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ABSTRACT

The Middle America active continental margin is the best-sampled active plate margin to date, having been drilled
during Legs 84, 67, and 66. With nine sites drilled on the continental slope of Guatemala and an additional site drilled
on the Costa Rican slope, a summary of slope sediments and sedimentary processes can be made.

Sediments are easily subdivided into a thick apron of Neogene and Quaternary volcanically derived hemipelagic and
turbidite mud and mudstone and a thinner, more varied assemblage of mostly Paleogene mudstone, radiolarian mud-
stone, and limestone. This latter assemblage may contain hiatuses or be completely lacking between slope deposits and
basement. Cores from the foot of the continental slope (Core 567A-19) consist of Campanian micrite. The pre-Neogene
section is much thicker and of more terrigenous provenance beneath the forearc basin landward of the forearc structural
high than on the continental slope.

Sedimentary processes of the Neogene and Quaternary slope sediments include reworking of hemipelagic and turbi-
dite deposits. Redeposition by slumping, plastic flow, and turbidity current—documentable through benthic foraminif-
eral analysis—occurs in intracanyon and canyon settings. Erosion by slumping and by turbidity current and deposition
of mud or sand in canyons and in local depressions on the continental slope and different rates of sediment accumula-
tion result in dramatic thickness variations of lithologic units over small distances in localized pockets of sand in small
filled canyons on the slope or in sediment ponds, and in high-relief basement topography. The age of sediment overlying
igneous basement ranges from Cretaceous to Quaternary.

Gas hydrate was visible or inferred present at every site drilled during Leg 84. Nevertheless, except for a small
amount in the last core, it was not recovered in sufficient quantities to be visible at Site 568, a site specifically chosen for
the study of hydrate and located near Site 496, which was abandoned during Leg 67 because of the dangerous abun-
dance of hydrates. The association of hydrate with porous, coarser sediment results in a distribution as localized and
unpredictable as the slope sands off Guatemala, which do not occur in beds coherent enough to produce acoustic reflec-
tion.

Although the normal lithologic section at Sites 567 and 496 limits the volume of sediment that could be part of an
accretionary prism offshore Guatemala and the volume of sediment in the Trench axis is not sufficient to argue for sig-
nificant accumulation of Cocos Plate sediments, the varied lithology and attenuated thickness of pre-Neogene sediment
seaward of the forearc structural high do not exclude earlier accretion from the history of the Guatemalan continental
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Introduction

Despite their prominence in plate tectonic theory, ac-
tive continental margins are poorly known. Because they
are structurally and bathymetrically complex, involve set-
tings of great water depths, are commonly blanketed by
a thick pile of slope sediments, and are of little impor-
tance as hydrocarbon sources, they have not been sam-
pled or surveyed as thoroughly as passive margins.

The active margin off Guatemala (Fig. 1) was a focal
area in a series of papers (Seely et al., 1974; Seely, 1979)
modelling trench and slope features of subduction com-
plexes. The model depicts offscraping of rocks and sedi-
ments from the downgoing plate onto the front of the
continental margin to form a growing “accretionary
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Printing Office).
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prism” (Karig and Sharman, 1975) and could be applied
to explain large landward-dipping acoustic reflectors in
the Guatemalan margin as imbricated sheets of accre-
tionary rocks and sediments (Ladd et al., 1982).
Deep-sea drilling off Japan and the Marianas during
Legs 56 and 60 showed alternatives to the accretionary
prism model: forearc sediments did not consist of ma-
terials offscraped from the surface of the downgoing
plate. Furthermore, sediment budget calculations for these
and also for the Peru-Chile Trench indicate that the vol-
ume of forearc sediments is drastically less than would
be expected in an accretionary setting (Scholl et al., 1977).
Leg 67 was designed to test the accretionary trench-
slope model in its type area, where rapid plate conver-
gence rates (Minster and Jordan, 1978), distinctly differ-
ent sediments on the slope (diatomaceous muds) and on
the downgoing Cocos Plate (foraminiferal-nannofossil
chalk), and diverse tropical microfossil assemblages would
provide the stratigraphic and lithologic resolution neces-
sary to distinguish between accretion and subduction of
sediments, as well as imbricate thrusts, sediment slump-
ing, or continental marginal failure. The mission was
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Figure 1. Major tectonic elements of Central America and the Middle America subduction zone. Leg 84 rectangle locates Guatemala transect, and

small square locates Costa Rica Site 565.

largely frustrated by poor core recovery and by the un-
expectedly widespread occurrence of gas hydrates in the
continental margin sediments, but the evidence acquired
then tantalizingly suggested there was little or no accre-
tion in this subduction complex.

The return of the Deep Sea Drilling Project to the
Middle America Trench during Leg 84 makes this active
margin the most intensively drilled in the history of the
Project. The leg had the same objectives as did Leg 67:
to test the trench-slope accretionary model. In addition,
Leg 84 was designed to sample and study the gas hy-
drates in the slope sediments. A final goal was to pene-
trate through the subduction complex to the downgoing
plate. Because more drilling there is unlikely in the next
several years, a summary of sedimentation across the
landward slope of the Middle America Trench is appro-
priate at this time.
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Geologic Setting

The Middle America slope sediment apron of com-
monly siliceous dark olive gray mud and mudstone is
typical of active margins. Most clay in the sediment is
smectite derived from the ash produced along the vol-
canic arc. Sediment accumulation rates are generally high
and are punctuated by local and regional unconformi-
ties, the local ones resulting as both feeder channels of
turbidites and broad mass flows shift across the conti-
nental slope. Postdepositional structures and fabrics re-
flect subsequent local movement and settling of the sed-
iment as well as tectonic deformation. Swath maps and
seismic records illustrate mass wasting. The physical prop-
erties of the sediment give further indication of resedi-
mentation and erosion of the slope apron. Benthic fora-
miniferal assemblages locate potential sediment sources



and may indicate the proportion of reworked rock and
sediment.

Evidence of the presence of gas hydrate, an icelike
combination of gas and water, is common in convergent
margin settings and readily observed in the Middle Amer-
ica western slope. In seismic reflection records its con-
centrated occurrence is indicated by a bottom-simulat-
ing reflection (BSR) at the base of the gas hydrate where
free gas rather than a solid form of gas fills interstices.
The frequent recovery of gas hydrate in cores from the
Guatemalan margin, although singular in the history of
DSDP drilling, would probably have been more com-
mon had there been an equivalent number of holes at
other convergent margins.

Onshore of the transect drilled across the Guatema-
lan margin, the geology is dominated by the Volcanic
Highlands, a volcanic front of Tertiary flood basalts,
rhyolites, and andesites punctuated by high-relief Qua-
ternary basalt cones. This volcanic arc roughly parallels
the trend of the Middle America Trench offshore, and
partially obscures the trace of the Polochic-Motagua-
Chamelecon fault system, wherein Upper Cretaceous pe-
lagic limestones overlie and are thrust over ultramafic
assemblages. Upper Cretaceous limestones and ophio-
litic material are juxtaposed in other areas of Central
America and the Caribbean, for example, in Costa Rica
adjacent to DSDP Site 565, and in Columbia (Dengo,
1972), although the nature of the juxtaposition (deposi-
tional, slumped, or tectonic contact) is not the same in
all of these places.

On the seaward slope along the axis of the Middle
America Trench, hemipelagic silt and clay and arc-de-
rived turbidites are ponded on the descending ocean crust
and its blanket of pelagic sediment. Silt and clay pre-
dominate over sand, and fossils displaced from the shelf
and slope are common (Coulbourn et al., 1982). On the
basis of lithology alone, the surficial sediment in the
Trench axis and on the seaward slope is not readily dis-
tinguished from most sediment on the landward slope.

At the Middle America Trench the Cocos Plate is
subducted beneath Central America. The Cocos Plate is
blanketed by pelagic white foraminifer-nannoplankton
chalk and red brown clays of the Miocene age overlain
by Quaternary and Pliocene hemipelagic silt and clay, as
well as by rare turbidites from the inner slope of the
Trench. Thus the surface sediments on the Cocos Plate
adjacent to the Trench are largely the distal facies of tur-
bidites from the same sources as the thicker sediment
blanket on the slope of the Guatemalan continental mar-
gin.

During Leg 84 a transect was drilled across the Gua-
temalan continental margin (Fig. 2). The holes provided
samples of sediments and sedimentary rocks of the up-
per slope (Sites 568 and 570), midslope (Site 569), mid-
slope canyon (Site 566), and lower slope (Site 567). Base-
ment was reached and sampled at several sites (Sites 566,
567, 569, and 570). Four sites were drilled into slope sed-
iment on Leg 67, providing a total of nine Guatemalan
slope sites (Fig. 3). In addition, a single hole was drilled
into midslope sediment on the landward slope of the
Trench off Costa Rica (Site 565) in an attempt to study
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the age and origin of basement and the development of
gas hydrate.

Reworked Hemipelagic Sediment of the Costa Rica
Continental Margin Midslope (Site 565)

Site 565 is located between two submarine canyons
on the Costa Rican margin about 20 km landward of
the Middle America Trench axis and 1700 m above it at
a depth of about 3100 m. A single hole was drilled to
328 m (34 cores) with nearly 90% recovery; except for a
small piece of limestone in the core catcher of the last
core (563-34), the entire 328 m belongs to the same lith-
ologic unit.

The sediment consists of generally uniform, massive
upper Pleistocene to lower Pliocene dark olive gray to
dark green gray mud and mudstone. The mud is pre-
dominantly clay (mostly smectitic) with minor amounts
of quartz, mica, and plagioclase feldspar. Volcanic shards
are dispersed throughout the section, and two sandy lay-
ers in Cores 565-21 and -33,CC are tuffaceous with an-
gular clasts of quartz, feldspar, minor hornblende, au-
gite, K-spar, zircon, apatite, and authigenic pyrite or
marcasite (Helm, this volume).

Sedimentary structures are rare, only subtly visible
macroscopically, and less common in the upper part of
the section; these structures are graded silt beds up to
2 cm thick (Cores 565-4, -5, and -9), silty laminae (Core
565-5), and small clasts of slightly more lithified mud-
stone of the same composition as the surrounding ma-
trix. Yellowish mottling and a slightly calcareous com-
position grade downsection into more clearly defined
and rare cemented burrows. Nannoplankton and fora-
minifers are rare to common and are of mediocre to
good preservation.

Scaliness throughout the section is attributed to re-
working of the slope sediment during downslope creep
(Fig. 4). Scanning electron microscope (SEM) studies re-
vealed that the microscaly fabric reflected microscopic
layers of clay smeared together with other sediment con-
stituents. Over half the benthic foraminiferal assemblage
in the section has been transported downslope from shal-
lower settings (Baltuck et al., this volume). Reworked
Cretaceous nannofossils below Core 565-29 further indi-
cate redeposition from a Cretaceous source during latest
Miocene or early Pliocene. Physical properties such as
porosity, density, and water content show trends toward
a greater degree of consolidation to a depth of 45 to
50 m, below which these properties are fairly uniform
(Taylor and Bryant, this volume). Seismic profiles of the
Costa Rican slope show that the slope sediment lacks
acoustically distinct coherent bedding (Shipley et al.,
1982). Baltuck et al. (this volume) concluded from these
data that continuous downslope creep, particularly in
the upper few tens of meters of the sediment column,
was a significant mode of sediment transport on the
continental slope.

Sediment accumulation rates are high through most
of the cored interval: 165 m/m.y. from 0 to 80 m sub-
bottom depth; 13 m/m.y. from 80 to 90 m; and 123 m/
m.y. from 90 to 328 m. The change in sedimentation
rate from 80 to 90 m suggests an unconformity at this
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Figure 2. Bathymetry of the Guatemalan margin and San José Canyon showing the UTMSI (University of
Texas Marine Sciences Institute) survey tracks (A-A‘, B-B’) and the locations of Legs 67 and 84 sites

drilled off Guatemala.

interval. Ecologic analysis based on benthic foraminif-
eral assemblages indicates a gradual uplift from abyssal
depths greater than 3500 m in the early Pliocene to late
Miocene to lower middle bathyal depths (2000 m) in the
late Pleistocene, and then subsidence to the present depth
of 3100 m (McDougall, this volume).

Gas hydrate was recovered at Site 565 (Cores 565-30
and -33). Degassing voids occur in the sediment below
Core 565-30, gas was detected in sediment below about
175 m, and an unusually high proportion of lighter al-
kanes and lack of heavier hydrocarbons in the gases
were detected in the sediment.

The high crystallinity of smectite crystals in even the
upper part of the sediment column suggests a detrital
rather than diagenetic origin for much of this mineral
(Helm, this volume), which is corroborated by the pres-
ence of fresh volcanic shards and mafic minerals through-
out the length of the hole. The zeolites heulandite and
analcime are present although in very minor amounts,
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and authigenic pyrite or marcasite is common from Cores
565-24 to -34.

Drilling at Site 565 halted when the pipe began to
stick and the hole to collapse. The bottom of the hole
was no older than possibly late Miocene. Thus our ma-
jor objective of relating offshore geology to the complex
onshore geology of the Nicoya Peninsula was thwarted
well above basement. Nevertheless, the extensive evidence
of redeposition and reworking of sediments and micro-
fossils was an introduction to Central American slope
sedimentary processes that we would further observe in
subsequent sites off Guatemala.

Upper Slope Hemipelagics and Turbidites on the
Guatemalan Continental Margin (Site 570)

Site 570 is located on the edge of a small bench on
the upper slope of the Guatemalan margin at a depth of
about 1700 m, 40 km landward of the Middle America
Trench (Fig. 5).



The site is located in an area of high-amplitude mag-
netic anomalies unique to this region in the slope; the
magnetic field is featureless downslope until close to the
Trench axis. The band of anomalies has been interpreted
as the truncated end of an igneous oceanic basement be-
neath forearc basin sediment (Seely et al., 1974; Ladd et
al., 1982; Ibrahim et al., 1979), and the objective at Site
570 was to sample acoustic basement in an area where
sediment cover is thin, where the magnetic anomaly is
high-amplitude, and where initial sediment to overlie
basement could be recovered. Subsequent sedimentary
history would help reconstruct the Cenozoic tectonic his-
tory of the present Guatemalan convergent margin.

Many small canyons begin or end in the upper and
midslope region of the Guatemalan margin, suggesting
shifting depocenters and sites of erosion (Volpe et al.,
this volume). The lithologic units recovered at this site
are subdivided on the basis of lithology, age, and degree
of lithification. The hole was drilled with 41% recovery
to a sub-bottom depth of 402 m (42 cores), reaching ser-
pentinite basement at 363 m.

The uppermost Units I and II (Cores 1-27; 0-255 m
sub-bottom) are Recent to Pliocene olive gray to green-
ish gray massive mud and mudstone. Siliceous biogenic
remains (mostly diatoms) and calcareous biogenic re-
mains (foraminifers and nannofossils) together consti-
tute up to 13% of the sediment; their preservation is
variable. Sedimentary structures are not common, com-
prising mostly graded bedding and some silty laminae.
The coarser basal layers of these graded beds contain up
to 15% foraminifers and grains of feldspar and volcanic
shards (Fig. 6). Several of these layers contain rounded
pebbles of pumice. Ash layers are fairly common through-
out the entire section, and many provide the porosity
for accumulations of gas hydrate.

Two hiatuses separate Unit Il (Cores 27-35; 255-330
m sub-bottom, lower to upper Miocene) from Units II
and IV. Unit I11 is lithologically similar to Units I and II
but includes the coarsest sand recovered during Leg 84.
That sand is underlain by a conglomerate layer contain-
ing large clasts of andesite and limestone. Unit III dis-
plays fractures that are described in detail in the section
on Site 568, and scaly fabric, which is described in the
Site 565 section.

Recovery was poor in Unit IV (Cores 35-39; 330-374 m
sub-bottom), and the complex stratigraphy of the lower
Eocene was reconstructed with the aid of downhole logs.
In Cores 35 and 36 silty mud of several meters’ thickness
is underlain by dark greenish gray to olive black sand
rich in plagioclase. Below this sand is a clayey nannofos-
sil limestone with minor quartz and feldspar (Core 37).
About 2 m of mud are inferred from logs and mud
traces between the limestone and the layer below, a very
coarse sand (Core 37). The sand overlies yet another
limestone (Core 38), which in turn overlies a radiolari-
an-rich dark mudstone containing dispersed clasts of
limestone, pumice, and cemented sandstone (Core 38).
A basal conglomerate with a coarse calcareous-cement-
ed sandstone matrix underlies this and rests directly on
serpentinite basement (Core 39).

WESTERN CONTINENTAL SLOPE SEDIMENTOLOGY

Benthic foraminiferal assemblages indicate a gradual
shallowing from abyssal depths in early Eocene through
Pliocene to upper middle bathyal depths by late Pleis-
tocene (McDougall, this volume). A similar shallowing
trend was observed at the ESSO Petrel Well, 40 km away
at the edge of the shelf, although the shallowing was
rapid in late Paleocene and early Eocene and more grad-
ual in the late Cenozoic (Seely, 1979).

The occurrence of dolomite at this site (Core 27) was
unexpected. About 15 cm of highly fractured, well-indu-
rated micritic dolomite containing grains of quartz and
feldspar is veined by calcite. Gas hydrate filled fractures
in the dolomite. Immediately below this layer, a spectac-
ular 1.3-m-long core (Core 27) of massive hydrate was
recovered at about 250 m sub-bottom. Downhole logs
indicate that the hydrate is 4 m thick and local hydrate
filling fractures extend to the serpentinitic basement.

The silica in radiolarian-rich sediments from the lower
Eocene base at Site 570 consists of opal-A, opal-CT,
and chalcedony. Pore waters from the cores are oversat-
urated with respect to quartz, although less so toward
the base of the hole. Authigenic chalcedony fills radio-
larian tests. Plagioclase feldspar and volcanic glass are
the most common detrital components of the sediment
besides smectite; plagioclase ranges in composition from
andesine to labradorite, as determined by optical meth-
ods. The Mg-Al carbonate hydrotalcite was found in de-
trital serpentinitic sediments. Calcium carbonate occurs
mostly in redeposited nannofossil limestone clasts. Cu-
bic crystals of authigenic pyrite occur in the basal Eocene
sediments (Core 570-38), and clinoptilolite occurs filling
radiolarian tests, as isolated crystals, as fissure fill, and
replacing smectite (Helm, this volume). Helm (this vol-
ume) suggests that the clinoptilolite is derived from ka-
olinite, which decreases in concentration downhole. Anal-
cime occurs as a secondary fill in some fissures.

A high amount of Cr and Ni in the lower Eocene sed-
iment at Site 570 may reflect an admixture of ultramafic
minerals, although detrital serpentine was not detected
in the fine-grained sediments at Site 570.

Turbidites and Hemipelagic Sediment of the Upper
Slope off Guatemala (Site 568)

Site 568 is located at a water depth of about 2030 m,
approximately 38 km from the coast of Guatemala (Fig.
2), and roughly a kilometer upslope of Site 496, which
was abandoned during Leg 67 after gas of possible ther-
mogenic origin and possible hydrate composition was
encountered. The major objective at Site 568 was a de-
tailed monitoring of gas throughout the section to study
the formation of gas hydrate.

Forty-five cores were drilled with about 74% recovery
to a sub-bottom depth of 418 m; the oldest sediment re-
covered is early Miocene or possibly late Oligocene with
reworked Eocene clasts. The hole was terminated just
above the base of hydrate reflection for safety reasons.

The slope sediments are similar in composition to the
mud and mudstones recovered at Site 570. Two litholog-
ic units are distinguished on the basis of differences in
age, color, degree of induration; in addition, Unit I (Cores
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Figure 4. Typical scaly fabric observed at Site 565: Sample 565-16-4,
115-120 cm (from Baltuck et al., this volume).
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Figure 5. Seabeam bathymetry of seafloor in the area of Site 570
(from Volpe et al., this volume).

1-20; 0-182 m sub-bottom) has a slightly finer texture.
The textural contrast is observed best across the hiatus
at the base of Unit I between the middle and upper
Pleistocene sediments (base of Core 2 to 44, 182-418 m
sub-bottom).

Unit I is a siliceous mud and mudstone, massive and
easily deformed by drilling, containing up to 15% sili-
ceous biogenic skeletons. Unit II displays mottling and
burrowing, possibly because it is more indurated and
thus less homogenized by drilling. Unit II also contains
much siliceous material, several layers of slightly calcare-
ous mudstone, nannofossil-rich mud, limestones, and one
limestone conglomerate layer; limestone clasts are wide-
ly dispersed throughout the unit. Clasts of pyritized ra-
diolarian-rich Eocene mudstone occur in the Miocene
mudstone at the bottom of the hole.

As at Site 570 to the northwest, a remarkable feature
of the slope sediment in the region is the variability of
thickness of sections: Site 568 and Leg 67 Sites 496 and

928
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Figure 6. Graded sandstone bed, Sample 570-2-5, 41-50 cm, showing
angular volcanic ash and lithic fragments.

497 are within about 10 km of each other, but there is a
thickness difference in their Pliocene-Pleistocene sec-
tions of nearly 200 m. Seismic surveys in this area show
considerable relief of the acoustic basement but drill-
ing was halted above the sediment basement unconfor-
mity so the basement composition here is unknown (von
Huene et al., this volume).

Seismic records show large-scale (50-200-m-thick) lobes
of sediment prograding downslope and probably subject
to the same slow, nonepisodic plastic creep evident at
Site 565 off Costa Rica where scaly fabric characterizes
lobe sediment. The apparent dip of bedding at Site 568
increases from horizontal through locally 60 or 70° be-
tween 263 and 408 m sub-bottom (Cores 29-43). The lo-
cal nature of these dips is inferred from the clear reflec-
tions in seismic records that dip only 5°: the large-scale
5° dipping stratification must contain areas of 60 to 70°
dipping beds possibly localized at the front of the sedi-
ment lobe.

Another significant feature of sediment deformation
at Site 568 and also at Site 569 are dewatering veinlets.
Offset can be observed along some of these. The veins
are also described in detail for Sites 67-496 and -497
(Cowan, 1982) as well as off the coasts of Oregon and
Japan (Carson, 1977; Carson et al., 1982). Veining style
is either anastomosing networks of small veins or a se-
ries of subparallel planar to sigmoidal veins (Fig. 7).
They are extensional fractures that formed perpendicu-
lar to the minimal principle compressive stress axis (o3)
(Ogawa and Miyata, this volume), and contain the same
minerals (smectite and minor kaolinite) as the surround-
ing sediment in a microfabric of closely packed aggre-



Figure 7. Subparallel and anastanosing veins in mudstone; the interval
illustrated is Sample 569-15-1, 4-28 cm. Offset of host sediment
along veins is also observed in sediments from Sites 568 and 569.

gates of clay flakes oriented parallel to the vein bounda-
ries (Volbrecht and Helm, this volume).

The paleobathymetry of Site 568 based on benthic
foraminiferal assemblages is complex (McDougall, this
volume). The oldest sediment (mid-Miocene to late Oli-
gocene; Cores 42-44) was deposited at abyssal depths
(sub-CCD—carbonate compensation depth), whereas sed-
imentation depths at Cores 568-41 to -21 began at upper
middle bathyal depths and deepened to lower bathyal
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ranges. Pleistocene sedimentation (Cores 19-17) occurred
at lower middle bathyal depths, and at lesser depths up-
section. Between Cores 7 and 6, paleodepth shows rapid
increase to abyssal levels that are maintained to Core 2.
Core 1 contains fauna indicative of depths between the
present lower bathyal setting and the abyssal depths of
Core 2.

Although Site 568 was selected to investigate gas hy-
drates, their occurrence there was not spectacular. Their
presence was indicated by degassing voids, by the dis-
rupted sediments between 190 and 345 m sub-bottom,
and by the low values of chlorinity and salinity in sedi-
ment pore waters (Kvenvolden, this volume; Hesse et
al., this volume). Solid hydrate was recovered filling the
fractures of a tuffaceous mudstone at about 403 m depth.

Turbidites and Hemipelagic Sediment of the Midslope
Continental Margin off Guatemala (Site 569)

Site 569 lies between Sites 568 and 567 at a depth of
about 2800 m, 27 km landward of the Trench axis (Fig. 2).
Two holes were drilled at this site to a total sub-bottom
depth of 364 m. The oldest sediment recovered was ear-
ly(?) Eocene. The objective at this site was to sample the
basement and the sediment immediately overlying it to
study the tectonic history of the midslope area.

The slope sediments are similar to those at Site 568: a
Recent to upper Pliocene assemblage of siliceous dark
olive gray mud and mudstone with ash layers (Unit I,
Cores 1-7; 0-57 m sub-bottom) is separated by an un-
conformity from Miocene to lower Oligocene mudstone
containing burrows, veining, fractures, microscaly fab-
ric, and beds of increasing dip downhole (Unit II, Hole
569, Cores 7-27, 50-250 m sub-bottom and Hole 569A,
Cores 1-8, 246-332 m sub-bottom). Oligocene ash lay-
ers indicate that island-arc volcanism and subduction
began at least that early; minor ash also occurs in Eo-
cene sediment. An unconformity separates the Oligo-
cene from the lowermost sedimentary Unit III, a heavily
mottled and bioturbated radiolarian-rich blue gray Eo-
cene mudstone (Core 569A-9, 322-352 m sub-bottom).
The lowermost 30 cm of the section consist of a mottled
brownish black mudstone; this rests on a basement of
metagabbro and metabasalt.

Benthic foraminiferal assemblages indicate deposition
at abyssal depths below the CCD from the Eocene to the
Pleistocene, with the depth shallowing to the present
lower bathyal zone in latest Pleistocene (McDougall, this
volume). Hiatuses occur between the Pleistocene and
mid-Miocene, between upper Oligocene and upper Eo-
cene, and between the upper Eocene and lower early mid-
dle-upper lower Eocene.

The upper 30 m of core at Site 569 had gas expansion
cracks and smelled strongly of H,S upon core splitting.
Gas hydrate could have been present at greater depth, as
indicated by a decrease in chlorinity and salinity with
depth and lack of hydrocarbons larger than butane, but
there was no visual evidence of hydrate at this site.

Sediments of the San José Canyon (Site 566)

This site, located in the broad valley of the San José
Canyon at a depth of about 3700 m, and 22 km from
the Trench axis, was chosen for its thin sediment cover
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over acoustic basement. Of the four holes drilled to find
the age and lithology of sediment on basement, three
reached the basement objective; there was no recovery in
Hole 566B.

Hole 566 was cored continuously through 31 m of
sediment to serpentinite basement. The upper 26 m (Unit
I, Cores 1-5) are relatively uniform Recent to upper Pleis-
tocene dark olive gray siliceous mud with common silty
laminae, silty graded beds, and a few sandy mud layers.
The composition of the mud is predominantly smectite
with feldspar and quartz grains and minor detrital car-
bonate. Calcareous microfossils are few and poorly pre-
served. Dispersed mud pebbles of the same composition
as the matrix occur throughout the unit.

A 3-m-thick upper Pleistocene breccia with a calcare-
ous dolomitic matrix underlies the mud (Unit 1I, Core
5, 26-24 m sub-bottom). The breccia contains clasts of
tuff up to 3 cm in diameter and directly overlies serpen-
tinite basement.

At Hole 566A (3865 m water depth) only about 6 m
of massive upper Pliocene mud (Unit I, Core 1, 0-6 m
sub-bottom) of the same composition as at Hole 566
overlies serpentinite. At Hole 566C (3675 m water depth)
the first 49 m sub-bottom were washed down and after
coring, washing continued from 88 to 109 m. The inter-
val from 49 to 88 m contains Pleistocene to upper Mio-
cene massive dark olive gray mud. The wash core and
cores below 109 m contain about equal amounts of sand-
stone and mudstone fragments (Unit II, Core H2, about
50-110 m sub-bottom). The sandstone provenance will
be discussed in a later section; sandstone is derived from
Tertiary and Quaternary igneous rocks.

Alteration of volcanic glass to a network of acicular
clays or zeolites (clinoptilolite and analcime) is more
common with increasing depth, and mafic grains replaced
by clay are common. Euhedral pyrite crystals occur in
clay groundmass, particularly in the breccia matrix above
basement in Hole 566C (Helm, this volume). Calcite re-
placement of grains and matrix is observed in the sand-
stones of Hole 566C, whereas the authigenic dolomite
and a member of the pyraurite-hydrotalcite group that
occur in weathered serpentinite of Holes 566 and 566C
are probably related to the increase in Mg concentration
in the pore waters of a weathering serpentinite (Helm,
this volume).

Two modes of deposition are indicated by sedimenta-
ry features of the holes in a valley of San José Canyon.
Massive mud with a scaly texture is similar to the muds
from intracanyon settings. Consolidated sediment near
the surface (Taylor and Bryant, this volume), a base-
ment of high relief in contact with sediment of various
ages from Pleistocene to Miocene, and layers of coarse
and graded sediment indicate periodic sedimentation and
erosion by turbidity currents in the Canyon and even
high along the Canyon walls.

Here as at all sites on the Guatemalan slope more
than half of the individuals in benthic foraminiferal as-
semblages are from the upper and middle slope. A few
reworked Cretaceous nannofossils were identified from
Holes 566 and 566C. Ecologic analysis of benthic fora-
minifers indicates that sedimentation was at lower ba-
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thyal to abyssal depths, shallowing by late Pleistocene to
the present lower bathyal setting (McDougall, this vol-
ume).

A surprising development in the hydrate study was
the vigorous degassing observed from fractured serpen-
tinite in Core 566C-6. Despite problems with air con-
tamination, analyses indicated that the sample contained
49% methane with significant amounts of ethane, pro-
pane, isobutane, and higher molecular weight hydrocar-
bon gases, suggesting a thermogenic origin. The expo-
nential decrease in concentration of alkane gases higher
than isobutane at Core 566C-7 suggests that the gases
may have been present as gas hydrates (Kvenvolden, this
volume).

Turbiditic, Hemipelagic, and Pelagic Sediments at the
Foot of the Slope off Guatemala (Site 567)

Site 567 at the base of the lower slope off Guatemala
is located about 1.5 km north of the Trench axis and
within 100 m of Leg 67 Site 494 in water about 5530 m
deep (Fig. 2). This site was partially drilled on Leg 67
(Site 494). The major objective here was to sample be-
low the slope deposits. It had been predicted from geo-
physical data that the material underlying slope sedi-
ments would be an imbricate series of Pleistocene trench
deposits, but during Leg 67 a normally ordered strati-
graphic sequence from Upper Cretaceous to Quaternary
was found. Site 567 was designed to finish drilling through
the slope deposits and underlying sedimentary section
into basement and the subducting Cocos Plate.

The Pleistocene to Pliocene (Unit I, Hole 567, Cores
H1, and 1-2 and Hole 567A, Cores H1, and 1-3, 176-
215 m sub-bottom) is similar to the slope sediments de-
scribed at sites farther up the slope; that is, it is a gener-
ally massive dark olive gray to grayish olive green sili-
ceous mud. Sand is present in graded beds up to 5 cm
thick in Core 567A-2, some laminations occur in Core
567A-3, and small, subrounded to subangular clasts of
bluish gray mud (probably containing serpentine) occur
in Cores 567A-1 and -2.

An unconformity separates these from the next unit,
a lower Miocene grayish olive green to dusky yellowish
green mud that forms a matrix for sedimentary breccia
and boulders in its lower part (Unit II, Cores 567A-3 to
-18, 215-359 m sub-bottom). The breccia clasts are mostly
about 1 ¢cm in diameter but range from 3 mm to 50 cm.
They include pieces of pumice, Miocene to Eocene mud-
stone clasts, light gray Eocene limestone, light greenish
gray nannofossil ooze, sandstone, bluish gray Cretaceous
limestone, and serpentinite.

Ash layers in Cores 567A-6 and -8 are both graded,
indicating deposition by current transport rather than
air fall. A dusky blue mud composed mostly of weath-
ered serpentinite (80%) and dolomite (15%) and fresher
clasts of dolomite occurs in Core 567A-7. Four cores
(Cores 567A-14-18) contain serpentinite. Below Eocene
and Miocene mud, serpentinite was again recovered in
Core 567A-18. The serpentinite is locally altered to a
serpentinitic mud.

In the next core (Core 567A-19), a pale red to pale
greenish yellow micritic Campanian limestone was re-



covered. It is fractured and heavily veined with calcite.
Below this core only altered mafic and ultramafic igne-
ous rocks of Central American basement were recov-
ered.

The nature of the contact between these few meters
of limestone and the serpentinite below is unclear; it
could be tectonic or depositional. The limestone is simi-
lar to descriptions of the Sabana Grande pelagic lime-
stone associated with the ophiolitic suite in Costa Rica
(Azéma et al., this volume); it is also similar to the
Upper Cretaceous limestone associated with ophiolite in
the Central Cordillera of Guatemala along the Polochic-
Motagua fault zone (Rosenfeld, 1981). By analogy with
the onland associations of limestone and ophiolite it
was probably emplaced on the slope during the same
tectonism that emplaced the ultramafic rocks.

The Eocene and Cretaceous clasts in Miocene sedi-
ment indicate érosion and transport from outcrops of
this age upslope. The four cores of serpentinite suggest
slumping of serpentinite blocks from upslope during the
Miocene. Eocene sediment overlies basement only 100 m
away at Site 494 and at two sites drilled on Leg 84 (Sites
569 and 570).

The Neogene mud is composed predominantly of smec-
tites with plagioclase (mostly andesine), quartz, horn-
blende, and volcanic glass (Helm, this volume). Origi-
nally biogenic silica is present as opal A and opal-CT.
Authigenic pyrite occurs throughout the mud at Site 567,
as amorphous FeS; down to 567A-17, and with cubic hab-
it in muds below. The weathered bluish mud in Cores
567A-2, -3, and -5 contains mostly smectite, but smear
slides reveal the presence of serpentine as well, probably
giving rise to the blue tint. Bright blue mud in Core
567A-7 contains mostly serpentine and a carbonate from
the hydrotalcite group. In X-ray diffractograms this ser-
pentine looks the same as that from fresh black serpen-
tinite, so the striking color of the mud is probably a
function of physical properties such as water content,

Clinoptilolite and analcime occur in the sediments
below, and a white mud from Core 567A-23 contains
talc, serpentine, and possibly chlorite, probably altera-
tion products of the serpentinite. Other white muds from
Cores 567A-17, -18, and -24 contain large amounts of
volcanic glass, zeolites, and apatite. Celadonite occurs
in a hyalophitic basalt (567A-25). Dolomitized foramini-
fers are dispersed in micritic dolomite in Sample 567A-
5-3, 107-108 cm. Clinoptilolite and chalcedony with high
Mg content fill some of the foraminifer tests in the Cre-
taceous limestone of Core 567A-19, suggesting an asso-
ciation with the ophiolite involving derivation of Mg
from alteration of these igneous rocks (Helm, this vol-
ume). Chlorite in the basal sediments is presumably due
to alteration of serpentinitic rocks.

Benthic foraminifer assemblages indicate deposition
at abyssal depths near or below 4000 m throughout the
fossiliferous portion of the Tertiary section. The Creta-
ceous fauna suggest deposition occurred above the nan-
nofossil CCD. Sedimentation rates vary at Site 567, rang-
ing from 40 m/m.y. during the Quaternary, 8 m/m.y.
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during the Pliocene (possible unconformity), and 76 m/
m.y. during the assumed early Miocene.

Provenance of Sandstones from Leg 84 Sites

Most of the clastic slope sediment of Guatemala and
Costa Rican cores is composed of massive dark greenish
gray hemipelagic mud with postdepositional features such
as the scaly fabric and veins described earlier. An analy-
sis of 63 samples of sand mostly from the Neogene and
Quaternary turbidite layers of Leg 84 sites was made in
order to identify the provenance of these sediments. Sam-
ples range in age from early Miocene to Pleistocene.
The sand samples were dried in a warm oven, covered
with water, and soaked to disaggregate them. Samples
were then washed in a 250-mesh sieve to remove the clay-
sized fraction. The prepared sand samples were mixed
with epoxy and allowed to harden, forming artificial
sandstone chips. From these, thin sections were prepared
and stained for plagioclase feldspar. The petrographic
counting techniques used follow those of Dickinson
(1970), Ingersoll (1978), and Watson (1981). Because the
“sandstone” samples are artificial, no counts were made
on interstitial material or on incompletely disaggregated
clumps. Skeletal debris was included in the counts.

The “light-mineral” fraction of the sands from Leg
84 sites is dominantly composed of volcanic glass and
plagioclase feldspar (Table 1, Fig. 8). Potash feldspar is
present in minor amounts in some samples. Glauconite,
biotite, and quartz occur in very minor amounts.

Volcanic glass and plagioclase feldspar occur in vary-
ing proportions and constitute about 90% of the light-
mineral assemblage of sands recovered from the lower
slope off Guatemala confirming the results of Prasad
and Hesse (1982). Plagioclase grains frequently exhibit
oscillatory zonation with occasional unconformities be-
tween successive growth zones. Such growth unconfor-
mities indicate a volcanic source and may represent epi-
sodes of magmatic erosion prior to expulsion from mag-
ma chambers (Prasad and Hesse, 1982). Volcanic glass
fragments occur as angular shards and are frequently
vesicular. Biogenic components (foraminifers, radiolari-
ans, sponge spicules) make up a considerable propor-
tion of sands recovered (Fig. 9).

Results of light-mineral analyses show a consistent
mineralogy for the sediments of all DSDP Leg 84 sites
along the landward slope of the Middle America Trench.
The sediments are rich in volcanic glass and zoned pla-
gioclase.

Sandstone compositions are determined by many fac-
tors including the nature of the sedimentary provenance,
weathering in the source area, the type of processes op-
erating in the depositional basin, and the dispersal paths
linking provenance to basin (Watson, 1981). The prime
control on provenance-basin relationships is the tecton-
ic setting that ultimately governs the sandstone compo-
sition (Dickinson, 1982). Dickinson and Suczek (1979)
distinguish three main provenance types: continental
block, recvcled orogen, and magmatic arc (Fig. 8). As
expected, sands recovered from the Leg 84 sites all fall
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Table 1. Modal percentages of light minerals in Leg 84 sand samples (percentages based on 500-point counts per sec-

tion).
| F Q
Sample Volcanic K- Heavy Biogenic
(interval in c¢m) glass Plagioclase  Feldspar Quartz Mica  Glauconite  minerals debris Age
568-10-1, 95-96 57 6 0 | 0 0 2 32 Pleistocene
568-12-5, 108-110 33 9 1 0 0 0 1 56 Pleistocene
568-14-6, 111-113 12 59 2 5 0 1 1 20 Pleistocene
568-15-6, 35-36 58 9 0 1 0 0 2 30 Pleistocene
568-17-1, 18-19 54 12 0 2 1 0 1 30 Pleistocene
568-22-3, 102-103 59 31 1 3 2 0 1 6 late Miocene
568-24-6, 5-7 14 52 2 2 5 0 0 25 late Miocene
568-25-5, 82-84 28 19 0 2 1 0 1 49 middle Miocene
568-27-1, 21-22 73 22 1 k! 1 0 0 0 middle Miocene
568-29-1, 98-100 71 17 0 1 3 ] 1 7 middle Miocene
568-29-4, 10-12 70 21 0 3 3 1 1 1 middle Miocene
568-30-4, 21-23 25 51 1 3 5 0 1 14 middle Miocene
568-32-2, 148-150 21 61 2 7 0 0 1 8 middle Miocene
568-42-4, 45-48 11 66 1 5 0 (4] 0 17 early Miocene
568-43-4, 70-72 41 22 0 1 1 0 7 28 early Miocene
568-44-2, 25-28 41 28 0 0 0 0 1 30 early Miocene
568-30-2, 21-23 36 30 0 | 3 0 1 29 middle Miocene
568-2-1, 10-12 76 5 0 3 1 4] 1 14 Pleistocene
565-11-1, 125-127 14 21 1 3 0 0 1 60 e. Pleistocene
565-11-1, 90-92 54 33 1 2 0 0 2 8 e. Pleistocene
565-23-2, 60-62 18 48 0 0 0 0 1 13 late Pliocene
565-33,CC 74 12 1 1 0 (1] 3 /] late Miocene
566-2-1, 73-75 21 67 2 3 0 1 2 4 late Pleistocene
566-2-1, 140-143 9 39 0 3 1 | 12 5 late Pleistocene
566-2-4, 43-45 68 30 1 0 1 0 0 0 late Pleistocene
567-2-4, 136-138 22 70 2 3 0 0 2 1 early Pliocene
567-6-5, 42-44 30 12 0 1 1 3 31 22 early Miocene
567-10-2, 110-112 21 11 0 1 0 0 0 67 early Miocene
567-11-3, 31-33 25 65 2 | ] 1 1 5 early Miocene
567-13-2, 14-16 34 31 0 2 1 0 2 30 early Miocene
568-3-6, 97-99 1 28 1 0 3 0 1 34 late Pleistocene
568-4,CC (5-6) 46 5 0 | 1 0 2 45 Pleistocene
568-5-7, 22-24 76 2 0 | 1 0 0 20 Pleistocene
568-7-4, 92-94 18 63 0 2 1 0 1 15 Pleistocene
568-8-4, 39-44 54 19 0 5 1 0 1 20 Pleistocene
568-9,CC 57 10 1] 1 0 | 1 30 Pleistocene
569-3-4, 29-31 54 12 0 2 1 0 1 30 Pleistocene
569-5-4, 32-34 37 11 0 2 0 0 0 50 Pleistocene
569-6-3, 52-54 35 9 0 1 1 0 1 53 Pliocene
569-7-1, 82-83 66 29 1 | 1 1 2 0 late Pliocene
569-8-3, 81-83 83 12 0 2 2 0 1 0 late Pliocene
569-9-2, 3-4 92 3 0 1 4 0 0 0 middle Miocene
569-9-2, 43-45 4] 13 0 6 1 0 2 37 middle Miocene
569-10-1, 21-23 50 5 0 2 40 0 1 2 middle Miocene
569-11-2, 128-130 74 9 0 2 1 0 1 13 late Miocene
569-12-6, 28-30 64 18 1 2 11 0 1 3 late Miocene
569-20-2, 2-4 46 18 0 1 2 0 1 32 late Miocene
569-16,CC 71 9 0 2 1 0 0 17 late Miocene
569-21-2, 30-32 6 68 1 6 3 0 15 1 late Miocene
569-27-4, 22-24 89 7 0 3 1 0 0 0 late Oligocene
570-4-2, 121-123 44 28 2 7 3 0 1 15 Pleistocene
570-6-6, 79-80 78 19 0 0 1 0 2 0 Pleistocene
570-14-2, 108-110 65 24 0 7 2 0 2 0 Pleistocene
570-22-3, 74-76 40 10 0 3 2 0 1 44 Pleistocene
570-24-1, 60-62 25 15 0 1 1 0 1 57 Pleistocene
570-25-1, 14-16 35 20 0 1 1 1 1 42 early Pliocene
570-27-1, 2-3 49 17 1 | 2 0 1 29 early Pliocene
570-30-4, 50-52 45 19 1 3 1 0 1 30 late Miocene
570-35-2, 78-80 72 15 0 5 8 0 0 0 early Miocene
570-34-1, 6-8 34 13 0 1 2 0 1 49 early Miocene

within the magmatic-arc field, indicating a probable
source area in the Volcanic Highlands province of Gua-
temala.

The composition of the sands can be grouped into
three main categories, which are indicative of the sedi-
ment dispersal paths (Fig. 10): (1) Graded sands com-
posed entirely of plagioclase feldspar and weathered vol-
canic glass were probably transported directly from the
Guatemalan shore along conduits such as the San José
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Canyon by turbidity currents. (2) Graded sands com-
posed of plagioclase feldspar, weathered volcanic glass,
and biogenic components are probably hybrid sand re-
sulting from redeposition of shelf sediments. (3) Sands
rich in angular volcanic ash fragments were probably
derived directly by air falls of ash after eruption.
Consistent sand composition in all samples from Mi-
ocene to Pleistocene suggests that a similar source area
has existed in the vicinity of the Middle America Trench
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Figure 8. Ternary diagram showing quartz-feldspar-lithic fragments (QFL) in Leg 84 DSDP sand samples with prove-
nance fields after Dickinson (1982) and Dickinson and Suczek (1979). Note that Leg 84 sand samples plot near the
undissected arc area of the magmatic-arc provenance field. (Refer to Table | for raw data.)
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Figure 10. Schematic diagram showing major sediment dispersal paths from the Guatemalan arc. (1) Direct transport from
the shelf by turbidity currents. (2) Redeposition (by slump, creep, mass wasting) of previously deposited shelf sediments
from shelf and slope after mixing with local shelf faunas. (3) Direct sedimentation by air fall after eruptions on the

mainland.

since the early Miocene or late Oligocene. The sand-
sized material is mostly volcanic ash and lithic fragments.
Therefore, the light-mineral composition of sands de-
posited on the lower and middle slopes of the Middle
America Trench demonstrates that the present-day tec-
tonic setting of the Trench was already in existence by
the beginning of the Miocene, and the presence of ash
layers in Oligocene and Eocene sediments indicates that
volcanism and related subduction occurred even earlier.

SUMMARY AND CONCLUSIONS

The sediment sequence covering the ophiolites that
form the framework of the Guatemalan continental mar-
gin are easily divided into two distinctive lithologic se-
quences that also correspond roughly to Neogene and
Paleogene ages. The Neogene slope deposit sequence is
representative of the present sedimentological, morpho-
logical, and tectonic setting, whereas the Paleogene is
more varied and thin. The sparse Eocene deposits drilled
on Legs 67 and 84 may, in part, be an artifact of site lo-
cation on basement highs. Erosion of Eocene and Cre-
taceous outcrops during the Neogene is suggested by ubig-
uitous occurrence of these lithologies as reworked clasts
and transported microfossils.
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The Neogene sediment was largely derived from the
Volcanic Highlands off Guatemala. This is clearly the
case for sand from studies of both Legs 67 and 84 cores
(Enkebol, 1982; Prasad and Hesse, 1982; and this chap-
ter). Silt and clay probably have a similar source in addi-
tion to authigenic clay from weathering of the igneous
basement and deeper sediment. Clay and silt are more
widely dispersed by currents, as shown by the 170-m-
thick upper middle Miocene terrigenous mud cored 20 km
seaward of the Trench axis at Site 495 (Aubouin, von
Huene, et al., 1982). Backtracking the Cocos Plate sug-
gests deposition some 500 km seaward of the Trench ax-
is, however, and such distant transport requires special
conditions. Perhaps such conditions prevailed during in-
tensified ocean circulation associated with global cool-
ing; associated currents may have been the cause of ero-
sion for much of the middle and late Miocene sequence
from the Guatemalan slope (Stone and Keller, this vol-
ume).

The Neogene slope deposits typically comprise mas-
sive mud. The highly monotonous mud sequence pro-
vides little impedance contrast to give acoustic images.
From multichannel seismic data (von Huene et al., 1982)
through high-resolution seismic data (T. Shipley and G.



F. Moore, personal communication, 1983) to 3.5 kHz
deep-towed transducer surveys (Moore et al., 1982), the
slope deposits are imaged with great difficulty. Reflec-
tions are generally of low amplitude and high frequency,
and do image fairly well in local ponds, in the Trench
axis, and where sediment had been deposited rapidly in
lobes. The contrast in acoustic images between flat areas
and slopes suggests that little structure survives the con-
tinual downslope creep and mass wasting that appear to
prevail on slopes of the Middle America Trench.

The homogeneous mixture of grain sizes and general
lack of sedimentary structures throughout the Neogene
slope sediments indicate that continuous mixing during
downslope creep is important in sediment transport and
has been throughout the Neogene. This is supported by
the ubiquitous admixture of fauna from upslope in ben-
thic foraminiferal assemblages. Such flow could effect a
consolidation of sediments at unusually shallow depths
in the sediment column as clay-dominated sediment con-
stituents are smeared together, resulting in the overcon-
solidation of surface and shallow sediments observed at
several sites (Taylor and Bryant, this volume). Buildup
of sediment could continue to a point of slope instabili-
ty and failure with local slumping.

The general lack of reflections in seismic lines along
the slope indicates that creep is a widespread process,
but local acoustic definition of prograding lobes of sedi-
ment containing homogeneous material and the remark-
able variation in sediment thicknesses among neigh-
boring sites illustrates the importance of shifting depo-
centers and erosion in the upper and middle slope. The
Pleistocene section is over 210 m thick at Site 570 and
only 50 m thick at nearby Site 569, whereas the Miocene
is only 1 m thick at Site 570 compared to over 190 m
at Site 569. The presence of coarse sand and even con-
glomerate well removed from the Trench axis and be-
tween present canyons and gullies in sediments of Eo-
cene, Miocene, and younger sections shows (1) that all
sand need not be transported into the Trench and (2)
that an area through which sand may be transported can
become a site of accumulation of sand and other mate-
rial. The seismic profiles of von Huene et al. and Volpe
et al. (both this volume) corroborate this depositional
pattern, showing disrupted sedimentary layers and pos-
sible filled or abandoned channels. Hiatuses inferred in
part from sudden changes in sediment accumulation
rates also show a depositional pattern that is far from
uniform over time (Fig. 3B). We envision sediment creep
concentrated along prograding lobes of sediment; local
slope instabilities or changes in sediment supply pro-
duces shifts in these depocenters as channels are cut off
from supply or so choked with sediment as not to pro-
vide an effective conduit. The ultimate sediment sink is
the Trench axis.

Closely related to the contrast in sedimentary section
between neighboring sites is the localized occurrence of
hydrate. Site 568 was located close to Site 496 in order
to study hydrates, which were in great evidence at Site
496. But hydrates were rather poorly represented at Site
568 and visibly observed only in one interval filling the
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fractures of a tuffaceous mudstone. Where it was found
in large amounts at Site 570, gas hydrate occurred in the
interstices of coarse sediment of high porosity and per-
meability. Sediments of the nearby gas-ridden Site 496
are generally sandier, with several sandy to pebbly layers
(Aubouin, von Huene, et al., 1982). The local variation
in sediment texture may directly affect the occurrence or
lack of gas hydrate. Minor textural variation and local
sandy layers are features too small to resolve acoustical-
ly; it follows that many gas hydrate occurrences associ-
ated with these features will only be observable through
direct sampling.

In contrast to the Middle America Trench off Mexico
where drilling in the Trench axis was terminated due to
caving sand (Watkins, Moore et al., 1982), sediment pond-
ed on the Guatemalan slope contains more sand than
the present turbidite fill of the Trench. The difference
may depend ultimately on the volume of sediment sup-
plied to the Trench in these two regions. The principal
canyon supplying sediment to the Trench off southern
Mexico (Ometepec Canyon) has a larger source area and
does not cross a broad forearc basin before reaching
the slope as does San José Canyon off Guatemala. The
Trench axis off Guatemala received relatively fewer and
principally distal turbidites. With insufficient sediment
to cover the relief of the ocean basin floor that enters
the Trench axis, there are only local ponds of turbidite
accumulation between basement highs and no through-
going longitudinal turbidity current channels paralleling
the Trench axis (Aubouin, von Huene, et al., 1982). Sed-
iment in the Trench off Guatemala is better sorted than
that in the Trench off Mexico, and sand is poorly repre-
sented. Basins on the slope off Guatemala, however, are
more proximal to the sediment source and could provide
areas of lesser gradient where sand can be trapped up-
slope of the Trench.

Paleogene (mainly Eocene) sediment was recovered
from two Leg 84 sites and one Leg 67 site; it is absent at
two Leg 84 sites that penetrated basement but present in
the Esso Petrel Well at the edge of the shelf (Coulbourn
et al., 1982; Seely, 1979). All Eocene microfossil assem-
blages are from abyssal depths except at the Petrel Well
and Site 494 where they are both bathyal. The varied li-
thologies including radiolarian mudstone, limestone, and
sandstone indicate tectonically mixed lithologies and
mixed sedimentary processes, especially at Site 570 near
the shelf edge. Sites 494 and 569 contain more uniform
Eocene radiolarian mudstone indicating deep water sed-
imentation. Cretaceous sediment recovered from the foot
of the slope at Sites 567 and 494 is blue gray micritic
limestone, indicating a pelagic or oceanic paleoenviron-
ment removed from terrigenous sediment sources.

The Cretaceous and Paleocene section beneath the
forearc basin has a terrigenous provenance, and it accu-
mulated in a body of sediment estimated by von Huene
et al. (this volume) to have been 100 km wide. Eocene
and Oligocene sediments in the forearc basin are 1.5 to
5 km thick and include terrigenous and biogenic materi-
al; only a few tens of meters of Eocene and Oligocene
sediments were recovered on the slope. Von Huene et al.
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(this volume) suggest the Eocene and minor Oligocene
slope sediments may represent distal, deeper equivalents
of the forearc basin sediments and could be consistent
with the present continental margin configuration. Cre-
taceous sediment beneath the forearc basin and beneath
the slope was deposited in settings more distinct from
each other than where they are presently found.

Tectonic juxtaposition of the oceanic Cretaceous sec-
tion against the shelf section probably occurred between
the end of the Cretaceous and late Eocene either by con-
vergence (thrust faulting; possibly subduction) resulting
in deformation, telescoping and accretion of the section
to its present slope location, or by transverse faulting
(von Huene et al., this volume). Subduction along the
present zone began after this with consequent uplift of
the slope and the edge of the forearc basin.

Such a scenario explains the limited but varied suite
of Eocene upper slope sediments and suggests a reason
for the paucity of Oligocene sediments on the slope: re-
gional uplift of this margin would result in nondeposi-
tion or even erosion, particularly if uplift along the shelf
edge created a continuous forearc structural high to dam
sediment in the forearc basin.

Continued subduction and consequent on-land vol-
canism resulted in a tremendous volume of volcanic ter-
rigenous sediment that blanketed the continental mar-
gin despite continued uplift during the Neogene. Local
hiatuses developed as described earlier, and periodic re-
gional erosion or nondeposition occurred during inter-
play of sea level changes and continued uplift (Seely,
1979).

Leg 84 shipboard scientists left the Challenger confi-
dent that the unrepeated, ordered stratigraphic sequence
of sediments drilled on the Guatemalan slope dispelled
the notion of post-Eocene accretion of sediment or crust-
al block to the Guatemalan continental margin. The ac-
cumulation of sediment along the Trench axis was rec-
ognized as sediment ponding in a depression; the thick-
ness of Trench axis sediment is far less than would be
expected if Cocos Plate subduction had offscraped sedi-
ment along the margin since the Paleogene. Neverthe-
less, a few details remain to complicate the simple sce-
nario of subduction without accretion.

Very minor amounts of Miocene chalk (one 6-cm
clast from 567-18,CC at the foot of the slope and a few
smaller pieces in a University of Texas Marine Sciences
Institute gravity core also taken near the foot of the
slope—Baltuck et al., this volume) are similar in litholo-
gy and depositional paleoenvironment to the Miocene
chalk drilled on the Cocos Plate during Leg 67. The lo-
cation of these pieces in the Neogene slope apron just
above the Trench may ultimately result in their down-
slope transport and subduction, but their presence on
the landward side of the Trench indicates that a com-
plete dismissal of sediment accretion during subduction
along the present Guatemalan continental margin would
be an oversimplification.
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