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Figure 12.

Geologic map for Ascension Submarine Canyon and adjacent

continental shelf. See text for explanation.
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Figure 14. Moss Landing Marine Laboratories one-kilojoule sparker
profile F-G' showing the complete seismic stratigraphic
sequence, AC-1 through AC-5, west of the San Gregorio fault
zone, Ml = first multiple reflection.
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the underlying AC-1 sequence. The sequence (AC-2) overlies sequence
AC-1 along the continental shelf and crops out in Ascension Canyon along
the shelf break below the 150-250 m bathymetric contours (fig. 12). The
upper unconformity of this AC-2 unit is defined by erosional truncation
AC-2 reflectors and by downlap of an overlying progradational sequence
near the shelf break (figs. 14 and 16).

This AC-2 sequence is correlated with the upper Miocene-Pliocene
Purisima Formation (fig. 10) on the basis of: (1)} the similar
stratigraphic relationships observed in outcrops of Purisima Formation
that unconformably overlie the Monterey Formation, e.g., southwest of
the San Gregorio fault zone at Point Anmo Nuevo (Clark and Brabb, 1978;
Clark, 1981), and (2) rock dredge samples of Purisima Formation
recovered extensively throughout Ascension Canyon where the AC-2 seismic
reflectors crop out.

The upperland Tower unconformities of this late Miocene to Pliocene
sequence are correlated with the low stands of sea level at 6.6 and 2.8
m.y.B.P., respectively (fig. 15). These two Tow stands correspond to
the recognized late Miocene to late Pl1iocene age boundaries for the
Purisima Formation.

Early Pleistocene Sequence (AC-3). This sequence is the basal unit

of a distinct group of superposed progradational shelf edge segquences
(fig. 16). This basal sequence is generally characterized by strong,
continuous, variable amplitude, and moderate reflection frequency
reflectors (figs. 14 and 16). In some profiles, the base of this unit

is composed of extremely low amplitude reflectors. Reflectors are
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level curve after Vail and Hardenbol {1979).
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(AC-3 through AC-5).
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terminated by erosional truncation at the seafloor along the shelf and
by downlap near the shelf break (fig. 14 and 16). This unit and the
overlying units extend along the shelf edge from north of Point Afo
Nuevo to where they pinch ocut between the northwestern and southeastern
headward regions of Ascension Canyon {(fig. 12).

The upper unconformity of this sequence is defined by erosional
truncation of underlying AC-3 reflectors and by downlap of the overlying
AC-4 ref]ectqrs. This discordance is tentatively correlated with the
low stand of sea level at 1.75 m.y.B.P, because this was the next major
sea level low stand to the 2.8 m.y.B.P. fall (fig. 15). Therefore, an
early Pleistocene age is assigned to this sequence. This unit and the
overlying units are inferred to be comprised of unconsolidated sediments
based upon: (1) the unconsolidated sediments dredged from Ascension
Canyon, and (2) the section of Quaternary unconsolidated sediments in
the Quter Santa Cruz Basin (Hoskins and Griffiths, 1971; fig. 10).

Middle Pleistocene Sequence (AC-4). This sequence is nearly

identical to the underlying sequence AC-3 in its acoustic character
except for the lack of Tow amplitude hasal reflectors. It downlaps onto
AC-3 sequence and is downlapped by the overlying unit (figs. 14 and 16).
The upper unconformity is defined by truncation of sequence AC-4 through
AC-2 reflectors near the shelf/slope break and by downlap of the
overlying unit (figs. 14 and 16). This discordance is attributed to the
low stand of sea level at 0.75 m.y.B.P.; thus, this sequence is presumed

to be middle Pleistocene in age (fig. 15).
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Late Pleistocene Sequence (AC-5). This sequence is typified by

variable amplitude and variable reflection frequency reflectors (figs.
14 and 16). Local, discontinuous unconformities are seen within this
unit, but none are correlated as a single entity due to problems in
resolution through the "bubble pulse.” These discontinuous
unconformities may be due to one or more of the at least five low stands
of sea level during the past 0.75 m.y.B.P. (Beard, 1982), particularly
the low stand prior to the Holocene transgression (fig., 15). Because
this unit overlies an unconformity assumed to be 0.75 m.y.B.P., it is
assigned a late Pleistocene age (fig. 15).

Seafloor exposures of all five of the above seismic stratigraphic
sequences (AC~5 through AC-1) are probably almost everywhere covered by
a thin veneer of sediment due to the Holocene transgression beginning

approximately 18,000 yr. B.P.

Evidence for Canyon Excavation

Multiple episodes of canyon cutting on the shelf are observed on
intermediate and deeper peretration seismic reflection profiles
extending landward from the two canyon heads comprising the northwestern
portion of Ascension Canyon (figs. 17 and 18). A buried canyon landward
of the second northwesternmest canyon head probably represents the
oldest canyon excavation {fig. 19). Late Miocene-Pliocene (AC-2)
seguence reflectors are truncated and underlie the upper bounding 2.8
m.y.B.P. unconformity (fig. 20). In addition, a zone of high amplitude,
chaotic reflectors of questionable origin is visible within the AC-2

seguence.
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This zone extends landward from the clearly defined buried canyon (fig.
19). The proximity and similarity in age of this chaotic zone to the
buried canyon suggests that the chaotic deposits may have formed by
sTumping near the headward terminus of the buried canyon.

Two episodes of canyon cutting are represented by a
northeast-trending, infilled and partially exhumed canyon extending from
the northwesternmost canyon head (fig. 19). The first excavation is
shown by the truncation of middle Pleistocene (AC-4) through late
Miocene-Plicocene (AC-2) reflectors (fig. 21). Subsequent canyon
infilling occurred shown by the stratified reflectors juxtaposing the
truncated AC-4 and older reflectors. The second episode of canyon
cutting is displayed by the partial exhumation of the canyon fill. This
is evident where canyon fill reflectors are truncated along the walls of

the modern canyon (fig. 21).

San Gregorjo Fault Zone
Two parallel, nearly vertical, northwest-trending (N20-25°W)

faults are part of a series of faults comprising the right-slip San
Gregorio fault zone (fig. 11, 19, and 22)}. The Monterey Formation
(sequence AC-1) on the southwest side of the fault zone is juxtaposed
with the Santa Cruz Mudstone and Purisima Formation on the northeast
side (fig. 12).

A series of northwest-southeast-trending (N50-60°W) en echelon
folds occur adjacent to the fault zone (fig. 11, 19, and 22}. The

angles between the fold axes and the strike of the fault zone are
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approximately 30° in a counterclockwise direction (fig. 19). The trends
of the folds are consistent with wrench tectonic models for
right-lateral strike-slip faulting (Tchalenko, 19703 Wilcox and others,
1973). -

Structural Basement Highs

West of the San Gregorio fault zone, the dominant structural
feature is a northwest-striking acoustic basement ridge (i.e., Pigeon
Point High; figs. 5 and 19), which consists of two separate ridges
separated by a small intervening basin or syncline (figs. 19 and 23).
This granitic basement ridge terminates along the San Gregorio fault
zone where its seaward bounding fault (Nacimiento faulty figs. 5, 19,
and 23) intersects the San Gregorio fault zone at a point 16 km south of
Point Amo Nuevo (fig. 19). Immediately seaward of the high, a
concentration of late middle-late Miocene compressional features trend
parallel to the high (i.e., generally, high angle reverse faults with
westward dips and relatively tight folds; figs. 19 and 23).

The southeastern boundary of the Outer Santa Cruz Basin is defined
by a structural high. The high lies beneath the shelf and slope along
the entire southeastern headward region of Ascension Canyon and is
interpreted to be continuous with the Ascension-Monterey High,
previously described by Greene (1977) as an acoustic basement dome
supporting the submarine upland betweeen Ascension and Monterey Canyons
(fig. 24). This high has undergone uplift along a newly identified

northeast-southwest-trending (N30°E) high angle reverse (?) fault
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located between the northwestern and southeastern headward regions of
Ascension Canyon (figs. 18 and 19). Upturned middle Pleistocene (AC-4)
and older reflectors are located along the northwestern side of this
high indicating uplift (fig. 17). -Uplift, folding, and subsequent
erosion has exposed the anticlinally folded sequence AC-1 and the
upturned and truncated sequences AC-2 through AC-4 at the seafloor (fig.
17). Deep penetration reflection data alsoc show a basement high
(Ascension-Monterey High), which has upturned and anticlinally folded
reflectors in this area {(fig. 18). Because middle Pleistocene (AC-4)
reflectors are folded and truncated, uplift and erosion apparently have

occurred within the past 750,000 years (fig. 15).
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DISCUSSION

Origination Point and Total Offset of the Study Area

A place of origin for the study area must be established in order
to trace the structural evolution and the right-lateral strike-slip
displacement of Ascension Submarine Canyon along the San Gregorio fault
zone. First, cross fault ties must be identified along the San Gregorio
fault zone, then the progressive northward right-slip offset along the
fault zone can be traced through time.

The southwestern boundary of the Pigeon Point High is defined by
the truncated Nacimiento fault (fig. 5), which separates Franciscan
rocks to the southwest and granitic rocks to the northeast (Mullins and
Nagél, 1981). A Franciscan-granitic fault contact at Point Sur was
previously discussed as a possibie cross fault tie along the San
Gregorio fault zone with 90 km of offset since mid-late Miocene (Silver,
19743 Mullins and Nagel, 1981). More detailed mapping has extended the
Pigeon Point High approximately 16 km south of Point Afo Nuevo to where
the Nacimiento fault intersects the San Gregorio fault zone (figs. 19
and 24), thus suggesting 74 km of offset. However, W. R. Dickinson
(written communication, 1982) has suggested that a more realistic
Franciscan-granitic cross fault tie, as opposed to Point Sur, would be
where Graham and Dickinson (1978) have interpreted the Nacimiento fault
to be truncated by the Sur fault (i.e., a southerly extension of the San
Gregorio fault), located approximately 25 km south of Point Sur. This

cross fault tie is accepted because: (1) a Franciscan-granitic contact
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as well as the truncated Nacimiento fault can be matched and (2) the
Point Sur Franciscan block is located west of the San Gregorio fault
(Graham and Dickinson, 1978) and could not possibly provide a cross
fault tie. Thus, the origination point for the study area is Tocated
south of Point Sur and north of Point Lopez where the Nacimiento and Sur
faults intersect (fig. 25a). Consequently, the study area must be
displaced south along the San Gregorio fault zone approximately 105 km,
i.e., the measured distance between this origination point and truncated
Nacimiento fault south of Point Ano Nuevo (fig. 25h), in order to begin

the evolutionary history for Ascension Canyon,

Paleogeographic Reconstruction Parameters

Using the Franciscan-granitic cross fault ties descfibed in the
previous section as points of reference, a paleogeographic
reconstruction model is developed that shows the northward migration of
the study area along the San Gregorio fault zone {fig. 25). The model
will provide assumed palecgeographic locations for Ascension Canyon
during its evolution.

Greene (1977) and Howell and others (1980) have suggested that
movement on the San Gregorio fault zone began 14 to 10 m.y.B.P. which is
comparable to the post middie Miocene initiation time proposed by Graham
and Dickinson (1978). For purposes of paleogeographic reconstruction,
the initial movement on the San Gregorio fault zone is assumed here to
be 12 m.y.B.P., i.e., the median value between 14 and 10 m.y.B.P. (fig.
25a).
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Using offset pairs of upper Miocene Santa Cruz Mudstone, J. C.
Clark has suggested that there has been approximately 70 km of offset
along the San Gregorio fault zone since the late Miocene (personal
communication, 1983). For pa1eoreEonstruction purposes, this offset is
assumed to have occurred since the formation of the upper bounding
unconformity to the Santa Cruz Mudstone, i.e., approximately 6.6
m.y.B.P. Considering there is a total offset of 105 km, the remaining
35 km of offset must be attributed to the period between 12 and 6.6
m.y.B.P. The calculated slip rates are 10.6 mm/yr for the period since
6.6 m.y.B.P. and 6.5 mm/yr for the period from 12 to 6.6 m.y.B.P. These
s1ip rates are used to provide approximate paleogeographic locations for
Ascension Canyon and are not meant to advocate constant sTiP for the San
Gregorio fault zone during the above time periods.

The present-day channel configuration of the Monterey Submarine
Canyon, east of the San Gregorio fault zone, is used in the
paleoreconstruction model (fig. 25 a-h). Consideration was given to the
possibility that the channel of Monterey Canyon has followed different
" courses throughout time, However, present available data do not provide
evidence for alternative post-middle Miocene channel courses for the

Monterey Canyon.

Evolution of Ascension Submarine Canyon

The buried canyon landward of the second northwesternmost canyon
that truncates reflectors within the late Miocene-Pliocene (AC-2)

sequence provides the oldest evidence for cutting of Ascension Canyon
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(figs. 19 and 20). This buried canyon may represent headward erosion
from a pre-late Miocene slope canyon that has extended onto the shelf
during late Miocene-Pliocene times. No evidence exists to substantiate
or refute the existence of a previously carved slope canyon. Therefore,
this buried canyon is interpreted to mark the initiation of Ascension
Canyon.

Greene (1977) and Howell and others (1980) have suggested that
Ascension Canyon was cut as the distal channel of the Monterey Canyon
approximately 7 m.y.B.P. This cutting can be correlated with the 6.6
m.y.B.P. low stand of sea level (fig. 15). This suggestion is
improbable because the late Miocene-Pliocene buried canyon over1ies.the
6.6 m.y.B.P. unconformity. This canyon excavation must have occurred
after 6.6 m.y.B.P. and prior to the 2.8 m.y.B.P. bounding unconformity
of the sequence AC-2. The exact timing for exhumation is indeterminable
within these time boundaries.

Along the northwestern wall of the buried canyon, there is a
complex interfingering relationship between the erosional truncated
reflectors and the AC-2 sequence reflectors that appear to extend into
and infill the canyon (fig. 20). There appear to be at least three
episodes of erosional truncation followed by canyon infilling. Such a
relationship may suggest continuous marine sedimentation that was
punctuated by submarine canyon erosion, possibly via turbidity currents
and/or other sediment gravity flows.

The study area would have migrated along the San Gregorio fault

zone from its approximate location shown in figure 25b to its
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approximate Tocation shown in figure 25e during the late Miocene to the
late Pliocene. During this time, the buried canyon could have passed
the channel! of the Monterey Canyon and might have been juxtaposed to the
channel dufing mid-Pliocene time (i,e., approximately 3.8 m.y.B.P.; fig.
'25d). There was a relatively moderate sea level fall at 3.8 m.y.B.P.
(Vail and Hardenbol, 1979; fig. 15), so this presents the possibility
that Monterey Canyon experienced a partial exhumation, and Ascension
Canyon was cut as its distal channel. During low stands of sea level,
the frequency aﬁd magnitude of turbidity currents are greatly increased
on the outer shelf down to the deep sea, apparently because rivers
and/or littoral drift systems can transport sediments directly into
submarine canyon heads {Hess and Normark, 1976; Shanmugam and Moiola,
1982). Increased turbidity current activity related to the 3.8 m.y.B.P,
sea level fall may have exhumed the Monterey Canyon while periodical
turbidity currents interrupted the continuous sedimentation in the
proximity of Ascension Canyon as indicated by the complex interfingering
relationship along the rorthwestern canyon wall (fig. 20). The
possibility should be considered speculative because: (1} there is no
evidence of a truncated ancestral channel continuously extending across
the shelf from the San Gregorio fault zone to Ascension Canyon, and {(2)
there is no evidence for activity in the Mcnterey Canyon from the Tate
Miocene (6.6 m.y.B.P.) tc the late Pliocene (Martin, 1964; Greene, 1977;
Greene and Clark, 1979).

An alternative possibility is offered to explain this late

Miocene-P1iocene excavation. The buried canyon is hypothesized to have
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resulted from headward erosion from a slope canyon. Uplift of the Santa
Cruz High may have oversteepened slopes that generated slumping,
sliding, and/or sediment gravity flows. These possible mass movements
and/or sediment gravity flows could have cut a slope canyon whose
headward erosion eventually notched the shelf. Uplift along the Santa
Cruz High was active until late Pliocene-Quaternary times (Blake and
others, 1978), which coincides closely with the termination of erosion
of the buried canyon, i.e., prior to the late Pliocene-early Pleistocene
(2.8 m.y.B.P.) unconformity. Also, the termination of erosion may be
attributed to the migration of the buried canycn away from the Monterey
Canyon channel by the late Pliocene (fig. 25e). Thus, both of the above
mentioned possibilities seem to hold some merit for explaining the
evolution of the late Miocene-Pliocene buried canyon,

The formation of the modern Monterey Canycen probably began during
late Pliocene-early Pleistocene times, approximately 3 m.y.B.P. (Martin,
1964; Greene, 1977; Greene and Clark, 1979; Howell and others, 1980).
This timing can be correlated with the major sea level low stand at 2.8
m.y.B.P. {Vail and Hardenbol, 1979, fig. 15). The most northwesterly
portion of the southeastern headward region of Ascension Canyon could
have been juxtaposed to the Monterey Canyon at this time (fig. 25e).
There is no evidence for cutting on the shelf landward of the
southeastern headward regijon. The late Pleistocene uplift of the
Ascension-Monterey High and subsequent erosion could account for the
removal of all such evidence (fig. 17). Therefore, based on the close

geographic proximity of Ascension Canyon to the Monterey Canyecn during
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its major excavation, it seems Tikely this portion of Ascension Canyon
may have been cut as the distal channel of the Monterey Canyon.

The most southeasterly extent of Ascension Canyon possibly was
juxtaposed against the Monterey Canyon during the 1.75 m.y.B.P. Tow
stand of sea level (fig. 25f). Martin (1964) has indicated exhumation
in the Monterey Canyon at approximately 1.5 m.y.B.P. If these events
correlate, then this southeasterly portion of Ascension Canyon may Have
been cut as the distal channel of Monterey Canyon. While a portion of
Ascension Canyon possibly was being cut by the Monterey Canyon, the
other canyon heads may have had the opportunity to be excavated by
streams and rivers that crossed the shelf during sea level low stands.
Martin (1964), Greene {1977), and Greene and Clark (1979) suggested
rivers and streams ran out to the shelf break of the Monterey Bay during
the late Pliocene Tow stand and Greene (1977) showed Pleistocene buried
stream channels on the northern Monterey Bay shelf,

Ascension Canyon would have been offset northwestward beyond the
channel of Monterey Canyon by the late Pleistocene (fig. 25g9). Two post
middle Pleistocene episodes of canyon cutting are shown by the
northwesternmost canyon head {fig. 21). The first episode of erosion
truncated middle Pleistocene (AC-4) and older reflectors and is
speculatively correlated to the late Pleistocene low stand at 0.75
my.B.P. (fig. 15). It is indeterminable if this was the initial
cutting because any evidence for an earlier cutting would have been
removed. Stratified canyon fiil may have been deposited during the

ensuing transgression (figs. 15 and 21). The second episode of cutting
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truncates the canyon fill reflectors that are exposed along the walls of
the modern canyon (fig. 21). This partial exhumation may be correlated
with the Tast major Tow stand of sea level before the Holocene
transgression, i.e., at approximatély 18,000 yr. B.P. (fig. 15).

The erosional processes responsible for the two Tate Pleistocene
exhumations are open to speculation. One possibility is that multipie
processes were involved. A creek from the Santa Cruz Mountains may have
initially carved a channel across the shelf during the 0.75 m.y.B.P. low
stand, although comparing the widths of this partially infilled canyon
and Santa Cruz Mountain creeks, it seems unlikely any Santa Cruz
Mountain creek could generate such a wide canyon. This suggests that
submarine erosion may have enlarged this possible subaerial excavation
during the succeeding transgression prior to infilling. The assumed
18,000 yr. B.P. excavation may have followed a similar scenario. The
number and spacing of the Ascension Canyon heads are similar to the
number and spacing of the onland creeks and river adjacent to the study
area (fig. 2}, suggesting that these creeks crossed the shelf and
initiated the cutting of canyon heads. No buried stream channels were
found crossing the shelf in the study area, however. Alternatively,
the excavations may have resulted entirely from submarine processes.

The first cutting may represent headward erosion from a slope canyon
or an excavation of the shelf by littoral zone erosion. Then,

the partial exhumation of the canyon fi11 may have been the



58

consequence of scouring turbidity currents and headward erosion during
the low stand of sea level at 18,000 yrs. B.P.

The southeastern headward region of Ascension Canyon may have had
portions cut prior to the late Plefstocene as previously discussed.
However, the late Pleistocene to Recent canyon morpheology is
hypothesized to be predominantly influenced by the uplift of the
Ascension-Monterey High that has presumably occurred within the past
750,000 years (figs. 18, 24, and 25g). This uplift of the southeastern
end of the Outer Santa Cruz Basin can be accounted for if the basin is
structurally viewed as a fault wedge basin (fig. 26). The fault wedge
basin model (Crowell, 1974) demonstrates uplift and compression at the
end of the basin where two major right-lateral strike-slip faults
converge. At this southeastern portion of the basin, the high angle
reverse fault along the seaward margin of the Santa Cruz High (referred
to as the Quter Santa Cruz fault) is inferred to be a convergent
right-Tlateral strike-sTip fault and to demonstrate convergence with the
San Gregorio fault zone (fig. 14 and 26). Thus, convergent wrenching
along the San Gregorio fault zone and the Outer Santa Cruz fault is
inferred to be responsible for the uplifted Ascension-Monterey High. As
the uplift occurred, the slope probably was continuously oversteepened.
In response to the oversteepened slope, periodic slumping, sliding,
turbidity currents, and other gravity flows could have resulted in
canyon cutting on the slope and headward erosion onto the shelf. This
oversteepening of the slope may be reflected in the vastly steeper

Ascension Canyon channel gradient compared to the Monterey Canyon
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channel gradient, west of the San Gregorio fault zone, i.e., a place
where this southeastern portion of Ascension Canyon may have been cut
(figs. 25e, 25f, and 27). The steeper gradient may attest to the
changing morphology due to the late Pleistocene uplift that may still be
occurring. In addition, this southeastern headward region may owe its
diffuse morphology to this uplift and subsequent erosion.

After the low stand of sea level at 18,000 yrs. B.P., headward
erosion could not keep pace with the }ising Holocene transgression, so
this shelf edge canyon system was beheaded. Today, the activity in the
Ascension Submarine Canyon may be best typified by a description of the
activity on the Ascension fan valley. Hess and Normark (1976) described
the sedimentation on the fan valley as only an occasional sand or silt
interval, reflecting a rare turbidity current event, interrupting the

predominantly muddy Holocene sedimentation.
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CONCLUSIONS

Both tectonic and eustatic processes appear to have been
responsible for the formation of Ascension Canyon.

The initial cutting of Ascension Canyon probably occurred between
6.6 and 2.8 m.y.B.P.} Multiple erosional events are recognized, but
the exact erosional processes involved are not known.

No direct evidence was found to show that Ascension Canyon owes its
multiplicity of heads to the progressive offset of the distal
channel of the Monterey Canyon. However, portions of Ascension
Canyon may have been juxtaposed against the Monterey Canyon when it
probably was being exhumed, thus providing indirect support to the
basic idea of Greene (1977) that the displacement of the distal
channel of Monterey Canyon resulted in portions of Ascension
Canyon.

The northwesternmost head of Ascension Canyon shows multiple
episodes of late Pleistocene canyon cutting and infilling which
appears to be due to repeated periods of erosion and deposition
controlled by eustatic sea level fluctuations. The excavations
have been tentatively correlated with the 0.75 m.y.B.P. and 18,000
yr. B.P. low stands. The exact erosional processes responsible for
the excavations are not known,

The late Pleistocene to Recent evolution of the southeastern
headward of Ascension Canyon may have been predominantly controlled

by the uplift of the southeastern convergent end of a fault wedge
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basin, i.e., Outer Santa Cruz Basin. The uplift of
Ascension-Monterey High may have continuously oversteepened the
slope periodically giving rise to submarine mass movements and
sediment gravity flows that carved the slope; so, as the
Ascension-Monterey High was ascending, the Ascension Canyon was
evolving,

Total late Cenozoic right-lateral strike-slip offset along the San
Gregorio fault zone is approximately 105 km, based upon
Franciscan-granitic offset pairs located 16 km south of Point Afg

Nuevo and 25 km soguth of Point Sur.
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APPENDIX I: ROCK DREDGE SAMPLES

Dredge Haul A

1
Start: 36°55'00"
122°28'05"
Finish: 36°55'30"
122°28' 30"

Depth: 1080 to 845 m

Sample Ala (99%)

Lithology: Serpentine - blue-green, angular, brittle, fibrous
serpentinite. Most of sample has fresh surfaces and are cobble size
fragments ( 10 x 11 x 9 cm) with one boulder (30 x 40 x 22 cm).

X-ray: Lizardite

Age: Jurassic to Cretaceous-Franciscan Assemblage(?)

Sample Alb (<1%)

Lithology: Siltstone - grayish green, subangular, massive,
moderately well indurated, highly bored, diatomaceous siltstone with few
siliceous sponge spicules. One piece (5 x 5 x 2 cm).

Paleontology: Diatoms include:

Denticulopsis seminae var. fossilis
MeTosira granulata {fw)
Rhizosolenia barboi-

Stephanodiscus sp. (fw)
Thalassiosira antigua

T. oestrupii

Age: Late Pliocene - Denticulopsis seminae var, fossilis zone -
Purisima Formation.

Sample Alc (<1%)

Lith: Basalt - brownish black, highly angular, vescicular basalt.
Two fragments (5 x 4 x 2 cmand 8 x 5 x 4 cm).

Age: Unknown - Mafic volcanics in central California are commonly
associated with the Franciscan Assemblage.

Remarks: Serpentinite samples showed fresh surfaces and angularity
indicating samples were collected in situ. Dredge contained minor
amounts of gray green cohesive mud.
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Dredge Haul A

2
Start: 36°57'30"
122°26'10"
Finish: 36°58'15"
122°25'05"

Depth: 725 to 330 m

Sample A2 (100%) .

Lithology: Siltstone - brownish green (weathered surface) to
greenish gray (fresh surface), angular to subangular, massive,
moderately well indurated, highly bored (polychaetes and pholads), very
fine grained, sandy, Tithic siltstone with diatom fragments and
siliceous sponge spicules. Lithic fragments include rhyolitic glass
shards, pumice fragments, quartz, zoned plagioclase, and basaltic
hornblende fragments. Most of sample is cobble size (15 x 12 x 8 cm)
with two boulders (25 x 20 x 18 cm and 25 x 12 x 12 cm).

Paleontology: Diatom fragments nondiagnostic and barren of
foraminifers.

Age: Pliocene(?) - Purisima Formation (?)

Remarks: ATl one rock type suggests samples were collected in
situ. Dredge was partially filled with minor amounts of gray green
cohesive mud.
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Dredge Haul Aa

Start: 36°591'35"
122°25'15"
Finish: 36°58'30"
122°26'00"

Depth: 356-145 m

Sample Aaa (95%)

Lithology: Siltstone - grayish olive green (weathered surface to
buff gray (fresh surface), angular, massive, very well indurated, highly
bored (polychaetes and holads) dolomitic siltstone with siliceous sponge
spicules and glauconite. Four large slabs (37 x 25 x 10 cm to 15 x 19 x
16 cm) and boulders (20 x 18 x 14 cm).

Paleontolegy: Diatoms include:

Stephanopyxis dimorpha
Age: Late Pliocene to Quaternary - Purisima Formation.

Sample A3b (5%)

Lithology: Sandstone - grayish olive green (weathered surface) to
buff gray (fresh surface), angular, massive, moderately well indurated,
highly bored (pholads and polychaetes), silty, very fine-grained
sandstone with sponge spicules, wood fragments, and glauconite. Cobble
size samples (10 x 6 x 3 cm).
Paleontology: Foraminifera include:
Bulimina denudata (Cushman and Parker)
Epistominella pacifica (R. E. and K. C. Stewart)
Virgulina sp.
Age: Late Miocene{(?] - Quaternary-Purisima Formation (?)
Remarks: Fresh surfaces on boulders and slabs suggest the samples
were collected in situ. Dredge was half filled with dark green very
cohesive clayey mud.
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Dredge Haul Ad

Start: 36°54'05"
122°25*00"
Finish: 36°54'35"
122°2510"

Depth: 1055-875 m

Sample A, (100%)

Lithology: Basalt - dark gray, fine granular textured, very
angular, highly fractured, very friable metavolcanic with pyrite and
thick phosphatic coating (1% cm). Majority of sample is small fragments
(5 x 5 x 3 cm) with Targest size (12 x 8 x 6 cm),

X-ray: Spilitic basalt.

Age: Unknown - spilitic basalts are commonly associated Franciscan
Assemblage.

Remarks: Fresh surfaces indicate samples were collected in situ.
No mud in dredge.

=
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Dredge Haul A5

Start: 36°55%45"
122°23'25"
Finish: 36°56'00"
122°22"'30"

Depth: 700-452 m

Sample A (100%)

Lithology: Siltstone - greenish gray (fresh surface) to brownish
gray (weathered surface), angular-subangular, very finely laminated weak

to fairly well indurated, heavily bioturbed (polychaetes and pholads),
diatomaceous siltstone with siliceous sponge spicules and some quartz
silt. Majority of sample is cobble size (10 x 8 x 4 cm) with largest
size (20 x 15 x 7 cm).

Paleontology: Diatoms include:

Denticulopsis seminae var. fossilis
Epithemia sp. (fw)

MeTosira granulata (fw)

M. sulcata

Rhaphoneis sp. (marine benthic)
Stephanopyxis dimorpha
Stephanodiscus sp. {fw)
Thalassijonema nitzschioides
Thalassiosira antigua
Thalassiosira eccentrica
Silicoflagetlates Tnclude:
Distephanus polyactis

Age: Late Pliocene - D. seminae var, fossilis zone - Purisima
Formation.

Remarks: ATl one rock type and angularity of samples suggest in
situ collection. Dredge was partially filled with three distinctly
different muds. Mud types were: (1) dark green cohesive mud; (2) dark
green silty mud with siltstone chips; and (3) greenish very coarse grain
sandy (pelletal) silty mud.
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Dredge Haul A6

Start: 36°57'55"
122°22'05"
Finish: 36°57'30"
122°22'15"
Depth: 375-233 m

Sample A6

Lithology: Mud - dark grayish green cohesive mud with few shell
fragments.,

Paleontology: None

Age: Unknown




Dredge Haul A7

Start: 36°50'05"
122°18'20"
Finish: 35°51'15"
122°20'00"

Depth: 1095-840 m

Sample A7 .
Litho]og*: Mud - grayish green cohesive homogenous mud.
Paieontology: None

Age:  Unknown
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Dredge Haul A

8
Start: 36°54'00"
122°17'50"
Finish: 36°54'20"
122°18'00"

Depth: 635-425 m

Sample A8 (100%)

Lithology: Siltstone - brownish gray (weathered surface) to
greenish gray {fresh surface, angular-subangular, massive, moderately
well indurated; highly bioturbed (pholads), diatomaceous and micaceous,
Tithic (?) siltstone with siliceous sponge spicules, some glauconite,
quartz, plagioclase, green hornblende and basaltic hornblende fragments.
Most]g cobble size fragments with two boulder size fragments (31 x 16 x
12 cm).

Paleontology: Sample only yields nondiagnostic diatom fragments
and barren of forams. Molluscs include:

Yoldia sp., nuculanid bivalve.
Age: PTliocene{?} - Purisima Formation (?).
Remarks: A1l one rock type and no mud in dredge.
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Dredge Haul A17

Start: 36°48755"
122°13'35"
Finish: 36°48'20"
122°13'45"

Depth: 870-675 m

Sample A, (95%)

Lithology: Siltstone - greenish gray, very angular to subangular
massive, friable, moderately well indurated, highly bioturbed
(polychaetes), 1ithic, tuffaceous and diatomaceous siltstone with
Monterey chert fragments, basaltic hornblende, quartz and plagioclase
silt and obsidian shard fragments. Radiolarian also present. Mostly
cobble size fragments (19 x 14 x 7 cm).

Paleontology: Diatoms include:

Coscinodiscus marginatus
Epithemia sp. (fw)
Nitzschia granulata (mb)
MeTosira granulata (fw)
Rhizosoienia barboi
Stephanodiscus sp. (fw)
Thalassionema nitzschioides
Foraminifers include: barren
Age: Pre-Quaternary probably Pliocene - Purisima Formation

Sample A17b (5%)

Lithology: Mudstone - light brown, angular, very thinly
laminated, very well indurated, diatomaceous opaline mudstone with few

fish fragments, sponge spicules, and glass shards. Sample consists of
blocky fragments up to 7 x 4 x 3 ¢cm in size.

Paleontology: Sample barren of diatoms and foraminifers.

Age: Late middle Miocene(?) - Monterey Formation (?)

Remarks: Lithology of Al?b very similar to samples known to be

Monterey Formation that were dredged at similar depths and close
proximity. Dark green cohesive mud and silt with minor amounts of dark
green medium grained sand surrounded rock samples.
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Dredge Haul A

18
Start: 36°48'40"
122°17'45"
Finish: 36°47'50"
122°15'35"
Depth: 1440-730 m

Sample A18 (100%)

Lithology: Siltstone - dark greenish gray subangular, massive,
moderately wei] indurated, highly bioturbed siltstone. Sample consists
of small fragment (3 x 2 x 2 cm).

Paleontology: None.

Age: Pliocene(?) - Purisima Formation(?)

Remark: Questionable if sample is representative of dredged area,

Sampie's 1ithology similar to known Pliocene Purisima Formation.
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Dredge Haul AZO

Start: 36°51°30"
122°12'45"
Finish: 36°52'00"
122°12'45*

Depth: 700-325 m

Sample AZOa (45%)

Lithology: Siltstone - greenish gray, angular to subrounded,
massive, moderately well indurated, highly bioturbed (pholads and
polychaetes), diatomaceous siltstone with radiolarians, sponge spicules,
one glaucophane grain (?). Majority of sample is cobble size with many
boulders (23 x 16 x 7 cm).

Paleontology: Diatoms include:

Coscinodiscus {fragments)
MeTosira granulata (fw)}
M. sulcata

Stephanodiscus sp. {fw)
Thalassiosira oestrupii
Thalassiothrix longissima
Forams include:
Epistominella sp.
Nonionefla grateloupi (?)
Virgulina pyritized

Age: Pliocene to Quaternary - Purisima Formation

Sample A20b (20%)

Lithology: Sandstone - black, subrounded, massive, moderately well
indurated, wei] sorted, slightly bored, fine-medium grained, oil
saturated arkosic sandstone. Sampie mostly cobble size fragments (15 x
11 x 8 cm) and smaller.

Paleontology: Sample barren of diatoms and forams.

Age: Early late Miocene(?) Santa Margarita Sandstone(?).

Sample AZOC (1%}

Lithology: 0il saturated, fine-medium grained arkosic sandstone in
contact with thinly laminated siliceous mudstone. Patches of solid
bitumen on surface of mudstone. Nature of contact between Tithologies
is a sharp linear contact. Sample size is (10 x 7 x 7 cm).
Paleontology: Sampie yields non-diagnostic arenaceous forams from
mudstone, and sandstone was barren.
Age: Llate middle Miocene(?) - Monterey Formation - mudstone.
Early Tate Miocene{?} - Santa Margarita Sandstone{?) - sandstone.

Sample AZOd (15%)

Lithology: Mudstone - whitish, angular-subangular, thin
irregularly iaminated, well indurated, dolomitic, diatomaceous opaline
mudstone. Tar impregnation within thin laminae. Sample is notably of
low density and of cobble size fragments (8 x 5 x 4 cm).
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Paleontology: Diatoms include:
Actinocyclus ingens
Actinoptychus undulatus
Auliscus sp.
Cocconels sp.
Coscinodiscus marginatus
Coscinodiscus plicatus
Coscinodiscus tabularis
Denticulopsis hustedii
Diploneis sp.
Rhizosolenia barboi
Stephanopyxis schenckii
Silicoflagellates include:
Mesocena hexalitha
Foraminifers: non-diagnostic
Age: latest middle Miocene - subzone C of the Denticulopsis
hustedtii - D. lauta zone - Monterey Formation.
Remarks: Subzone C is age equivalent to the Mohnian benthic
foraminifer stage. Sample's dolomitic nature and well-preserved diatoms
may b§ indicative of an intraformational concretion (R. Garrison, oral
comm, ).

Sample AEOe (10%)

Lithology: Mudstone - whitish, angular to subrounded, thinly
lTaminated, extremely well indurated opaline mudstone with diatoms, fish
fragments, quartz (angular) and feldspar silt. Many cobble size (9 x 8
x 7 cm) fragment, but mostly sample is found as angular gravel size
fragments. Also sample is of notable Tow density.

Paleontology: Foraminifera include: barren

Diatoms include: non-diagnostic.
Age: Latest middle Miocene(?) - Monterey Formation{?)

Sample AZOf (7%)

Lithology: Sandstone - buff, subrounded, massive, very friable,
moderate - weakly indurated, moderately well sorted, medium grained
arkosic sandstone with siliceous volcanic grains and sparry calcite
cement. Sample consisted of two boulders (22 x 14 x 12 cm + 14 x 18 x
11 cm) and three cobble size fragments (7 x 7 x 5 cm).

Paleontology: Barren of foraminifers and diatoms.

Age: Late Miocene(?} Santa Margarita Sandstone(?)

Sample AZOQ (<1%)

Lithology: Sandstone - gray, subrounded, massive, moderately well
indurated, moderately well sorted, fine grained arkosic sandstone.
Sample consists of one fragment (8 x 8 x 4 cm). Same as Asgs Only
finer grained.

Paleontology: None

Age: Same as A,,

Remarks: Dredgé Eartia]]y filled with gray green cohesive mud.




81

Dredge Haul A21

Start: 36°52'30"
122°17'45"
Finish: 36°53'45"
122°19'20"

Depth: 1015-420 m

Sample A21 .

Litho10g¥: Siltstone - brownish gray, subangular, massive,
moderateTy well indurated, highly bioturbed (polychaetes) siltstone.
Sample consists of 6 rock fragments (6 x 4 x 1 cmto 3 x 2 x 1 cm).

Paleontology: None :

Age: Pliocene(?) - Purisima Formation

Remarks: Dredge was filied with dark green cohesive mud. Rock

fragments’ Tithology similar to known Pliocene Purisima Formation.
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Dredge Haul A22

Start: 36°54'45"
122024|30(|
Finish: 36°56'10"
122°23'4Q"

Depth: 1080-675 m

Sample A,, (100%)

Lithology: Mudstone - greenish gray, angular-subangular, massive,
moderately well indurated, highly bored (polychaetes and holads),
diatomaceous and tuffaceous cpaline mudstone with glauconite (rare).
Sample consists of many boulders (16 x 16 x 10 cm) and many cobble size
rocks (8 x 5 x 5 cm).

Paleontology: Diatoms include:

Actinoptychus undulatus

Coscinodiscus marginatus

Denticulopsis seminae var. fossilis

Melosira suicata

Stephanopyxis turris

Rhizosolenia barboi

Thalassionema nitzschioides

Foraminifera include:

Elphidium clavatum var. (pyrite mold) (Cushman)
Epistominella pacifica (R. E. and K. C. Stewart)

Age: Late Pliocene D. seminae var. fossilis zone - Purisima
Formation. ‘

Remarks: Rock fragments interspersed in green cohesive mud.

L3
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Dredge Haul A

23
Start: 36°51'15"
122°21' 00"
Finish: 36°5300"
122°19'00"

Depth:  765-720 m

Sample A,q. (88%) 5

Lithology: Siltstone - greenish gray, subangular-subrounded,
massive, moderately well indurated, slightly bioturbed (polychaetes and
pholads), calcareous (micritic) siltstone with diatoms, sponge spicules,
and g]ﬁuconite. Sampie consists of numerous cobble size rocks (13 x 13
X5 cmj.

Paleontology: Diatoms include:

Denticulopsis seminae var, fossilis
Melosira granulata (Tw)
Rhizosolenia barboi

Stephanodiscus sp. (fw)
Thalassiosira antiqua

Thalassjosira oestrupii

Age: Late Pliocene D. seminae var. fossilis zone - Purisima
Formation.

Sample A,qp (10%)

Lithology: Siltstone - brownish gray, subrounded, irregularly
laminated, extremely well indurated, vaguely dolomitic siltstone with
glauconite. Sample consists of two cobbles {12 x 12 x 6 cm).

Paleontology: Diatoms include:

Biddulphia aurita
Coscinodiscus marginatus
Denticulopsis seminae var. fossilis

Epithemia sp. (fw)

Melosira granulata (fw)
Rhaponeis sp. (mb}
Thalassionema nitzschiodes
Thalassiosira antiqua
Foraminifers include:
Bulimina sp.
GlobobuTimina pacifica(?) (Cushman)
Age: Late Pliocene D. seminae var. fossilis zone - Purisima
Formation.

Sample Ar3c (2%)

Lithology: Basalt - black, angular, light weight, vescicular
basalt. Sampie consists of two rocks (6 x 6 x 2 cm?

X-ray: None

Age: Unknown

Remarks: Dark green cohesive mud concentrated at top of dredge.
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Dredge Haul A

33
Start: 36952'45"
122°22'15"
Finish: 36°652'30"
122°21'10"

Depth: 855 to 630 m

Sample A33a (50%) .

Lithology: Mudstone - dark brown, angular, massive to faintly
laminated, well indurated, brittle (conchoidal fracturing) mudstone.
Sample consists of cobble size rocks (14 x 10 x 6 cm) that readily
fractures conchoidally into gravel. -

Paleontology: Foraminifers include:

Ammobaculites sp.

Bathysiphon sp.
Buliminella elegantissima (d'Orbigny)
Clavulina sp.
Cyclammina sp.
Eggere?la sp.
Gaudryina sp.
Glomospira sp.
Haplopgragmoides sp.
Reophax sp.
Textalaria sp.
Trochammina sp.

Diatoms include: barren
Age: Latest Miocene - Pliocene - Purisima Formation

sample Aga (50%)

Lithology: Siltstone - greenish gray, subangular to subrounded,
massive, moderately well indurated, bioturbed (polychaetes and pholads),
opaline siltstone with sponge spicules and glauconite. Sample consisted
of cobble size rocks (15 x 14 x 8 cm).

Paleontology: Diatoms include:

Denticulopsis seminae var. fossilis
Rhizosolenla barboi

Stephanopyxis dimorpha

Thalassiosira antiqua

Thalassiosira oestrupii

Foraminifers include: Rare modern forams -

contamination.

Age: Late Pliocene D. seminae var. fossilis zone - Purisima
Formation.

Remarks: Dredge filled with green mud.
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Dredge Haul A34

Start: 36°48155"
122°12'05"
Finish: 36°50% 25"
122°10'15"

Depth: 810~740 m

Sample A34 (100%) .

Lithology: Mudstone - very dark brown, very angular, very thinly
laminated, well indurated siliceous mudstone. Sample consisted of 3
small rock fragments (2.5 x 2.5 x 1.5 cm) with freshly broken surfaces.

Paleontology: None

Age: Latest middie Miocene(?) - Monterey Formation(?)

Remarks: Age determination is based only upon Monterey-like
lithology and the fact that sample was collected in close proximity and
at greater depths than known Monterey Formation. Dredge was nearly
empty containing few rock fragments and a few pelletal gray green mud
balls.
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Dredge Haul A35

Start: 36°48'45"
122°11'00"
Finish: 36°48'40"
122°10°'30"

Depth: 450-340 m

Sample A35a (20%)

Lithology: Concretion - greenish gray, subrounded-rounded,
massive, moderately well indurated, highly bioturbed, silty dolomitic
concretion with calcareous benthic forams and glaucenite. Sample
consists of cobble size rocks (10 x 6 x 5 cm).

Paleantology: None

Age: Pliocene(?} - Purisima Formation(?)

Sample Agsh, (80%)

Lithology: Siltstone - greenish gray, subangular, massive, fairly
well indurated, slightly bioturbed, calcareous siltstone with sponge
spicules and glauconite. Sample consisted of many cobble size rocks (6
x 4 x 3 cm).

Paleo: None

Age:r Pliocene(?) - Purisima Formation

Remarks: Siltstone and concretion age determinations based on
similar Tithology to Purisima Formation and known carbonate concretion
within Purisima Formation. Dredge largely filled with weakly indurated
green mud and very coarse grained sand. A few rounded pebbles scattered
throughout the sand.
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Dredge Haul A36

Start: 36°52'05"
122°13'15"
Finish: 36°52'15"
122°12'45"

Depth: 550-385 m

Sample A36a (90%) .

Lithology: Siltstone - dark brown to olive green,
angular-subangular, conglomeratic, extremely well to well indurated,
mollusc-bearing, glauconitic siltstone with benthic and planktonic
forams. Texture of samples highly variable ranging from predominantly
siltstone to extremely coarse-granular grained sandstone with silty
matrix.

Paleontology: Diatoms include:

Coscinodiscus marginatus

Cymbella sp. (fw)

Stephanodiscus sp. (fw)

Thalassiosira antiqua

Foraminifers include:

Buccella frigida {Cushman)

Cassidulina limbata (Cushman and Hughes)
Cassidulina translucens (Cushman and Hughes)
Cibicides fletcheri (Galloway and Wissler)
ETphidium articulatum (d'Orbigny)
ETphidium gunteri (Cole)

Nonionella stella (Cushman and Hughes)
Gastropods include:

Acteocina sp.

Amphissa(?) sp. cf. A. columbiana (Dall)
Bittium(?) sp. aff. B. eschrichtii (Mi?dendorf)
Bittium sp. aff. B. rugatum {Carpenter
CalTiostoma(?) sp.

Crepipatella n. sp.(?) (Verticumbo)
Mitrella(?) sp.

Punctureila sp. cf. P. galeata (Gould)
Pelecypods include:

Astarte(?) sp.

Cyclocardia ventricosa (Gould)

Hiatella(?) sp.

Macoma cf. M. calcaria (Gmelin)

Panom a(E))sp. : (0a11)
Sacce;la ?7) sp. c¢f. S. taphria (Da
Tellina carpenteri (DalT)

ﬂ%g: Diatom age determination was latest Miocene to Pliocene
probably Pliocene. Foraminifer and mollusc age determination was
Pliocene-Pleistocene probably Pliocene. Therefore, Pliocene will be the
determined age - Purisima Formation,
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Sample Ajc (5%)

Lithology: Sandstone - buff green (weathered surface) to gray
(fresh surface) subangular, massive, extremely well indurated, silty
very fine-grained sandstone with sponge spicules, calcareous forams and
glauconite.

Paleontoiogy: None

Age: Pliocene(?) - Purisima Formation(?)

Sample Ay (5%)

Lithology: Siltstone - medium to dark brown, subrounded, massive,
extremely poorly indurated, extremely friable, highly bioturbed,
s1ight3y sandy siltstone. Sample consists of cobble size rocks (12 x 7
x 7 cmj.

Paleontology: None

Age:  Pliocene(?) - Purisima Formation(?)

Remarks: Age determination and formation for A b and A are
questionably based upon association with A36a' Dredag contai%gﬁ only
minor amounts of gray green cohesive mud.






