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The Cima Dome, looking south. (Photo by Blackwelder)
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SUMMARY

Several granitic areas in the Mohave Desert region of southeastern
California have been degraded to smooth dome-like forms, to which
Lawson has given the name, panfans. They have diameters of from 3 to 6
or 8 miles and heights of from 500 to 2,000 feet over the adjacent lower
land. One of the best examples is shown in Plate 12. The well graded
convexity of these masses, the steepest declivity of which seldom measures
more than 4° or 5°, is flanked by the long, aggraded, concave slopes of
their detritus. In some instances the domes are elongated into arches, 10
or 15 miles in length. Many other areas, granitic and non-granitic, less
completely and less symmetrically degraded, exhibit bold or subdued re-
sidual forms surmounting their smoothly degraded flanks.

The most perfect domes or arches result from the undisturbed de-
gradation of upheaved granitic masses which have been worked upon,
according to their original form, chiefly by one or the other of two some-
what unlike erosional processes, both of which are merely modifications
of ordinary erosional processes appropriate to the dry climate where their
action takes place.

One process involves mainly the back-wearing of the steep scarps of
an upfaulted granitic lowland, previously degraded to low relief, the
detritus shed from the retreating scarps being swept away by sheetfloods.
Down-wearing of the upfaulted mass by streams is in this case relatively
unimportant. The back-wearing takes place in a manner first analysed
by Lawson (1915), but his analysis is here somewhat modified. Under
this process the mountain faces are, as they retreat, completely—one
might almost say, once for all—reduced to gentle slopes of sheetflood
smoothness. The process is largely dependent on the habit of granitic
rocks to weather both by surface exfoliation and by interior disintegra-
tion, so that when a large and angular joint-block is gradually reduced by
exfoliation to a roundish core about a foot in diameter, it breaks down
into fine granular detritus. Rocks other than granite, being less uniform in
structure and weathering into angular blocks, scraps and grains, assume
mountainous or hilly forms, unlike granitic domes.

1 The phrase, original form, is here used in a somewhat special sense in contrast to
initial form. The initial form of a land mass is the form that it had when deformation inter-
rupted the cycle of erosion previously current and introduced a new cycle. The original or
potential form is the form that it would have when the deformation is completed, provided
no erosion took place during the deformation.
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The second process of dome production, which involves mainly the
down-wearing of broadly upwarped granitic masses of low relief by the
excavation of ordinary valleys along innumerable, divaricating drainage
lines, will be discussed in another essay, to be published in the Bulletin
of the Geological Society of America under the title, Sheetfloods and
Streamfloods.

Domes are best developed in areas of granitic rocks for two other
reasons than their manner of weathering as specified above. No other
resistant, mountain-making rocks commonly have a uniform structure
over an area large enough for the production of good-sized domes; and
no other mountain-making rocks waste away so rapidly as granites under
arid weathering. Hence as a rule only these rocks have found the quiescent
periods, which have been granted during the later geological ages to one
or another part of the earth's crust in elsewhere uneasy Southern Califor-
nia, long enough for their reduction to completely graded, broadly convex
forms. If these conclusions are correct, the original forms and altitudes of
the upheaved granitic masses now represented by graded domes or arches
may be in some cases roughly inferred from certain details of the present
forms; that is, certain domes or arches may be regarded, even after all
the residuals of the original form have vanished, as representing far-
advanced stages in the arid degradation of fault-block Basin Ranges.

INTRODUCTION

The districts of southeastern California, in which the uncompleted
and the completed granite2 domes described in this essay occur, are located
on the outline map, Fig. 6. They are all included in the vaguely limited
arid region known as the Mohave Desert, of which an excellent descrip-
tion has been given by Thompson (1929). As shown by the many dotted
lines, I have traversed various parts of the region at intervals in the past
6 years in company with Dr. L. F. Noble of the U. S. Geological Survey;
Mr. Samuel Storrow, one of my students in the Harvard Class of 1887,
now a retired engineer in Los Angeles; Mr. Myron Hunt, architect in
Pasadena and lover of all out-doors; and several of my recent students
in the California Institute of Technology at Pasadena. To all of these
companionable associates I am much indebted for transportation and
photographs, as well as for generous encouragement and assistance in my

2 The old petrographic term, granite, is here used in a general physiographic sense, like
that adopted for the old physiographic term, valley, by petrographers.
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observations. To Professor Eliot Blackwelder of Stanford University I
am gratefully indebted for his fine photograph of the Cima Dome.

The discussion which follows is limited chiefly to areas of granitic
rocks because they, for reasons above stated, afford the best examples of
smoothly convex domes and arches. Mountains of other kinds of rocks
will be briefly treated in special sections.

PART I. T H E THEORY OF DOME DEVELOPMENT

The Form of Graded Divides. Lawson's keenly analytical essay on
the "Epigene Profiles of the Desert" has been an indispensable introduc-
tion to what here follows. He there discussed the processes of arid degra-
dation with special reference to their action on upwarped or upfaulted
masses "lithologically and structurally homogeneous" (1915, 25:3),3

having highland surfaces of so low relief, in consequence of degradation
in an earlier cycle of erosion, that their down-wearing degradation is slow
except along occasional drainage lines, and having marginal slopes or
scarps so bold that their back-wearing degradation is relatively rapid. He
thus showed that where the original slope4 of an upheaved rock mass is
steeper than the slope of repose of its weathered detritus, "hard rocks
present persistently steep slopes throughout the entire period of their
degradation. The epigene rock slopes appear to be just as steep in old
residual mountains, almost buried in alluvium, as in youthful mountains
with but a small embankment of detritus at their base" (27 :3). Hence,
after the original slopes are weathered back to steep faces (or "subaerial
fronts") of proper declivity, commonly about 35° for granitic rocks, they
will retreat at a uniform rate parallel to themselves, somewhat as in Fig. 1,
until each side of the upheaved mass is completely reduced to a systemat-
ically inclined rock floor (or "suballuvial bench") of hyperbolic profile,
over-spread with a detrital cover (or "subaerial embankment"), which

3 In certain citations a digit following a colon after a page number represents the position
of the cited statement on its page in ninths of the page height, counting down from the page
top.

4 See foot note p. 214. It may be noted that Lawson's analysis assumes the upfaulting of
a mountain mass to be completed before its recessional degradation begins. Intermittent
upfaulting would produce, for a time, a benched scarp; but as no such forms have been
found they must, if ever occurring, have been destroyed by further retrogression. The extreme
case of upfaulting so slow that it has been overcome by contemporaneous degradation need
not be considered because all the mountain ranges of the region show that degradation has
been far exceeded by upheaval.
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thickens at a diminishing rate and which usually slants forward with
gently concave profile to an aggrading playa.5

Lawson's analysis also showed that the detrital cover should ordi-
narily become thinner and thinner up-slope, so that it must be reduced to
a feather-edge when the area of the rock floor on which it rests is sufficiently
increased. This is because the essentially constant acclivity of the over-
lapping cover must be more and more nearly paralleled by the decreas-
ing up-slope curvature of the underlying rock floor, just as a rectilinear
asymptote is more and more nearly approached and paralleled by its arm

of a hyperbola. It is therefore concluded that, if the retrogressive wasting
of a mountain face be prolonged beyond the feather-edge of its detrital
cover, as it may be in a late stage of the degradation of a large granitic
mass, a "bare rock surface" will be developed; and that this surface will
be extended "without appreciable change of slope" (38:2) until it ex-
tinguishes the surmounting rock residuals by meeting a similar rock sur-
face ascending from the other side of the upheaved mass. There the inter-
section of the two surfaces will define a blunt-angled crest line, Block 4,
Fig. 1, and the degraded mass will constitute, not a broadly convex arch

5 Readers are warned not to regard this brief statement as representing in any adequate
way Lawson's closely argued discussion of the problem of arid degradation, in which he
begins with ideally simplified conditions and successively introduces a large variety of com-
plications by which actual conditions are approached. Close study is needed to appreciate his
thorough deductive analysis, which deserves to be ranked as a worthy supplement, for arid
regions, to Gilbert's famous essay on Land Sculpture in his Report on the Henry Mountains;
for that essay, although prepared after experience chiefly in an arid country, was mostly
concerned with the degradational processes of humid regions.
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or dome, but a "low rock ridge of symmetrical slopes" (31:7), and of
essentially uniform declivity in its upper part.

In case the originally upheaved mass is of ovoid outline, so that,
instead of a bilateral, a peripheral rock floor is developed around it, it
would, under the above explanation, eventually assume the form of a
blunt-angled cone. Johnson, following Lawson for the most part, brings
out this result explicitly: "In the case of an originally circular mountain
mass the end-result would be a far-spreading low rock cone blanketed in
considerable part by overlapping alluvial deposits:" also, the general
degradation of the central area would produce "a low conical rock pedi-
ment, relatively free from alluvium, the ultimate type form of the arid
landscape" (1932,390).

Each down-slope element of either a blunt-angled ridge or cone
would be regarded by its sheetflood as having a slope for transportation
only, down which the detritus from the retreating mountain face would be
swept without erosional action. The sheetflood would therefore resemble a
graded river in the sense that, however much detritus is washed along its
slanting course, no erosion is there accomplished: for it is only under that
condition of non-erosional transportation that the graded rock floor
should have a hyperbolic profile. It is here that my explanation of the
problem begins to differ from that of my predecessors.

The Development of Concave Profiles. The statement of our dif-
ferences of view may be introduced by examining Lawson's special case
of an upfaulted mass, the original upper surface of which, instead of being
nearly level, increases in height toward its mid-line, as in Fig. 2, so that its

mountain face grows higher and higher as it retreats, and it therefore sheds
a greater and greater load of detritus to its base, to be swept away by the
piedmont sheetfloods. Under such conditions the rock floor to which the
upfaulted mass is retrogressively reduced must develop for a time, as
Lawson shows, a concave profile of increasing steepness as its area in-
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creases.6 This conclusion seems correct, although no actual examples of
the kind have been recognized, perhaps because the growing edge of their
rock floors would be covered right up to the base of the mountain face
with a detrital cover of by no means feather-edge thinness.

The Development of Convex Profiles.7 The case of an upheaved
mass that does not increase in height toward its mid-line has not been so
fully analysed. Lawson's brief statement is that the graded profile of such
a mass will be, as compared to that of an originally convex mass, "flatter
without changing the character of its [hyperbolic] curvature" (36:6);
that is, without diminishing the tendency of the upper part of the profile
to become rectilinear. This conclusion seems to me to be erroneous. To
make my point clear let it be recalled that the essential condition for the
development of a hyperbolic profile is that, while the mountain face re-
treats parallel to itself at a uniform rate (35:7), the detrital cover rises
parallel to itself at a diminishing rate, chiefly because of the decreasing
height of the face from which detritus is shed (35 :5). This implies that
all the detritus supplied to the cover comes from the steep mountain face,
and hence that none comes from the degraded and gently sloping rock
floor beneath the face. The grounds for an opposite inference are as
follows.

If an upheaved mass has an originally nearly level surface, Fig. 3—
and such is the form assumed in Lawson's Fig. 3, which illustrates the
development of hyperbolic profiles—its retreating face must become
shorter and shorter and the load of detritus delivered from it must become
smaller and smaller as time goes on. A time must therefore come when
the delivered detritus will not provide a sufficient load for the piedmont

6 This result would apparently be favored if the drainage of a mountain face led to a
near-by playa of small area, which would therefore be rapidly aggraded.

7 The inferences stated in this section first took conscious form in my mind during the
night of April 30, 1932, which was spent where the Cave Spring road passes near the base
of a large rock knob on the dissected part of the rock-floor piedmont to the Granite Moun-
tains, described on a later page.



220 SAN DIEGO SOCIETY OF NATURAL HISTORY

sheetfloods and thereafter they will no longer act simply as transporting
agencies. They must then begin to rob the cover of some of its detritus or
the rock floor of some of its disintegrated grains, with which to satisfy
their excess of energy; and thence-forward the conditions for the develop-
ment of an increasingly rectilinear profile can no longer obtain.

Rock-floor Robbing by Sheetfloods. As soon as such rock-floor rob-
bing sets in, the up-slope extension of the already thin detrital cover will
cease, and the rock floor thereafter developed will be of less and less
acclivity as it is retrogressively extended farther and farther toward its
eventual summit. For after the robbing of the floor has once begun, it
must go on at an increasing rate so long as the detritus delivered from
the retreating mountain face continues to decrease; and in consequence of
such increase of floor robbing the floor must acquire a convex profile
instead of maintaining an essentially uniform acclivity to its head. This
conclusion seems to me quite as correct as the one announced in the third-
preceding paragraph; and it has the additional merit of being repeatedly
exemplified in nature, as will be shown below.

The manner in which rock-floor robbing operates appears to be as
follows: A cloudburst flood, rushing down a steep but short mountain
face and spreading in a sheet on the graded slope of the piedmont rock
floor and its detrital cover, may there find its total load of detritus insuf-
ficient to satisfy its capacity. It will thereupon at once increase its load
by taking up some detritus from the rock floor. But the amount that it
takes up will be less than its deficiency of load, because, by the very act
of taking up some detritus, the gradient of the floor will be diminished,
the flow of the sheetflood will be retarded and its capacity will be lessened.
Hence the amount of detritus taken up must be such that, when added
to the load previously acquired, it will make a total no greater than can be
carried by the lessened carrying power. And all these changes must go
on by infinitesimals, as if the sheetfloods were familiar with the differential
calculus. This case is the opposite of that of a loaded river to which more
load is added. Such a river will not lay down all the new load, but only so
much of it as will, by increasing the stream gradient, increase also its
velocity and its carrying power, so that it can then carry all its former
load and the non-deposited part of the new load.

Let it be understood, however, that the surface here called a rock
floor, as well as that called a "bare rock surface" by Lawson (1915, 38:2),
does not show firm, bare rock, but only disintegrated rock in place, grad-




