 31.0 36.0 50.2 6.8 43.0 18.2 78.8 29 6.1 62.2 316 1.8 26
6H-3, 76-79 19.6 36.7 43.6 34.8 6.9 58.3 7.6 88.0 44 14.6 70.7 14.6 3.0 5.6
6H-6, 60-63 255 N2 e 40.7 6.9 524 11.7 84.7 36 6.7 654 219 1.3 .3
6H-CC, 19-20 229 419 35.1 348 9.3 55.9 153 84,7 0.0 6.8 61.4 31.8 1.3 .
10X-CC, 8-13 24.6 25.7 49.7 479 1.6 44.8 29 96.6 6 6.2 71.6 222 6.5 .
14X-2, 95-99 10.2 27.1 62.7 274 13.7 59.0 3.0 97.0 0.0 9.8 754 148 4.5 v
17X-2, 130-135 50.0 28.6 214 63.1 5.0 319 244 744 1.3 6.4 40.4 532 1.0 4.8
19%-1, 31-33 29.7 375 329 44.0 5.2 50.9 9.6 90.4 0.0 6.3 411 52.6 1.5 36
22X-2, 138-143 27.1 422 30.7 38.6 7.2 54.2 10.7 87.5 1.8 157 434 41.0 1.8 6.5
22X-3,22-27 26.3 40.2 335 39.3 8.1 526 18.4 76,0 5.6 18.9 459 35.1 0.8 53
30X-2, 83-85 21.3 404 38.3 34.0 7.7 584 3.1 96.2 0.8 10.3 43.1 46.6 1.0 12.8
30X-3, 1318 221 429 35.0 34.0 T4 58.8 6.3 93.0 0.8 250 53.6 214 2.0 6.0
32X-2, 57-62 29.5 379 326 438 54 50.8 10.3 89.7 0.0 7.1 48.0 449 35 5.0
37X-1,132-134 2.0 6.1 91.8 250 6.3 68.8 0.3 58 939 333 389 278 0.0 1.3
48X-1, 76-77 48.8 26.7 244 61.7 133 25.0 429 524 4.8 40.0 0.0 60.0 4.0 8.0
49X-1, 28-32 384 349 26.7 51.2 5.7 43.1 13.0 82.6 4.3 139 50.0 36.1 1.5 :
53X-2,26-31 16.9 40.3 429 205 6.8 63.6 18.2 75.8 6.1 21:1 211 519 1.0
58X-1, 85-87 237 344 36.9 443 2.1 53.6 224 724 5.2 189 35.1 459 0.0
58X-3, 10-12 234 37.1 39.5 36.7 7.1 56.1 9.1 90.9 0.0 5.7 30.2 64.2 0.5
141-861C-
3H-CC, 27-30 458 226 3.7 66.4 5.1 28.5 25.7 74.3 0.0 8.2 7.2 20.5 23
6H-2, 132-137 317 31.7 36.5 49.3 8.5 42.2 9.2 90.8 0.0 4.6 75.2 20.2 38
6H-3, 15-17 27.1 39.0 339 40.7 9.5 49.8 12.8 86.4 0.8 10.8 60.8 28.4 1.3
6H-5, 120-124 318 30.2 38.0 50.7 8.0 413 6.4 90.7 29 4.2 76.7 19.2 25
TH-5, 129-134 242 45.1 30.8 339 10.9 55.2 17.0 80.4 27 6.6 75.0 18.4 1.0
10H-5, 42-47 279 37.2 349 42.3 6.3 51.4 6.7 933 0.0 23.1 442 327 2.5
10H-2, 66-68 29.3 37.6 33 424 7.2 50.4 10.0 87.5 2.9 12.9 64.4 22.8 3.0
14X-2, 146148 399 388 21.3 504 6.8 428 13.2 86.8 0.0 164 47.3 36.4 0.5
32X-2.32-34 425 305 27.0 5719 3.2 38.9 31.9 68.1 0.0 28.1 28.1 43.8 1.5
141-862A-
1H-2, 28-29 28.7 38.6 328 41.9 74 50.7 221 73.5 44 13.6 53.1 333 2.0
2H-1, 134-136 31.8 32.0 36.2 475 54 47.1 489 51.1 0.0 32.1 339 339 335
2H-2, 23-24 28.6 321 394 46.2 8.1 45.7 288 70.5 0.7 363 242 39.6 23
2H-5, 7-9 29.1 39.1 3.8 42.1 83 496 246 754 0.0 36.1 30.6 333 25
3H-2, 100-102 318 3.2 37.0 49.5 6.3 EEN 429 46.6 10.5 228 38.6 38.6 2.8
141-862B-
2X-1, 4446 352 38.7 26.1 46.8 19 45.3 23.2 69.5 74 20,7 43.1 36.2 1.3
2X-2,127-128 149 234 61.7 37.1 29 60.0 6.9 93.1 0.0 5.6 81.5 13.0 3.0
2X-CC, 24-26 389 346 26.5 52.1 4.7 432 489 511 0.0 15.8 36.8 474 2.5
141-863A-
IH-2, 124-126 439 329 23.2 56.9 54 377 393 524 8.3 7.7 53.8 385 30 3
IH-5, 15-17 39.8 36.5 237 50.9 9.4 397 41.2 58.8 0.0 16.7 30,0 533 1.5 "
IH-CC, 27-29 429 31.7 25.5 573 57 370 333 66.7 0.0 12.8 43.6 43.6 1.7 .
2H-6, 9-11 29.0 438 27.3 39.1 5.5 553 20.8 78.1 1.0 284 53.7 179 30 s
3H-2. 57-61 30.2 38.1 317 422 7.8 50.0 16.3 75.0 8.8 21.2 517 21.2 27 .
3H-2, 128-133 47.0 33.6 19.4 573 7.3 354 239 76.1 0.0 222 35.6 422 1.3 .
7X-4, 56-59 30.0 414 28.6 409 5.6 536 10.7 854 39 4.2 324 63.4 23 7.8
8X-3, 91-95 425 324 25.1 56.4 4.5 39.1 333 65.6 1.1 9.3 55.6 352 3.0 6.5
9X-CC, 13-15 36.0 357 28.3 49.2 5.0 457 18.3 78.8 29 11.7 429 455 1.5 4.6
10X-CC, 25-27 40.1 409 19.0 49.5 5.8 4.7 319 68.1 0.0 24 57.1 40.5 0.0 9.1
HX-CC, 6-7 304 47.1 224 38.3 10.9 50.7 16.9 83.1 0.0 111 50.0 389 1.0 10.6
14X-2, 31-36 30.6 393 30.1 43.1 9.3 476 12.1 879 0.0 94 424 48.2 1.5 8.8
17X-CC, 17-20 219 46.7 254 36.9 8.2 549 228 71.2 0.0 49 50.8 443 23 7.3
19X-1, 48-51 M7 30.6 347 51.9 11.0 37.1 25.6 450 29.5 10.8 56.8 324 23 3.0
24X-1, 10-12 354 37.0 27.6 48.6 8.1 432 253 72.7 2.0 222 352 426 1.0 5.5
26X-CC, 14-16 30.5 379 316 44.2 4.0 51.3 15.2 80.4 45 12.2 524 354 2.5 7.8
28X-1,69-71 25.6 25.3 49.1 49.2 1.4 39.5 264 46.2 275 243 54.3 214 0.5 4.3
28X-1, 105-108 27.5 420 30.5 39.0 T3 53.7 248 74.3 0.9 14.5 40.8 447 2.0 8.1
28X-CC, 19-22 284 35.8 358 439 4.5 516 17.6 784 4.0 19.5 54.5 26.0 35 6.8
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PROVENANCE OF PLEISTOCENE AND PLIOCENE SAND

APPENDIX 2 (continued).

Core, section, QFL QmKP LmLvLs LvelLvbrLvbl FR% Fri%

interval (cm) %Q %F %L %Qm %K %P %Lm Golv oLs FoLvel GoLvbr  %Lvbl Mica D
29X-2, 25-28 26.4 429 30.7 37.1 67 563 24,1 69.4 6.5 8.8 474 439 1.0 10.8
30X-1,3-7 259 39.8 344 38.6 9.2 522 13.2 82.6 4.1 342 39.2 26.6 1.5 9.0
30X-CC, 20-22 28.6 43.1 283 394 5.0 55.6 18.4 79.6 1.9 429 40.0 17.1 1.0 7.8
31X-1, 34 30.2 346 35.1 457 68 474 29.5 659 47 333 48.5 18.2 1.0 48
31X-1, 4143 24.1 42.1 338 345 9.1 56.5 15.6 779 6.6 12.0 50.7 373 1.0 8.1

141-863A-

4X-1, 23-26 36.7 38.8 245 480 74 445 31.0 63.1 6.0 16.3 32.6 512 0.3 13.3
4X-2, 13 509 357 134 582 7.6 34 28.2 69.2 26 133 46.7 40.0 0.0 3.0
4X-4, 129-134 333 374 29.2 46.7 10.5 428 383 579 37 12.0 40.0 48.0 1.5 6.5
4X-5,2-7 331 339 33.1 494 108 398 25.0 540 210 9.3 48.1 426 1.3 4.8
IN-CC, 46 209 235 55.6 45.5 26 519 13.6 28.6 578 12.8 489 383 1.5 33
8N-1, 5-7 321 29.6 384 51.8 8.0 40.2 35.0 25.0 40.0 14.3 4 14.3 0.3 8.1
10R-1, 68-71 254 262 484 48.1 6.9 450 249 43,1 32.0 6.5 63.0 304 0.5 43
12R-1, 38-40 230 19.3 57.8 538 58 40.4 16.2 20.8 63.0 0.0 38.1 61.9 0.0 5.3
13R-1,41-43 333 315 352 50.6 6.2 432 20.1 39.6 40.3 13.3 60.0 26.7 0.3 38
15R-1, 1-3 154 12.6 720 54.2 11.2 346 16.8 7.5 5.7 37.5 50.0 12.5 0.8 0.5
16R-4, 130133 318 217 40.5 53.0 54 416 29.5 205 410 11.1 22 66.7 0.5 13.3
17R-7, 20-25 16.0 16.7 67.2 484 118 398 18.7 20.7 60.6 100.0 0.0 0.0 0.3 1.3
19R-3, 102-105 30.7 27.6 41.7 51.9 87 394 4.7 219 30.5 222 55.6 222 1.0 5.6
2IR-1,72-75 276 33 39.3 453 49 49.8 228 414 359 0.0 44.4 55.6 0.3 4.6
22R-1, 81-83 284 338 37.8 442 6.2 49.6 24.1 574 18.4 33 26.7 70.0 0.8 6.0
24R-3, 11-13 28.0 41.8 30.2 39.6 69 535 27.1 579 15.0 34 65.5 310 0.5 9.6
25R-2, 111-114 353 39.1 256 413 6.2 46.5 16.8 579 253 6.7 80.0 13.3 1.8 4.0
32R-5, 3840 340 38.8 27.2 458 5.6 48.6 17.6 57.4 25.0 10.0 30,0 60.0 0.4 44
34R-5, T0-73 343 394 26.3 46.4 8.8 449 224 53.1 24.5 10.0 40.0 50.0 20 2.8
35R-1,4-6 364 436 20,0 452 83 46.6 329 61.6 55 20,0 50.0 30.0 0.8 7.3
37R-4, 77-80 364 364 272 49.8 6.4 438 234 59.6 17.0 14.8 40.7 44.4 0.5 115
39R-2, 105-107 23,1 437 332 34.6 89 564 169 60.7 225 0.0 76.2 238 0.4 56
42R-2, 62-64 33.0 36.5 30.6 46.5 83 453 28.1 342 37.7 0.0 27.8 722 0.8 55
43R-2, 73-75 33.2 318 35.1 504 110 386 233 41.1 35.7 14.3 25.0 60.7 2.8 4.3
44R-5, 43-46 324 41.8 25.7 429 62 509 28.1 56.3 15.6 47 48.8 46.5 1.0 55
45R-2, 60-63 355 43.8 20.7 44 112 444 37.3 50.7 12.0 227 773 0.0 23 6.3
46R-2, 62-66 26.0 23.3 50.7 51.9 83 398 15.3 12.7 72.0 0.0 64.3 35.7 0.8 3.8
47R-1, 111-122 29.5 29.1 414 49.1 82 428 27.8 322 40.0 182 54.5 213 0.0 2.7
49R-1, 86-89 3.7 41.0 27.2 43.0 6.3 507 214 40.8 379 0.0 313 68.8 0.5 33
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Plate 1. Photomicrographs, all plane-polarized light. Note that stained brown
glass appears darker than unstained brown glass. 1. Olivine in light brown
glassy fragment with flow texture (O) and dark brown microlitic fragment (M).
Unstained slide. Sample 141-860B-6H-6, 60-63 cm. Scale bar=0.12 mm. 2.
Dark brown microlitic (br, bottom right) and vesicular vitric (br, top center),
black microlitic (bl), and clear vitric (q) fragments. Stained slide. Sample
141-860B-6H-3, 76-79 cm. Scale bar = 0.51 mm. 3. Holocrystalline aggre-
gate (Lvo) of feldspar, opaques, and pyroxene. flanked by black microlitic (left)
and lathwork (right) fragments. Unstained slide. Sample 141-860B-6H-3,
76-79 cm. Scale bar = 0.12 mm.
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Plate 2. Photomicrographs, all plane-polarized light. 1. Plagioclase (p) and
amphibole (a) aggregate (an Lvo fragment), amphibole (a) and plagioclase (p)
crystals, and microlitic brown glass fragment (br). Stained slide. Sample
141-860B-6H-6, 60-63 cm. Scale bar = 0.51 mm. 2. Coarse plutonic frag-
ment composed of quartz (Q), K-feldspar (K), and plagioclase (P). Stained
slide. Sample 141-860B-6H-3, 76-79 cm. Scale bar = 0.12 mm. 3. Felsitic
voleanic lithic with quartz phenocryst. Unstained slide. Sample 141-860B-6H-
6, 60-63 cm. Scale bar = (.12 mm.



1. Graphitic schist
fragment (center). Unstained slide. Sample 141-860B-6H-3, 76-79 ¢m. Scale
bar = 0.12 mm. 2. Argillite (A) and quartz schist with red biotite (Q) frag-
ments. Unstained slide. Sample 141-863B-4X-1, 23-26 cm. Scale bar = (.12
mm. 3. Fragment of quartz-mica-feldspar (q. m. f) aggregate. Unstained
slide. Sample 141-863B-19R-3, 102-105 cm. Scale bar = 0.51 mm.

Plate 3. Photomicrographs, all plane-polarized light.

PROVENANCE OF PLEISTOCENE AND PLIOCENE SAND

Plate 4. Photomicrographs, all plane-polarized light. 1. Coarse- (C) and
fine-grained (F) metasedimentary fragments. Unstained slide. Sample 141-
863B-19R-3, 102-105 cm. Scale bar =0.51 mm. 2. Sedimentary (s), altered
voleanic (v), quartz-dominated quartz mica tectonite (q), and mica-dominated
quartz mica tectonite (m) fragments. Unstained slide. Sample 141-863B-47R-
1. 111-122 ¢m. Scale =0.5] mm. 3. Sedimentary (s) and altered volcanic (v)
lithic fragments. Unstained slide. Sample 141-863B-47R-1, [11-122 cm. Scale
bar=0.51 mm.
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