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G k n e r a l  C h a r a c t e r  o f  t h e  D omes

In the granite areas of the Sierra Nevada are many lulls and other 
summits having the form of domes. A few of the domes are sym
metric, with approximately circular or oval bases, but the majority are 
somewhat one-sided or irregular. Associated with these domelike
forms are closely related structures. The granite is divided into curved 
plates or sheets which wrap around the topographic forms. The removal 
of one discloses another, and the domes seem at the surface to be com
posed, like an onion, of enwrapping layers.

T h e o r ie s  o f  R e l a t io n  B e t w e e n  S t r u c t u r e  a n d  F orm

In explanation of these peculiar forms and structures two general 
theories have been advanced.* According to one theory the separation 
of the granite into curved plates is an original structure, antedating the 
sculpture of the country and determining the peculiarities of form.

* H . W. T u rn er gives a digest of opinions, with references, in Proc. Cai. Acad. Sci., 3d Her., 
Geology, vol. 1, pp. 312- 315. To hi* enumeration may be added M uir (Am. Assoc. Adv. Sci. Proc., 
vol. 23, pp. 61- 62) and Le Conte (Elem ents of Geology, 4th ed., pp. 283- 284), both on the side of 
original structure,

V—Bum.. Gkol. 8oc. Am. Vol.. 15, 1903 (29)

 on July 20, 2015gsabulletin.gsapubs.orgDownloaded from 

http://gsabulletin.gsapubs.org/


30 G. K. GILBERT— DOMES AND DOME STRUCTURE

According to the other theory the structure originated subsequently 
to the form, and was caused by some reaction from the surface. Visit
ing the Sierra in the summer of 1903, I had these two theories in mind, 
and sought for characters by which they might be tested.

The dome structure appears not to extend downward and inward in
definitely, but to be limited to a somewhat shallow zone. The oppor
tunities for observing this fact of distribution are not numerous, and, so 
far as I am aware, are found only on what are called half domes—that 
is, domes that have been pared away on one side so as to exhibit the 
structure in section. The Half dome at the head of Yosemite valley,

which has been described by several writers, 
has been undercut in the development of the 
glacial trough of Tenaya creek, so that its
northwestern part has fallen away. The curved
plates are there seen (figure 1) to occupy a 
very moderate depth, probably not more than 
50 feet, while beneath them the rock is mass
ive, except as vertical shear planes or joints 
have developed parallel to the flat face. In

F ig u re  1.—Section o f  the H a lf
Dome, shotting the relation o f the another instance the estimated depth of the 
dome structure to the surface and zone of dome structure is about the same, and 
tojomU- in a third instance about 100 feet. This down-

tô he awe'shownTn pfate ward limitation of the zone appears to me
favorable to the second theory. If the struct

ure were original, one would expect to find it continuing indefinitely 
downward and inward.

The structure is not restricted to domes. In some districts the walls
of canyons, the sides of ridges, and the bottoms of trough valleys are
characterized by partings approximately parallel to the surface. (See 
plate 3, figures 1 and 2.) These partings are not ordinary joints, but 
are distinguished by curvature, and their forms of curvature are always 
adjusted to the general shapes of the topography. In the last respect 
they differ greatly from the structures produced by folding of strata. 
The curves of folded strata are diversely related to topographic features. 
A syncline may be found in a valley or on a hilltop, and an anticline 
may have either of these positions; but in dome structure each anti
cline coincides with a summit and each syncline with a valley. If the 
dome structure were original, we should expect that it would often be 
traversed discordantly by superposed drainage and dissection, and the 
fact of its accordance with features of dissection is therefore unfavorable 
to the theory that it is an original structure.
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RELATION' OF STRICTU RE TO TOPOGRAPHY 31

Where the granite is divided by a solitary joint into distinct masses, the 
dome structure of each mass is independent of Jhe structure developed in 
its neighbor (figure 1). The curves of the dome structure do not cross the 
joint plane, and are thus shown to be newer than the joint. This phenom
enon is not favorable to the view that the structure is original.

These considerations, as they were developed gradually in the field, led 
me to abandon altogether the hypothesis that the structure was developed 
either in the original constitution of the granite or at some early stage in 
its history, and to adopt the alternative view that it followed the produc
tion of the principal topographic features and was in some way condi
tioned by the surface forms.

R e l a t io n  o f  D o m e  S t r u c t u r e  to  P l a n e  J o in t in g

The dome structure appears to have been developed only in massive 
rock; that is to say, it is not found in rock which is divided by systems 
of parallel plane joints. Through large areas the granite is divided by 
such joint systems into angular blocks (plate 4, figure 1), and in these 
areas the peculiar domes do not appear. I thought at one time that the 
two types of partings might be correlated with certain rock types, but 
this tentative generalization was afterward completely disproved. There 
are at least three prominent and broadly exposed types of granite in 
the Sierra which exhibit dome structure, and each of these is also char
acterized in some different locality by plane joints. It is easy to under
stand that the existence of either system of partings within the rock 
might, by facilitating the relief of strain, prevent the development of the 
other system, so that their mutual exclusiveness gives no indication of 
their relative age. But there is independent reason for assigning a 
greater age to the plane joint systems. The dome structure, being con
ditioned by surface forms, is in each locality more recent than the topo
graphic features; but the topographic sculpture is superposed on the 
systems of plane joints. Minor details of form show the influence of 
joint structure, but features of the rank of hill and valley are notably 
independent, their trends making all angles with the strikes of joint 
systems.

Joints and other division planes are aids to erosion, whether the pro
cess be subaerial or glacial. When in ordinary jointing several sets of 
division planes intersect and the rock is separated into blocks, weathering 
and transportation are both facilitated. In dome structure there is but 
a single set of division planes, and the broad rock plates are almost as 
resistant as a continuous mass. It results that the granite masses divided
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32 <i. K. GILBERT— DOMES AND DOME STRUCTURE

only by dome structure tend to survive general degradation, and often 
to stand forth as prominent hills.

T h e  Q u e s t io n  o f  C a u s e

In the effort to pass from the general phenomena of dome structure to 
its cause, I have found instruction in a comparison of the disrupting 
effects of expansion and contraction. When a forest fire sweeps over a 
rocky hillside the surfaces of rocks are rapidly heated and thereby ex
panded. The result is a sort of exfoliation. Flakes of rock, broad in 
comparison with their thickness, break loose and fall away (plate 4, 
figure 2). Thus the effect of surface expansion is to develop partings 
approximately parallel to the original exterior. The effect of contraction 
is illustrated by the cooling of a lava stream or dike. The cooling and 
contraction begin at the surface, and there develop a plexus of cracks, 
which are propagated downward or inward as cooling proceeds. These 
cracks are normal to the surface, and they separate the rock into normal 
columns. Comparing dome structure with these familiar types, it seems 
evident that it should be ascribed to expansion rather than to contrac
tion, and we are led to inquire what natural process or processes may 
have expanded the Sierra granite at the surface.

Heating is naturally the first to suggest itself. Diurnal and annual 
changes of temperature may be dismissed at once, because their influ
ence penetrates but a small distance. Secular changes penetrate farther, 
and may be quantitatively adequate. Secular warming after glaciation 
may have been a vcra causa, but its discussion is complicated by the fact 
that the dome structure, or at least its principal part, antedated a large 
amount of glacial erosion. If the structure originated with Pleistocene 
climatic changes, the changes must have pertained to an early epoch of 
glaciation.

A second process developing expansive force is weathering, and here 
again future investigation may discover a true cause; but to cursory 
and inexpert observation the granites of the Sierra in the glaciated dis
trict appear to be unaltered.

A third process—one as to which we have no direct knowledge—is 
dilatation from unloading. When the granite came into existence by 
the cooling of the parent magma it was buried under a deep cover of 
older rock. Because of that cover it was subject to compressive stress, 
and that compressive stress was of course balanced by internal expan
sive stress competent to cause actual expansion if the external pressure 
were removed. As in course of time the load was in fact gradually 
removed, the compressive stress was diminished and the expansive
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stress became operative. Pari passu with this release of expansive stress 
there was cooling, and the effect of the cooling was to diminish expan
sive stress ; and the result may have been complicated by other stress 
factors. So long as the pressure of superjacent material was great, the 
equilibrium of stresses was approximately adjusted by flowage ; but as 
the descending surface of degradation approached the granite, flowage 
diminished, and it ultimately ceased. The final adjustment was by 
change of volume, the change being contraction if lowering of tempera
ture was a more important factor than relief from load, and expansion 
if relief from load was the more important factor. In the latter case 
(which I regard as the more probable) the parts of the granite succes
sively exposed at the surface were in a condition of potential expansion, 
or tensile strain, and that strain would be relieved by the separation of 
layers through the development of division planes approximately par
allel to the surface.

While it is possible that all these processes are concerned in the pro
duction of the structure, I regard it as more probable that some one 
cause is dominant. The data at hand seem to me not to warrant a con
fident selection from the three suggested, but if the truth lies among 
them, there should be little difficulty in obtaining additional facts of 
crucial character. Certain domes, some of which I saw at a distance, 
are supposed to be outside the area of Pleistocene glaciation. If they 
exhibit thé characteristic structure, and are really extraglacial, their 
characters can not plausibly be ascribed to secular changes of climate. 
It should be possible to determine the relation of weathering to the 
structure by pétrographie study of outer and inner layers at such a 
locality as that shown in plate 3, figure 1, where glacial erosion has 
exposed a fresh section.

E x p l a n a t io n  o f  R o u n d in g

The view in plate 3, figure 1, was selected as an illustration of dome 
structure because the plates and partings of the structure are there 
shown in natural section. In the making of that section the dominant 
erosional process was glacial attrition or grinding. While this process 
has been of great importance in the sculpture of the higher parts of the 
Sierra, it is probably second in rank to glacial plucking or quarrying ; 
and glacial degradation as a whole has been small in comparison with 
subaerial degradation. In glacial plucking and in most phases of sub
aerial erosion the most active attack on rock traversed by dome structure 
is by way of the partings, and the broad outer faces of the granite plates 
are comparatively unaffected. The removal of the rock is essentially
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34 U. K. GII.liKRT— DOMES AND DOME STRUCTURE

through a process of peeling. One layer a t a tim e is carried away, an d  
the surface a t each stage coincides approxim ately w ith one of the  
partings.

W hatever the cause of the d ilatation  producing the partings, they are 
formed in  succession from w ithout inward. For each one the deter
m ining strains are themselves conditioned not only by the form of the  
outer surface, bu t by the form of the  last m ade parting. Parallelism  is 
not perfect bu t,approxim ate, and the departures from strict parallelism  
are of such nature  as to reduce or om it angles and other features of 
irregularity. The inner partings reflect only the general features of the  
external sculpture. As peeling progresses and the zone of com petent 
strain  moves inw ard, the outer surfaces are successively more and more 
sim ple in  contour, and the newly developed partings are endowed with 
still greater sim plicity.

Opposed to the rounding process is corrasion. The a ttrition  of a 
detritus-arm ed stream  or glacier saws through the rock plates w ith little 
regard for the presence or absence of partings. By so doing i t  creates 
d iscordant elem ents of topography and  rhodifies the  conditions under 
which th e  expansive strains are developed. In  the Sierra the effects of 
glacial corrasion are a t present conspicuous. By the corrasion of the 
Tenaya trough the base of H alf dome was sapped, so th a t a p art was 
sheared off by gravity, producing a vertical flat face (figure 1), in  w hich 
the structureless nucleus was exposed. In  this face the “ dome struc t
ure ” was developed, but, being conditioned by a plane outer surface, 
the new partings are plane (except a t the edges), and thus sim ulate 
ordinary plane joints.
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F i g u r e  2 . — P a r t  o r  t h k  S o u t h e a s t  W a l l  o r  L i t t l k  Y o s ë m j l t k  V a l l e y , s h o w i n g  D o m e  S t r u c t u r e  
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ILLUSTRATIONS 35

E x p l a n a t i o n  o f  P l a t e s  

P l a t e  1 .— Fairview Dome

This oome, sometimes called Tuolumne m onum ent, is in  th e  Sierra Nevada, west 
o f Tuolum ne meadows. In  common w ith the surrounding country, it  is o f granite. 
I t  stands a t  the  edge of a  plateau, its sum m it being 800 feet above one base and
1,300 feet above th e  o th er; it  is not above tim berline, b u t is bare of trees, because 
in  the absence of jo in ts they  get no foothold. Pleistocene ice covered it, flowing 
from rig h t to left and from distance to foreground.

P i.a t e  2 .—Dome Structure in  the Yosemite Region

F ig u r e  1.—H alf Dome, a t east end of Yosemite Valley, seen from th e  so u th ; from 
a  photograph by C. D. W alcott.

The view shows th e  convex side of th e  dome, in w hich the  struct
ure closely parallels the surface. The height above the  nearer 
base is about 1,500 fe e t; above th e  fa rther base a t righ t 900 feet. 
The dome was covered by Pleistocene ice, which moved from the 
righ t and from the  distance. The surface is treeless, because 
devoid of joints. No rock bu t granite is visible in  th e  view.

The tex t contains a  cross-profile o f th e  dome.

F ig u r e  2 .—P art o f the southeast wall o f L ittle Yosemite Valley, showing dome 
structure.

The rock is granite. The valley is deeply incised in a plateau of 
relatively m ature topography. Pleistocene ice covered every
th ing  shown in the  view except th e  d is tan t crest, bu t th e  glacial 
degradation o f the upland was slight.

In  the upper parts o f th e  cliff th e  dome structure parallels th e  sur
faces of the upland topography; lower down i t  parallels th e  cliff 
face.
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36 G. K. GILBERT— DOMES AND DOME STRUCTURE

P l a t e  3 .— Dome Structure near Emerick Lake

F ig u r e  1.— Hill southeast o f Emerick Lake, U pper Merced Basin, S ierra Nevada.
T he hill, w hich is about 250  feet high, is th e  term inal and culm i

nating  point of a  long ridge of granite. T he dome structure in 
the ridge is anticlinal, changing in  th e  h ill to the  inverted canoe 
form. A t th e  extrem e right the convex or anticlinal curvature 
is seen to merge into a  concave or synclinal curvature, better 
shown in figure 2. The hill was deeply buried  by a glacier m ov
ing from left to right. Glacial erosion made th e  rock basin occu
pied by the  lake and excavated th e  hillside so as to  expose the 
dome structure in  partial section.

F ig u r e  2 .—A Syncline in  dome structure.
Em erick lake (figure 1) lies out of sight, ju s t beyond the granite 

slope a t right. Its  outlet, crossing th e  sill w ithout notable incis
ion, descends to the foreground a t left. S tructure and  topo
graphic configuration are in  harm ony. A syncline pitches toward 
th e  foreground and also (slightly) tow ard th e  lake. A t th e  lip 
of the  lake basin the cross-section is synclinal and  th e  longitudinal 
section anticlinal.

P l a t e  4 .—Joint Structure and Fire SpaUing

F ig u r e  1 .— Jointed  granite in K una Crest, Sierra Nevada.
The gran ite  is traversed by four systems of parallel plane jo in ts. 

The cliff is a t th e  head of a  glacial cirque, and th e  sloping plain 
above it belongs to preglacial topography. T he general forms of 
cirque and plain are independent o f th e  a ttitudes of th e  jo in t 
systems. Compare w ith plate 3 and  observe th e  contrast between 
jo in t structure and dome structure.

F ig u r e  2 .—Granite boulder from which spalls or flakes have been riven by the 
heat of forest or meadow fires.

T he spall a t  th e  left, still standing in  position, illustrates th e  ap 
proxim ate parallelism of fractures thus produced to  th e  ex terior 
surface. Probably in this case the  strong heating  was a t  th e  side 
and  local—as the heating would be, for example, i f  th e  log a t  th e  
righ t should be bu rned—and th e  small size o f th e  spall was de
term ined by th e  localization of th e  heat.
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F i g u r e  2 . — A S y n c i . i n e  i n  D o m e  S t r u c t u r e  

DO M E S TR U C T U R E  NEAR E M E R IC K  LAKE
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F i g u r e  1 . — J o i n t e d  G r a n i t i : i n  K u n a  C r e s t , S i e r r a  N e v a d a

b U R E  2 . — G r a n i t e  B o u l d e r  f r o m  w h i c h  S p a i . l s  o r  F l a k e s  h a v e  b e e n  R i v e n  b y  t h e  H e a t  o f  F o r e s t  o r  M e a d o w

F i r e s

J O IN T  S T R U C T U R E  A N D  F IR E  SPA LLING

 on July 20, 2015gsabulletin.gsapubs.orgDownloaded from 

http://gsabulletin.gsapubs.org/


Geological Society of America Bulletin

doi: 10.1130/GSAB-15-29
 1904;15, no. 1;29-36Geological Society of America Bulletin

 
G. K. GILBERT
 
Domes and dome structure of the high Sierra
 
 

Email alerting services

article
when new articles cite this
to receive free e-mail alerts 

www.gsapubs.org/cgi/alertsclick 

Subscribe

Society of America Bulletin
to subscribe to Geological 
www.gsapubs.org/subscriptions/
click 

Permission request

 to contact GSAcopyrt.htm#gsa
http://www.geosociety.org/pubs/
click 

the Society.
presented in this publication do not reflect official positions of
citizenship, gender, religion, or political viewpoint. Opinions 
and positions by scientists worldwide, regardless of their race,
this and other forums for the presentation of diverse opinions 
includes a reference to the article's full citation. GSA provides
own or their organization's Web site providing the posting 
authors may post the abstracts only of their articles on their
science. This file may not be posted to any Web site, but 
noncommercial use in classrooms to further education and
to make unlimited copies of items in GSA's journals for 

andtable, and/or a brief paragraph of text in subsequent works 
singlefees or further requests to GSA, to use a single figure, a 

Individual scientists are hereby granted permission, without
government employees within scope of their employment. 
Copyright not claimed on content prepared wholly by U.S.

America
© 1904 Geological Society of

 on July 20, 2015gsabulletin.gsapubs.orgDownloaded from 

http://gsabulletin.gsapubs.org/cgi/alerts
http://gsabulletin.gsapubs.org/subscriptions/index.ac.dtl
http://www.geosociety.org/pubs/copyrt.htm#gsa
http://www.geosociety.org/pubs/copyrt.htm#gsa
http://gsabulletin.gsapubs.org/


Notes

America
© 1904 Geological Society of

 on July 20, 2015gsabulletin.gsapubs.orgDownloaded from 

http://gsabulletin.gsapubs.org/



