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



GRANITIC DOMES OF THE MOHAVE DESERT,
CALIFORNIA

BY

WILLIAM MORRIS DAVIS

Batch Graduate School of the Geological Sciences
California Institute of Technology

Pasadena, California

TABLE O F C O N T E N T S

Summary

Introduction

Part I. The theory of dome development
The form of graded divides
The development of concave profiles
The development of convex profiles
Rock-floor robbing by sheetfloods
Degradation of desert domes
Terminology
Panfan or dome
The boulder-clad mountain face '
Valleys in arid granitic mountains
Degradation of non-granitic mountains

Part II . Examples of unfinished and finished granitic domes.
The Granite Mountains
The pass between Bullion and Sheephole Mountains
The unsymmetrical Storrow Dome
An unsymmetrical member of the Bullion Mountains
The Kelso Mountains
The Cima Dome
The Noble Domes
Low-grade domes between Barstow and Lancaster
The Cuddeback Arch
Two granite arches near Needles
Other desert arches
Desert granitic domes on the Sierra Nevada
Examples of non-granitic desert mountains
Mounts of resistant rock on granitic domes
Concluding remarks

References



214 SAN DIEGO SOCIETY OF NATURAL HISTORY

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.
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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-
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ually passing into firm rock several feet underground. This is because,
while the disintegration of a granitic mountain face causes its slow retreat,
the disintegration of the floor at the mountain base slowly progresses
downward; but while the steep mountain face is stripped of most of its
finer waste, the floor is not. It appears to be with reference to the action of
sheetfloods on this sheathing of disintegrated detritus that Lawson re-
marks: "Corrasion by running water is quite a subordinate part of the
process by which desert mountains are degraded" (28:4) ; for corrasion
is the process by which firm rock is worn away by water-borne detritus. It
may be added that the surface of the disintegrated rock usually presents
a much larger proportion of grains (or of angular scraps in non-granitic
masses) than is found just below the surface, where fine sand and silt are
plentiful; thus suggesting that they have been removed from the surface
by the wind. A truly bare rock surface is found in rock domes only after
active erosion, instigated by some change of conditions, removes the dis-
integrated rock.

It may be stated as a corollary to the above principle of rock-floor
robbing that, even when the retreating remnant of a large and lofty mass
of whatever form is eventually narrowed to a high, sharp-crested ridge,
the detritus delivered from it will still satisfy the carrying power of the
sheetfloods until the ridge is reduced to small height; only thereafter must
the profile of the graded floor become convex. Inasmuch as the beginning
of rock-floor convexity is here delayed until the originally large mass is
reduced to a narrow ridge, the convexity will characterize only a small part
of the completed profile. Such a mass will be, if elongated, a round-crested
ridge instead of a broad arch; if ovoid, it will be a round-topped cone
instead of a broad dome.

On the other hand, in the case of a broad and low mass, the retreat-
ing face will, at an early stage of its retreat, fail to shed detritus in suf-
ficient quantity to satisfy its sheetfloods, and the convexity of the com-
pleted rock floor resulting from the back-wearing of such a mass will be
early initiated. When such a mass is completely graded it will be, if
elongated, a broadly convex arch; or if ovoid, a broadly convex dome.
This, taken in reverse order, illustrates one of the ways in which rough
inferences may be made as to the original form and altitude of an uplifted
mass after all traces of the original form have vanished.

All these graded forms will be slowly reduced to less and less con-
vexity as long as their region remains undisturbed. The manner in which
such reduction takes place deserves brief consideration.
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Degradation of Desert Domes. The most peculiar feature of dome
degradation in an arid region which drains to aggrading playas is that the
dome surface is most lowered at the top where it is flattest. It is less
lowered on the flanks where it is steepest, and it is slightly built up on the
basal slopes; but in a late stage of an arid cycle, when wind exportation
of dust from the playas may gain the upper hand, the basal slopes also
will be degraded. The agency by which the top of a dome is lowered fastest
is chiefly sheetflood robbing of disintegrated rock, as above explained;
and the manner in which the work goes forward seems to be very similar
to that of rillsheet robbing on the round-topped hills of humid climates,
as analysed by Lawson in a recent paper (1932) to which the reader will
do well to refer. The leading contrast between the two cases seems to be
that the slow degradation of the entire area, but still fastest at the convex
crests, which may be theoretically expected in a late stage of an arid cycle,
as above intimated, is continuously operative in a humid climate, because
degradation there goes on with respect to slowly lowering stream courses;
unless there also a temporary reversal of such lowering may take place
near the streams in that stage of maturity when they spontaneously
aggrade their courses slightly because their load increases after their
slopes had become graded; but as old age is approached, such aggradation
is followed by very slow and long continued degradation.

Terminology.8 In spite of the risk of incurring censure, I propose, as
may have been inferred from certain passages in the foregoing paragraphs,
to replace the terminology hitherto in use for the kind of desert mountains
here under discussion by a new one which seems to me in several respects
more appropriate. Instead of using Lawson's term, "subaerial front" for
the steep retreating slope of an upheaved mass, the ordinary term, moun-
tain face or rock face, seems to be a sufficient designation. It may be noted
that in granitic mountains, the face is craggy or bouldery; craggy where
round-weathered ledges protrude; bouldery where detached blocks linger;
finer detritus lies on it in protected nooks; also that a two-sided mountain
mass retreating from its original fault scarps will, after first acquiring
more or less indented and embayed margins and later narrowing to an
irregular ridge with a serrate crest, be worn through in graded passes and

8 The law of priority may well be followed in cases of mere nomenclature; but descrip-
tive terms often need change when the theoretical explanation which they connote is modi-
fied; and even for non-explanatory description terms later proposed are sometimes better than
earlier ones. Let the fittest survive under the law of competition.
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thus eventually be subdivided into isolated mounts, knobs and nubbins,
as in Fig. 4.

The worn-down and graded rock floor which takes the place of the re-
treating mountain face is called by Lawson the "suballuvial bench,"
although it is by no means always either bench-like or suballuvial. Bryan,
Blackwelder, King and others call it by McGee's descriptive term, pedi-

tnent (1897, 92 :4), although when it arches over a fully degraded high-
land, it occupies no such subordinate position as pediment implies.
This term should therefore be used only for young, relatively narrow,
uncompleted rock floors. It is true that, when stripped of its detrital cover
in consequence of erosion following crustal movement or climatic change,
the outer part of a bared rock floor ascending with a steeply convex frontal
slope may have something of a bench-like appearance, and I have described
a discontinuous bench of this kind on the western side of the Santa Cata-
lina Mountains in southeastern Arizona (1931); but after the degraded
surface acquires greater breadth and especially after it extends completely
over a dome summit, the term, bench, seems less acceptable than the more
non-committal binominal, rock floor, because the word, floor, although
commonly used for level surfaces, is also applied to uneven surfaces, such
as the floor of the ocean.

Moreover, while the lower part of a degraded rock floor is, truly
enough, in the earlier stages of its production, covered with detritus as
fast as it is developed, its upper part may remain bare through the later
stages of growth, except for transitory veneers of shifting waste; and
"suballuvial" must then be replaced by "subaerial." So it is replaced by
Lawson, although he gives, to my reading, too much emphasis to the per-
sistently suballuvial condition of the bench in certain statements; for
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example, when it is said that until the last summit knobs are consumed
"the suballuvial bench is, at all stages, buried" (34:4) ; again, as soon as
"the rock crest [of unreduced knobs and nubbins] vanishes," the resulting
surface "is, in its ideal completion, wholly one of aggradation, a vast
alluvial fan" (33 :4), as if the "suballuvial bench" were not visible at that
stage of the cycle.

Fortunately an opposed statement is made on a later page. "In the
late stages of the recession of the subaerial front, when its height is rela-
tively small, and the embankment is relatively broad, the latter rises very
slowly by increments that are nearly equal [ all over its surface ]; and the
hyperbola [ such being the theoretical profile of the rock floor ] approaches
very closely to a straight line and to tangency with the surface profile of
the embankment. The profiles of both the bench and the embankment,
though mathematically distinct, are then practically coincident. Under
these conditions the horizontal [up-slope?] extension of the embankment
does not keep pace with the recession of the subaerial front. Between the
upper [feather-] edge of the embankment and the base of the front there
is evolved a graded rock slope. The suballuvial bench becomes at this stage
a subaerial bench, across which the detritus from the vanishing front is
swept by sheetfloods in times of cloudburst, to be spread over the surface
of the embankment below. This emergence of the bench and its persist-
ence as a subaerial feature appears to be most characteristic of granite
ranges" (37:8). Then follows the passage already quoted regarding the
"bare rock surface extending.. .. without appreciable change of slope
to . . . the crest" (38:2), which should therefore be, under Lawson's
explanation, a "low rock ridge with symmetrical slopes" (31:7); but
under my explanation, a low rock arch.

Embankment does not seem a fitting term for the long-sloping detri-
tal cover which, either heading at the base of a moderately retreated moun-
tain face or feathering out up-slope on a broadly developed rock floor,
slants forward very gradually with a faintly concave profile to a playa
basin or a river valley. Bahada 9 would be, as a relative of playa, a good
name for this highly characteristic feature of the desert landscape; but
unfortunately in its original Mexican use this term does not discriminate
between the bare rock floor and its detrital cover. When the term is used

9 An English form of spelling here replaces the Spanish, bajada, just as Mohave now
replaces Mojave and canyon replaces cañon, in order to secure an approach to their Spanish
pronunciation, and to avoid the unhappy loss of that pronunciation which has taken place in
the fine word, mispronounced Cordillera, due to its not having been respelled Cordilyéra.
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Fig. 1

Fig. 2

Figs. 1, 2. Looking west and east across slightly dissected rock floor of Granite
Mountains. (Photo by Storrow)
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here it will, experimentally following Blackwelder, refer only to the detri-
tal cover.

A singular feature of a bahada, when viewed from the level floor
of the playa to which it commonly descends, is that the nearly level slope
of its lower part seems to be followed at an angle by the apparently much
steeper but in reality gently inclined slope of its upper part, as in Plate
14, Fig. 1. Yet no angular bend but only a very gradual increase of
acclivity is found as the long concave slope is ascended.

Panfan or Dome. Following his interpretation of the problem, Law-
son names the completely graded rock floor of a worn-down mass a
"panfan," because, as already quoted, he takes its surface to be, "in its
ideal completion, wholly one of aggradation, a vast alluvial fan" (33 :4).
But this is a partial statement of the case, applicable if at all only to de-
graded masses of small area and of questionable application even there,
because in their penultimate stage, when the summit ridges are diminished
to small size, the upper part of the rock floor, where it is slightly robbed,
must become bare. The term is still less appropriate for larger masses,
although in lack of another name I have used it for them in an earlier
essay (1925); for in such cases, as Lawson himself recognizes, the upper
part of the floor is, again as already quoted, a "bare rock surface" (38:3).
Inasmuch as the bare surface cannot be a blunt-angled ridge or cone but
must be more or less rounded off at the summit, the less specific term,
dome—or arch for elongated masses—seems preferable to panfan because,
while suggesting convexity of profile, it applies quite as well to a convex
mass of smoothly degraded rock as to one in which the degraded rock is
covered with alluvium. And since the term, dome, is here used for forms
of undisturbed degradation on massive crystalline rocks, it should not be
confused with salt domes of subterranean deformation, such as occur in
Texas and elsewhere.

The occurrence of broadly convex domes is, however, fully recog-
nized by Lawson, even though he calls the type example of such forms a
"mountain ridge" (26:7); but the manner of their production is not
clearly stated. Brief note is made to the effect that what is here called rock-
floor robbing causes a modification of an already produced, blunt-angled
panfan (44:5), and that this "modification would be manifest as a trans-
fer of finer material from higher to lower levels;" also that this "process
would of course be in operation long before the panfan stage, particularly
when cloudbursts were local to the fan slope and did not affect the sub-
aerial front" (44:5,6). But the effect of the process in changing the nearly
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rectilinear profile of a graded surface to a broadly convex profile before
the panfan stage is reached is not explicitly brought out.

It is, on the other hand, implied that the development of rock-floor
convexity, which must be accomplished by the erosion of the rock floor,
is postponed until after the mounts and knobs along the summit of the
slope have vanished; but that seems, as already intimated, impossible,
because the change of sheetflood action from transportation alone to
erosion and transportation together cannot be so long delayed. The
change should have begun gradually as soon as the diminution of rock-
face area causes the volume of detritus that it sheds to fall below the meas-
ure that the piedmont sheetfloods can transport. Hence a convex arch or
dome and not a blunt-angled panfan is the normal form of a degraded
granitic mountain in the desert. Such a convex form should be seen for a
time before and enduringly after the sharp, ungraded ridges, mounts and
knobs of the summit, with their bare rock faces, are all consumed.

But the graded dome is evidently not a final form. The very processes
by which its convexity is initiated continue after its completion to degrade
it to lower and lower convexity. I must therefore dissent in several respects
from Lawson's statement concerning the "panfan stage of the geomorphic
cycle of the desert," where he says: "The panfan may be regarded as an
end stage in the process of geomorphic development in the same sense that
the peneplain is an end stage of the general process of degradation in a
humid climate. The peneplain closes the cycle of degradation and is a
cut surface; the panfan closes a cycle of degradation and aggradation, is
evolved by both cutting and filling, and is a built surface" (33 : 5,6).

On the contrary, a panfan when first developed is no more an ulti-
mate form than a peneplain is. The degradational processes by which
both forms are produced continue to operate, although the rate of their
operation is retarded. I would therefore modify Lawson's statement, "with
the disappearance of the rock crest the process of degradation changes
from one of relative rapidity to one of extreme slowness" (32:7), by
pointing out that, when rock-floor robbing is recognized, the degradation
of the growing area where robbing operates was very slowly going on
before the disappearance of the rock crest. Again, it is said that the van-
ishing of the rock crest marks "a stage of geomorphic development at
which the processes of aggradation and degradation, in so far as they are
due to the agency of water, both almost cease" (32 :6) ; but it may be
better said that those processes then still continue the slower and slower
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action, as far as the graded surface is concerned, that has long been slack-
ening.

Furthermore, a fitting supplement to Lawson's analysis might carry
its elaborations a little farther by considering the case of an upheaved
granitic mass in a littoral desert, like that of southwest Africa which
Kaiser has so well studied, and showing that the playas of interior deserts
may be there represented by the unfillable ocean, so that an upheaved
granitic mass might in such a region be degraded to a dome with respect
to the standard baselevel or ocean surface, with negligible aggradation
around its margin; and such a dome would correspond to a peneplain
which is developed wholly by degradation. But the case of the peneplain
might also be elaborated from its most elementary form in which all of
an uplifted surface originally stands above baselevel, so. as to include the
more general case of an unevenly uplifted surface, part of which is occu-
pied by low-level basins which must be aggraded up to a peneplain surface
while the higher parts are worn down to it. In the first of these cases, the
playa-less panfan is wholly a cut surface, like the elementary peneplain;
in the second the peneplain is a cut-and-filled surface, like the ordinary
panfan and its playas.

In view of these somewhat carping criticisms, it is a satisfaction to
read on a later page of Lawson's essay a revision of his above quoted
statements about peneplains, comparable to the other revision in which
the existence of "bare rock floors" is recognized (37:7) after earlier in-
sistence that rock floors are always covered with detritus (33 :4, 34:4);
namely, "the peneplain is, as the term implies, a penultimate rather than
an ultimate stage of geomorphic development under persistence of uni-
form conditions. The final stage is a plain Similarly the panfan
is a penultimate stage in the reduction of the relief of the desert under
conditions of crustal stability" (44:1).

The Boulder-clad Mountain Face. The persistent steepness of the
retreating, boulder-clad face of a desert granitic mountain has been fully
explained in Lawson's essay and need not be further discussed here. The
face may be regarded as roughly graded, as I have pointed out in an earlier
article (1930, 147), in which its barren surface with scanty soil and prac-
tically no vegetation is compared with a graded and forested mountain
side in a humid climate, the slopes of which are so well soil-cloaked that
the sub-soil boulders of disintegration are completely concealed. In both
cases the slopes have acquired such declivities that the local agencies of
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transportation are nicely adjusted to the work that they have to do. It
may be added that in these steep mountain faces, just as on the sides of
narrow gorges and canyons, in bold cirque heads, precipitous caldera walls
and steep sea cliffs, the efficiency of joints in guiding the attack of the
weather is manifest and unquestionable, however inefficient they are in
giving supposed guidance to the course of graded streams in winding
valleys.

The abrupt transition from the steep and roughly graded face of a
desert granitic mountain to its gently sloping and well graded rock floor,
whether covered with detritus or not, has been specially treated by Bryan,
who shows that it is chiefly the result of the correspondingly abrupt transi-
tion from the large boulders which linger on the steep face to the granular
detritus which, after being washed down from the face, has to be swept
down the graded piedmont slope. The rarity of head-, fist- or nut-sized
rock fragments on both the steep face and the graded floor is surprising,
until it is understood that the disintegration of the smaller boulders re-
duces them directly into granular detritus. The small rock fragments that
are occasionally found on granite slopes are usually angular scraps of
quartz veins or of aplite intrusions. The same observer emphasizes the per-
sistence of constant slopes in diminishing granitic mountains: "Solitary
. . . . hills retain the same steep slope as the original mountains, but grow
gradually smaller until the last remnants are masses of boulders or single
rocks projecting above the general level" (1925, 96).

In mountains made of rocks which, unlike granite, weather into
angular blocks, scraps and grains of all sizes, the transition from the steep
upper slope of the retreating face to the gently sloping rock floor is, again
as Bryan has shown, not made abruptly in a sharp bend of the profile, but
is gradually accomplished in a sweeping curve. The contrast between such
a curve and the abrupt change of slope in granite mountains, Fig. 10, is
so striking that W. Penck's categorical denial of the occurrence of a basal
angle (1924, 157:8) is hardly warranted; for it must of course be under-
stood that, just as an angle in a road is of engineering quality, a mountain-
base angle is of a geographical rather than of a geometrical quality.

Valleys in Arid Granitic Mountains. It is to be expected that, in spite
of the prevalence of arid conditions, the highland surface of an upheaved
land mass must be traversed by wet-weather streams along valleys of pre-
upheaval erosion, or along new courses consequent on that surface as
modified by deformation; also, that such streams must incise trenches in
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the upheaved surface and thus, in cooperation with the weathering of the
trench walls, develop valleys which will in time consume all the original
highland surface, in so far as it is not consumed by the back-wearing
degradation of the original marginal scarps. This expectation is sup-
ported by the rarity with which any trace of the pre-upheaval surface can
be detected in the present-day highlands of desert mountains because of
their well-advanced dissection. Apart from a few Louderbacked ranges,
the Paso Mountains,10 recently uplifted along the Garlock fault, and the
near-by Rand Mountains are the only ranges I have seen in the region
in which the pre-uplift form is still easily recognizable.

The share taken by highland streams in the sculpturing of desert
mountains is hardly discussed in Lawson's essay. It is briefly noted that
"corrasion by running water is quite a subordinate part of the [degrada-
tional] process except in those ranges which are so high as to have a rela-
tively abundant precipitation upon their summits" (28:4). "Acute inden-
tation of the contour of the subaerial front" is said to "inhere chiefly in
the heterogeneity of the mountain mass" (46:6); streams are not men-
tioned in that connection.

Bryan places a much higher value upon stream erosion. He writes:
"The pediment is greatly increased in extent by the lateral migration of
streams at and below the mouths of canyons. Extensions of the pediment
into the mountains are common. These extensions consist of branching
valleys, many of which are two miles or more in width and reach far into
the interior of the mountain mass" (1925, 96, 97). He notes also that
"residual hills are strung out [on the pediment] in lines between the
original canyons. When the [inter-canyon] spurs become narrow they
are cut through by slope recession on both sides, and hills are left stand-
ing as outliers on the pediment." Many of these hills are "prolongations
of the inter-canyon ridges" (1925, 89, 94, 96), as is shown by his contour
map of the Sacaton Mountains and their well developed peripheral rock
floor in southeastern Arizona.11

Degradation of Non-Granitic Mountains. The forms assumed by
non-granitic, mountain-making rocks differ from those of granitic moun-

10 The name, El Paso, for these mountains is objectionable because it commonly results
in their being called "The El Paso Mountains," which is absurdly redundant. The Spanish
article is therefore omitted.

11 A question suggested by the above quotation, as to how far the canyon mouths are
widened by the lateral erosion of migrating or swinging streams, will be discussed in my
other paper, Sheetfloods and Streamfloods, referred to above.
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tains because of their less homogeneous structure and of their different
manner of disintegration. Instead of retreating from their original form
in fairly simple faces, not deeply cut by valleys, they retreat irregularly
and valleys are soon opened along their lines or belts of weakness. Instead
of changing abruptly from a steep, craggy and bouldery face to a graded
piedmont slope, as granitic mountains do, they change, as already told,
from roughly graded but somewhat ledgy faces by a smooth concave
curve to a graded piedmont slope, as Bryan has well shown. And instead
of maintaining faces of essentially uniform declivity during their retreat,
the faces tend to assume a gentler and gentler declivity as their cores of
more resistant rock yield less and less coarse detritus in virtue of being
more and more encroached upon by graded slopes.

The detrital fans formed at the valley mouths are much more promi-
nent than the corresponding piedmont fans of granite mountains, because
here the detritus in the fans is relatively coarse, and therefore their gradi-
ent is steep, their heads rise high above the base of the inter-fan mountain
face, and their outspreading fronts advance far upon the elsewhere gentler
gradient of the detrital slope.

In their penultimate stage, Fig. 5, mountain masses of this kind are
reduced to groups of low mounts or hills, each of the many members of
a group having a somewhat ledgy crest where the resistant rock core which
determines it feebly outcrops. It is to be inferred that the mount or hill
having the most resistant core will dominate the other members of its
group. The upper parts of these residual forms show little tendency to
develop convex slopes, except just over their tops, presumably because the
somewhat coarser detritus shed by the summit cores prevents the degra-
dation of the upper slopes to a diminishing declivity. These mountains
therefore show, in the penultimate stages, more ridge- or cone-like forms
than granitic mountains do.
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PART II. EXAMPLES OF UNFINISHED AND FINISHED GRANITIC DOMES

Subdivisions of the Mohave Desert Region. The Mohave Desert
region includes, in its extent of some 250 miles west-east and 150 miles
north-south, a large number of irregularly spaced mountain masses or
ranges, unlike in structure, area, pattern, height and stage of arid erosion.
They alternate with correspondingly irregular intermont depressions or
troughs, more or less heavily but always smoothly aggraded with waste
from the mountains, which overlaps on their piedmont rock floors. The
rock bottom of each trough, at depths of 1000 or 2000 feet below the
present surface of its detrital filling, is probably as uneven as the orig-
inally upheaved rock tops of the bordering mountains, so that each depres-
sion then contained separate basins, just as the mountains originally
exhibited separate summits. But while the original summits have been
dissected into innumerable peaks, many of the original basins have been
unified by aggradation in continuous trough floors, on which flat fans
form low divides between shallow playas; thus anticipating the simplicity
of the peneplains to which the mountains will be degraded when they
show only low mounds between shallow swales. Unlike the more linear
Basin Ranges farther northeast, which generally trend north-south, the
mountains of the Mohave Desert have no systematic arrangement; and
perhaps for that reason no agreement upon a subdivision of the region has
been commonly reached. It is therefore here proposed to subdivide it
somewhat arbitrarily into a number of districts, the names selected for
which as well as those of the chief towns are given in Fig. 6. The reader
will find it to his advantage, when looking over the following pages, to
bear in mind the localities there named.

Examples selected for Description. The following account of several
unfinished and finished granitic domes or arches is concerned particularly
with the evidence that they furnish with regard to the occurrence of blunt-
angled crests, according to Lawson's explanation, or of rounded crests,
according to the modification of his explanation here presented. The
examples selected for description probably differ from many others chiefly
in the purely subjective quality of happening to lie so near highways or
roads that they are easily reached. The mention of most of them therefore
does not mean that they are objectively exceptional in giving better illus-
trations of the work of arid degradation than their neighbors, but only
that they are the best examples of their several kinds that I have been
able to visit. The origin of the ranges by faulting is not often directly



Fig. 6. Outline map of the Mohave Desert region. Its chief divisions may be named as follows: In the west a broad plain known as Antelope Valley.
Next to east the Muroc-Llano district; at its mid-eastern salient lies Barstow, a center for locating other points. On the northeast is the Superior district,
about 50 miles across; on the southeast is the extensive Lucerne-Dale trough. Between these, two long irregular troughs, united at Barstow, lead east-
northeast and east-southeast. The first or Crucero-Ivanpah trough is followed by the Los Angeles-Salt Lake line of the Union Pacific Railroad; a branch
trough turns from it to Death Valley. The other or Ludlow-Cadiz trough, followed by the Santa Fé Railroad and locally floored with recent lava flows,
branches at the large Bristol playa, the Cadiz-Lanfair trough trending northeast, and the Cadiz-Vidal trough trending southeast. These branches are
separated by the Old Woman and other mountains, beyond which the Homer-Sablon trough connects them; its northern part or Piute trough is crossed
by the Santa Fé Railroad in its descent to the Colorado River near Needles.
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provable; but the Marble Mountains, Fig. 7, north of Bristol playa, show
a manifest discordance of baseline to monoclinal structure; and farther
northeast the northern part of the Piute Range is thinly Louderbacked,
as in Fig. 8, thus indicating that upfaulting has been concerned in the
production of these two ranges at least; also that for the second example
and therefore probably for many of its neighbors, the district had been
reduced to low relief before upfaulting took place: in other words, the
district was then a part of the vast "Powell surface."

The occurrence of many rugged mountains interrupting the desert's
broad expanse shows that their upheaval has been too recent to permit
their reduction to completely graded, penultimate forms; but the long,
smoothly graded slopes which flank many of the ranges, giving them fan-
dented or fan-bayed patterns, show that since their uplift, a somewhat
prolonged period of rest has permitted a good advance in their cycle of
arid erosion. Some of the ranges still reach far down toward the flat axial

Fig. 8. Louderbacked scarp of the northern Piute Mountains, looking west.

floors of the aggraded intermont troughs, where they are wrapped around
by floodsheets of detritus from their less salient parts; others have receded
until they occupy only a minor part of the highland by which two inter-
mont troughs are separated; and occasionally the floodsheets of detritus,
doubtless concealing a graded rock floor at less and less depth for much of
their ascent, rise towards a smooth skyline arch which, as in Fig. 9,
replaces a degraded range. With the probable exception of those which
ascend to or nearly to a crest line, these graded slopes exemplify the cor-
rectness of the Paige-Lawson principle that rock floors are covered with
detritus as fast as they are produced. Most of the upper slopes are of
astonishing rectilinearity, as shown in Fig. 10.


