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UPPER CRETACEOUS RESEDIMENTED CONGLOMERATES AT
WHEELER GORGE, CALIFORNIA:
DESCRIPTION AND FIELD GUIDE!

ROGER G. WALKER
Department of Geology, McMaster University, Hamilton, Ontario, L8S 4M1, Canada

AnsTRACT: A field map and measured stratigraphic sections revise the geology of. Wheeler

Gorge. There are three layers of conglomerate, each of which passes upward into massive
sandstones, classical turbidites, and/or dark mudstones with thin distal turbidites. Clast long
axis orientation on conglomerate layers 1 and 3 gives vector means of 282 and 287 degrees
respectively. This agrees closely with flutes (285) and grooves (279) on layer 1, and hence

gives a paleocurrent direction for layer 3 for the first time.

The conglomerates do not contain as much inverse grading as has previously been sug-
gested, and none of the conglomerates is stratified. Inverse grading was measured in one
bed, indicating a continuous upward coarsening of both the smaller and larger clasts in the
population. The Wheeler Gorge conglomerates do not fit precisely with the three generalized
models of conglomerates recently proposed by Walker, but are closest to the “disorganized-

bed” model.

OBJECTIVES

The section of Upper Cretaceous conglom-
_erates and sandstones at Wheeler Gorge, Ven-
-tura County, California, has become one of the
classic locations for detailed examination of the
features of deep-water, resedimented conglom-
erates and coarse sandstones. This is because of
the clean three-dimensional outcrops, easy ac-
cessibility, and two excellent published descrip-
tions by Rust (1966) and Fisher and Mattinson
(1968).

One purpose of this paper is to present 2
sketch map of the gorge, together with revised
measured sections that indicate fault repetition
within the section published by Fisher and
Mattinson (1968). I am indebted to Fisher for
his help in examining my field sketch map (Fig.
1). He pointed out (personal communication,
1973) that the area near C (Fig. 1) “had a
heavy cover of brush and was partly covered
with alluvium” in 1967, hence obscuring the
stratigraphic relationships. This part of the

Jour. Geology, v. 69,

gorge is now (1974) clean and well exposed.
Another objective is to check the usefulness
of clast orientation studies in the determina-
tion of paleoflow direction—this is particularly
easy because the base of the lowest conglom-

3 Manuscript received, May 16, 1974; revised Sep-
tember 4, 1974.

erate displays flute casts, groove casts, and a
well-developed clast orientation. The internal
details of the conglomerates—fabric, grading
and stratification—are compared with the gen-
eralized conglomerate models set up by Davies
and Walker (in press) and Walker (in press),
and a method for quantifying inverse grading
is investigated.

MAP AND MEASURED SECTIONS

A map of Wheeler Gorge is shown in Figure
1. The northern tunnel is 21.2 miles north of
the Ventura Freeway exit on California High-
way 33, and 7.7 miles north of the intersection
of Highways 33 and 150 in Ojai. There is space
for parking about one hundred yards north of
the northern tunnel, and one can scramble down
into the gorge at the parking area, or at the
access points shown on the map. Most of the
walls of the gorge are nearly vertical, and rise
for several hundred feet above the Ventura
River. The river is normally little more than
a trickle, and all the patterned areas of the map
are accessible except in the gorge at the loca-
tion F. Here, one can either wade, or use the
path to the west.

The rest of the map is self-explanatory,
except at B, where the 40 degree dip of the
fault carries it beneath the overhanging nose
of conglomerate.
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CONGLOMERATE,
LAYER NUMBER

MASSIVE SANDSTONES

TURBIDITES

DARK MUDSTONES WITH
VERY THIN TURBIDITES
ACCESS TO GORGE

VENTURA RIVER, WITH
" BOULDER BED

Fic. 1.—Map of Wheeler Gorge, Ventura County,

way for ease of use in
3 is offset by many small faults that trend roughly

Stratigraphic sections were measured wher-
ever possible, and are shown in Figure 2. The
long column was measured in the easternmost
stretch of the gorge, meters 1-32 on the west
bank (B on map), and meters 32-105 on ‘the
east bank, from the stream corner at layer 2 to
the scree shown on the map. The shorter col-
umn was measured below the southern bridge
(45-70 m), and along the path south of letter
E (70-105 m).

My conglomerate layer 1 is exactly equivalent

to Fisher and Mattinson’s (1968, Fig. 3) units .

California. Note orientation of map, presented this

the field. Letters and numbers explained in text. At D, base of conglomerate layer

parallel to the large fault 40 m east of the highway.

1 and 2a. My layer 2 was not recognized by
Fisher and Mattinson, and my layer 3 is equiv-
alent to Fisher and Mattinson’s unit 4a and b,
and also to their unit 6. It is now clear from
excellent exposures in the gorge that their unit
6 is a fault repeat of units 4a and b.

The conglomerates appear abruptly as an
unnamed 100 m unit within some 700 m of dark
mudstones containing distal turbidites. These
mudstones are bounded to the north by the
Santa Ynez fault, and are overlain unconform-
ably by middle Eocene rocks to the south. The
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INDIVIDUALLY.

=-= PARALLEL
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CONGLOMERATE
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D MASSIVE

SANDSTONE

Bl o

MUDSTONE

Fic. 2—Measured sections of the conglomerate-
turbidite series in Wheeler Gorge. See text for
exact locations of sections. I-N, inverse to normally
graded; U, ungraded; I, inverse grading; P.E,
poorly exposed; G-S, graded and stratified; F,
fractured; G, normally graded.

area has been mapped by Rust (1966), who
discusses earlier work in the area.

FACIES

The map and measured sections depict four
main facies; conglomerates, coarse massive
sandstones, turbidites (alternations of fine
sandstones and mudstones), and dark mudstones
containing thin graded siltstones (distal turbi-
dites).

Fi1c. 3.—Basal portion of {irst bed in conglomerate
layet 1, near location A on map (Fig. 1). Note
absence of inverse grading. Top to left.

Conglomerates

Conglomerates are essentially restricted to
the three layers shown on the map. Layer 1 is
composed of four main “beds,” but because of
amalgamation of units, and abundance of large
mudstone clasts, defining “beds” is somewhat
subjective. In the beds of layer 1 sketched in
Figure 2, there appears to be neither inverse
grading, nor stratification other than the sub-
horizontal orientation of the mudstone clasts.
The basal portion of the lowest bed near A
(Fig. 1) is shown in Figure 3. In this part of
the gorge, the base can be seen to cut at least
2.25 m into the underlying dark mudstones.

The observation that there is no inverse
grading differs from that of Fisher and Mattin-
son (1968, p. 1014), who note that “each con-
glomerate bed is inversely graded, starting at
the base with a thin hasal zone of sandstone
or pebbly sandstone which abruptly grades up-
ward to “conglomerate.” The difference of
opinion may derive from differing definitions
of “beds” within the sequence, and differing
interpretations of contacts that “ahruptly grade

vl
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Fic. 4—Base of conglomerate layer 3 at location E on map (Fig. 1). showing large incorporated mud-

stone clasts. Photo is taken immediately adjacent to the erosional channel margin (partly under vegetated

cover). Top to right.

upward.” The problem of inverse grading is
discussed in a separate section below.

The conglomerates of layer 2 are not very
well exposed. The lower bed (at 26 m, Fig. 2)
is brecciated by a small bedding plane fault,
and contains rather dispersed, well-rounded
clasts, without any sign of inverse or normal
grading. The upper conglomerate bed is not
graded, except at the very top where there is
a rapid passage into coarse sandstones.

Layer 3 contains the thickest conglomerate
beds in the section. The base of the layer cuts
at least 3 m downward into dark mudstones
(71-74 m, Fig. 2), breaking large (1.9 X 0.65
m) mudstone clasts from the wall (Fig. 4),
and injecting conglomerate into bedding planes
in the mudstone (E, Fig. 1). This contact was
excellently described by Fisher and Mattinson
(1968, p. 1016-7); the same contact, with at
least 1 m of erosion, can be seen near location
C, Fig. 1. At this point, inverse grading is well
developed and will be discussed below. The
layer is 25-30 m thick, but is composite (see
Fig. 2). This can be seen along the path (west
of F, Fig. 1), and on both sides of the stream
at location C. Impersistent sandstone layers at
about 78 m can be seen to be eroded by over-
lying conglomerates. Inverse grading is re-
stricted to the base at location C, and to the
layer at 79 m (Fig. 5). Because of poor, mud
and slime-covered outcrop, it is not certain
whether the conglomerate from 82 to 90 m
(long stratigraphic section, Fig. 2) is a single
bed. In the short section, the bed from 84 to 95
m appears to be a single bed, without any over-
all grading.

These three conglomerate layers do not fit
very well with the generalized models for re-
sedimented conglomerates recently proposed by
Walker (in press) and Davies and Walker (in
press). These three models are (a) disorga-
nized-bed (no grading, no stratification, nor-
mally no strongly preferred fabric); ¢b) in-
verse-to-normally  graded, characterized by
inverse and normal grading, without stratifica-
tion; and (c) graded-stratified, characterized
by absence of inverse grading, and presence of
normal grading and stratification. The Wheeler
Gorge conglomerates are not stratified, and in
my opinion, only two individual beds have un-
equivocal inverse grading. The dominant struc-
ture is normal grading without stratification,
or disorganized-bed (lacking normal and in-
verse grading, and stratification).

Coarse Massive Sandstones

Above the three conglomerate layers are
sequences of coarse, massive sandstone. The
conglomerate at 12 m (Fig. 2) grades up into
a 7-m thick sandstone—the lower 2 m contains
pebble- and granule-grade material, but the
upper 5 m is an ungraded medium sandstone.
The whole 7 m appears to be one bed, without
evident sedimentary structures.

The sandstones immediately above conglom-
erate 2 are fractured, but the 9-m sandstone
from 37 to 46 m is not fractured and appears
to be a single bed. The basal 30 cm of the bed
contains pebbles up to 2 cm; the bulk-of the
bed is coarse and medium sandstone without
sedimentary structures. The best exposures of

Sl g
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Fic. 5—Inverse to normally graded bed (with
notebook) at 79 meters in Figure 2. Face is cut
roughly parallel to flow direction—note absence of
imbrication. In bed below the inverse to normally
graded one, note chaotic fabric with large clasts
almost on end. =

thick sandstones with sedimentary structures
are between 46 and 38 m. These pebbly sand-
stones are graded, and variously contain parallel
lamination, convolute lamination, dubious dish
structure, burrows and layers of mudstone
clasts. There are no shales between individual
sandstones.

The sandstones ahove conglomerate 3 consist
of several individual beds, with well-developed
thick zones of parallel lamination (path west
of location F). Below the scree (Fig. 1), the
same sandstones are in beds 0.60 to 1.30 m
thick, and display both parallel and convolute
lamination.

Turbidites

The only exposures of “classical” turbidites—
alternating graded sandstones and shales—occur
between 63 and 70 m, in the stream bed below
the southern bridge, and in the steep gully
northwest of location E. Individual beds ap-
proach 1 m in thickness although most beds are

collioed

thinner than 0.5 m. Most are graded, and many
display  paralicl  and  convolute  lamination,
Girooves oriented 102-282 degrees were ob-
served on the base of one hed.

Dark Mudstones

Dark gray to black thinly laminated mud-
stones characterize the section above and below
the 100-m sandstone-conglomerate sequence, and
occur uncommonly within the sequence (Fig.
2). The mudstones contain thin (1-10 cm, aver-
age about 2-5 cm) siltstone layers which have
sharp bases, and may be either massive and
sharp topped, or ripple cross-laminated. The
ripples invariably suggest a westward flow di-
rection. The siltstones are extensively biotur-
bated, with both vertical burrows and horizontal
trails and/or burrows. The dark mudstones with
thin siltstones are interpreted as a classical
distal turbidite facies (Walker and Mutti,
1973).

FINING- AND THINNING-UPWARD SEQUENCES

The entire 100-m interval can be divided into
three overall fining- and thinning-upward se-
quences, 0-25.50 m, 25.50-70.50 m, and 70.50
to 105 m. The first sequence grades from con-
glomerates to medium sandstone, and although
the grain size becomes finer upward, individual
beds do not become thinner upward. The
second sequence (25.50-70.30 m) is the best
developed, with a progressive change from
conglomerates upward into thick massive sand-
stones, thinner massive sandstones, classical
turbidites with interbedded shales, 7and finally
into dark mudstones. The third sequence grades
from massive conglomerates abruptly into
thickbedded massive sandstones, and then
abruptly into dark mudstones.

Progressive sequences that thin and fine up-
ward have been noted in other turbidite forma-
tions, (Wood and Smith, 1959; Warren, 1963,
190+4; Kimura, 1966). The most detailed work
has been done in Italy, notably by Curcio, Pran-
zini and Sestini (1968), Sestini (1970), Mutti
and Ricei Lucchi (1972) and Mutti and Ghi-
baudo (1972). The Italian workers, particu-
larly Ricci Lucchi (personal communication,
1974), emphasize that the fining- and thinning-
upward sequences can be seen to occupy broad
channels up to 1 km wide, and they relate the
sequences to progressive abandonment of chan-
nels in the mid-fan areas of submarine fans
(Mutti and Ghibaudo, 1972; Walker and Mutti,
1973). Mutti and Ghibaudo (1972, Table 1I)
go as far as comparing the turbidite fining-
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Fi16. 6.—Clast long axis orientations on bases of
layers 1 and 3. Note the close relationship between
clast vector mean and flute and groove directions on
layer 1.

upward sequence with that of alluvial and delta-
plain environments, but 1 believe this compari-
son to be misleading. In the fluvial channel,
the best developed fining-upward sequences are
developed in active channels (as opposed to
neck cut-offs), in which progressive lateral
migration of point bars, or progressive reduc-
tion in flow (chute cut-off) give rise to the
sequences. By contrast, on a submarine fan,
there is no continuous flow of turbidity cur-
rents down the channels, and hence no strong
theoretical reason why successive currents using
a chamnel should -deposit finer materials in
thinner beds. The grain size and current volume
will be strongly influenced by events in the
source area rather than in the channel.

In the present example, exposures along the
Santa Ynez Fault are essentially two-dimen-
sional, and there is no outcrop evidence that
the Wheeler Gorge conglomerates are channel-
ized. I do not believe that the turbidite fining-
upward sequence is sufficiently well under-
stood to assign the Wheeler Gorge deposits to
a channel—the fining-upward could equally
well reflect gradual diminution of supply in the
hinterland, giving rise to progressively finer-
grained and smaller flows.

PALEOCURRENT DIRECTIONS

Rust (1966, p. 1396) has shown that the
principal paleoflow direction for the conglom-

Fe.

Fi6. 7—Base of layer 3 at location C, Figure 1.

_Note conglomerate cutting down to left (below

note book) and inverse grading (measured in Figur,

8).

erates (Wheeler Gorge and the area stretching
10 miles to the east) was toward the west and
northwest. The base of layer 1 above the
northernmost tunnel bears large (up to 1 m
long) flute casts indicating flow toward 283
degrees. At location A on the map, grooves
with pebbles in the ends indicate flow toward
279 degrees, and in the gully northwest of lo.
cation E, grooves indicate flow toward 282
degrees.

It has been demonstrated by Davies and
Walker (in press) and Walker (in press) that
in some resedimented conglomerates, the clasts
show a strong preferred orientation, with long
axes parallel to paleoflow direction. To check
the fabrics on the bases of layers 1 and 3 a
series of photographs was taken, and the long
axis orientations of clasts were measured. Be-
cause of the limited number of clasts showing
on the base of layer 1, they could not be mea-
sured on traverse lines across the photographs
(see Davies and Walker, in press). Instcad,
the prints were divided into one-inch squares,
and each square was carefully searched for all
elongate clasts.

The results are shown in Figure 6. The
vector mean for layer 1 (282 degrees, standard
deviation 23 degrees) is very close to the flutes
and grooves on the base of the bed, confirming
that the clasts are aligned dominantly parallel]
to flow. Using this evidence, the vector mean
of 287 degrees (standard deviation 30 degrees)
for layer 3 is interpreted as indicating flow
toward 287 degrees for this layer. It is un-
fortunate that there are no surfaces exposed
in the gorge parallel to this flow direction, on
which imbrication might have been investigated.
The surfaces closest to the ideal orientation are
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Fic. 8—Graph of clast long axis (cm) against
height of clast center above base of bed, for base
of layer 3 at location C (Fig. 1)—see Figure 7.
Graph is explained in text.

in layer 3 north of the scree (Fig. 1), but they
show no preferred fabric—indeed, many clasts
appear to stand sub-vertically (Fig. 5).

The only other orientation observed in
Wheeler Gorge was a groove on a turbidite at
about 68 m (N.W. of location E). It trended
102-282 degrees, very close to the vector mean
clast orientation for conglomerate layer 3 (287
degrees).

INVERSE GRADING

Fisher and Mattinson (1968, p. 1014) noted
that “each conglomerate bed is inversely graded,
starting at the base with a thin basal zone of
sandstone or pebbly sandstone which abruptly
grades upward to conglomerate.” In my opin-
ion, inverse grading is not as abundant as this
statement implies; the difference of opinion
may depend upon how “grading” is defined.

Grading ideally implies a frogressive change of
size upward from the basc of the bed, 1§ there
arc abrupt changes of size, the “grading” may
not imply continuous deposition from one flow,
but amalgamation of different flows. The in-
terpretation of grading in these two cases would
he very different.

It has recently been stressed (Walker, in
press) that quantification of grading and in-
verse grading is important, and an example was
given from the Whecler Gorge conglomerates.
Inverse grading was measured at location C, in
the lower 1.20 m of layer 3 (Fig. 7), and the
results of clast size versus distance of the clast
center above the base are shown in Figure 8.
The two curves show that inverse grading is
present in both the small and large clasts: the
use of such a diagram in basin analysis is dis-
cussed fully by Walker (in press).

In terms of flow mechanics, the scarcity of
inverse grading at Wheeler Gorge implies that
flows were not highly concentrated, and that
dispersive pressure between the clasts was not
important during the last stages of transport
(Walker, in press). The implication is that
slopes were not very steep at the Wheeler
Gorge location, and the prediction is that if the
conglomerates could be traced eastward, more
beds with inverse grading would appear, and
the sandy portions of the section would disap-
pear. This prediction cannot be tested, because
the closest Upper Cretaceous outcrops are
about 35 miles to the east, in the Simi Hills,
where massive sandstones and pebbly sandstones
(probably unrelated to the Wheeler Gorge
rocks) crop out.
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DISCUSSION

UPPER CRETACEOUS RESEDI

MENTED CONGLOMERA TES

AT WHEELER GORGE, CALIFORNIA: DESCRIPTION
AND FIELD GUIDE

HANS NELSON _
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EMILIANO MUTTI
Institute of Geology and Paleontology, Turin, Italy

FRANCO RICCI LUCCHI

Geology Institute, University of Bologna, -
Via Zambonia 67, 40127 Bologna, Italy )

We wish to comment on a rather minor point
in Walker’s (1975) paper and clarify some es-
tablished  but misleading terminology
exemplified by the paper. Walker (1975) calls
thin-bedded turbidites of the “dark mudstone
facies” in Wheeler Gorge “classical distal tur-
bidites” even though they are intimately as-
sociated with thick-bedded conglomerates that
appear to be quite proximal. Such terminology
continues an unfortunate convention devel-
oped in the 1960’s that equated thin-bedded
turbidites with distal turbidite environments.

Students of modern turbidites in deep-sea
canyons, channels and fans noted the ubiqui-
tous distribution of thin-bedded turbidites in -
nearly all proximal and distal parts of turbidite
systems (Carlson and Nelson, 1969; Griggs
and Kulm, 1970; Normark, 1970; Piper, 1970;
Haner, 1971). Cases can be documented where
correlative Holocene turbidites change from
thick-bedded (50 c¢m) channel] thalweg deposits
to thin-bedded (3 cm) intrachannel margin and
levee turbidite deposits over a distance of less
than § kilometers, all within an inner fan prox-
imal environment (Nelson et al., 1968; Nel-
son et al., 1975). .

Thin-bedded turbidites (“channel margin
silts”) that flank proximal channel turbidites
(Normark and Piper, 1969; Piper and Nor-
mark, 1971) have been recognized in all prox-
imal and distal environments of ancient fans
(Mutti and Riccj Lucchi, 1972); these corre-
spond well to those observed in modern sys-

tems (Nelson and Kulm, 1973; Nelson and
Nilsen, 1974). More detailed paleoenviron-
mental interpretations of thin-bedded turbi.
dites have subsequently been made, such as
the distinction of overbank deposits of proxi-
mal intrachannel, levee, and interchannel en-
vironments from truly distal turbidites in
interlobe and basin plain environments (Nel-
son et al., 1975; Ricci Lucchi, 197s; Mutti,
1977; Mutti and others, in preparation). Un-
fortunately the convention of equating thin-
bedded turbidites with distal environments
still persists and makes paleogeographic re-
constructions confusing.

After visiting Wheeler Gorge, we think that
the “dark mudstone facies” with interbedded
siltstone represents overbank turbidites that
are associated with conglomeratic bodies de-
posited as channel fills in an upper to middle
fan environment (Fig. 1). The conglomerates
have been injected several meters into the
thin-bedded facies, and blocks of thin-bedded
facies have slumped benecontemporaneously
into channel conglomerates.

Thin sand and silt beds of Wheeler Gorge
have similar thickness (Rust, 1966) and good
bedding continuity, but with lensing, pinch
and swell, and wedging along bed strike (Fig.
2). These are characteristic of proximal over-
bank beds, whereas variation in total thick-
ness of different beds and extreme parallel
continuity typify the thin-bedded distal sand
layers (Mutti and Ricci Lucchi, 1972; Nelson
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Fi1G. 1.—Wheeler Gorge conglomerate injected
into “dark mudstone facies.” The injected bed can
be traced continuously from lower left corner (note
light-colored cobbles in conglomerate) of the photo-
graph towards the top and ends just to the left of
feet in upper center of the photograph.

et al., 1975). The abundance of rhythmically
bedded silt layers results in high sand:shale
ratios that are not found in distal environ-
ments where hemipelagic deposits make up a
significant portion of the interbeds. The fine-
grained interbeds in the Wheeler Gorge “dark
mudstone facies” appear to be turbidite
mudstone rather than hemipelagic deposits
(Rust, 1966). The preponderance of ripple
drift cross-lamination and sharp tops that Rust
(1966) and Walker (1975) described also ap-
pear to characterize interchannel margin and
levee turbidites (Fig. 2).

Formation of proximal overbank beds like
the “dark mudstone facies” occurs within and
alongside thick conglomerate and sandstone
beds because major fan valleys and individual
thalwegs on valley floors periodically shift.
Each new thalweg has overbank flows that
create fining-upward sequences in abandoned
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R
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F1G. 2.—Close-up of “dark mudstone facies” of
Fig. 1 showing thin-bedded intercalations of sand-
stone and siltstone (light-colored) that exhibit len-
ticularity because of predominance of internal rippled
structure.

nearby thalwegs on the valley floor; such flows
also deposit thin-bedded overbank deposits
with well-developed internal structures (Tc-e)
on valley walls and levees alongside the main
valley (Nelson et al., 1975). Channelized flows
of the thalweg inject (Fig. 1) and cut into adja-
cent overbank beds (Moore, 1965) causing the
ubiquitous slumping observed in ancient prox-
imal thin-bedded turbidites such as the “dark
mudstone facies” of Wheeler Gorge (Rust,
1966) and channel margin silts of Doheny
Channel (Normark and Piper, 1969; Piper and
Normark, 1971).

If no generic interpretation can be made, the
term “thin-bedded” turbidites should be used
in preference to “distal” turbidites. When beds
clearly are associated with channelized facies
of the inner to middle fan, such as at Wheeler
Gorge, they may be labeled thin-bedded over-
bank turbidites; when deposited far seaward
from the source in interlobe areas of the outer
fan or in basin plains, they may be called
thin-bedded distal turbidites (Nelson et al.,
1975). Should additional details be evident,
such as definite pinchout sequences, then
thin-bedded turbidites may be defined more
specifically into intrachannel margin, channel
wall, levee, or interchannel sequences (Nelson
et al., 1976; Mutti, 1977; Mutti and others,
in preparation). Labeling all ancient overbank
deposits as proximal also may be questionable.
We would prefer to simply call these overbank
deposits of the channelized facies in the
inner-middle fan environment because thick
channelized gravel beds have been found more
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than 700 km from continental margin sources
{Nelson and Kulm, 1973).
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REPLY
UPPER CRETACEOUS RESEDIMENTED CONGLOMERATES AT
WHEELER GORGE, CALIFORNIA: DESCRIPTION AND
FIELD GUIDE

ROGER G. WALKER
Department of Geology, McMaster University, Hamilton, Ont., Can., L8S 4M1

I must agree with Nelson et al. (1977) that not
all thinly-bedded, fine-grained turbidites are
“distal turbidites” and that, in general, it
would be preferable to use the more descrip-
tive term “thin-bedded turbidites.”

1 am not so ready to agree with their sugges-
tion that at Wheeler Gorge my ‘“dark
mudstone facies with interbedded siltstone
represents overbank turbidites that are as-
sociated with conglomeratic bodies deposited
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as channel fills in an upper to middle fan envi-
ronment.” Below the first conglomerate layer
in my measured section there are at least 315
m (Rust, 1966) of my dark mudstone facies
(Rust's shale-siltstone  or mudstone and
siltstone). Above my conglomerate 3, the dark
mudstone facies is at least 185 m thick (Rust,
1966). 1 have not examined these dark
mudstone sections in detail except in the im-
mediate vicinity of the conglomerates. Rust
(1966, P- 1392) describes the individual
siltstones as «remarkably consistent in thick-
ness and character where exposures permit
tracing of individual beds along the
strike...even the thinnest graded beds, averag-
ing 2 mm in thickness, can be traced through-
out the outcrop, and show only insignificant
local changes in thickness.” The “lensing,
pinch and swell, and wedging along bed
strike” shown in Fig. 2 of Nelson et al. (1977)
indicates partial starvation of sediment sup-
ply, a situation that could occur both in over-
bank turbidites (inner or mid fan), or in classi-
cal distal basin plain situations. Thus I am not
so confident as Nelson et al. in assigning
thin-bedded turbidites that look like those in
their Fig. 2 to woverbank turbidites” rather
than “classical distal turbidites.”

I am also unhappy with some of the other
criteria they mention. They suggest that the
“abundance of rhythmically bedded silt layers
results in high sand:shale ratios” (in proximal
overbank beds) “that are not found in distal
environments where hernipelagic deposits
make up a significant proportion of the inter-
beds.” Surely this depends upon the rate of
turbidity-current—supplied silts to distal envi-
ronments versus the rate of deposition of
hemipelagic deposits. Nelson and Kulm (1973,
p. 60-61) have discussed overbank spilling
versus hemipelagic deposition in levee and in-
terchannel areas. In the levee beds of some
deep sea channels (e.g, Surveyor) they note
that “groups of interbedded thin turbidites al-
ternate with sections of homogeneous
hemipelagic beds.” In proximal fan situations,
assuming fairly frequent turbidity current
flow, we might assume a higher proportion of
turbidity current overflow versus hemipelagic
deposition. However, I am not sure that we yet
have enough evidence from recent or ancient
sediments to generalize about sand:shale ratios,
proportion of hemipelagics, and environments
of deposition in the way Nelson et al. wish to.

Another line of argument that could be used
would concern the thickness of the dark
mudstones, and whether or not tbe." are
homogeneous, oOr contain thickening- Or
thinning-upward sequences. Levee deposits
shown in many published reflection profiles
can be 300 m or so in thickness (i.¢., the thick-
ness of dark mudstones below the Wheeler
Gorge conglomerates), but there is very little
information on how vertically homogeneous
these would be, compared with a similar
thickness of distal turbidites. This argument is
presently inconclusive.

These comments have so far been addressed
to the dark mudstones below and above the
conglomerates. There is also a 5 m dark
mudstone horizon (70 to 75 m on my strati-
graphic section; Walker, 1975, Fig. 2) at the
top of a 45 m thick thinning- and finir_lg-
upward sequence. This sequence contains
conglomerates, massive sandstones, classical
turbidites and dark mudstones. and possibly
represents the gradual filling and abandon-
ment of a channel. If so, the dark mudstones
could well represent overbank deposition from
an active channel elsewhere, and the thin
graded siltstones within the mudstones should
indeed be termed “thin-bedded turbidites.”

Finally, it is worth emphasizing 3 point that
the proponents of contourites (Bouma and
Hollister, 1973) and overbank turbidites (Nel-
son et al., 1977) tend to ignore——namely that
there should be a consistent paleocurrent di-
vergence between downchannel or downslope
turbidity current flow, and overbank (or con-
tour current) flow. At Wheeler Gorge, a con-

sistent difference between flow directions for

conglomerates and massive sandstones, versus
siltstones within dark mudstoncs would be 2
more powerful argument for overbank flow
than any of those offered by Nelson et al.
(1977) for the thick dark mudstones below and
above the conglomerates.
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SIZE ANALYSIS OF SILT AND CLAY
BY HYDROPHOTOMETER

-

Cc. R. TILLY
Postgraduate student of Earth Science Department,
University of Waikato, Hamilton, New Zealand
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INTRODUCTION

In the Journal of Sedimentary Petrology
(1971, v. 41, p. 489—-496), an article was pub-
lished on size analysis of silt and clay by hy-
drophotometer, by C. F. Jordan, Jr-, Glen F.
Fryer and Elze H. Hemmen.

Since the publication of this excellent arti-
cle, the hydrophotometric method for the size
analysis of silt and clay has probably been
adopted by university students other than
those of the University of Waikato (New Zea-
land).

However, in the article there are some er-
rors in calculation detected by the writer in the
course of his study of pumiceous sediments.

This article points out these errors and adds
comments on the mathematics involved.

DISCUSSION

Some of the settling times and all of the
«mid-diameters” given on page 490 are in error
in that they do not stem from a consistent and
accurate use of the standard scale for sedimen-
tary particle sizes which is based on the
geometric series built on powers of two.

On page 490, the following times, presumed
to be for particles of quartz-type density, are
civen as: 46 sec; 1 min, 22 s€C; 3 min, 3 sec; S

min, 25 sec; 12 min, 12 sec; 21 min, 42 sec; 48
min, 50 sec.

For New Zealand conditions, and for water
at 20°C, the correct times as calculated from
the given formulae are, respectively: 45.9 sec;
1 min, 31.75 sec; 3 min, 3.5 sec; 6 min, 7 sec;
12 min, 13.9 sec; 24 min, 27.8 seq 48 min,
55.8 sec.

The erroneous times are incorporated in the
data sheet on page 492.

Only the errors for the settling times for par-
ticles of size 5.5 phi, 6.5 phi and 7.5 phi are
serious.

These half-phi values are, of course
geometric means and should be determined by
the use of the appropriate formula.

Likewise all the «mid-diameters” are
geometric means and must be determined ac-
cordingly.

Concerning the formulae on page 489 for the
determination of settling times, all the quan-
tities concerned are constants for each set of
conditions except the particle diameters.

Now these diameters form a geometric pro-
gression (symbol = G.P.). The squares of the
terms of a G.P. is another G.P. and the latter
G.P. multiplied consistently by constants re-
mains a G.P. Hence the derived settling times
also form a geometric progression.
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