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ABSTRACT

The Pliocene Loreto basin is an asymmetrical half graben located on the eastern

margin of Baja California Sur, Mexico, which formed by rapid subsidence along the

dextral-normal Loreto fault. The southern Loreto basin contains numerous, well

exposed coarse-grained Gilbert-type fan deltas that were derived from the footwall of

the Loreto fault. Detailed sedimentological study of individual foreset beds provides

information about down-slope ¯ow transformations of cohesionless sediment gravity

¯ows in shallow water. Deposits of Gilbert-delta foresets consist of ungraded, normal-

graded, inverse- to normal-graded, and bipartite conglomerate and sandstone. Lateral

transitions in sorting, grading style and internal structure are commonly observed

within individual beds, both across and down slope, suggesting heterogeneity within

¯ows and a close relationship between high-density turbidity currents and gravel

traction carpets. A conceptual model for ¯ow transformation and deposition of high-

density turbidity currents on Gilbert-delta foreset slopes is developed for Pliocene

strata in the Loreto basin. In this model, ungraded cohesionless debris ¯ows evolved

rapidly down-slope into normal-graded gravelly turbidity currents. With continued

down-slope transport, the gravel fraction collapses and becomes concentrated into a

basal traction carpet undergoing laminar shear, and is over-ridden by a sandy

turbulent suspension. The short distances (10±20 m) over which lateral transitions

within single beds are observed indicate very rapid ¯ow transformations (10±20 s) and

rapid deposition of gravel traction carpets by frictional freezing on and near the base of

the foreset slope.

INTRODUCTION

Gilbert deltas were ®rst described from Lake
Bonneville deposits (Gilbert, 1885), and for years
were believe to be restricted to lacustrine settings
(e.g. Stanley & Surdam, 1978). Gilbert-type fan
deltas are a subset of fan deltas that are de®ned by
their unique and highly constructional tripartite

geometry of sub-horizontal topsets, steeply dip-
ping foresets and sub-horizontal bottomsets
(Fig. 1; Ethridge & Wescott, 1984). The occur-
rence of Gilbert deltas in marine settings has
received attention only in the past 10±15 years
(Postma, 1984; Postma & Roep, 1985; Colella et al.,
1987; Colella, 1988; Postma et al., 1988a,b; Prior &
Bornhold, 1988, 1990; Corner et al., 1990; Massari
& Parea, 1990; Dorsey et al., 1995). Most of these
studies have focused on either a general descrip-
tion of foreset facies or a speci®c example of a
foreset bed as a means to characterize fan-delta
front deposition. In general, topset deposition
may be dominated by mass ¯ows, ¯uvial traction
sedimentation, and/or marine reworking, while
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foresets and proximal bottomsets are dominated
by subaqueous sediment-gravity ¯ows (Fig. 1).
Suspension settling may be an important deposi-
tional process for distal bottomsets.

A recent review paper on transport and
depositional processes operative on steep grav-
elly delta slopes emphasized the need for de-
tailed study of these processes, especially with
regard to foreset and bottomset deposits (Nemec,
1990). Deposition of foreset strata is commonly
attributed to `avalanching' (sensu lato) with no
effort to interpret actual single-event mass-trans-
port processes (Nemec, 1990). Sediment gravity
¯ows commonly begin as slumps at the top of
the foreset slope due to over-pressuring during
sediment accumulation on the delta front (Post-
ma, 1984). A variety of types of ¯ow transfor-
mation are likely to occur down-slope from
there. As slumps move down slope they evolve
into ¯ows with plastic behaviour (debris ¯ows).
Continued movement down slope results in
further dilution of the ¯ow, commonly resulting
in transformation to a ¯ow with ¯uidal proper-
ties, also known as a turbidity current (Postma &
Roep, 1985; Nemec, 1990). Some recent studies,
most notably by Postma et al. (1988a), have
carried out detailed examination of foreset and
bottomset deposits where the bottomsets have
been deformed by submarine slides, slumps and
sediment gravity ¯ows. While these studies are
important for better understanding of subaque-
ous deformation, there remains a need for
detailed study of a wide range of single-event
mass-transport processes that are common on
subaqueous fan-delta slopes.

Subaqueous sediment gravity ¯ows have re-
ceived considerable attention over the past 30

years. The majority of this research focused on
experimental studies and ®eld observations that
described and interpreted sedimentary structures
and textures. This work has resulted in a broad
understanding of the transport mechanisms in
low-density and high-density turbidity currents
in deep-sea settings (e.g. Middleton & Hampton,
1973; Lowe, 1979, 1982; Middleton, 1993). High-
density turbidity currents are de®ned as ¯ows
having more than 10% of sediment by weight
(Kuenen, 1966; Middleton, 1970). In ¯ows con-
taining a signi®cant population of pebble- and
cobble-sized clasts, the combined effects of ¯uid
turbulence, hindered settling, matrix buoyant lift,
and dispersive pressures resulting from grain-
grain collisions commonly are involved in clast
support (Lowe, 1982). Large clasts are more
readily transported in relatively concentrated
¯ows, and they are quickly deposited once
sedimentation begins and particle concentration
increases. Lowe (1982) developed a conceptual
model for the development of gravel traction
carpets at the base of high-density turbidity
currents, in which clasts in the traction carpet
layer are supported mainly by dispersive pres-
sures resulting from grain-grain collisions. Exper-
imental work by Postma et al. (1988b) con®rmed
the presence of a laminar inertia ¯ow (gravel
traction carpet) concentrated at the base of a
faster-moving, lower-density turbulent suspen-
sion.

In spite of these advances, there have been few
detailed ®eld studies of the evolution and ¯ow
transformations of high-density turbidity currents
and gravel traction carpets in shallow marine
settings. Well exposed Gilbert-type fan deltas in
the Pliocene Loreto basin (this paper) provide us

Fig. 1. Schematic representation of a classical Gilbert-type delta showing the tripartite geometry of sub-horizontal
topsets, steeply dipping foresets and sub-horizontal bottomsets. Parentheses indicate the general depositional pro-
cess(es) for each of the three parts of the Gilbert delta (modi®ed from Postma & Roep, 1985).
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with an excellent opportunity to study the
evolution of high-density turbidity currents and
gravel traction carpets in shallow water. These
fan deltas are mud-poor and occur in a variety of
sizes, with foreset-unit thicknesses ranging from
5 m to greater than 30 m. The paucity of mud in
foreset deposits of this study probably results
from low-density fresh-water plumes that carried
suspended sediment out to sea. Thus, transport
and deposition on Gilbert-delta slopes in the
Loreto basin were dominated by processes in-
volving cohesionless ¯ows. The variety of foreset-
unit thicknesses allows for analysis of processes
at a variety of scales, and the smallest foreset
units are similar in scale to small-scale experi-
ments performed by Postma et al. (1988b). This
allows us to make meaningful comparisons be-
tween experimental studies and ®eld exposures
of comparable deposits, where model predictions
can be tested.

GEOLOGICAL SETTING
AND STRATIGRAPHIC OVERVIEW

The Pliocene Loreto basin, located on the eastern
margin of Baja California Sur, Mexico, formed in
response to oblique rifting associated with open-
ing of the Gulf of California (Fig. 2a; Moore &
Buf®ngton, 1968; Larson, 1972; Mammerickx &
Klitgord, 1982; Lonsdale, 1989; Stock & Hodges,
1989). The basin is an oblique half graben bound-
ed on the south-west by the Loreto fault, an
oblique-slip dextral-normal fault (Fig. 2; Umhoe-
fer et al., 1994). The stratigraphy is characterized
by pronounced westward thickening and coars-
ening of strata toward the Loreto fault, which
controlled rapid westward tilting and subsidence
during late Pliocene time. A pulse of very rapid
basin subsidence (8 � 5 mm year)1) occurred
during a short time interval from 2á46±2á36 Ma
and acted as the primary control on formation of
Gilbert deltas (Fig. 3; Dorsey et al., 1995).

This study focuses on the sedimentology and
depositional processes of a thick package of
footwall-derived Gilbert-type fan deltas (margin-
al marine and marine shelly sandstone and
conglomerate in Fig. 2; Dorsey et al., 1995).
They are classi®ed as fan deltas because they
pass laterally up-transport into poorly sorted,
massive and unfossiliferous alluvial-fan deposits
that make up a continuous belt »1á5±2 km wide
along the Loreto fault (Fig. 2). Bottomset and
foreset strata of the Loreto fan deltas comprise
marine deposits that are described in the fol-

lowing sections of this paper. Topset facies
consist of massive to cross-strati®ed channel
conglomerate and unfossiliferous to shelly sand-
stone with weakly developed palaeosols, which
accumulated in a gravelly and sandy delta-plain
setting. Facies of the proximal, upper delta plain
(toward the south-west) display an increase in
structureless, unstrati®ed conglomerate deposit-
ed by debris ¯ows. Thus, fan-delta plain depos-
its in the Loreto basin occupy the transition
between nonmarine alluvial fans to the south-
west and marine foreset slopes to the north-east
(Fig. 2; Dorsey et al., 1995). This close associa-
tion of fault-bounded, mass ¯ow-dominated
alluvial fans (feeder system) passing laterally
over a short distance into gravelly, ¯uvial-in¯u-
enced delta plain deposits (topsets) and associ-
ated foreset and bottomset facies is a common
feature of Gilbert-type fan deltas in tectonically
active basins (Colella et al., 1987; Colella, 1988;
Postma, 1990). Fan deltas in the Loreto basin
comprise 16 vertically stacked parasequences
that are bounded by transgressive marine shell
beds (Fig. 3), and they display systematic geo-
metrical relationships between bottomset, foreset
and topset deposits (e.g. Fig. 1).

PHYSICAL SEDIMENTOLOGY

Gilbert-delta deposits in the Loreto basin provide
exposures of foreset and bottomset strata, which
consist of interbedded pebble to pebble-cobble
conglomerate, pebbly sandstone, and sandstone.
The excellent exposure and outcrop accessibility
within the study area permit detailed analysis of
depositional processes in individual foreset beds
on Gilbert deltas with varying foreset-unit thick-
nesses. The well understood stratigraphic archi-
tecture allows for analysis of foreset beds and
depositional processes in relation to their strati-
graphic distance below the contact between
foreset and topset strata (Falk, 1996).

In this section we describe and interpret the
physical sedimentology of several examples of
foreset beds selected from a total of 58 different
foreset beds studied in eight different Gilbert
deltas. Data collection included analysis of grain
size, bed thickness, bedding characteristics, in-
ternal structures, textures and lateral changes in
these parameters. The Gilbert-type fan deltas
described here are divided into two types: those
with foreset-unit thickness greater than 20 m
(larger Gilbert deltas) and those with foreset-unit
thickness less than 15 m (smaller deltas).
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Fig. 2. (A) Regional tectonic map of Baja California and the Gulf of California showing location of the Loreto basin
(adapted from Stock & Hodges, 1989). (B) Simpli®ed geological map of the Loreto basin, showing distribution of
major lithofacies, Pliocene sequences, south-western basin-bounding Loreto fault and the study area. (C) Cross-
section across Loreto basin showing asymmetrical half-graben geometry. Location of cross-section shown in B.
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Fig. 3. Composite stratigraphic sec-
tion for the Loreto basin, showing
interbedded tuffs (#1 through #4)
and hiatal molluscan shell beds
(SB1 through SB16). Sequence and
parasequence boundaries are shown
in column on the left. Calculated
rates of sediment accumulation (�
subsidence rates) are shown on the
right. Modi®ed from Dorsey et al.
(1995).

Fig. 4. Line drawing (from a photo-
graph) of Gilbert-delta foresets and
topsets within parasequence 13,
showing the location of outcrops
studied in example 1 (Figs 5 and 6).
Strata in background are thicker
than they appear in this sketch.
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Larger Gilbert deltas
(foreset unit > 20 m thick)

Example 1:

Description. Example 1 (Figs 4±6) illustrates a
style of sedimentology that is commonly ob-
served on Gilbert-delta foresets in the Loreto
basin. Foreset beds in this example are situated
between 20 and 30 m below the topset-foreset
contact (Fig. 4). Because the topset-foreset con-
tact is an approximate indicator of the palaeo-
shoreline, these two localities were deposited in
at least 20±30 m of water depth. This corre-
sponds to the lower part of foresets in a Gilbert
delta whose foreset-unit thickness is »30±35 m
(Fig. 4).

Figure 5 displays four well-de®ned foreset beds
in this example. All beds exhibit a strong down-
transport wedging geometry (Fig. 5A,B). Bed 1
exhibits normal grading while bed 2 exhibits an
inversely graded basal conglomerate separated
from an overlying pebbly sandstone by a sharp
discontinuity (Fig. 5C). Bed 3 displays normal

grading and a weakly de®ned bipartite disconti-
nuity, and bed 4 displays a strong bipartite
discontinuity (Fig. 5C).

In Fig. 6, we see a down-transport cross-sec-
tional view of three beds that exhibit signi®cant
lateral changes. Bed 1 shows strong normal
grading and is observed to pinch out in the
down-transport direction. Beds 2 and 3 display
lateral changes in their internal structure. In the
upper left of Figs 6A and 6B, beds 2 and 3 are
structureless, matrix-supported conglomerates.
These matrix-supported conglomerates pass lat-
erally down-slope into well-de®ned bipartite
deposits that display an abrupt contact between
a lower clast-supported basal conglomerate and
an upper internally strati®ed pebbly sandstone
(Fig. 6).

Interpretation. Bed 1 in Fig. 5 and bed 1 in
Fig. 6 are interpreted to be deposits of fully
mixed, gravelly high-density turbidity currents.
Bed 2 (Fig. 5) is the deposit of a more evolved
high-density turbidity current, in which the
coarse-grained fraction settled into the basal layer

Fig. 5A,B. (A) Outcrop photo-
graph of foreset beds (location
is shown in Fig. 4). (B) Line
drawing of A, showing con-
tacts between four distinct
beds (labelled 1 through 4).
Dashed lines represent bipar-
tite discontinuities between
basal conglomerate and over-
lying pebbly sandstones. Note
down-slope pinch-out of beds
1 and 2 and the basal parts of
beds 3 and 4.
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to form a gravel traction carpet with an over¯ow-
ing sandy turbulent suspension. Increased dis-
persive pressures in the gravel traction carpet is
interpreted to be responsible for the inverse
grading. The down-transport pinch-out of beds
1, 2 and 4, and the pinch-out of the basal
conglomerate in bed 3 suggest rapid en masse
deposition of gravel layers by frictional freezing,
and bypassing of the sandy turbulent over¯ows.

Beds 2 and 3 (Fig. 6) present excellent exam-
ples of a down-transport lateral change in ¯ow
behaviour. The structureless, sand-matrix-rich
and mud-free nature of the up-slope part of beds
2 and 3 suggest deposition of a cohesionless
debris ¯ow. The large disparity in clast sizes
suggests that rapid clast segregation would have
occurred if the ¯ow had been turbulent. The
bipartite nature of the down-slope parts of beds 2

and 3 (Fig. 6) indicates deposition by a high-
density turbidity current comprising a gravel
traction carpet with an over¯owing sandy turbu-
lent suspension (e.g. Lowe, 1982). This interpre-
tation requires a very rapid down-transport ¯ow
transformation occurring over a distance of 20±
30 m (Fig. 6). Another important aspect of Fig. 6
is the convex-up mound-like nature of the basal
conglomerate in all three beds. This, combined
with the down-transport pinch-out of gravel beds,
suggests that these high-density turbidity cur-
rents deposited their gravel load en masse by
frictional freezing on the foreset slope. This
interpretation is similar to that developed for
similar strata in Pleistocene gravels of southern
Italy by Massari and Parea (1990), and is consis-
tent with the argument that high-density turbidity
currents rapidly collapse, probably in response to
relatively minor changes in ¯ow velocity (Mid-
dleton, 1970; Lowe, 1982; Nemec, 1990). Thus, in
beds 2 and 3 (Fig. 6) we see evidence for rapid
evolution of cohesionless debris ¯ows into high-
density turbidity currents which then rapidly
deposited their basal traction carpets.

Example 2:

Description. This example is from the same
foreset unit that was described in example 1,
but the foreset beds in this example are near or at
the topset-foreset contact (Fig. 7). Figure 8 dis-
plays an across-transport view of three gravelly
foreset beds located less than 8 m below the
topset-foreset transition (Figs 7 & 8). The lowest
bed is 43 cm thick, including a 22 cm basal
pebble conglomerate overlain sharply by sand-
stone (Fig. 8). The middle bed is a 50 cm-thick
inverse-to-normal graded conglomerate on the left
side, but on the right shows development of a
discontinuity between a basal pebble-cobble con-
glomerate and an overlying pebbly sandstone unit
(Fig. 8). Finally, the upper bed is a 70 cm-thick
pebble-cobble-boulder conglomerate that shows
well developed normal grading (Fig. 8).

Figure 9 displays a well exposed down-trans-
port view of gravelly foresets deposited in less
than 3 m water depth. Figure 9C is a measured
section through these deposits which shows three
distinct beds. Bed A consists of a normal-graded
and channelized conglomerate with the basal
contact displaying up to 30 cm of erosional relief;
bed B is an internally strati®ed conglomerate; and
bed C is another pebble-cobble conglomerate that
exhibits strong normal grading (Fig. 9C).

Fig. 5. (C) Stratigraphic measured section (location is
shown in B), showing observed sedimentary structures
and interpretations of transport processes.
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Interpretation: The three beds in Fig. 8 are
typical deposits of gravelly high-density turbidity
currents, displaying well-developed examples of
bipartite discontinuities, normal grading and
inverse to normal grading. It is signi®cant that
these features developed only 6 m below the
topset-foreset transition, in 6 m of water depth.
With a primary dip of 25°, that implies that these
deposits travelled in the subaqueous environment
less than 20 m before being deposited. This
suggests a very short distance and short time for
development of well organized structures indica-
tive of evolved high-density turbidity currents.

Fig. 6. (A) Outcrop photo-
graph showing down-trans-
port exposure of foreset beds.
Location is shown in Fig. 4.
(B) Line drawing of A, show-
ing three beds and structural
interpretation. Bed 1 is nor-
mal-graded and pinches out
down-slope; beds 2 and 3 pass
laterally down-slope from
structureless, matrix support-
ed, sand-rich conglomerates
into well developed bipartite
deposits. Basal traction car-
pets thin down-slope.

Fig. 7. Line drawing (from a photograph) of the upper
foresets and topsets of a Gilbert-delta within parase-
quence 13, showing the location of outcrops studied in
example 2. Transport is to the right (NE). Apparent
¯attening of foreset dips within and above box for
Fig. 8 results from a corner on the outcrop and is not
real.
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Fig. 9A,B. (A) Outcrop of fore-
set beds directly below the
topset-foreset transition (loca-
tion shown in Fig. 7). Trans-
port is to the right (NE). Jacob
staff is divided into 10-cm in-
tervals. (B) Line drawing of A,
showing topset-foreset contact,
beds A, B and C, and location
of measured section.

Fig. 8. Outcrop of three foreset beds
orientated perpendicular to trans-
port direction, »5±7 m below the
topset-foreset contact. Transport is
into the photo (NE). Collectively
these beds display a variety of sed-
imentary structures including nor-
mal grading (upper bed), inverse to
normal grading (middle bed), in-
verse grading (lower bed) and bi-
partite discontinuities (lower and
middle bed). Location of photo-
graph is shown in Fig. 7. Jacobs
staff is divided into 10-cm intervals.
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Beds A and C in Fig. 9 are interpreted as single-
event deposits, while bed B probably represents
an amalgamated deposit of several cohesionless
debris ¯ows. Most signi®cant is the normal-
graded deposit of bed C, in which normal grading
can be followed up-transport virtually to the
topset-foreset transition (Fig. 9A,B). This suggests
almost instantaneous development of a high-
density turbidity current at the top of the Gil-
bert-delta slope.

Example 3:

Description. Figure 10 shows four short measured
sections, A, B, C and D, within a single foreset bed.
The foreset bed is located »15 m below the topset-
foreset boundary of a Gilbert-type fan delta having
a foreset unit »30 m thick. Beginning at location A,
the foreset bed is bipartite, with a lower normal
graded conglomerate separated from an upper
sandstone along a sharp discontinuity (Fig. 10).
The basal conglomerate displays up-slope dipping

Fig. 9. (C) Measured section of the three beds shown in
B showing sedimentary structures.

Fig. 10. Four short measured sections from a single bed in the foresets of a Gilbert-delta located in parasequence 12.
Measured sections show the variability of structures possible within the deposit of one ¯ow. Insert is a plan view
showing the exact location of each section and their orientation relative to the averaged palaeocurrent data. Dashed
lines show how the sections were correlated. This bed is »15 m below the topset-foreset transition.
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a(p)a(i) clast imbrication. Down-transport 3 m, at
location C, the deposit still exhibits a bipartite
discontinuity but the basal conglomerate is un-
graded. Isolated outsized clasts are observed at
both localities A and C and the deposits between
them (Fig. 10). Location B is similar to A and C
except that the basal conglomerate is thinner.
Location D exhibits no bipartite discontinuity but
does display normal grading (Fig. 10).

Interpretation: The bed in example 3 is inter-
preted to have been deposited by a gravelly high-
density turbidity current. This example shows
important lateral variations in grading style and
textures within a single deposit, and illustrates
that ¯ow characteristics can change within a few
metres in both down-transport and across-trans-
port directions. Hence, all four of these locations,
though separated by only metres, display a range
of grading and thicknesses that existed within a
single ¯ow just prior to deposition. Similar lateral
changes in grading in Pleistocene gravel deltas in
southern Italy were observed `within a few meters
of each other and with no clear systematic trend'
(Massari & Parea, 1990; p. 319).

The outsized clasts observed at and between
locations A and C (Fig. 10) are similar to those
described by Postma et al. (1988b). In their anal-
ysis, they concluded that outsized clasts are
transported along the rheological interface be-
tween the basal inertia ¯ow (traction carpet) and
the lower-density faster-moving turbulent over-
¯ow. As the inertia-¯ow layer freezes, outsized
clasts may become partially submerged but are
unlikely to drop to the base of the traction carpet.
The bipartite nature of this deposit combined with
placement of outsized clasts at or near the bipartite
discontinuity support this interpretation.

Smaller Gilbert deltas

This section presents three examples of deposits
found within gravelly foreset beds of relatively
small Gilbert-type fan deltas (foreset unit less
than 15 m thick). Thinner foreset packages, where
exposed, have the advantage of permitting anal-
ysis of the complete foreset unit from the topset-
foreset contact into proximal bottomsets.

Example 4:

Description. Figure 11 shows a Gilbert delta
whose foreset unit is 9 m thick. In this example,
structureless poorly sorted sand-rich conglomer-
ate and matrix-supported pebbly sandstone (up-
per left, Fig. 11B) pass laterally down-transport

into well bedded, normal-graded sand-poor con-
glomerates and sandstones (lower right, Fig. 11B).
The gravelly deposits exhibit dramatic down-
transport pinch-out both near the topset-foreset
boundary and at the foreset-bottomset transition
(Fig. 11B). Conglomerate beds display normal
grading, a(p)a(i) clast fabrics, and one exhibits a
bipartite discontinuity. The observed down-slope
distance from the structureless pebble-cobble
conglomerate to the well bedded organized con-
glomerates is less than 10 m.

Interpretation. This example illustrates a rapid
lateral down-slope change in bedding character-
istics that is commonly observed in foresets of the
Loreto basin. The increase in well de®ned bed-
ding contacts and the pronounced down-trans-
port changes in structures within the deposits
re¯ects a change in the behaviour of sediment-
gravity ¯ows, evolving from cohesionless debris
¯ows into fully turbulent high-density turbidity
currents. The short distance over which this
change occurs provides evidence for very rapid
¯ow transformation, similar to examples 1 and 2.

Example 5:

Description: This example contains the most com-
plete and well exposed Gilbert delta in the study
area, exhibiting an across-transport view of Gil-
bert-type topsets, foresets and proximal bottomsets
(Fig. 12A). Foresets at this locality are divided into
upper foresets and lower foresets. This division is
based on a decrease in gravel in the lower foresets
relative to the upper foresets, and a change in the
nature of the deposits. The upper foresets at this
locality are typi®ed by very poorly sorted and
crudely bedded matrix-rich pebble conglomerate
and pebbly sandstone (Fig. 12B). Although bed-
ding contacts are dif®cult to identify in the upper
foresets, weak internal strati®cation can be ob-
served. The lower foresets consist of well bedded
and organized, normal graded, inversely graded,
and bipartite deposits of matrix-poor conglomerate
and sandstone. Conglomerate clasts are better
sorted and more closely packed than in conglom-
erates of the upper foresets, and sandstones con-
tain fewer pebbles than in the upper foresets.
Proximal bottomsets consist of planar-tabular bed-
ded, normal-graded sandstones and thin pebble
horizons with rare gravel-®lled scours (Fig. 12C).

Interpretation: The deposits at this locality
provide additional information about the evolu-
tion of ¯ows down the slope of Gilbert-type fan-
delta foresets. Upper foresets record deposition
of cohesionless debris ¯ows, while the lower
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foresets record deposition of high-density turbid-
ity currents and development of gravel traction
carpets. Proximal bottomsets record deposition of
both high- and low-density turbidity currents.
The previous examples illustrated down-trans-
port changes over short distances in individual
foreset deposits. The deposits in this example are
important because they provide a vertical strati-
graphic record of systematic variations in foreset
and proximal bottomset deposits which are con-
trolled by the distance of transport down the
steep gravelly fan-delta front.

Indistinct bedding on lower foresets

The next two examples illustrate indistinctly
bedded gravel-rich sandstones and conglomerates
found on the lower foresets of large Gilbert-deltas
(»30 m). Indistinct bedding, especially on the
lower foresets, is problematic because it is dif®cult
to place these structures in the context of a general
model for evolution of gravelly turbidity currents.

Example 6:

Description. Figure 13A is a photo-overlay
sketch of a Gilbert delta whose foreset unit is
about 30 m thick. Lower foresets consist mostly
of sand-rich, crudely to-moderately strati®ed
pebbly sandstone with very diffuse bedding
(Fig. 13B) (upper foresets were not observed at
this locality). Except for a 35-cm thick clast-
supported bed, conglomerate at this locality is
mostly matrix-supported. Weak, discontinuous
bedding displays low-angle truncations pro-
duced by downslope pinch-out geometries, sim-
ilar to previous examples (e.g. Figs 5B, 6B).
Down-transport 5 m from the lower half of this
outcrop, strati®cation improves signi®cantly
with the development of thin, discreet, weakly
graded conglomerate and pebbly sandstone beds.
Up-transport 10 m, the internal strati®cation
observed in Fig. 13B is even more diffuse.

Interpretation. These deposits are dif®cult to
interpret. The strati®cation observed in Fig. 13B

Fig. 11. (A) Line drawing
(from a photograph) of a Gil-
bert delta with a foreset-unit
thickness of 9 m found within
parasequence 9. Box shows
location of photograph in
Fig. 11B. (B) Outcrop photo-
graph showing crudely bedded
sandy, matrix-rich conglomer-
ate that passes laterally down-
slope into well bedded, nor-
mal-graded conglomerates and
bipartite deposits. Jacob staff
on left is 1á8 m long.
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could represent numerous different ¯ow events,
or internal strati®cation produced by surging
within a single-event deposit. The observation
that bedding becomes better developed down-
transport as the conglomerate passes laterally into
several graded deposits indicates that the strati-
®cation represents amalgamated beds of several

different gravelly turbidity currents. Massari and
Parea (1990) described and interpreted deposits
that closely resemble this example. Similarly,
they interpret the diffusely strati®ed facies as
deposits of traction carpets that formed at the
base of multiple, highly concentrated supercriti-
cal ¯ows.

Fig. 12. (A) Line drawing from a photograph of a Gilbert delta within parasequence 6. Foresets have been divided into
an upper and lower division. Upper foresets consist of crudely bedded matrix-rich pebble conglomerates (Fig. 12B),
and lower foresets consist of well bedded, normal graded, inverse graded and bipartite deposits. Transport is into the
page (N). (B) Outcrop of upper foresets showing weakly developed bedding in poorly sorted sand-matrix-rich pebble
conglomerate. Location of photograph is shown in A. Jacob staff is divided into 10-cm intervals. (C) Outcrop of
proximal bottomsets dominated by well bedded normal-graded sandy turbidites. Thin pebble horizons are seen at the
base of some of the turbidites. Upper part of photograph shows strong channel scouring in pebble conglomerate.
Conglomerate in deepest channel exhibits inverse to normal grading. Location of photograph is shown in (A).
Hammer (lower centre of photo) is 32á5 cm long.
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Example 7:

Description. This example (Fig. 14) provides im-
portant information regarding the nature of in-
distinct bedding in lower foresets. The topsets
and upper foresets overlying these foresets have
been eroded away at this locality, but a nearby
measured section indicates that these foresets
were deposited in about 20 m of water. Figure 14
displays an observable strati®cation de®ned by
zones of more highly concentrated pebbles and
cobbles in an otherwise sand-rich pebble con-
glomerate. Of six recognizable bedding contacts,
only one is laterally continuous (Fig. 14). Foreset
beds nearby and the same distance below the
topset-foreset contact contain well-bedded, nor-
mal-graded and bipartite pebble conglomerates
that pass laterally down-transport into structure-
less sand-rich pebble conglomerates that exhibit
crude strati®cation.

Interpretation. As in the previous example,
we want to know whether weak strati®cation in
Fig. 14 records numerous individual deposition-
al events or surging pulses within a single ¯ow.

Beds nearby suggest that, up-slope from the
beds in question, deposition of the gravel-rich
basal part of numerous ¯ows resulted in by-
passing of turbulent pebbly sandy over¯ows.
The pebbly sandstone deposits of these over-
¯ows, when stacked and amalgamated, are
likely to contain crude strati®cation. Hence,
strati®cation in these indistinctly bedded con-
glomerates appears to represent amalgamated
deposits of numerous structureless pebbly high-
density turbidity currents. Rather than suggest-
ing a less evolved ¯ow, weak internal strati®-
cation may be produced by pebbly sand-rich
over¯ows that bypassed basal gravel traction
carpets deposited by frictional freezing higher
up on the foreset slope. In example 6, indistinct
bedding was shown to become better developed
down-transport, suggesting that these ¯ows
continued to evolve and became segregated into
organized high- and low-density turbidity cur-
rents. This resembles the repetitive cyclic pro-
cesses for high-density turbidity currents de-
scribed by Lowe (1982).

Fig. 13. (A) Line drawing
(from a photograph) of a Gil-
bert delta within parasequence
13. Transport is to the right
(N). (B) Outcrop of indistinct
bedding with discontinuous
strati®cation. Jacob staff on left
is divided into 10-cm inter-
vals.
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TRANSPORT AND DEPOSITIONAL
MODEL

A synthesis of the above observations leads to
the development of a generalized conceptual

model for the rapid evolution and deposition of
high-density turbidity currents on the steep
slopes (foresets) of Gilbert-type fan deltas in
the study area (Fig. 15). The lack of mud in the
foresets and proximal bottomsets suggests that

Fig. 14. Outcrop of indistinct bed-
ding de®ned by dominantly dis-
continuous horizons of alternating
clast-rich and sand-rich horizons.
Outcrop is located in parasequence
13, »20 m below the topset-foreset
contact. Hammer (lower centre) is
32á5 cm long.

Fig. 15. Conceptual model for the development of high-density turbidity currents on the steep slopes of Gilbert-type
fan deltas in the Loreto basin. See text for discussion.
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¯uvial ¯oods deposited their coarse material at
the marine±nonmarine interface, while the ®ne-
grained fraction was carried seaward in suspen-
sion by hypopycnal plumes (Elliott, 1986). Rapid
input of sediment from ¯uvial channels during
¯oods resulted in over-steepening of the proxi-
mal foresets and avalanching (sensu lato; Nemec,
1990). The abundance of structureless sand-
matrix-rich sandy conglomerate and pebbly
sandstone argues for deposition by cohesionless
debris ¯ows on the upper foresets. Cohesionless
debris ¯ows quickly evolved down-slope into
organized high-density turbidity currents
(Fig. 15). Where good down-transport exposures
exist, this transformation is shown to occur over
a distance of less than about 20 m. With an
estimated ¯ow velocity of about 100 cm s)1 (e.g.
Postma et al., 1988b), this probably occurred in
less than 20 s. Flow transformation often oc-
curred high in the foresets, resulting in a down-
transport increase in normal-grading, bipartite
discontinuities, and a(p)a(i) imbrication
(Fig. 15). This transformation probably resulted
from an increase in the ¯uid content and
velocity of the ¯ow, allowing for increased grain
movement and the onset of turbulence. An
important aspect of ¯ow evolution is the col-
lapse of the gravel fraction to form a basal gravel
traction carpet, which behaved as a nonturbulent
concentrated clast dispersion at the base of a less
dense sandy turbulent suspension (Lowe, 1982;
Postma et al., 1988b). Once these bipartite high-
density turbidity currents developed, the basal
gravel layer was rapidly deposited by frictional
freezing on the foresets. The over¯owing sandy
turbulent suspension continued down the fore-
set slope, possibly repeating the segregation
process if the slope was suf®ciently high and
long. Amalgamated over¯ow deposits probably
produced the indistinct bedding observed in
lower foresets. Many of the sandy over¯ows
were transported beyond the steep delta slope.
These over¯ows developed into low-density
turbidity currents that produced normal-graded
sandy turbidites on the bottomsets (Fig. 15).
Finally, increased down-slope movement incor-
porated more ambient ¯uid, further decreasing
the density of the ¯ow.

One important issue is whether the foreset beds
record en masse deposition or gradual grain-by-
grain aggradation. If the sediments are deposited
en masse then they represent a snapshot in time
of the internal structure of the ¯ow. If, however,
these deposits record a period of gradual deposi-
tion over time, then they do not represent the

internal structure of the ¯ow. The latter is
probably the case for sandy turbidites, as normal
grading in turbidites is usually attributed to grain
by grain traction sedimentation (Lowe, 1979,
1982; Middleton, 1993). However, for the gravel
fraction, deposition commonly occurs either
en masse or at least by very rapid frictional
freezing with high rates of aggradation (Lowe,
1982). This interpretation appears to be correct
for Gilbert deltas in Loreto basin, based on the
common observation that the gravel fraction is
deposited preferentially on foreset slopes. If
deposition occurred during the waning part of
the ¯ow or gradually throughout the ¯ow, a large
quantity of gravel should bypass the foresets and
accumulate in the proximal bottomsets. This is
observed in bottomset deposits of other systems
(Colella et al., 1987; Nemec, 1990), but it was
seldom observed in this study. Instead, convex-
up geometries and down-transport pinch-out of
many gravel deposits suggest rapid, en masse
deposition of gravel by frictional freezing on the
steep foresets prior to reaching the bottomsets.
Moreover, the high incidence of a(p)a(i) imbricat-
ion in basal gravel layers suggests the action of
high shear stresses between the ¯ow and the
bottom of the bed, indicating the presence of high
frictional forces that would cause gravelly ¯ows
to freeze quickly.

DISCUSSION

Gravel clasts within high-density turbidity cur-
rents may be supported by the combined effects of
¯uid turbulence, hindered settling, matrix buoy-
ant lift and dispersive pressures that result from
grain-grain collisions (Lowe, 1982). As a gravel
traction carpet forms at the base of a high-density
turbidity current, the role of ¯uid turbulence
decreases while hindered settling, matrix buoyant
lift and dispersive pressures become more impor-
tant as sediment-support mechanisms (Lowe,
1982). Fully developed traction carpets are pseu-
do-laminar ¯ows commonly associated with over-
¯owing lower-density turbulent ¯ows (Shan-
mugam, 1996). High shear stresses necessary to
maintain grain dispersions are provided by both
the down-slope component of gravity acting on
gravel clasts and by the faster-moving turbulent
over¯ow (Postma et al., 1988b). In ¯uvial high-
density ¯ood ¯ows, the shear stresses imparted to
the gravel traction carpet by the turbulent over-
¯ow may be suf®cient to drive gravel traction
carpets on very low slopes (Todd, 1989).
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The observed structures and textures and the
rapid down-slope ¯ow transformations in the
Loreto basin allow for discussion of the major
grain-support mechanisms. The common occur-
rence of normal grading in gravelly deposits
suggests that ¯uid turbulence was an important
grain-support mechanism. Many of the gravel
traction carpets display weak to well developed
normal grading which indicates that, especially
in the early part of ¯ow evolution, ¯uid turbu-
lence was an important mechanism of clast
support. Common ungraded and inversely graded
conglomerate beds indicate that inter-grain dis-
persive pressures also commonly played an
important role in particle support in gravel
traction carpets. Lateral across-transport transi-
tions from bipartite deposits into normal-graded
deposits suggest that ¯uid turbulence capable of
entraining gravel clasts commonly disrupted a co-
evolving gravel traction carpet, perhaps due to
large powerful eddies in a poorly organized upper
part of the ¯ow. Although gravel traction carpets
are not turbulent (Shanmugam, 1996), they evolve
from and represent the collapsed gravel concen-
tration of high-density turbidity currents. The
down-slope pinch-out of traction carpet layers,
combined with the observation that most traction
carpets are restricted to foresets while bottomsets
are dominated by sandy turbidites, indicate that
the combination of shear stresses applied by the
turbulent over¯ow and the down-slope compo-
nent of gravity acting on clasts were capable of
transporting gravel traction carpets only on short
steep slopes. It appears from these relationships
that foreset slopes were required to sustain
transport of gravel traction carpets.

In this study we observed no compelling
evidence for submarine slumping or sliding, such
as internally deformed zones, slump scars pro-
duced by slope failure, or associated liquefaction
features. Instead, low-angle erosional truncations
within foreset and bottomset strata are associated
with shallow channel scours that formed at the
base of high-energy turbidity currents. Resedi-
mentation of gravelly sediment is common in
other Gilbert-delta systems (Postma & Roep, 1985;
Colella et al., 1987; Postma et al., 1988a), but
appears to have been unimportant in the Loreto
Gilbert-type fan deltas. We interpret this to be the
result of very low clay content and a dominance
of noncohesive sediments in the system, which
resulted from a combination of arid climate and
very rapid mechanical weathering in the footwall
source. We infer that slope oversteepening and
onset of avalanching probably occurred during

¯oods when large amounts of gravel were deliv-
ered to the delta front over a short time interval
(several days). This interpretation is supported by
observed sigmoidal (gradational) contacts be-
tween topset and foreset deposits, in which
¯ood-deposited topset gravel units pass laterally
without interruption down-transport into upper-
slope gravelly turbidites or debris ¯ow deposits.
During ¯oods, there would be little or no time for
signi®cant storage of oversteepened sediment in
the upper delta slope. Instead, it appears that
sediment was transferred quickly from ¯ood
¯ows in the delta plain to sediment-gravity ¯ows
in the subaqueous slope during single ¯ood
events, and therefore slumping, sliding, and
resedimentation did not play a major role in
initiation of sediment gravity ¯ows in the Loreto
Gilbert delta slopes.

Finally, the studied deposits and inferred
transport processes are similar for a wide range
of foreset-unit thicknesses, indicating that organ-
ized high-density turbidity currents evolved rap-
idly in very shallow water (<5m). Conglomerate
and sandstone deposits in even the smallest
Gilbert delta (»5 m thick) contain normal grading,
inverse to normal grading and one or several
bipartite deposits. Importantly, the smallest Gil-
bert deltas in the Loreto basin are similar in scale
to small-scale ¯ume experiments (4 m long, 25°
dip, 1á7 m high) carried out by Postma et al.
(1988b). The results of their experiments suggest-
ed that high-density turbidity currents with basal
gravel carpets can become fully developed in very
shallow water (<2m). Observations and interpre-
tations presented in this paper support this
conclusion and provide an important link be-
tween experimental and ®eld studies of transport
processes active in gravelly turbidity currents.

CONCLUSIONS

Foreset deposits of Gilbert deltas in the Loreto
basin display a variety of sedimentary structures
that record deposition by high-density turbidity
currents in the steep delta slope. Normal-graded
gravels and bipartite deposits are found in the
shallow-water portion of larger Gilbert deltas
(foreset-unit thicknesses >20 m) and on smaller
Gilbert-deltas, suggesting that high-density tur-
bidity currents evolve rapidly after entering the
foreset slope. Sedimentologic data provide evi-
dence for ¯ow transformations from cohesionless
debris ¯ows into high-density turbidity currents
occurring over short distances. Very short

Flow evolution on Gilbert-delta slopes 347

Ó 1998 International Association of Sedimentologists, Sedimentology, 45, 331±349



distances of lateral transitions indicate very rapid
(£20 s) transformation from poorly organized
cohesionless debris ¯ows into well organized
high-density turbidity currents with basal trac-
tion carpets. The gravel traction carpets are
interpreted to develop at the base of high-density
turbidity currents in which the coarse fraction
settled to the base of the ¯ow to form a basal
laminar inertia ¯ow. The gravel fraction is pref-
erentially restricted to steep delta slopes, suggest-
ing rapid deposition due to frictional freezing.
Indistinct bedding in sandy conglomerate on the
lower foresets of larger Gilbert-deltas represents
amalgamated deposits of turbulent over¯ows that
bypassed their accompanying traction carpets.
Commonly, these turbulent over¯ows continued
to evolve down-slope, developing a new basal
traction carpet and repeating the evolutionary
process of a bipartite ¯ow.

ACKNOWLEDGMENTS

We thank Paul Umhoefer for important map data
and valuable discussions throughout the duration
of this study. Research was supported by grants
from NSF (EAR-9117269 and EAR-9526506) and
Northern Arizona University to Dorsey, and grants
from Sigma Xi and the Friday Lunch Clubbe
(Northern Arizona University Alumni Organiza-
tion) to Falk. Critical reviews by Albina Colella
and George Postma are greatly appreciated.

REFERENCES

Colella, A. (1988) Fault controlled marine Gilbert-type
fan deltas. Geology, 16, 1031±1034.

Colella, A., De Boer, P.L. and Nio, S.D. (1987) Sedi-
mentology of a marine intermontane Pleistocene
Gilbert-type fan-delta complex in the Crati Basin,
Calabria, southern Italy. Sedimentology, 34, 721±736.

Corner, G.D., Nordahl, E., Munch-Ellingsen, K. and
Robertsen, K.R. (1990) Morphology and sedimento-
logy of an emergent fjord-head Gilbert-type delta:
Alta delta, Norway. In: Coarse-Grained Deltas (Ed. by
A. Colella and D. B. Prior), Spec. Publ. Int. Ass.
Sediment., 10, 155±168.

Dorsey, R.J., Umhoefer, P.J. and Renne, P.R. (1995)
Rapid subsidence and stacked Gilbert-type fan del-
tas, Pliocene Loreto Basin, Baja California Sur, Me-
xico. In: Fan Deltas: Depositional Styles and Controls
(Ed. by S. K. Chough and G. J. Orton), Special Vol-
ume Sedim. Geol., 98, 181±204.

Elliott, T. (1986) Deltas. In: Sedimentary Environments
and Facies (Ed. by R. G. Reading), pp. 113±154.
Blackwell Scienti®c Publications, Oxford, UK.

Ethridge, F.G. and Wescott, W.A. (1984) Tectonic set-
ting, recognition and hydrocarbon reservoir potential
of fan-delta deposits. In: Sedimentology of Gravel
and Conglomerates (Ed. by E. Koster and R. J. Steel),
Can. Soc. Petrol. Geol. Mem., 10, 217±236.

Falk, P.D. (1996) Stratigraphy and Sedimentology of
Pliocene Fan-Delta Deposits, Loreto Basin, Baja Cal-
ifornia Sur, Mexico. M.S. thesis, Northern Arizona
University, 173 pp.

Gilbert, G.K. (1885) The topographic features of lake
shores. Ann. Rep. U.S. geol. Surv., 5, 69±123.

Kuenen, P.D. (1966) Matrix of turbidites: experimental
approach. Sedimentology, 7, 267±297.

Larson, R.L. (1972) Bathymetry, Magnetice Anomolies,
and Plate Tectonic History of the Mouth of the Gulf
of California. Bull. Geol. Soc. Am., 83, 3345±3360.

Lonsdale, P. (1989) Geology and Tectonic history of the
Gulf of California. In: The Eastern Paci®c Ocean and
Hawaii (Ed. by E. L. Winterer, D. M. Hussong and
R. W. Decker), Geol. Soc. Am., N, 499±521.

Lowe, D.R. (1979) Sediment gravity ¯ows: Their clas-
si®cation and some problems of application to nat-
ural ¯ows and deposits. In: Geology of Continental
Slopes (Ed. by L. J. Doyle and O. H. Pilkey), Soc.
econ. Paleontol. Miner. Spec. Publ., 27, 75±82.

Lowe, D.R. (1982) Sediment gravity ¯ows: II. Deposi-
tional models with special reference to the deposits
of high-density turbidity currents. J. Sedim. Petrol.,
52, 279±297.

Mammerickx, J. and Klitgord, K.D. (1982) Northern East
Paci®c Rise; Evolution from 25 m.y.B.P. to the pres-
ent. J. geophys. Res., 83, 3345±3360.

Massari, F. and Parea, G.C. (1990) Wave-dominated
Gilbert-type gravel deltas in the hinterland of the
Gulf of Taranto (Pleistocene, southern Itally). In:
Coarse-Grained Deltas (Ed. by A. Colella and D. B.
Prior), Spec. Publ. int. Ass. Sediment., 10, 311±331.

Middleton, G.V. (1970) Experimental studies related to
problems of ¯ysch sedimentation. In: Flysch Sedi-
mentation in North America (Ed. by J. Lajorie), Geol.
Assoc. Can. Spec. Pap., 7, 253±272.

Middleton, G.V. (1993) Sediment deposition from tur-
bidity currents. Ann. Rev. Earth Planet. Sci., 21, 89±
114.

Middleton, G.V. and Hampton, M.A. (1973) Sediment
gravity ¯ows: Mechanics of ¯ow and deposition. In:
Turbidites and Deep-Water Sedimentation (Ed. by G.
V. Middleton and A. H. Bouma), Soc. econ. Paleon-
tol. Miner., Paci®c Section, 1±38.

Moore, D.G. and Buf®ngton, E.C. (1968) Transform
Faulting and Growth of the Gulf of California Since
the Late Pliocene. Science, 161, 1238±1241.

Nemec, W. (1990) Aspects of sediment movement on
steep delta slopes. In: Coarse-Grained Deltas (Ed. by
A. Colella and D. B. Prior), Spec. Publs. int. Ass.
Sediment., 10, 29±73.

Postma, G. (1984) Slumps and their deposits in fan
delta front and slope. Geology, 12, 27±30.

Postma, G. (1990) Depositional architecture and facies
of river and fan deltas: a synthesis. In: Coarse-
Grained Deltas (Ed. by A. Colella and D. B. Prior),
Spec. Publ. Int. Ass. Sediment., 10, 13±27.

348 P. D. Falk and R. J. Dorsey

Ó 1998 International Association of Sedimentologists, Sedimentology, 45, 331±349



Postma, G., Babic, L., Zupanic, J. and Rùe, S.L. (1988a)
Delta-front failure and associated bottomset defor-
mation in a marine, gravelly, Gilbert-type fan delta.
In: Fan Deltas: Sedimentology and Tectonic Settings
(Ed. by W. Nemec and R. J. Steel), pp. 91±102.
Blackie and Son, Ltd., Glasgow.

Postma, G., Nemec, W. and Kleinspehn, K.L. (1988b)
Large ¯oating clasts in turbidites: a mechanism for
their emplacement. Sedim. Geol., 58, 47±61.

Postma, G. and Roep, T.B. (1985) Resedimented con-
glomerate in the bottomsets of Gilbert-type gravel
deltas. J. sedim. Petrol., 55, 874±885.

Prior, D.B. and Bornhold, B.D. (1988) Submarine
morphology and processes of fjord fan deltas and
related high-gradient systems: modern examples
from Britich Colombia. In: Fan Deltas: Sedimento-
logy and Tectonic Settings (Ed. by W. Nemec and
R. J. Steel), pp. 126±143. Blackie and Son, Ltd.
Glasgow.

Prior, D.B. and Bornhold, B.D. (1990) The underwater
development of Holocene fan deltas. In: Coarse-
Grained Deltas (Ed. by A. Colella and D. B. Prior),
Spec. Publ. int. Ass. Sediment., 10, 75±90.

Shanmugam, G. (1996) High-density turbidity currents:
are they sandy debris ¯ows? J. Sediment. Res., 66, 2±
10.

Stanley, K.O. and Surdam, R.C. (1978) Sedimentation
on the front of Eocene Gilbert-type deltas, Washakie
Basin, Wyoming. J. sedim. Petrol., 48, 557±573.

Stock, J.M. and Hodges, K.V. (1989) Pre-Pliocene ex-
tension around the Gulf of California and the transfer
of Baja California to the Paci®c plate. Tectonics, 8,
99±115.

Todd, S.P. (1989) Stream-driven, high-density gravelly
traction carpets: possible deposits in the Trabeg
Conglomerate Formation, SW Ireland and some the-
oretical considerations of their origin. Sedimentolo-
gy, 36, 513±530.

Umhoefer, P.J., Dorsey, R.J. and Renne, P. (1994) Tec-
tonics of the Pliocene Loreto basin, Baja California
Sur, Mexico, and evolution of the Gulf of California.
Geology, 22, 649±652.

Manuscript received 12 June 1996; revision accepted 17
June 1997.

Flow evolution on Gilbert-delta slopes 349

Ó 1998 International Association of Sedimentologists, Sedimentology, 45, 331±349


