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Alluvium disposed along the margins of the land occupies a position of 
special interest to students of alluvial forms, of their origin and develop
ment. It is ordinarily spread on a surface formerly occupied by the sea, its 
margins are encroached upon by the sea, it is subjected to continuous 
attrition by the sea, and its outer margins are transformed into forms of ma
rine erosion and deposition. Records of former positions of the sea, differing 
horizontally and vertically from the present, may be discernible on or in it. 

Since coastal habitats have long been attractive to man, such terrestrial 
deposits as accumulate there may enclose and preserve evidence of his 
former presence, drawing thus also the interest of prehistorians. 

Attention is given here to a particular depositional form, the alluvial 
fan, with regard to its development in a coastal setting. The incentive has 
been the appearance in recent years of studies of deposits described as relics 
of coastal fans, relating their accumulation and dissection to glacially con
trolled variation of sea level. These studies have in turn been generated 
by attempts to relate evidence of former human occupance enclosed by 
the deposits to a general chronology of Pleistocene climatic change.1 

HYPOTHESIS OF AGGRADATION AND DISSECTION 

oF CoAsTAL.ALLUVIAL FANs 

The essential features of the proposed hypothesis may be stated 
simply: recession of the sea from a cliffed coast exposes a platform on which 
terrestrial sediments may accumulate in the form of alluvial fans; a subse
quent rise of sea level exposes such alluvium to erosion by the sea and a sea 
cliff is formed; this truncation of the fan deposits leads to entenchment of 
the master stream and dissection of the fan; a subsequent lowering of sea 
level exposes anew a .platform in front of the sea cliff on which a fan again 
takes form, dissection gives way to aggradation in the older fan materials, 
the erosion channels are filled and the older fan is gradually buried in a 
younger fan deposit; another phase of rising sea level repeats the dissection, 
and so on. Dissection is thus tied to rising sea level, aggradation to reced
ing sea level. 

There are two bodies of coastal alluvium in Southern California to 
which the essence of the above hypothesis has been applied. A small de
posit near the Scripps Institution of Oceanography north of San Diego, 
referred to as the Scripps fan, has been treated at length by Carter. From 
topographic maps, this is part of a bench or sloping surface, 300 to 400 
yards wide, with a back margin at about 100 feet at the base of a steep rise 
of as much as 250 feet to a higher mesa surface; the outer margin is, locally, 
an actively eroding sea cliff 25 feet high. 

1 George F. Carter, "Evidence for Pleistocene Man in Southern California," 
Geographical Review, XL (1950), pp. 84-102; and Pleistocene Man at San Diego 
(Baltimore: The Johns Hopkins University Press, 1957), particularly pages 20-21, 
222-226, 236, 252. Phil Orr, "Radiocarbon, Mammoths and Man on Santa Rosa 
Island," Abstract in Bulletin of the Geological Soc. of America, LXVII (Dec., 1956), 
p. 1777; and "Late Pleistocene Marine Terraces on Santa Rosa Island, California," 
Bulletin of the Geological Soc. of America, LXXI (July, 1960), pp. 1113-1120. 
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Deposits underlying a prominent coastal terrace on the northwest 
coast of Santa Rosa Island have been the subject of intensive, not yet fully 
published, studies by Orr. From the topographic maps, this terrace has a 
back margin at about 100 feet, at the base of a steep rise of 150 to 200 feet 
to a higher dissected terrace surface; the width of ·the terrace varies from 
about 200 to about 500 yards and the foreslope is an actively eroding sea 
cliff 50 to 100 feet high. The slope of the surface along the axes of proposed 
fan remnants is estimated to be 50 to 100 feet per mile. 

Carter's analysis adheres most closely to the above hypothesis in his 
earlier publication. In his later publication and in correspondence, Carter 
has made it clear that he regards the record of erosion and deposition to be 
more complex than a simple reading in terms of fluctuating sea level would 
allow, but that he still regards the sea as the major trigger setting off erosion 
and that rising sea level is a cause of fan dissection. Orr's analysis, as judged 
from his publication and from correspondence, follows the above hypothe
sis closely . 

. The critique presented here is focused on two aspects which are 
fundamental to the hypothesis, (l) that the existing bodies of sediment 
are remnants of former alluvial fans, (2) that vertical movements of sea 
level would control erosion and deposition of the deposits in the manner 
outlined. This may properly begin with consideration of some aspects of 
the form of alluvial fans and of processes responsible. 

Process and Form. An actively developing alluvial fan is an aggrada
tional surface; more accurately, it is a surface exhibiting an imbalance be
tween erosion and deposition in favor of deposition, a surface of net depo
sition. The form is owing mainly to the action of the master stream, which 
contibutes the fan materials. Certain aspects of the form may be deduced. 

Deposition occurs first in the fan apex, or fan "head" area, owing to 
decrease in velocity, and thus transporting power, of the master stream.2 
The greatest rate of aggradation is in the fan head area, with progressively 
less deposition per unit area down the fan slope, with increasing area of de
position surface and decreasing grain size. Thus the longitudinal profile 
should be concave. This is a uniformly observed characteristic of existing 
alluvial fans. (It may be noted that the diagrammatic section shown by 
Orr for the reconstruction of Santa Rosa Island fanglomerates are drawn 
with straight or convex surface profiles). 

The degree of imbalance between deposition by the master stream and 
erosion induced by locally generated runoff on the fan surface necessarily 
decreases down the fan slope as the area over which the sediments are 
spread increases. There is thus a limit to the fan area beyond which the fan 
will not be extended. This maximum size will be reached when the margin 
of the fan receives as deposit from upslope no more material that is 
removed from it by runoff of local rainfall. 

2 It is an oversimplification, though one commonly found in textbooks, to 
refer this loss of velocity to decrease of gradient. Since the master stream will ordi
narily break up into distributaries on emerging from a confined channel, and since 
there is loss of water from the channels owing to seepage into the loose fan materials, 
the decrease in velocity on an actively aggrading fan is probably due more to decrease 
in volume than to any decrease in gradient; indeed, channel slopes above the fan 
head may frequently be less than gradients on the fan surface-see below. 
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So long as deposition continues dominant in the fan head area, there 
is a zone in the channel upstream from there in which net deposition 
changes to net erosion. Downstream from this zone the surface is building 
up; upstream from it the surface is being lowered. Clearly, this condition 
cannot persist in situ; either deposition must give way to erosion on the 
downstream side or erosion must give way to deposition on the upstream 
side. Fan surfaces frequently continue into the lower part of the confined 
channel above the fan head proper, so that an extension of the depositional 
area upstream is common. The part of the depositional surface in the 
channel above the fan head proper should exhibit a lesser gradient than 
that in the fan head area, since the stream volume should be greater in the 
confined channel than on the fan head and thus the critical velocity for 
deposition there would require a lesser gradient. For a fan in which the 
depositional surface has been thus extended upstream into the more con
fined channel,. the longitudinal profile should exhibit a slight "S" shape, 
owing to decreased gradient above the fan head. An examination of topo
graphic maps from central and southern California which show well
defined fan forms shows a high frequency of occurrence of this feature.3 
For the Santa Rosa Island deposits, the alluvial surface extends a consid
erable distance up the major drainage ways above the coastal terrace; from 
the topographic maps, this extension appears to have a steeper gradient 
than the terrace. · 

A fan has a limited life as a wholly depositional surface. The fan head 
area cannot continue indefinitely as a depositional surface because of the 
continuous increase of gradient there; eventually, deposition must give 
way to erosion. Extension of the alluvial surface upstream from the fan 
head means progressively less material available for deposition on the 
lower slopes of the fan, tending toward a reversal of the depositional
erosional imbalance and a dominance of erosion by local runoff. Such 
changes will take place independently of any external changes which 
might affect stream flow, such as changes in climate, vegetation cover, or 
crustal movements.< Such inherent instability may account for part of the 
erosional-depositional sequence observed in the Scripps and Santa Rosa 
Island deposits. 

3 Comparison of slopes in fan head area and in channel above fan head for 
some well-defined fans in southern California: 
Stream Topographic map; 

contour interval 
Estimated slope of alb vial 
surface, feet per mile .. 

a b 
c Above fan head Fan head 

San Antonio Can. Ontario 15'; 80' 40' 200 260 
Indian Wells Can. Inyokern 15'; 50' 200 260 
Lytle Creek San Bernardino 15'; 80', 40' 130 160 
San Gabriel Pomona 15'; 50' 60 70 
Ingraham Canyon Solyo 7¥z'; 20' 45 90 
Kern River Bakersfield 15'; 20', 25' 7 8 

a. Least slope of alluvial surface above fan head, in "fan head embayment." 
b. Steeper part of alluvial surface along axis of fan in fan head area. 
c. A classic example of alluvial fan form, used to illustrate the type in the 

United States Geological Survey Atlas of Physiographic Types, 1900. 
4 This observation may be extended to alluvial surfaces in general; these are 

inherently unstable, deposition tending to increase the gradient downstream from 
the area of deposition, so that unless this is compensated for in some way, deposition 
must eventually give way to erosion regardless of any changes in runoff. 
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Form of Existing Remnants. Both Carter and Orr accept the deposm 
as remnants of alluvial fans without much, or any, explanation for that 
view. An inference would be that the deposits are so clearly fan remnants 
to the observer in the field as to require no further consideration of the 
assumption. 

Though distinct fan forms are not clear on the topographic maps, both 
Carter and Orr have reported in correspondence that a fan form is clear to 
the observer in the field. This does not, however, dispose of the problem 
entirely. In both cases the assumed fan surfaces are part of a surface of 
similar elevation and slope which continues laterally well beyond the 
assumed fan head areas. The Scripps fan surface continues for nearly 
three-fourths mile south of the tiny drainage that fed it, without sufficient 
change in elevation to be expressed on the map (contour interval 25 feet). 

On Santa Rosa Island, a number of drainage systems emerge onto, and 
their lower parts are cut through, the terrace surface. Toward the west 
these drainage systems diminish in size to insignificance, but the terrace, 
with back margin at about 100 feet, continues beyond, still mapped as 
fanglomerate. 5 If streams of markedly different drainage area were building 
up fan deposits on an exposed former marine surface of uniform elevation, 
the rate of growth, laterally and vertically, of the separate fans would be 
quite different, so that at any given time during development the elevation 
of the fan head areas should vary considerably. A removal of the lower and 
middle parts of fans, then, would leave a remnant surface quite unlike a 
terrace and in marked contrast to the form which appears on Santa Rosa 
Island. 

It is indicated, then, that the surface of the supposed fan heads is an 
integral part of a similar surface extending laterally well beyond the fan 
head areas. The evolution of the fan surface is inseparable from the evo
lution of the rest of the surface and the latter does not appear readily 
explainable in terms of fan forming processes. This is sufficient reason to 
doubt that the surfaces are unmodified fan surfaces; if they are modified, a 
consideration of the agent and process of modification would be of critical 
importance in the analysis. 

Relation of Rising Sea Level to Cliffing. The second question, given 
the assumption that the forms are remnants of alluvial fans, involves the 
validity of the interpretation that (l) a rising sea level would form a sea 
cliff in the fan materials and (2) this would result in rapid dissection of the 
fan. 

That a rising sea margin encroaching on the outer margin of an allu
vial fan will produce a sea cliff in the fan materials is not immediately 
apparent. At least three variables are involved: the slope of the fan surface, 
the rate of rise of sea level, and the rate at which erosional forces at the sea 
margin eat into the fan deposit. The latter is quite complex in itself, having 
to do not only with erosive forces at the sea margin, but also with rate of 

aggradation of the fan surface. If the rate of rise of sea level is so adjusted 
to the other factors as to keep the sea margin on or near the fan surface 
(that is, approximately, a rate of rise equal to or greater than the rate of 
landward erosion multiplied by the tangent of the angle of slope of the fan 
surface), no sea cliff cin form; instead, the sea margin should march up 
the slope of the fan, carrying before it beach ridges and dunes, and leavmg 

5 Orr, 1960, op. cit., fig. l. 
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behind and below it reworked fan deposits of subaqueous terrace form, 
with convex profile. From such a condition, a fall of sea level followed by 
a still-stand should result in the formation of a sea cliff, landward erosion 
of the sea going on continuously, regardless of any vertical movement. 

Thus the hypothesis of fan margin cliffing owing to rising sea level 
should not be accepted without considerable elaboration. 

Relation of Cliffing to Fan Dissection. An essential part of the hypoth
esis is that the formation of a sea cliff in the fan materials would cause 
entrenchment of the master stream and dissection of the fan, thus relating 
dissection to rising sea level. This also requires elaboration. 

While the presence of a cliffed margin is undoubtedly a condition 
favorable to fan dissection, it may be worth noting that a change from 
deposition to erosion in the cliff area will not affect the stream regime in 
the fan head area unless the change works its way up to the fan head. The 
presence of a sea cliff in the fan materials should eventually result in 
entrenchment of the master stream through ( l) head ward erosion from 
the cliff by a master stream capable of carrying a well-defined channel out 
to the cliff, or (2) headward erosion from the cliff by subsurface drainage 
or locally generated runoff, with later exploitation of one of the erosion 
channels by the master stream. 

If the erosion is done by the master stream, it is required that the 
stream maintain a well-defined channel out to the sea cliff. The probability 
of this decreases with increasing distance of the sea cliff from the fan head 
area, as the stream on an actively aggrading fan loses volume downstream 
through formation of distributaries and seepage. 

In any case, the probability of rapid dissection of the fan head area as 
a result of cliffing is clearly minimal with the cliff near the fan margin, is 
greater the longer the cliff is in existence, and increases greatly as the sea 
cliff advances toward the fan head area. 

The proposed reconstructed fan at Scripps and those on Santa Rosa 
Island have unusually long radii for their drainage areas, that at Scripps 
being about a mile for a small, single stream drainage area with a length of 
less than a mile. The proposed fans of Santa Rosa Island extend seaward 
five miles or more from drainage areas extending inland about four miles. 

Under such condition, it seems likely that considerable time would be 
required for a sea cliff in the outer part of the fan to effect erosion and 
dissection in .the fan head area. Since an important part of the hypothesis 
relates the time of fan head dissection to a time of rising sea level and thus 
to time of deglaciation, it may be noted that the potential dissection of the 
fan is geared to the presence of a cliff, regardless of whether the cliff is 
active or abandoned. This leaves open the possibility that the abandonment 
of a sea cliff through recession of the sea and before dissection of the fan 
head, could place the beginning of fan head dissection, and especially the 
continuance of it, with subsiding rather than rising sea level. Other possi
bilities of timing present themselves as readily. 

Clearly the relationships, especially as to timing, are complex and not 
to be understood through a simple thesis of rising sea, cliffing and con
comitant fan dissection. 

Volume and Extent of Proposed Fans. The proposed fans, as recon
structed, appear unusually large compared to the drainage areas that pro
duced them. Since the fan deposit was derived entirely from erosion in the 
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drainage area, a consideration of the volume of deposition as compared to 
the volume of contributing erosion should be an important part of the 
analysis. Several unknowns are evident, but even a rough approximation 
should suggest whether or not the two volumes are compatible. 

In the estimate given here, I have considered that the relevant erosion 
in the drainage areas is approximately the volume of the valleys, that 
lowering of interfluves is a minor consideration. For the Scripps fan 
drainage and for the lower and middle parts of the Santa Rosa Island 
stream systems, the interfluves are flattish and their lowering would be 
insignificant compared to enlargement of the valleys. The upper part of the 
Santa Rosa Island drainage has narrower interfluves and the estimate there 
may be too low. 

For Santa Rosa Island, the volume of valleys in the relevant area is 
estimated to be about 145X 107cu.yd. For the upper part with narrower 
interfluves the estimate is 82 X 107cu.yd.; for the lower and middle parts, 
63 X 107cu.yd. The upper J>art has presumably been eroding most of the 
time since the Pliocene at least; with the proposed fans late Pleistocene, 
the duration of fan deposition would probably be not more than 10% of 
the duration of erosion; contribution of the upper part of the drainage area 
to fan deposit, allowing an addition for lowering of interfluves, might then 
be lOX l07cu.yd. For the rest of the drainage area the estimated volume of 
valleys is about 63 X l07cu.yd.; stream courses here were also well estab
lished at the beginning of fan development, since the lower parts of 
channels were at or near the level of basal deposits in the fan head area. 
Since, in addition, the lower parts of the valleys were aggrading rather than 
eroding during much of fan depositional time,6 the assignment of one third 
the volume of the lower and middle valleys as contributing to fan building 
seems liberal; this would be about 20X 107cu.yd. The total estimated con
tribution of erosion in the drainage area to fan building is thus about 
30X 107cu.yd. 

-

Orr interprets the coalesced fans to have extended seaward at least 
8000 yards7; the thickness in the fan head area is about 20 yards.8 If the 
slope were uniform, the minimum volume would approximate that of a 
half cone of 8000 yard radius and 20 yard altitude, about 67X l07cu.yd.; 
with a decrease in gradient downslope the volume would be less; 
50 X 107cu.yd. is a round number for a modest estimate. This space would, 
however, have been occupied more than once by fan material, there being 
remnants of at least three alluvial bodies in the Santa Rosa Island for
mation. Orr's illustrations suggest that the earlier members were as thick 
as or thicker than the latest9 and rose as high as the present terrace surface, 
suggesting similar seaward extent. Since a large part of these earlier bodies 
was removed and the space reoccupied by later deposits, the greater part of 
the space in question should have been occupied at least three times. Con
sidering also surface erosion and channel cutting in the various bodies, a 
total required volume of deposit might be, conservatively, three times the 
above estimate of fan volume, or 150 X 107 cu.yd. This is five times the 
liberal estimate for contributing erosion. 

6 Ibid. 
7 Orr, 1956, op. cit., (about 6 miles) and correspondence. 
s Orr, 1960, op. cit., figs. 2-8. 
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For the Scripps fan, an estimate of the volume of the small contrib
uting drainage area is about l.6X l07cu.yd. The fan head is at the base of 
a 200-foot cliff; since the lower part of the stream channel at the beginning 
of fan deposition must have been near the level of basal deposits in the fan 
head, it may be assumed that the canyon was already begun and its lower 
port incised more than 200 feet at the beginning of fan deposition; the 
relevant volume was, then, considerably less than the present volume of the 
canyon; reducing by one fourth leaves 1.2 X 107cu.yd. as a generous 
estimate. 

If the fan extended out to the -100 foot contour as proposed by 
Carter, the radius would be about 1800 yards, according to the submarine 
profile here.'0 The thickness of alluvium in the fan head area is estimated 
to be 30 to 40 feetY The volume of a half cone with radius 1800 yards 
and altitude 12 yards is about 2X 107cu.yd. With a decreasing gradie_nt 
seaward the volume would be less, say 1.5 X 107cu.yd. This is, however, 
much less than the required volume of fan material. At least four bodies of 
alluvium occur in the fan/2 each was truncated and dissected before the 
deposition of the succeeding material. The amount of removal of earlier 
fan materials is not gone into, but it seems clear that in Carter's inter
pretation we may assume removal of the greater part of the first two fans 
at least.13 The above volume should probably be multiplied by at least three 
to give a minimum estimate for the required body of alluvium; this gives 
4.5X 107cu.yd., nearly four times the liberal estimate for contributing 
erosion. 

The above estimates leave out the fact that the duration of time of 
deposition on the proposed fans is only a part (half?) of the total span of 
proposed fan history, the rest being per�ods of higher sea level and fan 
dissection, while erosion in the contributing drainage area was continuous. 
If this factor is included, the discrepancies suggested in the above approxi
mation would be much greater, perhaps twice as great. 

The proposed fans, then, seem impossibly large. 

TowARD ALTERNATIVE HYPOTHESES 

I have questioned the interpretation that the existing alluvial bodies 
are remnants of former alluvial fans unmodified as to surface form, and 
that their dissection and alluviation would be regulated by rising and 
falling sea level as outlined in the proposed hypothesis. Some suggestions: 
toward alternative hypotheses may be made. 

It is important to note that what is certain with regard to the position 
of the sea margin prior to the formation of the sea cliff is the relative 
position in the horizontal, not that in the vertical. It is perfectly clear that 
the sea margin was formerly seaward of its present postion, but one may 
reconstruct a sequence of former conditions with a static sea level, one 
progressively higher in the past, or one progressively lower in the past. In 
all cases the sea margin moves away from the land and the height of the 
sea cliff diminishes to nil. A major difference in the three reconstructions 

9 Ibid.; figure 2 shows this as about 60 feet. 
10 F. P. Shepard and K. 0. Emery, Submarine Topography off the California 

Coast (Geol. Soc. of America;Special Papers No. 31), Plate 9. 
n Carter, 1957, op. cit., p. 252. 
12 Ibid., pp. 222-226. 
13 lbid., see particularly p. 236, p. 224, tlg. 44A. 
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is the distance from the present shore of the condition of nil height of sea 
cliff; farthest away with progressively lower sea level in the past, closest 
with progressively higher sea in the past. 

There is evidently no clear indication at all of the former extent 
seaward of the alluvium; the present alluvium may have merged with 
marine facies further seaward. 

A series of events may be outlined which relates the accumulation of 
coastal alluvium and colluvium, an aggrading coastal plain, to rising sea 
level, the sea margin approaching the land but remaining on the deposi
tional surface; terrestrial deposits are transformed into marine facies on the 
seaward side-a marine overlap. A reconstruction on such grounds has 
certain advantages: (l) it is capable of reducing two major difficulties 
inherent in the alluvial fan hypothesis-the surface form, which is more 
marine terrace-like than fan head remnant-like, and the required volume 
of alluvium; (2) it is in keeping with the fine texture of the alluvium, 
unusual in a fan deposit of such slope; (3) it is in keeping with the 
observation that the lower terrestrial member of the Santa Rosa Island 
formation has clearly been overridden by a higher sea level 

The foregoing cnt1que suggests some observations and data which 
need to be adduced to support the interpretation of the deposits as rem
nants of alluvial fans. This is critical if the interpretation of dissection and 
deposition of the alluvium depends on its having had original fan form. It 
seems probable, however,' that quite different initial assumptions and 
interpretations may be supported. The problem does not seem to lend itself 
well to simplification and generalization. 
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