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A Portion of' the San Andreas Rift 

in Southern California 

by 

Robert E. Wallaee 

ABSTRI\CT 

A portion of' the San Andreas rift along the south side of 

t he Mohave Desert between Palmdale and Elizaberbh Lake has been 

mapped and described in this paper ~ The details of geology and 

geomorphology have been analyzed and their si.gnifice.noe in regard 

to the intea~retation of the genesis of the rift has been dis-

cussed. 

The area includes four principal geomorphic and geologie 

divisions; a portion of the Mohave Desert, two parallel ridge 

zones and an intervening trough which marks the rift. The two 

ridge zones are pr1.neipally old crystalline rooks whereas the 

trough zone is underlain principally by a long nar.row strip of' 

Tertiar y sediments. These sediments outcrop in a low noenter ... 

trough11 ridge and most are part of the Anaverda formation which, 

on the basis of paleobotanical evidence~ is believed to be of 

Pliocene age. Other Tertiary formations are the V squez volcanics, 

presumably Oligocene, t;he Pleistocene Harold beds, and an arkose of 

undetermined age possibly older than ·the named Tertiary formation s 

of the area. The pre senee of thi s long, narrow strip of sediments 

bemveen two crystalline masses was a problem for hieh no eon• 

elusive evidence was f ound. 
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Two structural trends are prominent in the area. The older 

rooks of the ridge zonGs are distributed in more or less bands 

striking east or slightly north o£ east. This trend is cut by the 

rift which in this area has a strike of approxima~e ly N. 65° w. 

'l'hare is e. suggEJ£tion ·that 'the east-trending s·bruetures are older 

than the rift and related to a different period of diastrophism. 

Terrace deposits and offset streams suggest a horizontal 

displacement along the rift of the order of 5 - 6 miles since 

Pleistocene ti.'llle. Tb. north side of the rif't moved southeast with 

re$pect to the south side. A block of Pelona schist north of the 

rift has an apparent horizontal displae~ment of 9 miles in the 

opposite directi on to that indicated by recent faulting and stream 

offsets. This relationship is believed to be only apparent and 

possibly the result of vertical displacements and stripping. 

Terraces on the ridge blocks and in the rift zone indicate 

a great amount of 11 juggling" of the blocks in and adjacent to the 

rift. Considerable vertical displacement along the rirt is also 

i ndicated. The drainage along the rift and in the surrounding 

e.:reas has frequently been interrupted. reversedll and otherwise 

changed by the repeated tectonic activity along t he rift. Wind 

gaps; stream captures and unadjusted streams are fea·tures which 

have resulted. 



INTRODUCTION 

Purpose and nature of study 
- - -

In a general sense ·the purpose of the p\')Sent study 'vas to 

add a small unit to the stock of information t hat mu s·t be obtained 

before a final understanding of t he nature of the San Andreas rif't 

can be realized. Such a study naturally includes an Lnvestigation 

and analysis of both geologS.c and geomorphic features . Specific 

geologic features which challenged investigation included the 

presence of tt tectoni c block which apparently had been shifted 

horizontally in u direction opposite to that found t o be the 

normal ease along ot her pa rts of the rift . The long narrow strip 

of sediments which follows the rirt aleo offered possibilities of 

supplying raignU'icant data relating to the structure of the rift 

zone. 

One important consideration was the fact that the area chosan 

continued westward from a st.rip between Palmdale and cajon Pass 

that has been, and is being n·.apped, by L. F. Nobla. and that the 

continuity thus otfared would be of mutual advantage in the inter-

pretation of both area s.. T'ne e:vnila.bility of excellent topographic 

maps and aerial photogr&phs t hat could be used as base map s w..ade 

the area ideal from that e·bandpoint. The area was also easily 

accessible by good roads. 

Locat ion and size of area 
-~---------

The portion of tho San Andreas rift mapped in connection with 

the present investigation lies approximately 35 miles north of the 

business dis·crict of t he city of Los Angeles . The aree. lies a long 



the north flank of the Sierra Pelona Mountains and exte~As from the 

southern Pacifie railway tracks a few miles south of Pal1ndale west 

·to approximately a mile west of Elizabeth Lake. It includes 

Portal Ridge, Ritt er Ridge, and the adjacent portions of that pat't 

o£ too Mohave Desert known as Antelope Valley. Approxiinately 117 

square miles are included in the map on plate I which represents a 

strip approximately five and e. half miles wide and twenty miles long. 

Field work 

Field work was carried on during the two academic years 

1940-41 and 1941•42. Mapping was done on a scale of one inch to a 

thousand feet both on photographic enlargements of the u. s. Geo­

logical survey topographic maps of Los Angeles county and on aerial 

photographs obtained from the Agricultural Adjustment Administration 

of the u. s. Department of Agriculture. The geology was som~1hat 

simplified and draf~ed in the offiee onto the original Geological 

Survey maps which are on a seale of one to twenty-four thousand. 

The aerial photographs used were on a scale of approximately one 

1neh to a. thousand :feet and were taken by Fairchild Aerial Surveys, 

Inc. After the declaration of a national emer gency in 1941 when 

aerial photographs could no longer be obtained from ·the Government 

bureau, dditional photographs were obtained directly f'rom the 

Fairchild company, but were contact prints on a scale of approxi• 

mately one inch to two t housand feet instead of the enlargements 

of ~vice that size obtained from the Agricultural Adjustment 

Adl:'l ini stration. 
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Plate 2. Aerial view of the San Andreas rift looking 
northwest from above Palmdale reservoir. 
The four geologic and geomorphic divisions 
are clearly shown. On the left is Sierra 
Pelona Ridge; near the center of the picture, 
the trough and Portal Ridge; on the right, 
the Mohave Desert. 'rhe low, center-trough 
ridge can also be seen as well as stream 
divergence by the rift. Photograph by 
Fairchild Aerial Surveys , Inc. 
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Cli:n~, vegetation and culture 

The climate of the area is arid, the annual rainfall being 

approximately 10 inches. Some of the precipitation in the 

higher parts of Sierra Pelona. Ri dge is in the form of snow. 

Most of the pre~ipitation ia during December. January and February. 

During the summer midday temperatures are usually 100° F. or more, 

but nigh~ temperatures are often as low as 60° F. Temperatures 
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during January and February teorranonly reach a minimum of 100 F. 

The vegetation consists principally Qf grassea and 1~ 

shrubs in the fault trough and on the Mohave Desert. Several 

varieties of age are present; including the common ~rtemisia 

-Eridentata and Artemisia frigid • In some sections of these l011r 

areas which are better watered Joehua trees, Yucca brevifola. gr(}W. 

The common. low variety of yucca. Yucca elata , i~ also abundant 

as are several varieties of oaetus. Poplars and wi1lo~s grow along 

the edges of sag ponds and creeks. and in protected valleys several 

varieties of live oak are present . Juniper grows on the hill 

slopes and in some localities grows to 15 or more feet high. In 

places these junipers form such a thick undergrov~h that passage 

through them is almost impossible. A few isolated pines grow 

on the north slopes of Sierra Pelona Ridge near the crest . The 

tow.n of Palmdale is principally a shipping center for the produce 

of the southern part of Antelope Valley. a part of the Mohave 

Desert. Livestock is raised on the ranches situated in the trough, 

and hay is the chief crop. A fet~V orchards grow in the protected 

valleys which receive water from Sierra Pelona ridge. In the 

Mohave Desert on the alluvial slopes of Portal Ridge hay and 

various grains are grown. Water is pumped from wells which tap 

subsurface drainage through the alluvium. Considerable irrigation 

i necessary in this ar a. 

B!_velopment of . theo;ries regarding ~ ~Andreas ~ 

Apparently the first published account in scientific litera• 

ture vthich recognized the presence of an important structural 
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break along the line of' the Sa.n .Andreas rift was a paper by 
1/ 

A. c. Lawson- entitled "The Post ... Plioeene Diastrophism of the 

-------------------- ----------------------------- -------
]:/Lawson, A ~ c., The Post ... Plioeene Diastrophism of: the Coast 
o£ Southern California; Univ. Calif. Bull. Dept .. Geol. # vol~ 1, 
no . 4, P• 151, 1893. 

Coe.st of Southern California"• tn this paper., published in 1893f 

Law son stated: 

''The line of derr.e.rcation between the l iooene and the 
Mesozoic rocks# which extends from Mussel Rock southea stward# ie 
in part, also , the trace of e. post-Pliocene fault . The greet 
19lide on the north eide of Mussel Rook is near the land terminus of 
this fault zone, where it intersects the shore line. Movement on 
this fault zone is still in progress~ A series o£ depressions or 
sinks. occupied by ponds j marks its eoursa. Modern fault scarps in 
the Pliocene terrane are features of the country traversed by it.n 

In the United States Geologioal Survey annual report for l896g 
y 

1897, J . D. Schuyler indicated that the ''great earthquake erack11 

Y Schuyler, J . D., Reservoirs for Irrigation: u. s. Geol. Survey 
18th Annual Report , parb IV, PP• 711~712 , 1896-1897. 

was well kno-.m over considerable distance as he states: 

"This remarkable line of fraoture ean be traced for nearly 
200 miles through San Bernardino, Los Angeles, Kern, and San Luis 
Obispo oounties~ and deviates but slightly here ·and there from a 
direct course of about N. 60° to 65° w. There appears to have been 
a distinct ''fault ' ' along the line, t he portion lying south of the 
line having sunken, and that to the north of it being raised in a 
well .. defined ridge. In many places along the great crack ponds and 
springs make their appearance ~ and water can be bad in tells at 
little depth anywhere on the south side of the ridge before menp 
tioned. " 

He further mentioned geomorphic features observed in his study 

of the Alpine reservoir (ncvJ Palmdale reservoir) as follows: 
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"This reservoir- .. lies directly in the line of what is kno m 
as 1the great earthquake crack • of this region~ which is marked 
by a series of similar basins behind a distinct ridge that a.p­
pell\rs to ha~e been the result of the great seismic disturbance." 

y 
F. M. i\nderson in 1899 desoribed the rift in the region 

Y Anderson, F. M. • The Geology of the Point Reyes Peninsula: Bull. 
Dept . Geol., Univ. Cal., vol. 2. no. 5; 1899. 

north of San Francisco in the Point Reyes Peninsula area . 

Investigations previous to the earthquake of 1S06, ~ere con• 

earned mostly \nth the geomorphic features of the rift, and struo• 

tural significance ~as little understood. Most of the features 

observed were attributed to vertical movements along the rift and 

since no horizontal shears of sueh nature had been recognized pre• 

viously in the world, it is not surprising that the significance of 

·the features that indicate horizontal offset were completely over-

looked. 

The attention of geologist s was immediately centered on the 

rift following the disaster of 1906, and Governor Pardee of Calif-

ornia immediately appointed a committee to investigate the rift 

features. The project was financed by the Carnegie Institute of 
y 

Washington and was headed by Andrew c. Lawson. Tbe results or 

4/ Law on, A. c. and others, The California Earthquake of April 18, 
T906: Carnegie 1nst. of ·,Yash. ll l:ilb .. no. 87, 1908. 

--------~------------------------------------------------------
this investi ation were published in 1908. 

During the 1906 earthquake displacements along the faul·t dis-
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played vividly the horizontal aspeot of t he movement. Jl. s a result 

of the studies of the phenomena a ssociated with this movement~ 

y 
n, F. Reid formulated and published hi s elastie-rebom1d t heory of 

·-------------·-... 
!t Reid, H. F,~ The Elastic-Rebound TheGry of Earthqu~tas: Univ. 
or calif' .. Pub. , Bull. Dept. of Gaol., vol, 6 , pp ~ 413 .. 444, 1911. 

earthquakes . Interest ~as also creat~d in all t he faults of Calif-

ornia, and in the report of ·the California Earthquake Commission a 

map showing the distribution of known major faults of the Coa~~ 

Ranges of Californic. was published. The San Andrea s r if·t was 

traced for a distance of 530 miles from Point l~ana t o Whit~ a ter 

Canyon and the geomorphic as well as major structural fe~rcures are 

described in the r eport of the California. Earthquake Collll'ni ssion. 

The general charact ers of the rift as recognized by the commission 

may be briefl y indicated by the following quotations f r om their 

report . 
y 

------~--------·-·-------"---------

y I.,ai'Json, A. c. and others . 'rhe California Earthquake of April 
18, .. , 1906: Carnegie nst .. of Wa shington, Vol. ! , pt. 1. P• 2, 
1908~ 

'The pl ane or zone on which the rupture took place is . so far 
as can be determined from a study of the surface phenomena, 
nearl y vertical; and upon this vertical plane there occurred a 
horizontal displ acement of the earth's crust or at ieast 3f its 
upper part. The displ acement was such as to cause the country to 
the southwest of the r :i.rt line to be moved northwesterly r la­
t ively to the country on the northeast s ide of that line. The 
differential displ acement in a horizontal direction was probably 
not le ss than 10 feet for the greater part of the r ift; in many 
places it measured over 15 feet, and in one place as much as 
21 feet . 11 

Of the geomorphology they summarized as f ollows: 

"Throughout this entire distance it lies along depr-essions or 
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at the base of steep slopes whioh are either the direct result 
of crustal displacement or of stream erosion. operating with ex­
oeptiontil.l facility along lines of d1. sple.cem.ent. There can be no 
doubt that the displacements have been recurrent thru a consid­
ere.ble part , if not the whole of Pleistocene time .• and that in 
parts of its extent,. at least , the movements have taken place on 
fault-lines \Vhioh originated in pre-Miocene time. The later move~ 
ments on this line have given rise to minor features hich subaerial 
and st ream eros~on have not yet obliterated, and it is these minor 
features chieS.'ly hieh have attracted attention to the Rift by 
reason of t~eir striking contra t with more common geomorphic forms 
due to erosion. These mino1 fentures are ~hiefly low sc r ps and 
troughs bounded on one or both sides by low, ab~ipt ridges in which 
:frequently lie ponds or swamps of quite small extent .. " 

Once the magnitude of the San Andreas rift was recognized, it 

was frequently called the "master fault" of California. Indeed, 

it can be classed as a major world tectonic feature. The complex-

:ty and magnitude ot the processes involved in the development of 

the San Andreas rirt are such that it is probably true that only 

little of the final understanding has been realized after over hal£ 

a century of study. 

The next important contribution to t he study of the San 
!I 

Andreas rif't w s thtl.t of L. F. Noble in paper entitled "The San 

!) Noble, L.· F~, The Snn Andreas Rift and Some Other Active Faults 
in the Desert Region of Southeastern California: Carnegie Inst. of 
~ash., Year Book no. 25, 1925-26 

Also: Bull. of the Seismol. Soc. of Amer., vol. 17, P• 31 1 

1927. 

Andreas Rift and Some Other Act ive Fault in the Df:sart Region of 

Sottblmaster:n California". In this paper Noble suggested the order 

of magnitude of the horizontal displacements in the po~tion of th 

Rift from Cajon Pass to Palmdale along the north sida of the San 

Gabr iel Mountains to be possibly 24 miles since ioeene tima. He 
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stated: 

"The distribution of certain Tertiary rook masses along the 
master fault affords a suggestion that a horizontal shift of many 
miles has taken place along the t'i:tt - On the north side of the 
fault, near Cajon Pass t a small block o£ strata lithologically 
similar to beds in the Martinez formation at Rock Creek ie assoc­
iated with Mint Canyon beds. The only other exposure of Martinez 
associated with Mint canyon beds anywhere in this region lies on 
the opposite side of the fault at Rook Creek, twenty-four miles 
northwest of the locality in Cajon Pass. At both localities the 
beds of both formations are so intricately faulted that a di • 
placement of any magnitude is conceivable, and it thus appears 
possible that horizontal mov-ements along the fault have dragged 
the rock ... ma.ssGs north of the fault to the southeast in rela.'tion 
to those south of the fault~ or have dragge.d the masses south of 
the fault to the no:rth,wes·t; in relation to those north of the 
fault . " 

Noble likmvise considered the San Andr as rift to be of con­
sider able antiquity. 

ffThe distribution of the Pre-Tertiary rocks along the rift 
indicates that movements took place upon it e.s far baok as late 
Mesozoic or early Tertiary time. The first movements whose date 
can be established approxil'nately, however, took place at 8:lme 
period between l ate Miocene and early Quaternary time, beca.us . 
they involve the upper Miocene Mint Canyon formation but not a 
formation that is believed to be either late Pliooene or early 
Quaternary or both. " 

That horizontal displacements of the order of many miles oc-
!Y 

eurred elsmvhere on associated faults v~s suggested by Vickery 

fter studying the Sunol fault of the Livermore region. Vickery 

Y Vickery, F. P., The Structural Dynamics of' the Livermore 
Region; Jr. of Geol. , vol. 33, PP• 6·8-628, 1925. 

found that: 

"Measuring between corresponding points, namely. the southerly 
intersection of the Briones contact with the fault , the strike 
shift is 12 miles. Between two L~ver Miocene looa~ities character­
ized by the abundance of Peeten propatulus Conrad the measurement 
is 13 miles, and between "€no (the only two) Pliocene rhyoli't;ic 
localities, it is 9 miles . Similarly, near Alum Rock Park sandy 
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Briones beds which rest on Temblor opalized shale on the westerly 
side of the S.unol :fault correspond to a similar seri.es south of 
the San Felipe Valley.. The strike shirt is again 12 miles." 

Contra.sting with this concept of the r ift being an old f a.tur 

with horizontal displacements of the order of t ens of miles is the 

!I 
interpretation of Tal i aferro. His conclusions are stated in his 

s'l.llllmary as fo 11 ow s : 

-----------------------------------------------------------
!/Taliaferro, N. L •• Geologie History and Structure of tha Cen­
t ral Coa st Ra nges of California: State of Calif. Div. of Minas 
Bull. no. 118 & 161, 1943 

ft l. The San Ani reas zone roughly coincides with a zone of 
profound Eocene faulting which marks the boundary between the 
ancient crystalline basement and Mesozoic rocks. Hcwtever, the two 
do not always agree, and the later zone may be wholly within either 
the crystalline ba sement or the Mesozoic rocks . 

112. The movement has been chiefly horizontal but in that 
part of the r ift north of Parkfield the horizontal shift has been 
smallg and has not been greater than l mile and probably even less. 

113. The horizontal shifting along t he San Andreas zone is a 
very late featureg e.s it cuts across struc·cures and topography 
developed in the late Pliocene and mid•Pleistoeen • Although a 
major structural feature. the effects produced by all of t he l ate 
Pleistocene nd Recant movements along it have not been compar­
able ith those which resulted from the Plio•Pleistocene 
diastrophism. It has produced no important modi~lcation of either 
the structure or topography formed by these diastrophisms . 

"4• The supposed branches or *barbs' are actually earlier 
faults '1hich were formed by a very different type of mov(i)IDen·t, 
and which may be t raced across the San Andreas. No 1mportant 
faults~branch off from the San Andreas north of Parkfield with 
the possible exception of the Ha~vard; even in this ease a 
direct connection betv1een the two has not been established. " 

In addition to this contx·adiction to Iioble 1s suggesti on of 

great displacement is the fact that n~n vertebrate material has 

been obtained from tha beds which were correlated tentativel y on 
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the basis of lithology by Noble and used as evidence suggesting 

24 miles of displacement. The vertebrate material has been 
1:21 

studied by Dr. Chester Stock• and a parently indicates a differ• 

!2( Stocki Chester~ oral communication. 

enee in age of the Cajon beds (likened to Mint Canyon beds by Noble) 

which outcrop north of the ~irt near Cajon Pass and the Punch Bowl 

beds which occur south of the rift near Rock Creek. Areheohippus 

has been found .in the C jon beds and therefore limits the age to 

not younger than lower upper Miocene. whereas several large equine 

forms found in the Punch Bcw'l beds indicate at least an upper Upper 

Miocene age and possibly even a Pliocene age for that section. 

Even so, in the san Gabriel section of the rift the horizontal 

displacements appear to have been more than one mile as Taliaferro 

suggested 1as possibly the maximum in the Parkfield area. During 

'vork eondueted with L. F • Noble for the United States Geological 
!Y 

survey, c. L. Ga.zin found evidence hieh lead him to make the 

following conclusions: 

11/ Gazin,. c. L., unpublished r eport. -
"The Pelona schist gravel in the Pearland and Little Rock 

quadrangles suggests a minimum displacement of 5 - 6 milea. Fur­
thermore. at many places the physiography north of the rift hns 
changed markedly du:ring the pe1·iod between the deposi·tion of the 
first and last gravels. The oldest gravels were deposited be~ore 
the present stream channels were defined. The largest stre~ 
channel , Li t tle Rock Creek, shows as much as a mile displacement. 
!t seems reasonable to suppose that in roan. eases streams cross­
i ng the rift northward have had their lower portions displ aced so 
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as to receive drainage from the next creek eastward." 

Another suggestion by Noble is that the shifting bas been 

even greater than the 24 miles. There is a possibility the San 

Gabriel Mountains and h San Bernardino Mountains represent a 

structural block that has been split by the San Andreas rift. 

!£ this were true., the San Berne.r i :ao Mountains lying north of 

the rift ould have been shifted eastward with respe¢t to the San 

.!!! 
Gabriels, a diste.noe of the order of 70 miles. lloble. however. 

~ No~le , L. F., The San Andr ~s Rift in the Desert Region o£ 
Sout~astern California: Carnegie Inst. Washington, Year Book 
No• 31. P• 368, 1932Q 

though apparently of the opinion that the horizontal movements have 

been great, points out very clearly that there is no definite proof 

of great displacements~ He summarized: 

"In brief, the only reasonable conclusion fl"om the evidence 
available seems to be this - a horizontal shH't of many miles along 
the fault is possible but no concl usive stratigraphie evidence of it 
is obtainable and the structural evidence, although suggestive. does 
not amount to proof. That hori zontal shifts of a mile or even of 
several miles have taken plnce is reasonably certain from topo• 
graphic evidence available, yet it is not certain that t hese move­
ment s have been consistently in the same direction throughout 
g ologio time . Reversal of horizontal movement on ~he fault at 
different times and p ces i s seemingly conceivable if the physio• 
graphic evidence is actually and not ppa.rently 'contradictory." 

Returning to the question of the age of t he Rift and the differ-

enc~in opinion expressed by Noble and by Taliaferro , suggestions by 
J:Y 

other investigators may be added. Willis indicated that the Rift 

13/ Willis. Dailey, San Andreas Rift, California: Jr. of Gaol ., 
VOl. XLVI11 no. s. p.. 811~ 1938. 
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is a. relatively ancient :feature e.a follows: 

nThe relation of the rift to young topographic features and 
to post-Tertia.ry formations suffice to show that it has been 
active since pre-Pleistocene t~e. ·-· The general relations 
which have been describe and which cl rly indicate that the 
various fe.ults , folds , and minor fea·ture.s may be interpreted a ., 
effects of one and the srune system of contemporaneous strosse's , 
repeatedly active and repeatedly inaetive since Mesozoic ·time, eon ... 
firm the impre ssion that the rift is an ancient structural feature . 
Some details tend to support that i-nference. There is ~ for in~ 
stance, the case of the occurrence of ~anita boulders in fossil­
iferous Eocene strata in ·che very strike-sliJ zone of' the rift 
itself. It clearly sh s that the granite was exposed on the 
fault li:-:1e in that immedia'ce vicinity in Eocene time." 

}J;j 
Likewise Reed and Hollister · expressed a view ob'taine ~ from 

1!( Reed, R. D., Hollister, J . s., Structural Evolution of Southern 
california: Am. Assoc. Petroleum Geologists, P• 84, 1936. 

pal eogeographic evidence tr · t the line of the San Andreas rift was 

marked out before late Jurassic ttme. 

nzr the views previously expressed as to Lower Mesoz ic 
paleogeography are correet , it follows that the northern part of 
the course of the san Andreas fault as marked out ~ though not 
necessarily followed by a fracture , before th late Jurassic.. H; 
was then a boundary between a negative and a po.sitive area. " 

~~st of the geQlogists who have worked on the rift realize 

that there is e.s yet little evidence to prove conclusively the 

!V 
validity of either view. Reed ap~ly expressed this variance 

l!/ Reed, n. D., Hollister, J . s., Geology of California: •\m• 
Assoe. Petroleum Geologists, P• 38, 1933. 

in interpretation due to lack of sufficient investigation as 

follows: 

"Among the geolegists moat fnmilie.r with different parts of 
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the long course of the fault. the notions held about its nature 
and history are very diverse. To some it is an ancient f eature 
which has dominated the geological events along its coura.e and 
even throughout much of the Coast Ranges since the Jurassic at 
lea st 111 To others it is a recent :feature, nerb.aps developed out 
of individual faults which were older, but. only welded together 
in Pliocene time or later. At present there iel' on the whole. 
little more reason for holding one of these view.s tfi..an the o:bher . 
The problema involved in the study of the rift are so w.st and 
far-reaching that the amount of work hitherto devoted to them iS 
entirely inadequate for their eol.ution." 

Although, as has been shown, there is wide divergence of opin ... 

ion regarding much of the hietory and nature of the San Andreas 

rift, one point of i..'llterpretation seems to b generally accepted 

by most geologists, that ia ,. that the rift is due to compressional 

forees o The exact orientation of the forces ia not \vithout ques~ 

tion., bUt the int.erprete.tion of the rift .features as being indica-

tive of shearing and compressional rather than tensional forces 

.!V 
is almost universally accepted among geologists. Noble 

1.2/ Noble , L. F. • The San. Andreas Rirt in the Desert Region of 
Southeastern California s Carnegie lns·b . Washington,. Year Book 
no. 31, P• 358, 1932. 

emphasized this point as follows: 

"Except the plane of the main fault , which appears to be 
nearly vertical, the planes of nearly all the associated or branch• 
ing faults are the planes of reverse faults. At place after place 
in the rift zone, one encounters slab of pre-Tertiary granite 
thrust over younger upturned Tertiary beds." 

~ 
Buwalda has studied one such prominent thrust plat in the 

!J.! Buwalda. J . P,., oral communication. 

Tejon ass region. He found that Fraser Mountain is an isolated 

16 



slab of gr~itic rock resting on Tertiary sediments. 

!Y 
Hill believed the San Gabriel Mountains o£ southern 

18/ Hill, M. L. , Structure of the San Gabriel Mountains: Univ, 
0r California Pub. Geol .. Sci ., vol. 19, PP• 137•170, 1930• 

California to be essentiAlly an inverted prism which is being 
.!Y 

forced upward by lateral compression. V~illis stated: 

~ Vlillis, Bailey, f>an Andreas Rirt, California: Jr. of Gaol., 
vol. XLVI, no. a, P• 802, 1938. 

ttThe phenomena of secondary shears, thrusts, folds, which are 
very generally associated with the San Andreas rift, as also with 
other strike-slip fa~lts, are results clearly attributable to such 
compression. " 

~ 
Taliaferro recognized many thrust faults near the San 

!2/ Taliaferro, N~ L. , Geologie History and Structure of the 
Central Coast Ranges of Califor.niaf State of California Div. of 
Mines Bull. no • 118, p. 160, 1943. 

Andreas rift but considers them as "earlier fault~ which ware 

formed by a very different type of movement, and which may be 

·traced across the later linen , 

Some major questions regarding the nature and history of the 

San Andreas rift that cannot yet be answered mny be summarized a 

:follows : 

1. Is the San And reas rirt an old feature dating back to 

early Tertiary or pre-Tertiary time? Noble, Willis, and others 

have suggested this to be the ease . 
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2. Or is the San fo4!dreas rift, that is the strike-slip 

movement, an extremely recent feature cutting "indiscriminately11 

across structural features formed by "earlier and very different 

type movement" as Taliaferro has suggested. 

3. Is the horizontal offset of the Rift measured in many 

miles as Gaz1n and Noble have thought? 

4. Or is the movement less than a mile as Taliaferro be-

lieves he has found in the central Coast Ranges? 

5. Or is the mov0ment variable on different portions of the 

j;;,ift to an extent that would account for this ve.rianca of appar• 

ant movement? 

6. Has the rift possibly changed direction of movement as 

is suggested by the apparently reverse offset of the block of Pre• 

Cambrian Pelona schist near Palmdale. California? 

The fact that such basic problems still remain unsolved indi• 

cates the complexity of the feature.s associated with the San 

Andreas rift. for certainly such problems as these ould seem to be 

the first that could be answered. 

Previous geologic work in the area of this investigation ---- .;::;._ ...... ..._-----__.----
The earliest published geologie account of studies centering 

in the area covered by th present investigation was that of 
. !!/ 

Schuyler in 1897. Schuyler vms interested principally in 

!!/Schuyler. J . D., Reservoirs for Irrigation; u. S,. ·Geological 
Survey 18th annual report, part IV, pp, 711-712 , 1896-1897. 

reservoir sites. In 1902 Hersey described the Pelona schist and 

18 



~Hershey, o. H., Some Crystalline Rocks of Southern California; 
.Amer. Geologist ,. vol . 29 , P• 279, 1902. 

o·bher metamorphic rocks in the area . Hill and a.ssoeia·eas made a 

reconnaissance map of the western portion of the area of present 

study in conneetion with a report whieh is in manuscript f orm on 

~ 
proposed reservoirs at Elizabeth Lake and Bouquet Cnnyon. Noble 

!!(Noble, L, F. , The San Andreas Rift and Some Other Active Faults 
in the Desert Region of Southe~tern California: Carnegie Inst. of 
Wash. , Year Book, No. 25, 1925-26, also Bull . Se1a. Soc. Amer., 
v~l. l?p PP• 25-39, 1927~ 

h.us bean studying the san Andreas rii't for a period of over t vtenty 

years with interest foeused chiefly on the area between Jalmdale 

and Cajon Pass, but has also studied many portions of the area 
~ 

covered in this report . Simpson mapped the entire Elizabeth 

~Simpson, E. C. 11 Geology and Mineral Deposits of th Elizabeth 
Lake Quadrangle, Californias 13th report of state miner logist, 
Calif. Mining Bureau . PP• 371-415, 1934. 

Lake quadrangle on a reconnaissance scale and the map and report 

were published in 1934o G zin, working ~ith Noble, in recent 

years has mapped the adjoining Pearland and Little Rook quadrangles 

in detail and also investigated the present area to some extent. 

His report is in manuscript form at present and was kindly made 

available to the writer by L. F. Noble. 

Many investigators have studied areas adjacent to the present 
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w 26 
area-. Among the more important papers are those of Kew, Miller-

and Jahns. 
§!/ 

~ Kew, w. s. w • ., Geology and Oil Resources of P ... t of Loa 
Angeles and Venture. Counties , California: u. s. Geol . sur. Bull. 
753, PP• 1~202 , 1924. 

!¥ Miller, W. J • , Geology of the 1 estern San Gabriel Mountains= 
Pub. Univ. of Calif. at Los ·Angeles , vol . l , no. l, PP• 1·114, 193-1. 

W Jahns, R. He, Stratigr-aphy of the Easternmost Ventura Basin, 
C lifornia . with a Description of a New I~wer Miocene Mammalian 
Fauna from the Tick Canyon Formation: Carnegie Inst . of Washing• 
ton, l)ub. no •. 514, PP• 145-194, 1940 • 
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STRATIGlu\.PHY AND PETROGRAPHY 

Generalized Section 

Sedimentary rocks 

Quaternary AlluvitUll------- -unconsolidated sand 
- and gravels -

Tertia ry 

.. Unconformity-

Terraces--------Undifferentiated- -
unconsolidated sand 
and gr avels. essen~ 

tially old alluvium 

Terraces--------Pelona schist detri• 
tus• •sand and gravels 
composed principally 
of mica schist and 
milky quartz cobbles 
and pebbles • • ~ - -

-Unconformity-

Plei stocene Harold beds---- sand and gravels 
poorly consolidated 

•Unconformi ty-

Pliocene? Aneverde formation- - gypsiferous 
shale - - - - -

Miocene? 
or older 

wwhite to buff con­
glomerate and arkose 

•pink to reddish con" 
glomerate and arkose 

.. unconformity-

Old arkose------brecciated and pul­
verized arkose. dark 
red brown in color 

21 

Thickness 
in feet 

0- 50 t 

0- 40 ?· 

0 -1000 

0 •800 

0 -200 

0 -100? 



Tertiary 
iiocene? 

Oligocene? 

Igneous and metamorphic rocks 

Rosamond volcanics--rhyolite 
tuff's and flO\".TG 

"'Uneonformi ty-

Vasquez voleanies-~basaltic 
and andesitic flows~ 
tuffs and breccias -

•Unconformity-

-- """' ~ ' 1 w-·-----
Pre-Tertiary 

Pre-Cambl"ian 

Granitic--intrusive; including 
pegmatitio, aplitic 
and dioritic phases, 
also gneissic and 
mafic schist zones -

Diorite intrusive, including 
granitic phases 

Gneissic complex--biotite 
schists injected by 
diorites and granites ~ 
extremely distorted 
and metamorphosed 

Pelona aohist--:snetamorphie 
complex, including 
meta-sediments, several 
intrusivesj plus quartz 
vein material 

Thickness 
in feet 

0 ... sooo ... 



Pelona schist -----
Pelona schist is the predominant rock :f'onne.tion in the area 

mapped. Rocks of this sequence crop out over most of the eastern 

portion of Portal Ridge and on Ritter Ridge . The major portion 

of Sierra Pelona Ridge is also composed of Pelona schist forming 

a block over 50 miles long from east to west so that it extends 

far west of the area mapped. 

A great varie·by of metamorphic rocks are included in the 

Pelona schist sequence. For the most part they appear to rep1·e-

sent metamorphosed sediment s ~ although some of the rook units 

almost oertainlywere originally igneous. 

The most common rock type is a mica-i"eldsper schist. The 

micas vary from pearl gray muscovite to dark brown biotite and 

are arranged in parallel planes separ ting feldspar grains. Thia 

gives the schist good clevage. All gradations i n eolor6 vary• 

ing from those rich in museovi·ce. which have a silvery sheen. 

to dark brown schists in which biotite predominates, are to be 

found . Gradations in coarseness of this miea schist range from 

very fine grained varieties, which approach a slate~like char-

acter, to relatively coarse grained mica ... feldspar ... quartz schis·ts 

which m:lght be classed a s gneisses . No general gradation from 

the top to the bottom of the schist section was observed. 

Other schistose and gneissic types of rocks are also 

present altl ough they are not as abundant as the mica schists. 

Sehists containing abundant chlorite and amphiboles are eommon. 

A schist composed almost entirely of emerald green actinolite 
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Plate 5. Outcrops of Pelona schist . 

A. Road cut 0ne-half mile south of 
Elizabeth Lake school; showing mica 
schist wi th quartz veinlets both 
eutting schiet~sity and paralleling 
~histosity. 

B. Road cut on Goode Hill road. Note 
contortion of sehist and lenticular 
quartz vein. 





Plate 6• Photomicrographs o£ quartzite in Pelona 
schist metamorphic sequence. 

A. Uncrossed nicols . showing distribution 
of garnets ( high relief mineral) in 
quartzite. X - 60 

B. Crossed ~~cols. showing recry~tallization 
and elong~ation of quartz grains. X - 60 





Plate 7. Photomicrographs of gneissic rocks in the 
Pelona schist m trunorphic sequence(' 

A. Augen gneiss, showing lleye 11 of albite 
with chlorite wrapping around it . 
Uncrossed niools. X ... 60 

B. Clinozoisite gneiss. Clinozosite in 
large blades with oligoclase,. sericitet 
actinoliteo and chlorite associated, 
Crossed nieols. x-so 





erystals is a very distinctive type found. The crystals of 

actinolite are in places several inches long and an eighth of 

n inch or more wide. White, fine grained tale commonly accom­

panies the actinolite and fills in the portions between the 

radiating actinolite needles . In somp 1oealit1es the tale pre­

dominates over the actinolite. 

An augen gneiss fo~ms several large areas of outcrop. In 

thin section it displays ehar:J.eterj.sti.es or texture and compos­

ition suggesting that it ms originally an igneous rock of 

granitic type that had been crushed and dynamically metamorphosedo 

The "eyes" of the gneiss are composed of recrystallized feld spar 

grains, mostly albite and oligoclase. An unusual gneiss was 

round which was composed chiefly of elinozosite. In thin section 

it could' be seen that coarse blades of c11nozosite ar surrounded 

by oligoclase which is highly serieitized. Minor constituents 

include actinolite, biotite, chlorite and :rr..agnetite. 

Quartzite beds a fev< feet thick are common in tho schist 

sequence. In hand specimen the sedimentary ehara.eter1.sties are 

al ost entirely obliterated even though there is definite bandM 

ing which is marked by fine sericite grains. In thin section 

the banding can be seen to be due chiefly to orientation of 

elongated quartz grains due to recrystallization. The elongation, 

however, apparently follow s the original orientation of bedding. 

'l'he quo.rtz grains shows ·doVIy extinction indicating strain_, and 

the borders of the grains are sutured. One specimen shol ed an 

abundance of g~.rnets which are arranged in -groups of ~rysta.ls 
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forming thin stringers parallel to the banding. Biotite, 

chlorite , sericite, and albite-oligoclase feldspars are all 

common accessory minerals of the quartzites,. 

Limastone marble beds are of common occurrence in the 

Pelona schist sequence. They are finely crystalline and are 

white to gray in color .. GraphH;e grains are common and quartz 

and fel dspars are other accessory minerals. In one locality 

epi dote was abundant where the l imestol'le he. d been altered., 

Quartz veins are abundant throughout the Pelona. schist form-

ing pods and lenses zhich follow the trend of the schistosity in 

most pl aces but which not uncommonly cut the schisosity. The 

quartz veins vary in width from e. fe·w inches to several tens o£ 

feet e.nd consist of white "bull" quartz . In most ease·s no 

sulphide or other types of mineralization accompanied the im-

placement of the quartz veins. 

The presence~£ quartzites and l imestone beds, clearly of 

sedimentary origin, interspersed throughout the mica schists was 

al so originally a sedim~nt , and its composition ~ould suggest 
EY 

that it probably ~as a shale . Hulin in analyzing a similar 

~Hulin, c. D., Geology and Ore Deposits of the Re.ndsbt~g 
Quadrangle, California: Cal1f. Stute Mining Bureau, Bul l . 95, 
p .. 26, 1925. 

ease in the Rand schist, made the fol l owing comment: 

nThe nature or these three original sediments, sandstone , 
shale and limestone# their purity and the character of their 
bedding as ell as their areal extent and their thickness ell 
leads to the belief that they represent a former series of 
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marine sediments. " 

This st tement is entirely applicable to the ease of the 

Pelona schist. The actinolite schists may represent intrusives, 

~ 
probably dikes, of mafic composition_ although Hulin suggests 

~Hulin, c. D., op . cit . , P• 27, 1925. 

that the actinolite rich zones in the Rand schist are the result of 

accumulations of basic volcanic tuffs in the original sedimentary 

s ries. 

The schist sequence is folded, in some places r ather tightly 

but commonly in relatively open folds . The folding appears to 

have been subsequent to the metamorphis~ Exposed sections of 

Pelona sehist indicate that a minimum thickness of the sequence 

is over 5, 000 f eat . It is very likely much more than that . 
!o/ 

Simpson was able to measure a thickness of more than 7, 500 feet . 

30/ Simpson, E. c., Geology and Mineral Deposits of the Eliza­
beth Lake Quadrangle , Culifornia: 13th report of the state 
mineralogist , calif. state Mining Bureau, P• 378, 1934. 

The Pelona schist is suggested to be Archean in age by its 

eorrela·tion with the Rand schist which Hulin suggested is Archean. 

!Y 
Hulin's deseription of the petrography of the Rand schist in 

~HUlin, c. D., Geology and Or Deposits at t he Randsburg 
Quadrangl • California: Calif. Stat Mining Bureau, Bull. 95, 
P• 23. 1925. 

26 



the Randsburg quadrangle might as well be a description of the 

Pelona schist . Simpson has also compared the two schist and has 

ecncluded that they are correlatives. Hulin suggested a prob­

ably Archean age for t he Rand schist after noting that Paleozoic 

sediments in nearby mountain ranges are practically unaltered in 

comparison to the Rand schist . The Placerita formation~ das-
32/ 

cribed by Mi ller;-- which crops out near the western end of the 

~Miller , w. J.~ Geology o£ the W stern San Gabriel Mountains 
of California: Pub ; . Uni. of' California at Los Angeles in 
math. and phya. sciences ~ vol. 1. no. 1, P• 411 1934. 

San Gabriel Mountains in Plaeerita Canyon, me.y also be a eorrela-

tive of the Pelona schist. It is also a series of meta ... sediments 

of pre sumable pre- Cambrian age. 

:Y 
Miller, however, did not believe that ·they are eorrele.• 

·--------·-------------------------------------------------
~ Miller, w. J. , Geology of the Western San Gabriel Mountains 
of California: Pub. Univ. of Calif. at Los Angel es, volo 1, 
no. 11 P• 63, 1934. 

tives and analysed t he situation as follows: 

ftA formation very sirl'lilar to the schist just described, 
and correlated with it by Noble~ is extensively developed in the 
Sierra Pelona Mountains some miles to the northwest of the San~ 
Gabriel untains. It is called the :fpelona schist'• by Hersn:ey. 

~ Hershey, o. R., Some Crystalline Rocks of Southern California: 
- ~ Geol., vol . 29, P• 276, 1902. 
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This formation is different from the mota-sediments associated 
with the Placerita , and unlike the latter. has not been cut and 
more or less thoroughly injected lit-pa~lit by granite. The 

laoerita formation is therefore believed to be older than the• 
Pelona schist, and; if the latter is either pre~Cambrian or 
possibly early f>alaozo:l.c, the Placerita is almost certainly 
pre""'Crunbrian and probably older pre-Cambrian (Aroheozoie) .. 11 

~ 
Hulin poirrced ou·c in describing the Rand schist: 

~ Hulin, c~ D•• op . cito, P• 29, 1926 

"The most noticeable fee.ture of the Rand schis·t is the con­
cordance which exists everywhere between the flat lying sohist~ 
osity and the bedding. " 

In the Pelo11a schist the schistosity also parallels the bed-

ding, Hulin continued hi.s discussion; 

"The slight amount of folding which has effected these 
schists,. haVG been developed horizontally and the pressur es in ... 
volved were vertical . 'fhe effects of lateral compression nr 
s·l:;rictly absent." 

Although the Pelona schist has been ~bjected to much raore 

lateral compression than Hulin indicated as true for the Rand 

aohie·t , the predominance of schistose structures following orig• 

inal bedding planes in the Pelona schist indicates that those 

structures must have been developed essentially hori zontally. 

The Pelona schist locally is highly contorted as might be ex-

~acted in an area so close to the San Andreas rifte 

Gneissic complex 

Two principal areas of gneissic complex outcrops are pre• 

sent on the mth side of: the rift. One . band of gneiss a half 

mile to one and one-half miles wide extends southwest from near 

Palmdale reservoir to the edge of the area mapped. A variety of 



crystalline rocks are present in this zone. A dark colored, 

hornblende .. quartz diorite band trends east-northeast parallel to 

the general strike of the gneissie zone and possibly represents 

a metamorphosed dike which had been intruded into the gnei$S• In 

general the zone is a complex o£ hornblende•feldspar~mica gneisses 

profusely intruded by e;ranitic dikes which are themselves somewhat 

gneissic in structure, Some of' the intrusive dikes are o£ the 

order of a hundred feet ·wide. A few small limeertone horizons 

were found and suggested that this gneissic zone may represent 

essentially a section of Pelona schist thoroughly injected with 

granitic dike rocks. There very likely have been several periods 

of intrusion of the original schist complex. 

The other area of gneiss borders the south side of Leonia 

Valley and extends from Grass Mountain east to approximately one 

and one-half miles west of the Bouquet canyon road. This zone 

iS a mixture of several gneissic., schistose, and igneous roek 

types, The typical gneiss of this area can be seen on the road 

from San Franeisquito Pa ss to Grass Mountain lookout . It con• 

eists of alternating light and dark layers~ each from a fraction 

of an inch to several inches thick, in fairly regular bands which 

are twisted and folded into extremely complex structures. The 

dark bands are commonly colored by dark biotite and the light 

bands are principally feldspars and ~uartz . In some places the 

gneiss appears very similar to the Pelona schist. but in gen­

eral it contains much more granitic material. Much of it may 

represent Pelonn schist vhich has been thoroughly injeoted •vith 
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granite a.nd later folded and contorted. 

The age o:f this complex can be indicated only by indirect 

~ 
correla:tions. The San Gabriel formation described by Miller 

~Miller, w. J., Geology of the Western San Gabriel . untains 
of California: Pub. Univ. of Calif. at Loa Angeles, vol. l , 
no. 1, P• 49, 1934• 

in th$ San Gabriel Mountains is apparently similar to t he meta• 

morphie•igneous complex described here. The San Gabriel formation 

comprises a m.ixture or so- called Rubio meta.diorite, Placerita meta• 

sediments, and an old granite, presumably the Echo granite. Miller 

!!./ Miller, w. ~T ., Geology of the '1eatern San Gabriel Mountains 
of California: Pub. Univ. of Calif. at Los Angeles, vol. 1, 
no. 1, P• 65, 1934. 

came t0 the following conclusion regarding the age of the San 

Gabriel formation: 

'~he available evidence. then. points to the pre~Cambrian; 
~nd probably older pre-Cambrian age of the Placerita, Rubio 
iorite and metadiorite, and Echo granite fo~Ations, as well as 

the greater part · of the San Gabriel formation , but it must be 
a&nitted tmt the age is .not absolutely proved." 

It seems very probable that at least some of the gneissic 

zone in the area mapped is formed by the injection of Pelona achiat 

by younger gran~tea , so that it should be considered younger than 

the schist. 

Diorite 

A mile south of P lmdale reservoir bordering the block of 

Vasquez vole~nics on the .north and west sides is an igneous mass 

2J.I 



~hieh is slightly more ba sic than most of the granatoid rocks. 

Although many portions o£ this block are true granite. much or the 

mass can be clnssed as a diorite. The rock is typically brown to 

reddish and contains little or no quartz. It is definitely in 

rault contact with the Vasquez aeries and is thrust up against 

and over the volcanics . The northwestern boundary was mapped as 

a gradational contact because no sharp contact was observed. It 

may or may not be a fault . At the northeastern end of the eon­

tact veins several feet vide of nearly pure ealc~te crop out . 

Tbi.s vein material suggests fracture openings along a fault . ln 

a. road cut which is in the gneiss near the eonte.ct the gneiss 

is thorougoly injected wi·th the granitic rooks suggesting that 

the main contact is essentially an intrusive one. No other evi• 

d~nee, hQwever, was observed to indicate the nature of the con­

taot. 

Granite 

Several large blceks of igneous rooks of a granitic type are 

present in the area studied,. The detailed relationships of the 

gn iasic and schistose zones to the granite were not mapped. The 

granite blocks as mapped, thorefore, represent areas which are 

predominantly granite ,~~ but · mich also have gneis.sic zones m1d 

inclusions of several types of metamorphic rooks. 1nwra dips 

and strikes are found on the map in e.r as indicated a s granite, 

they represent the orientation of local gneissic structures. 

North of the Hitchbrook fault in the Elizabeth Lake dis• 

triot is the largest exposure of granite mapped . ln hand apeci• 

51 



mens the granite i white~ burr. or pinkish colored and gradu­

ations in texture vary from coarse, e.lmost pegmatitie. to very 

fine grained. Microscopically it is found to be a typical granite 

with large amounts of quartz and albite in sub-equal proportions 

and with orthoclase an.d microcline both being common. Mafic con­

stituents are relati vely scarce throughout large portions of the 

gre.nite11 but where present brown biotite and hornblende are the 

most common mineral s . 

The granite block bordering the rift: south of Elizabeth Lake 

is petrographically similar to that north of the rift. 

Appr~ximately one mile ~est of Leonie Sohool a long narrow 

fault slice is principally granite; however, several gneissic 

zones are present. These zones s '_,rike across the trend of the 

block approximately paralleling the regional trend of the schist .. 

ose and gneissic zones south and north of the r ift zone. This 

fact tends to support the interpretation that the cross struc­

tures are es ~enti&lly cut by the San Andreas rift and are not 

genetically related to the same tectonic forces. 

The block of' gr anitic rocks along the south border of Leonie 

Valley which extends west of Bouquet Canyon approximately two 

miles is composed of a. white to buff colored granite on ite ea st­

ern end which grades into more e.nd more gneissic rocks toward 

the west . The western bound-ary drawn on the map represents a grad• 

ational contact. West of t he contact the rock is predominantly 

gneissic although considerable granite is also present. The 

contact may be intrusive with granite b ing injected into the 



Plage 8. Photomicrographs of granite. 

A. Granite eobble from Anaverde conglomer­
atic arkose . Note laek of mafic 
constituents. Crossed Nicols. X - 60 

B. Granite from Portal Ridge north o£ 
Elizabeth Lake. Note lack of mafic 
constituents. Crossed niools . X - 60 





gneiss along the contact in a lit-par-lit manner . ~hera good 

exposures of the gneiss are found it can be seen that the granite 

is intimately injected into the gneiss in the form of various 

size dikes and sills.. In thin section it was found th.l'l. t the white 

granite commonly had less than 5 per cent mafic constituenbs. 

Nor·bh of the ri.rt, approximately two miles west of Palmdale 

is a prominent l'idge composed of granitic rocks.. Most of the 

ridge is a white to buff colored granite, but along a reverse 

fault which dips south into the rift , darker colored granite ha s 

been brought into contact with the white granite. k t t he western 

end of this ridge at the mouth of Leonis Valley a small patch 

of Pelona schist outcrops, and the granite is apparently in i~ 

trusive eonta.ot with it. Although the contact is not well ex­

posed, garnets in t he mica schists indicate that the Palone. schist 

has been metamorphosed by t he intruding granite . Excluding the 

depositional contacts of a lluvium, all other contacts of the 

block are faults . On the north side of the shale body just east 

of the mouth of Anaverde Valley small granite outcrops are found 

indicating that a thin body of granite represents an eastern ex­

tension or the large bloek. This stringer is apparently bordered 

by faults on both the nor·th and south side. 

Uear Vincent on the est side of Soledad Pass a block of 

granite is faulted against the Vasquez volcanics. 

As far as the evidence in the aree. studied is concerned, t he 

age of this granite can only be limited to post-Pelona schist 

time and pre-Va squez time . This broad range S.ncludes all of the 
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Paleozoic , Mesczoie , Eocene and Oligocene. The granite, however 1 

:ts apparently similar to some of the intrusives in the San 

~ 
Gabriel ~~ttntains which have been grouped by Miller under the 

:name of Lowe granodiorite. Miller has tentatively assigned these 

38/ Miller, !V. J. , Geology of the ~":estern San Gabriel Mountains 
Ol California: Pub. Univ- Calif. at Los Ang las, vol . 1, no. 1, 
PP• 62•63, 1934. 

roeks to the late Jurassic epoch on the basis of the relationship 

of similar intrusives elsewhere in southern California to sedi~ 

ments of known age. In the santa Moniee Mountains upper Cretaceous 

sediments tmconforma.bly overlie similar igneous rooks and el se-

where similar granitic rocks intrude Triassic slates. Having 

essentially limited the age to the Jurassic , Miller favors call· 

ing them upper Jurassic because of the known upper Jurassie age 

of the Sierra Nevada batholith. It is quite evident that the 

age correlation of these rocks needs further verification. 

Old arkose 

A sediment which is highly brecciated and mylonite-like 

appears to be distinct from the Anaverde formation. Outcrops of 

this roek are present along the north side of the center-trough 

ridge from approximately one mile east of the junction of the 

Bouquet Canyon road and the Pine Canyon - Elizabeth Lake road to a 

point approxime,tely four and a half miles west of the junction. 

The exposures are poor and commonly are of dark reddish-brown 

color . In only a few places were whole pebbles and cobbles ob• 
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served to prove the sedimentary nature of the roek 11 and even those 

were highly altered. Elsewhere the rock is so badly alt ered that 

no original structure could be distinguished. 

No suggestion of age is 'possible exeept t hat the color of the 

weathered outerops appears similar to some outcrops of the Vas-

quez fanglomerate&. 

Toward the west end of t he area of outcrops this rock lies 

on top of Anaverd sediment s, but the rock is so much more highly 

altered and "older looking" t han the Anaverde sediments that this 

relationship i s believed to be due to overthrusting or over-

turning as a result of compression within the center-trough ridge. 

~qu!!. formation 

In an' area. of approximately'i three square miles. bordering 

·the west side of Soledad ?ass, basalt and andesite flows a..Tld cor-

responding breccias and tuffs of the Vasquez formation crop out. 

The outcrops of the formation are confined to the south side of 

the rift.t The Vasquez formation s originally named the 
~ 

Escondido formation by Hershey~ but inasmuch as that name was 

~Hershey~ o. H.~ Ca l i f • Univ. Pub• Dept . Gaol • Bull~ vol. 3• 
pl• 1; map, 1902 . 

. . !o/' 
preoccupied# Sharp proposed t he name vasquez, Sharp measured 

40/Sharp, R. P.~ Geology of Ravenna Quadrangle: .. an•..r\meN Geol., 
VOl• 639 no. 4, P• 314. 1935 

a aection of the vas@uez formation in the R~venna quadrangle 
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which is just south of the area mapped and found an approximate 

thickness of 9, 000 feet of fanglomerates and 4,000 feet of 

basalts. Only the volcanics are exposed in the area mapped, and 

represent a thickness of approximately 3, 000 feet . 

The lavas range in texture from massive , fine- grained 

basalts and andesites to amygdaloidal and vesicular rooks . The 

amygdules are commonly filled with an agate deposit which 

weathers out of the basalt in the form of agate nodules. Some 

of the nodules are several inches i n di .etar .. The flows are 

predomino.ntly andesites and basalts. The surfaces of the flows 

were apparently very irr gular so that tuffs deposited on their 

surfaces and. later covered by other flows , now form irregular 

lenticular bodies. The tuffs are of a cr ystal-Hthio-vitrie 

type, and contain a pproximately 80 percent glassy ~~terial 

hav.i.ng an index of refraction near 1. 49 , which corresponds to 

a composition approximately 75 percent Si02• The erystallin0 

portion of the tuff consists chiefly of andesine and l~bradorite 

feldspar with some quartz, biotite and other minor accessories. 

The rock fragments included in the tuff are of' the same types as 

the floH rocks in which the tuffs are interbedded. In hand speei-

men most of the vitrie portions of the tuffs have a distinctive 

green color. No specific cause for the color was determined , 

although it could possibly be due to ferrous iron or small q1.1an-

tities of copper in the glass . 

!!/ Jahns has tentatively determined the age of the Vasquez 
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Plate 9.. Photomicrographs of' Va5quez tuffs .. 

A. and B. Note shards ~nd crystal fr~gm0nts. 
Uncr()ssed nieols . X ... 60 





~ Ja~~s , R. Ro. Stratigraphy of the Easternmost Ventura Basin, 
California 11 with a Description of e. Ne 1 Lower Miocene Me.tmnnlion 
Fauna from the Tick Canyon Formation: Carnegie Inst . Washington» 
pub., no. 514, P• 170_ 1940. 

to be Oligocene, probably corresponding to at least a part· of the 

sespe . This determination is based on the presence of lower 

t! iocene, Tick Canyon b~ds overlying the ve.sque~ , and the fact that 

l~~e~ Eocene Martinez beds lie unconform~bly below the Vasquez. 

A Oonunit·te~ of' the 1 aJ.eontological Socie·ty of .Amed.ea Sf has since 

£/ Wood., H. E. and committee, Nomenclature and Correlation of 
the North American Continental Tertiary1 Bull. ~ Soc. 
tuneriea, vol . 52, PP• 1-48, 1 pl. , 1941. a~ · 

assS.gned the Tick Canyon formation to the middle Miocene age in 

correlating the continental Tertiary deposits of North America. 

There is, hov;ever , a slight discrepancy between the middle Ter-

tiary age correlations based on vertebrate and invertebrate 

fossil ~Aterial . The vertebrate correlation tends to place the 

forrr..a.tions slightly higher in the time seale than does the in ... 

vertebrate correlation. 

~ 
Others have assigned the Vasquez to the middle Miocene 

~Simpson, E• c., Geology and Mineral Deposits of the Elizabeth 
Lake Quadrangle, California: 13th report of the State mineralogist , 
California state mining bureau, p. 391, 1934 

,!V Miller , ~N. J ., Geology of : estern San Gabriel Mountains: 
Univ. of Calif. at Los Angeles pub. , vol. 1, P• 70, 1934. 
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chiefly on the basis of a possible correlation of the vasquez 

volcanics with the flows of the middle Miocene •ropanga forma-

tion. 

The flows are out by many faults . but due to the difficulty 

of distinguishing individual flows. the fractures are somewhat 

obscureo The northern border of the outcrop area is a reverse 

fault a long which dioritic and granitic rocks have been moved 

up and over the volcanics . The flows are folded into e s3~oline 

Tihich parallels the strike of the fault and probably was for.ined 

contemporaneously with the f aulting. Near the center of the 

outcrop area mapped a tabular body of basalt lies in a nearly 

horizontal position over truncated tuff and lava beds vmich stand 

nearly vertically. :No other evidence supports the suggestion 

that the basalt flowed over the truncated ends of the uptilted 

beds, which would indicate two periods of vulcanism separated by 

a period of tilting and erosion. Inasmuch as this is an isolated 

ease of such a relationship. it is pr obably better explain0d as a 

result of thrust :faulting within the formation and is evidence 

of the extr e tt juggling" of' blocks in the areas e.dja.oent to the 

rift. 

Rosamond volcanics 

On the north side of Portal Ridge~ several small patches of 

rhyolitic rocks are present . They presumably represent the Rosa-
~ 

mond series which is widespread in the Mopave Desert area. Simpson 

~ Simpson, E. c., Geology ~d Mineral Deposits of the Elizabeth 
Lake Quadrangle. California: 13th report of state mineralogist , 
Calif. ~tlning Bureau, P• 400. 1934. 
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reported a thickness of over 4 , 500 feet of' Rosamond beds in the 

~ 
r~irmont Hills. Merriam determined th~t tha upper portion of 

~ tierriam, J . c. , Tertiary Manw.e.lian Fr..unas of the Mohave 
Desert: Univ. Calif. Publ . u Dept . Gaol. Bull. , vol . 11, PP• 
438-585, 1919 . 

the Rosamond series is Upper Miocene on the basis of vertebrate 

r emains . The r hyolite volcanics present in the area mapped by 

the writer appe. rent;ly are in the lower part of the Rosamond as 

described by Simpson. Presumably t his lower part of the section 

is also of Miocene age but this fact must be verified. 

The la rgest outcrop of rhyolitic volcanics lies along the 

north side of the Hitchbrook fault so that it is fault ed aga inst 

Pelona schist . The r ock is white to buff color in hand specimen 

and is r ather por ous. In this section it was found to be es-

sential ly a crystal~lithio t uf f 1ith fragments of rhyolite. 

quartz and :f'eJ.dspar in a fine- grained ~roundmass. Some of the 

r ock fra gments are composed of :fine-grained chalcedony-like 

quartz as is mueh of the groundm~ ss . The whole mass appears to 

have been highly silicified. 

A small outcrop of r hyolite was found protruding t hrough the 

alluvium in one pl ace suggesting that more volcanic material is 

covered by alluvium. 

On the easte:r•nmost gr anitic block north of' the Hitchbrook 

fault . a small patch of rhyolitic debris was found fragment s of 

which were angular and not water worn, suggesting that i't ws.s a 
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rem~~nt of rhyolite in place. Two other similar patches were 

found on the Pelona schist block south of the Hitchbrook fault . 

The rock is a rhyolite porphyry with phenocrys·t;s of quartz and 

albite-oligoclase feldspars in a fine-grained ground1r.ass. The 

hand specimens are brown due to iron staining. 

lf these patches of rhyolite were extruded in Miocene times 

und flowed over a surface cut on Pelona schist . the schist block 

must have been exposed at least that early in time . That f eet is 

signifioa.nt when it is considered that the Anaverde formation, 

deposit~d in Pliocene times, and now adjacent to the Pelona schist 

block, contains no schist detritus . The probl em is discus sed 

further in t he section on stru.cture ( see P• 43 }l..nd P• 101) • 

Anaverde formation 

The bnaverde formati on is the principal Tertiary fo~~tion 

present in the rii't zone between Palmdale e.nd Elizabeth Lake. 
~ 

Gazin named the formation after Anavarde Valley where t here 

~ Ga.zin, c. L., unpubli shed report~ 

are fairly good exposures of the sediments . Correlation of the 

various units is difficult because most contacts in the rift zone 

are faults. The basal portion of the series is a pink to reddish 

arkose in whieh granitio eobbles are present though not abundant . 
~ 

Gazin ha s reported this basal arkose to rest wlth depositional 

!!/ Gazin, c. L., unpublished report . 
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eontaet on top of granite with pink feldspar, but this relation­

ship wa s not observed by the autholi~ in the area studied. The red 

arkose is lenticular in places and grades laterally into the buff 

colored arkoae which eonn11only overlies it .. The thiclmess o£ the 

red arkose appears t~ be approximately 200 feet in some local ities. 

Above the red arkose is a buff-colored arkose that is the 

predominant unit o£ the formation. It is more conglomeratic than 

the red arkose nd in some phoes contains boulders up to a foot 

in diameter although the common sizes range from pebbles of a frac­

tion of an inch i n diameter to cobbles having a diameter of 3 or 4 

inches. The cobbles are almost all gr anite and in only a f~ 

places were gneissi cobbles fom1d. The -top part of this unit has 

shale and siltstones interbedded !lith the arkose. The arkose is 

commonly well indurated and in several localities weathers to 

form prominent ledges as do the conglomerates of the Cajon and 

Punoh''lbwl formations . The maximum thickness of this unit is 

probably not much more th~n 800 feet whieh is approxiwAtely the 

greatest thickness exposed in a single fault block. 

The top portion of the Anaverde formation is composed of 

shales and siltstones. The sh le is highly gypsiferous and in the 

principal body of shale which lies juot north of Palmdale resar~ 

voir , considerable mining of the gypsum h~s been arried on in 

small open pits . In one f ult block the shale is apR~oximately 
1000 feet thick. In the area mapped it was not ascertained with 

certainty that this 1000 feet or shale is actually continuous above 

the arkose and since no fossil material which could be used for 
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correlation he.s been found in the shale it may actually repre .. 

sent another formation. The shaley portions at the top of a con­

tinuous section of Anaverde arkose, however1 suggests that the 

rest of the shale does actually represent t he top portion of the 

formation. 

Fossil material t hus far found in the Anaverde formation is 

limited to a flora which was obtained from silty beds near the top 

of the arkosic portion of the formation. The location of the oc­

curenoe is in the Palmdale quadrangle in the N .i~ s.w.t, see . 29 , 

T. 6:N., R. lZW. It is approximately 1100 feet ea st of the west edge 

of the quadrangle and 2200 feet north of the south edge of the 

quadrangle. Another locali-ty from whi h e. few f'ragtnents of leaf 

impressions were obtained is in sec. 34, T· 7N., R. l4,r., 600 feet 

east of the -v est edge and 1100 feet :north of the south edge of 

the section. 

Dr . D. :r. Axelrod kindly studied ·!;he specimens collected by 

the n•iter a. s well as a.ddHiona.l material collected by himself and 

wrote a ~aport which is included for reference at the end of this 

section. 

Axelrod suggested that the An.a.verde formation may be inter• 

mediate between the Ricardo and Uount Ed n floras , or transitional 

between lower and middle Pliocene. 

The arkosic sediments 'nth conglomeratic phases is a typical 

deposit of a river in a semi-arid elims.te which possibly had in 

part alluvial fa.n characteristics. The sha.le and siltst one hori­

zons 11:ould represent floodplain deposits and the gypsiferous shale 
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portions possibly pla~~ lake deposits . 

The source of the sediment s is a questionable matter . The 

granite cobbles of the ~rkose are almost identical ·to the granite 

north of Elizabeth Lake which is also typical of some of the other 

granites of the Mohave Desert area. As previously stated, Gazin 

ha s reported the Anaverde arkose to be resting in depositional con­

tact on graniteo The most important though puzzling evidence, how­

ever, is of a negative sort; that is, the absence in the Anaverde 

sediments of Pelona scP~st and Rosamond volcanic fragments and the 

scarcity of Vasquez lava detritus, all of nich presuwsbly should 

have contributed to the Anaverde formation. 

Th absence o£ Pelona schist detritus might be explained in 

one of two ways. First , ·the blocks of Pelona schist may have been 

faulted upnrd and exposed to eros·on in poet•!naverde times. Second, 

horizontal displacement along the rift may hnve been of such an ex• 

tent as to bring Pelona schist i nto contact with Ane.verd~ sedim.ente 

although originally they were widely enough separated so that the 

sediment did not receive schist detritus. 

The likelihood of the first possibility is cancelled or at 

least greatly les sened by the presence of RoM.mond volcanics ap ... 

parently resting in place on top of the Pelona schist block in 

Portal Ridge. This fact would indicate that the Pelona schist was 

exposed in Rosamond times which would suggest t hat it was also e~­

posed in the later Anaverde times. 

The second possibility requires a special original distribu­

tion of t he rocks. Presuming that the blocks or Pelona schist were 
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exposed in late !Jioaene times, they would he.ve been separated by 

n distance of over 26 miles, so that the block north of the rift 

'l.vould lie west of' the v·estern end of '!:;he Ano.verde f'oi d ltion and 

the block south of' the rift would lie en.st of th.e eastern end of 

the strip of 1\.m:tverde sedimen·te . Horizontal displacement of over 

25 miles would then bring the Pelona schist blocks and the atrip 

or Anaverde sediments into t heir present relationship. 

The scarcity of Rosemond e.nd Vasquez volcon:i.cs in the A.naverde 

formation may also be explained by horizontal displacement . It 

may also be due to the f&ct t he.t the area in which the lmaverd$ 

sediments were deposited ~a s isolated from drainage whieh ould 

carry Rosamond or Vasquez m&terial . For example , the Anaverde sedi• 

ments rr.ay have been deposit ed in a faul:ttrough similar to Leonie 

Valley and thus have been deri v~d only from inunediately adjacent 

blocks. 

That the Anaverde formation was deposited in a fault t rough is 

supported by the fact thut essentially nll outcrops of Anaverde 

sediments have been found within the San Andreas rift zone . This , 

of couree, also suggests the presence of the rift in Pliocene 

times. 

Between Elizabeth J..ake and Ritter Ranch ·the Anaverde for-wation 

lies enti rely within t he fault trough and crops out principally in 

t he center trough ridge, lying be·tween the two faults shov1ing re-

cent displacement. From Rit ter Ranch east to the Southam Pacific 

Rail road tracks t he outcrops of A~Averde are principally north of 
!V 

the recent fault . In the . earla.nd quadrangle Gazin reported that 
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!,Y Ga.zin. Co I.. , unpublished report. 

the Anaverde formation is bounded on the south by the rift. All 

the arkosic sediments south of the line of recent faulting were re­

ferred to the Harold beds by Gaz.in. It is not at all certain that 

this situation applies to t he area studied in this report , In 

fact , a rnile east of Elizabeth Lake school a large body of arkose 

lies south of the line of recent faulting and appe rs to be lith• 

ologieally identical to the arkose of the Anaverde formation north 

of the fault . At several other points south of the recent fault 

line arkosic sediments crop out , but are not definitely to be in• 

eluded in the Anaverde formation. In an outcrop just south of the 

El izabeth Lake• Pine Canyon road on the road to Ritter Ran h a 

conglomeratic arkose containing a few gneissic cobbl s is present . 

These cobbles are the only evidence found to suggest t~~t thes 

sediments should not be considered part of the Anaverde formation. 

!n Anaverde Valley other outcrops of arkosic sedimen cs border the 

south side of a branch fault . They are highly crushed by faulting 

and are of gouge~like consistency in many places. These sediments 

may be part of the Harold formation, but inasmuch as no evidence wa s 

found in the area studied to indicate that they are different from 

the Anaverde arkos~ they have been mapped as part of the Anaverde 

formation. 

The beds of the Anaverde sed ments for the most part are steeply 

dipping and commonly strike either parallel to the rift , N. 65° w •• 

or diagonally to it in approximately an ea sterly direction. 
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Plate 10. Pho·comicrographs of Rosamond rhyolites. 

A. Rhyolite from outcrop on top of Pelona 
schist of Portal Ridge. Note corroded 
quartz . Uncrossed nieols. X - 60 

B. Rhyolite from north of Hitohbrook fault . 
Note brecciation of rhyolite, possibly 
flcwr breccia . Crossed nicols. X - 60 





re liminary report ~ ~ Ana verde :flora 

by 

Daniel 1. Axelrod 

COMPOSITION 

A brief study of the Anaverde collection makes possible the 

provisional identification of the following 19 fossil plants: 

Pinaeeae 
Pine cone-seale 

Palmaeeae 
Palm :rays ? 

Salice.eeae 
Populus pliotremuJ.oides Axelrod 
Populus prefremontii Dorf 
Populus sonorensis Axelrod 
Salix wildcatensis Axelrod 

Fagaceae 
Quercus cf. dispe:rsa (Lesq.) elrod 
Quercus ef. orindensis Dorf 
Quercus wislizenoides Axelrod 
Quercus, n~n species 

Berberidaceae 
Mahonia marginata (Lesq.) Arnold 

Lauraoeae 
Persea coalingensis (Dorr) Axelrod 

Laguminosae 
Robinia ealifornica Axelrod 

Sapindaceae 
Dodonaea californica Axelrod 
Sapindus oklahomensis Berry 

Ana.ea.rdiaceae 
Rhus prelaurina Axelrod 

Rhaw...ns.eeae 
Ceanothus preeuneatus Axelrod 
Colubrina, new species 
Rhamnus moragensis Axelrod 

The commonest species near the site of deposition~ as gauged from 

some 400 specimens v.xamined, were Persea eoalingensi~, Populus 

prefremoutii1 Queroua wisli zenoidee and Populus sonorensis in th 

order listed; they account for fully 85 per oerrt of nll :mtlteria.l 

examined. The se dominant species all have heavy~textured leaves; 

the sediments are genera lly too coarse to have ~~eserved many of 
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Jc;he thin ... and medium-textured leaves which belonged to ple.n'ts near 

at hand. Owing t o this highly selected rw.ture of the !I"<€Lterial 

representing the Anaverde f'lora , it is natur'ally diffi cult t o ~;ive 

either an exact paleoecological interpretation or to suggest 

.lefini·ce!y the age of ·the :flora. 

PRY SICA L C fl!DI 'l'IOI~S 

The general nature of t he vegetation and climnte in the 

Anave:rde area may be interpreted from a eomp~~.rison of the fossil 

flora with modern v.egetat;ion resembling it most closely. Relat:ten-

ships between fffiaverde speeies and living plant are as follo s : 

Anaverde Spe~ 

Ceanothus precuneatus 
Colubrina ~ new species 
n·odom\ea californiea 
Mahonia marginate. 
Palm rays ? 
Persea coalingensis 
Pine cone-seale 
Populus pliotremul oidea 
Populus prei'remontii 
Populus sonorensis 
Quercus cr. dispersa 
Quercus of. orindensis 
Quercus wislizenoides 
Quercus , naw species 
Rhamnus moragensis 
Rhus prelaurina 
Robinia cnlifornica 
Salix wildentensis 
Sapindus oklahomensi s 

Si milar Living Pl ants 

c. cuneatua Nuttall 
c. glabra s. Watson 
Do viscosa Linnaeus 
M. fremontii (Tor rey) Fedde 
Wa shingtonia & Sabal spp. 
P. pododania Blake 
Pinus sabiniana ? Douglas 
P9 tremuloides Michaux 
P . fr •LOntii v·atscn 
P. montieola Brandegee 
Q. dumosa Nuttall 
Q. vaseyana Buckley 
Q. wislizenii A. DeCandolle 
Q. amoryi Torrey 
R. crocea Nuttall 
R. laurina Nuttall 
R ~ neomexicana Gray 
s. lasiolepis Bentham 
s. drummondii Hooker & Arnott 

Nearly all of these trees and shrubs most nearly related to the 

Anaverde fos sils live t oday on the bordel's of thE9 Sonoran Desert. 

The majority are found in the transition between pine-oak ' Oodla.nd 

and chaparral of t he upper desert slope s and the dese1t~border 

associations of l~ner levels . Such ecotones are eomrnon on dese~c 
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slopes in southeastern California, southern Baja California, 

southern Arizona and in west-central Sonora. A study of this 

related modern vegetation suggests the Anaverde ba sin was domin­

ated by an oak woodland and savanna , with chapparral on adjacent 

slopes. Along streams were willows (Salix), cottotn70ods (Populus} 

and avacado (Persea) , ~ith chinaberry (Sapindus) , locust {Robinia) 

and perhaps palm in lesser numbers . Shrubs of the thorn forest 

1llich had dominated this area in the fiiiocena apparently had a 

limited occurrence in the reg:l. on. Rainfall a.veragas about 15 

inches yoarly in areas 'here modern vegetation shows relation ship 

·to the Anaverde nora and a good portion of it Sal reeeived in 

sumner-time. It is suggested that precipitation was not greatly 

different in Anaverde time; t his differs from the present rain­

fall regime in having about 8 more inches yaurly precipitation and 

summer r ins. Modern vegetation on the borders of the Sonora.n 

Desert also lives under a climate having much milder winters t han 

those now prevailing in the Anaverde region. 

AGE 

The Anaverde flora. is clearly younger then the Middle ,{iocene 

Tehaehnpi flora 40 miles northward (Axelrod. 1939) and the late· 

upper Miocene Mint Canyon flora 20 miles westward (Axelrod, 1940a) . 

The Anaverde has only 2, possibly 3, species representing the 

Si1~loa.n Component (thorn forest) which is common in both the 

Tehachapi and Mint Canyon floras and not now known to be abundant 

in younger floras of interior southern California. Fossil species 

of the Oak Woodland Component with descendants now found in area.2 
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to southward a lso are more common in both the Tehachapi and Mint 

Canyon floras. This al so points to the post-Miocene age of the 

Ane.verde for these types of pl ants were reduced here in nUlllbers 

following the Miocene. 

The Lower Pliocene Rieardo flora, lying 50 miles northward 11 

i ·s smaller than the li.naverde and all of its 5 knov•n species are 

represented by f ossil wood (Webber. 1933). Both floras have an 

important Qak Woodland Component and most of the Richardo species 

also find their neax·est modern equivalents along the borders of 

the Sonoran Desert to southward. Three Ricardo plants. th live 

oak, pine and locust , are related to Anaverde species and the 

floras do not appear greatly dissimilar from the standpoint of 

the stage of development of their floristic units insofar as 

these can be evaluated. ¥e have emphasized el sewhere that stagf3 

of floral evolution provides the closest measure of age in late 

Tertiary time ( Axelrod , 193~; 1959; 1940b; 1944a). From the evi• 

dance at ruand we see every :rea an for considering the Ana verde and 

Ricardo floras as es sentially contemporaneous; the absence of 

Ricardo tuffs in the Ane.verde formation may be an indicati on of 

its slightly younger age. 

There are no known Middle Pliocene floras in the Mo~ve area 

with which to compare . the Ana.verde. However, Middle Pliocene 

floras providing general floristic data for use in age determina~ 

tion of the Anaverde are in the central and northern Great Basin 

provinces. Studies there have shown t hat the dominant Lower 

Pliocene oak woodland of the central Great Basin and the character-

49 



istic montane forest of the northern Great Basin were modified 

considerably by Middle Pliocene time as the cli:mate became drier 

(Axelrod11 l 940b; 1940c; l944b) . In their place we find tlw:t; 

Middle Pliocene vegetation occupying the l owlands over tha Great 

Basin province consisted largely of riparian species in semia 

arid open country below the zone of woodland and forest , and re• 

sembles that found today at no great distance from the fossil 

localities (Ohaney, 1938~ Axelrod, 1944b) . It is believed that 

if the Ana.verde were Middle Pliocene in age it would show a 

greater resemblance to stream-bank and border-woodland vegetation 

near at hand, and would also have f ewer species Mhose modern equiv­

alents are f'ound today in areas of summer rain to southwar,d. "ift e 

thus suggest that if the Anaverde is Middle Pliooen it probably 

belongs to an early part of that stage. 

Additional evidence for a late Lower to early Middle Plio• 

cene age for the Anaverde is supplied by the Middle Pliocene 

~ount Eden flora . situated 80 miles southea stward in interior 

southern California (Axelrod, 1937). On the basis of new collec• 

tions made at Mount Eden, only about 6 of its 40-odd species have 

their nearest equivalents in the southwestern United States and 

northern Mexico, and none of these is common in the flora; all 

remaining Mount Eden species closely resemble plants living 

within a few tens of tniles of the fosail locality. Thus it is 

again reasoned that if the Aneverde were of Mount Eden age it 

would be expected to have fewer species with equivalents in areas 

to southward , and to di splay a greater relationship to ~odern 
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vegetation in the bordering mountains . '!'he larger representation 

of these former types in the Anave:rde therefore is interpreted as 

indicating it is older than the Mount Eden flora . 

Summary: From the limited and highly selected nature of the 

plant evidence, we suggest t hat the Anavarde may be intermediate 

between the Rie rdo and fuount Eden floras in age, or t hat it is 

probably transitional Lower to , .ddle Pliocene. It i emphas-

ized t hat a more adequate nd representative collection might 

wel l alter t his tentative age ass ignment. 
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Harold beds 
!2.1 

South of the rift in the Pearland quadrangle Gazin · has 

·---·------·- ·-------
!!( Gazin, c. L., unpublished report . 

found fine gravels, sands, sandy clay, and limey beds which overlie 

the Cajon formation and contain Pleistocene vertebrate remains . 

He has called these sediments the Harold beds a.f'ter the station of 

that name on the Southern .-fl.c:ific railway. Ga zin reports tha:t 

south of the rift this formation extends into Leonis Valley. The 

outcrops which he presumably correlated with the F~rold beds have 

in this repor·b been mapped as Anaverde sediments . Little evi .. 

denoe could be found to distinguish them from the Anaverde sedi-

ment s, and ina. smueh as some Ana verde sediments do crop out near 

Elizabeth Lake school south of the line of recent faulting, there 

seemed to be no justification for making a distinction which 

would carry such strong geologie implications until further 

evidence was found. It should , however, be kept in mind that ome 

of these sediments in the rift zone are probably eorrela·tivee of 

the Pleistocene Rarold beds. 

Terrace gravels 

Gravels eompo~ed almost entirely of Pelona schist detritus 

have been raised to terr&ce situations on m~y fault blocks in 

the San Andrea s rift area . The gravels are characterized by 

flat pebbles and cobbles of micaceous schists and white milky 

quartz . Inasmuch as the sourc:>e of this soh.ist me.terie.l wns almost 
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certainly the block of Pelona sohist south of the rift,the 

eastern limit of ">':lhioh is approximately two miles west of Palm• 

dale reservoir# the present di~tribution of the gravels with 

respect to the rift is most significant . South of the ritl:: the 

gravels spread in broad alluvial fans at the base of Sierra. 

Pelona ridge, and patches of the gravels are pit•esent eastward to 

th vicinity of the Southern Pacific railway ·tracks" 'North of 
221 

the rift, however, Gadn has :!'ouv..d the gravels 5 or 6 miles 

·---------------------------·----------------
~ Gazin, c. Le, unpublished report 

east of the railroad tracks . Gazin has also pointed out the f'aet 

that the most ansterly terraces of' sehist composition are ap-

parently older and are covered by younger granitic gravels. It 

is hard to escape the implication of these facts; that the 

north side of the rift has moved a distance of' 5 or 6 miles 

ea st with respect to the south side , and that the granitic 

gravels overlying the schist gravels were deposited as the north 

side of the rift moved past area s south of the rift which were 

casting granitic debris . This distribution might be explained 

as fluvial distribution by streams flowing ea stward along the 

trough zone as in Leonis Valley a:t present . If this had been the 

ease, however , the other blocks east of the Pelona sehi st should 

have contributed to the gravel; and the gravels then would not 

be so predominantly Pelona schist detritus . 

The irregular local distribution of Pelona schist gravels 
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supply further indication of disruptions of drainage by repeat• 

e~ faulting~ For example, Pelona schist terrace deposits rest 

Gn both the ridges bordering the mouth of Anaverde Valley, indi• 

eating t hat the dra.irage thl·ough that pass at one time carried 

chiefly Pelona schist materia l, whereas now a great deal of gran~ 

itio debris is present in th bed of Anaverde Creek. 

The terraces ca ppi ng the center-trough ridge in Leonis Val• 

ley are mostly of Pelona schist derived from the Portal Ridge 

block to the north• The lowest part of the trough in t his area 

therefore, has apparentl y been for same time , as it is at pre• 

z~nt, south of the lines of recent faulting . 

The Pelona schi st gravels are probably of ls.te Pleistocene 

or early Recent age . They overlie fossiliferous Harold beds 

of Pleistocene age , but are faulted , tilted and even folded 

(see p'J,.l9)'! 'l'he purity of the schist gravels suggests a 

r ather sudden uplift of the Pelona schist block as a single unit 

so that the amount of schist east 5.nto the drainage channels 

~uld far exceed any detritus that might be derived from areas of 

other types of rooks. 

ln the Bouquet Canyon and Mint Canyon ~rea.s south of Sierra 

PeJ. ona Ridge, similar Pelona schist terraces cap ridges and rest 

at altitudes several hundred .feet above present drainage levels. 

Most of the terrace deposits mapp d as "undifferentiated" 

represent detritus from t he blocks immediately adjacent to t hem, 

and in most ea ses they are the result of recent rejuvination ef 

d_fa.ine.ge. 



On the block of diorite and grainite approxireatsly one ~~le 

south of Palmdale reservoir, patches of water- worn gravels are 

present "':t aHitudes over 400 feet higher th.e.:n. 'that of Pal mdale 

reservoir basin. It would be expected that unconsolidated 

gravels at that height would beaoded very rapidly so that the 

uplift hieh raised them to that altitude must have been very 

recent. 

Further discussion of terraces rnay be found in the section 

on geomorphology. 
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GEOMORPHOLOGY 

Geomorphic divisions ~ J!ieneral statement 

There are four rr~jor geomorphic divisions in the area mapped. 

On the map (pl . I) they are essentially long narrow zones strik• 

ing N.. 65° w. parallel to the San Andreas rift. The most 

southerly and highest is the range of mountains broadly known 

as t he Sierra Pelona mountains. 'l'his includes Grass Mountain, 

Mt .. McDill and Sierra Pelona Ridge.. Mapping was carried south 

to crest of this range. The next division to the north is the 

trough zone which marks the trace of the San Andreas rift. North 

of the t rough is a ridge zone made up of Portal Ridge, Ritter 

Ridge and other smaller, unnamed ridges . The Mohave Desert forms 

the northacrmost zone. 

The trough z•ne ~d the Mohave Desert are essential ly zones 

of aggradation, whereas the Sierra Pelona Mountains and Portal 

and Ritter Ridges are zones of degradation. 

'.rhe drainage of the Sierra Pelona block in general follows 

the structure of the block so that the major streams tend to flow 

eastward and northeastward diagonally with respect to the. trend of 

the ridge. In the trough all drainage is parallel to the rift, 

flowing either N. 65° w. or s. 650 E. Between Elieabeth Lake and 

the Southern Pacific Railroad the drainage crosses the ridge on 

the desert side of the rift at only two places, both near the 

eastern end of the area. A portion of the drainage from the 

Sierra Pelona Mountains zone has no outlet to the desert area 
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but is ponded in Elizabeth Lake. 

A low x·idge is present in the center of the trough zone. 

This ridge as well as sag ponds , terraces, scarplets, disturbed 

drainage , and other fea·t~res are the result of repeated fault• 

ing along various members of the fault system making up the San 

Andreas rift. 

Terraces and old erosion surfaces are present on top of most 

of Portal and Ritter Rid~es and an old erosion surface is reco~ 

nizable on Sierra Pelona Ridge . 

Wind gaps in the ridges are evidence of disturbance of major 

drainage patterns. 

The geomorphic history is very complicated and each in ... 

dividual tectonic block has had, more or less, an individual 

history. 

Drainage pattern in upper Santa Clara 
River Valley and san Andr~fft area --....:... - ~ ...,...._,..._ -----

The history of the drainage in the upper Santa Clara River, 

San Andreas rift and adjacent portions of the Mohave Desert has 

be n complicated by frequent and r epeated shifting of tectonic 

blocks both vertically and horizontally. The drainage pattern 

itself gives a clue to some of the most r ecent tectonic events ~ 

On the drainage tnap (pl. 1 I ) the most striking geomor-phic 

fe~ture is the San Andreas rift zone which cross outs all other 

geomorphic trends. The divide between the Mohave Desert and the 

Santa Clara River is asymetrical. The presence of this divide so 

close to the rift is evidence o£ vertical displacements in the 
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Plat~ 12, f"L • View of hood of Santa Clar a :rive:r. 
Photograph looking southeast over old 
alluvial surface at head of Santa Clara 
river . Note ms~~ topography of old 
surfaee in middle distance and youthful 
topography of San Gabriel mov~tains in 
distance . valley in foreground drains 
into Mohave Desert, 

B. View of alluvial slopes of the Mohave 
Desert at the base of Portal Ridge. 
Photograph looking southeast with 
Portal Ridge to the right and the 
San Gabriel mountains in the dj. stance. 





rift zone. This asymetry ext ends to a point a few miles east of 

Vincent here the drainage divide mvings south away from the 

Mohave Desert. This, of course . is the result of the uplifting 

of the San Gabriel block nnd developm0nt of youthful drainage on 

both north and south flanks. 

Another prominent feature shown on the drainage map is the 

two stages of allurtation separe:bed by a zone of canyon develop• 

ment i n the Santa Olara River drainage . The headwaters of the sys­

tem are in a relatively mature stage of development and as yet are 

relatively undistrubed by the rejuvenation which has caused the 

development of canyons in lcw•er parts of the rivers. 

other features of interest include the horizontal offset of 

stream channels due to horizontal displacement on the So.n Andreas 

rift and the reversal of' drainage near Vincent as indicated by the 

acut~ angle of tributaries pointing upstream and the v~nd gap of 

Soledad Pass. 

In the easte;-n part of the area mapped, from Soledad Pass 

(but excluding the pass itself) west to Bouquet Canyon Pass, broad 

alluviated valleys are present on the south side of the Mohave 

Desert-Santa Clara River drainage divide very nearly to the divide 

itself, but on the north side there are steep canyons. It ~an be 

inferred that the divide is migrating southward. Thls situation 

of drainage suggests vertical displacement along the rift and a 

comparison or altitudes of alluviated valleys on either side of 

the divide suggests that this displacement in recent times may 

have been of the order or 400 ... 500 feet . 
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Plate 13 . Sag ponds along the Sen Andreas rift .. 

A. Palmda le reservoir , in part a natural 
basin~ View looking southeast along 
reoent fault .. lin.e acarp whieh forma 
north edge of Palmdale reservoir. 

B. Elizabeth Lake looking northwest. 
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West of Bouquet Canyon the major drainage divide is more 

stationary in position. because Elizabeth Lake Valley and Leonis 

Valley are not ad~'usted to the Mohave Desert level but are ap­

proximately 400 to 700 feet higher thus providing a temporary 

base level which isolate-s the drainage from th main divide from 

the effects of rejuvenation. 

The main recent vertical displacement has taken pla e along 

a line obscured by alluvium of the Mohave Desert, but the canyon .. 

like valleys on the north side of Portal and Ritter Ridges are 

clear evidence of this vertical displacement . The drainage 

divide at the crests of ortal and Ritter Ridges therefore i 

moving southwestward. 

Near Vincent large t ributaries of the Santa Clara River enter 

the main ch~el of the river and make an acute angle with the 

downstream portion of the river . This feature strongly suggests 

that the headwaters of the Santa Clara at one time flowed north-

a r d through Soledad !,ass. Indeed. Soledad Pass is broad and 

alluvi~ted and undoubtedly vas formed by a relatively large 

dre.irw.ge channel, although now no water flows through the pass, 

In thi regard, it is interesting to note that the u. s. G ol­

ogical Survey topographic map of the Elizabeth Lake auadrangle 

mapped in 1915 shows drair~ge flowing through the pass. The 

drainage divide at the pass is so low that it is not impossible 

that the drainage has shifted since the map was made. The r~­

versal of drainage of these two tributaries is due ·to a combina• 

tion of uplift along the rift zone, thus shifting the divide 
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northward_ and increased gradient of the Santa Clara R1ver which 

is causing erosion of' deep gullies and arroyos in the older e.l• 

luvi.u.m. !fuere the drainage divide was previously is uncertain, 

but it poasi bly followed the approximate location of the ridge on 

the north side of Aliso Canyon and the ridge on the northwest 

side of the Santa Clara River approximately 2 miles downatreoon 

from Vincent. 

The canyons developed along the drainage of San Franoisquite 

Canyon. Bouquet Canyon. Mint Canyon and the Santa Clara River all 

are in approximately the same relative position on each stream 

and together foJ:'m what migh'b be called a canyon zone. This zone 

trends northwest so that it approaohes the rift at the west end 

and is approximately ·ten miles south of' the rift at the east end. 

Uplift whieh ee.used the canyon development did not take 

place along a single fault, but rather along a. zone of faulting. 

The principal faults strike approximately east northeast but are 

connected by smaller cross faults . The Pelona Fault crosses 

w 
Bouquet Canyon at the mouth of the eanyon section, and a 

~ Simpson, E. c.; Geology and l~inere.l Deposits of the Elba­
beth Lake Quadrangle, California: 13th report of the state 
mi neralogist, map, 1934. 

similar fault crosses Mint Canyon at the mouth of its canyon see-

tion. A fault follows the canyon portion of' the Santa Cle.ra River 

~ 
several miles. The rivers have cut into this uplifted zone and 
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W Ke'\! • w. s. '•: Geolagy and Oil Resources of' a Part of Los 
Angeles and Ventura Counties, California: u. s. Gaol. Survey, 
Bull . 753, pl . I , 1924. 

---------------------· ---------------------------- ------------
the canyons are being e:Jttended headward. The headwaters of Mint 

Canyon and the Santa Clara River are just beginning to be af-

feoted by the rejuvenation and the older alluvium h being die-

sected to form terraces . , recluding any further tectonic movement 

the streams would again become adjusted. It would be possible 

for the Santa. Clara River to cu head ard through Soledad Pass 

and into the iohave Desert. The uplift causing canyon develop• 

ment probably preceded the uplift along the rift ihioh caua 

reversal of the head aters of the Santa Clara River . This i~ 

suggested by the more advanced stage to which erosion had pro• 

gras sed in the canyon £one. 

Offset treams 

The principal evidence of horizontal displacement in the past 

along the San Andreas rif·t is the offset ehannele of streams whieh 

flow across the rift. Examples from all sections of the rift 
~ 

length have been described by various investigatorso Gazin 

~ Gazin, c. L., unpublished report. 

described the offset of stream channels in the Pearland quadrangle • 

Little Rock Creek. shown on ths drainage map (pl. 11), is oue of the 

bast examples of offsetting in the Pearland area and show s a hor i-

zon·bal displacement of over a mile and a half. The displacement 
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is such that the portion of the channel north of the rift is offset 

to the southwest; with respect to the portion of the channel south 

of the rift. 'this is the t;ypical situe.tio:n on all parts of the 

rift. 

The drainage of J+.rm.verd.e Valley also suggests horizontal 

displ acement . If the drainnge pattern is n result of the ridg$ 

area. on the desert side of the rift moving hori zonte.lly. the dit> ... 

ection of movement clearly would mve been suoh that the north 

side moved eastward ·with respect to the south aide .. and the amount 

of offset suggested would be e.pproxim.~tely two and a hal f m.iles. 

It is very possible, however, that at least the westernm~st of 

the tributar,iee of Anaverde Creel~: (see pl. 1:9 flowed across 

what is now a lcw-1 ridge and out of the desert through the mouth 

of Leonis Valley. The granitic block north of' the rif't which 

lies across -the trend of these channel s may have been uplifted 

vertically n~ross the drainage thus shifting the flow to the 

east. The ridge# however, appears to be a much older feature 

than the stream channels so tha t the pattern is more easily ex• 

plained by lateral movement along the ri:rt .. 

In the Leonia Valley area drainage from the Sierra Pelona 

Mountains has been dammed for some time by Portal Ridge so that 

it ha s had to flow northwestward o:r southeastwe,rd parallel to 

the rift . The presen·t mouth or IJeonis Valley may represent the 

mouth of Bouquet Canyon drainage offset to the east, It may on 

the other hand be the result of a stream cutting southward from 

the ~orth side of' Ritter Ridge and capturing the Leonis Valley 
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drainage much as was the ease in the Hitehbrook fault valley, 

(see P• 64). 

Drainage from Portal Ridge intc I .. eonis Valley also suggests 

horizontal displacements. For a distance of a w.ile or more west 

from Laonis school along the center-trough ridge notches in the 

ridge represent old channels through which drainage from Portal 

Ridge flowed . From the map (pl. 1) it can be seen that the ,notehes 

do not match the valleys on Portal Ridge . lf the center~trough 

ridge were shi~bed east approximately 250 yards the notches and 

valleys would match much better. It seems very likely that the 

present situation has been brought about by a horizontal shift~ 

ing along the rift . 

Approximately one and two-thirds miles west of the mouth of 

Leonis Valley a stream joins Leonia Valley from the south side. 

It displays a strong suggestion of horizontal shifting of approx ... 

imately 500 yards11 with its mouth being offset that distance 

east of the rest of its valley. Many other examples, net quite as 

apparent , might also be mentioned. 

Wind gaps and stream capture 
~~----

Soledad Pass is a prominent wind gap (see p1. ll) which bas 

been caused by reversal of drainage . Other 1~1 saddles in the 

Mohave oesert.santa Clara drainage divide may also be due to re• 

versal of drainage" The saddle approximately one and three-quart ... 

ers miles southeast of the Elizabeth Lake school {see pl . l) at the 

head of Dowd Canyon is very low and wide and ·the stream flo·wing down 

the north side of the divide is apparently underfit. This suggests 
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capture of headwaters of the stream by the Dowd Canyon drainage. 

It may# however. be a feature of mature topography which has been 

preserved from an earlier cycle. Leonia Valley acts as a tam• 

porary base level on the north side, and on the south side th 

canyon portion of San Franeisquito has not yet reached the divide. 

The divide at the head of San Francisquito Canyon is also low but 

is probably due to the st reruns on the north and south sides cut• 

ting headward against eaeh other as they both erode the same fault 

zone. The pass at the head of Bouquet is also a low divide and 

like that at the head of San Francisquito canyon i s probably due 

chiefly to erosion along a fault zone. 

Between the valley which follows the Hitchbrook fault and the 

Mohave Desert severa l broad valleys with underfit streams eut the 

i.ntervening :ridge. It is quite evident that these are the result 

of stream capture. Originally the strewn following the Hitchbrook 

fault probably flowed more than two and a half miles fa~thar east 

then at present before entering the Mohave Desert. At that time 

consequent streams ware dissecting the fault line scarp along the 

north side of Portal Ridge. The first stream wes·t of the mouth 

of the Hitchbrook f ault valley, having less distance to erode south­

ward before intersecting the Hitchbrook fault valley, would be the 

first to capture the drainage of the fault valley. As erosion 

proceeded the consequent streams to the west would in turn fin-

ally reach the fault valley and capture the drainage of the head 

of the valley. 1be present channel followed the drainage p~obw 

ably is a resul-b of at least the fifth capture of the 1litohbrook 
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Plate 14- Wind gaps in the ridge south of the San 
Andreas rift . 

A. View taken in the broad saddle of 
Soledad Pass. There is no drainage 
through this gap at present. Build­
ings in middle distance constitute the 
to m of Vincent. 

B. View looking southwest at a wind gap 
i n Sierra Pel ona. Ridge a. mile south• 
east of San Franeisquito canyon. 
View ie l ookil.lg a eros s the fault 
trough and ShO'\'J S the typical topo­
graphy and vegetation. 





fault valley drainage by streams cutting headward from the north 

side of Portal Ridge . 

Apparently the same thing has taken place along the fault 

viliieh branches from the Bouquet Canyon fault a little more than a 

mile south of Leonis Sohool. A trough following this fault out 

diagonally to the trend of the range . Probab- Y first the drainage 

in this trough flowed east to a point near where the Bouquet Canyon 

road now turns sharply to the north into Leonis Valley. The 

stream followed by 81tla Street first captured the drainage,. Finally 

the valley three miles west of Leonia School was out headward to 

the south until it intersected the fault valley drainage and be­

headed the stream. Pe.rt of the drainage to the east was inverted 

and part still drains out the 87th Street valleya 

The Hitchbrook fault ·valley will eventually be eroded head­

ward and will intersect the b sin of Elizabeth Lake ~ ~lizabeth 

Lake , h~~everj will probabl y first be drained by the stream fol• 

lowed by the Elizabeth Lake-willow Springs road. 

Origin of ~ trrugh 

The trough which marks the trae of the San Andreas rift over 

~~oh of its length is especially prominent in the area studied. 

The alluviated bottom of the trough is over a mile wide in places, 

and the erests of the ridges on either side are of the order of a 

thousand or more feet above the trough. In that part of the 

trough known as Leonis Valley a prominent ridge follows the can~ 

ter of the trough for over ten miles. 'l'he cause of the trough 

is prob.ably due to a combirw.tion of erosion along the fault zone 

and downdropping of individual blocks due to local tensional 
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stresses plus the action of gravity. In the area mapped it ia 

suggested that erosion is by far the most important of the two 

processes. 

As two large tectonic block such as Porlal Ridge and the 

Sierra. Pelona l.!ountains were being forced up-~.vard by lateral com• 

pressional forcesj it would be expected that any narrow band of 

rocks , such as the rooks of the fault zone, between the blocks 

would be carried upvJard along with the larger blocks.. The gouge­

like portions of the fault zone would also tend to be squeezed 

upward in the path of lea st resistance so as to form ridges above 

the fault zone. The ridge of gouge material near the 'IJ est end of 

Palmdale Reservoir could represent an example, The center­

trough ridge. as explained elsevJhere, is possibly a result of 

such action. 

Contrasting these tendencies toward upward movement of the 

rocks of the fault zone are the effects of erosion and gravity­

slumping of blocks. In the area studied few of the sag ponds 

present can be definitely ascribed to downdropping of individual 

blocks. Many ppear to be more likely a result of damming by 

vertical displacements along faults crossing drainage channel s. 

Palmdale Reservoir and Una Lake basins ~ discounting the effects 

of man, probably represent good ex~ples of sag ponds due to 

do\~opping of a fault block. and yet tho Palmdale Reservoir 

basin would drain into the Mohave Desert if the ridge between the 

reservoir and the desert were not present . '!'.he block underlying 

Elizabeth Lake also represents a good example of a downdropped 
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Pl~pe ~6 . Views of the trough 0f the San Andreas 
rift . 

A. View lo.oking southeast along Anaverde 
Valley. Note the series of soarplets 
following the middle o£ the valley. 

B. View looking northwest along the lower 
portion of Leonia Valley, The mo.uth 
of Leonie Valley is in the lower right 
hand corner. llote the fault line 
scarp along the ridge at the right. 





block, or at least e. block which he.s been elevated less than the 

surrounding tectonic blocks . The basin forming Elizabeth Lake is 

actually over 500 feet above nearby portions of the Mohave Desert. 

The pond three and a half' miles southeast of Elhabeth Lake 

school (see pl. 1 ) is undoubtedly due to damming of the drainage 

from Portal Ridge by the uplifting of the eenter .... trough ridge. 

Erosion proo~Seds relatively rapidly in the fault zone where 

fault gouge is present. Sueh ease of erosion along faults is dis­

played by many fault valleys in the area. Approximately half a 

mile south o£ the mouth o£ Leonis Valley t>.vo recently formed 

valleys are being cut eastward and ~estward along the fnult in­

stead of south into the uplifted ba~in of Anaverde Valley as 

might be expected. Faults such as the Hitehbrook fault and the 

Bouquet Canyon f ault and branches have localized the development 

of prominent valleys which almost certainly are due principally 

to erosion. 

Precluding any differential resistance to erosion* all the 

searplets developed on recent faults cause drainage to flow para­

llel to them and that together with uplifting of the zone as a 

whole tends to entrench the streams in the fault zone$ Streams 

forming on an initial slope seek out any irr~gularity that might 

be present. Certainly a fault such as tha Bouquet Canyon fault 

would cause a prominent irregularity even on an uneven slope~ 

Strerons would tend to follow .such an irregularity even :i.f the rooks 

and f ault zone all offered equal resistance of erosion. 
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Therefore, with lit tle real evidence of true dovm-dropped 

i'ault bloeks and with ma.ny suggestions ()f dH'ferentia.l erosion 

and entrenchment along the f ault. it is believed that erosion i 

the more important of the ~vo trough-forming agencies, 

Origin~ the eenter ... trough ridg 

The ridge whi h is present in the center of the fault trough 

zone for a distance of over ten miles is obviously an upthro n 

block bordered by two faults of' ·the San Andreas system. In o:ne 

place one of the i'aults is exposed in e. s·brea.m cut-bank ( soe P• 86 

and pJ.. 2•1) so thf.tt it could be seen tha;b the block forming the 

;r·idge is definitely faulted upward. the upthrowing of' a bloek 

in the center of a physiogr aph1oally low zone suggests that ·the 

faults along which the upthrow has taken place represent merely 

components of the major fault zone and that the upthrow of the 

block is o£ a secondary oha.raeter in relation i:io the ma~jor dis• 

placement. 

A possible cause of the .,center-trough ridge' ~ as it may be 

called* is diAgrammed in plate Hq. The sequence of even·ts would 

be as follows: 

Be.ginning as shown in plate 16 A" a 1ide zone of fractured 

rock and essentially fault gouge could be~oded away& the edge 

f the adjoining blocks beveled of~ and deposition of sediments 

on the floor of the valley to form a situation as pictured in 

plate 16 B. Lateral compressional components of any later 

forces exerted would cause the material of' the gouge zone 11 acting 

in a plastic-like manner , to be squeez d upward in the direction 
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Plate l !~ Diagrammatic ketch of trough zone and 
oanter ... trough ridgc;t., Refer ·to text 
{page 6 8) for explanation. 
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Plate l~. Views of recent scarps along the San 
Andreas rift. 

~. View looking southeast from a point 
4 miles southeast of Elizabeth Lake 
showinffi tyPical recent fault scarp and 
sag pond. 

B. View looking nortltwest from a point near 
Ritter Ranch showing recant fault scarp 
and typica l topogr aphy along fault trough. 





of least resistance. This would eaus the central part of the 

sedimen·ary band above the gouge zon to be faulted upward s 

is shown in plate 16 c. Over e. long period of time f.rosion would 

cut down the trough a nd center-·t.rough ridge more rapidly than 

would the gouge me. teri;.-..1 be forced upward, so that the tl·ough 

feature would predominate over the ridge feature. At any given 

instant, h.o-never, the c nter-trough ridge might be present due 

·to the :recency of uplift abov-e the gouge zone, but it would lie 

within the trough. and, in the normal case. its er est would be 

much lower than the crests of the two blocks on either side. The 

fact that the sediments deposi-ted in the trough would be ider 

than the actual fault zone might account for the broad valleys 

that are eonn:nonly present between the center-trough ridge and th 

blocks on either side. There would not then necessarily be any 

fnults along the edges of the valleys to account for the width of 

the valley floor . although commonly that is the ease . It would 

lao be expected that a·t some t ime the overlying sediments oul 

be removed and that gouge would be exposed in the ridge. ~hat 

appears to be an example of just this is present west of . almdale 

reservoir. 

¥hen the r~ult gouge is squeezed upward the two blocks on 

either side naturally move tmvard ench other. This woul d cause 

buckling and thrust faulting in the sediments of the trough. The 

tendency o£ the goug zone to become narrower and narrower due to 

the two blocks being forced together would be compensated for by 

addition o£ gouge material from the opposing faoes of the two 
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blocks during periods of strike-slip displacements. Inasmuch as 

the strike-slip component of motion is the principal onep tho 

gouge zone would be adjusted to a width that would aooommodate that 

movement. 

The diagrams (pl. l6A, B and C) illustrating the possible 

mode of formation of t he cent er-trough ridge suggest that the sedi .. 

menta in the trough would be derived from the blocks on either 

side. It is significant then to note that no fragments of Pelona 

schist which borders the trough in most of the area investigated 

were found in any of the exposures of Anaverde sediments betv1ean 

Elizabeth Lake and Palmdale reservoir~ This problem i s di scussed 

in another section of the paper (P• · 101 ) . 

Terrace deposi~defined 

The broadflst definition of a terrace might be; as 1t ebster 

defines it , merely "a raised level or platform or earth" .. For 

geological purposes a more specific definition i s necessary. 

Indeed, it is at once apparent th~t many types of geologi e fea• 

tures are included under the general t erm "terrace" 11 and the. t 

subdivisions of t he broad term must be defined. There are ap• 

parently mvo ~ajor geologieuses of the term that are essentially 

different and must be separated before further limits are applied 

to .. peeif'io types. One use has been made in referring to a "t ar .. 

race surface" which is tlvo dimensional in nature. such as an 

erosion surace. The second use is Rl8de in speaking or a "terrace 

deposit '' • 

The requirements in setting up limits of various subdivi sions 
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Plate 18. Diagrammatic sketches showing ori~in of 
terre.ee deposits., Hefer to text {page 71) 
for exp lane:tion. 
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of the two dimensional feature are quite different from the 

types of limits that can be applied to depositso The subject 

of' classification of' the first typo has been discussed in many 

papers, but apparently the problem of determining the es pential 

qualifioe:t:ions of a map1ble unit that ea.n be called "terrace 

deposit" has not received much attention. Inasmuch as the "plat ... 

form" or surface is the essential chars.cteriotie of a terrace, 

a terrace deposit qualifies for inclusion under the term "terrace" 

only because it is commonly related to a "terrace surfaoe11 • 

The essential qualities which distinguish an individual ter ... 

race deposit from other deposits are firstJ the elevated nature 

of its su:d.'ace above the original level. This 8Ubjaets all the 

material raised above the origina 1 plane to erosion. Secondly; 

inasmuch as the deposit is to be considered a geologic formationp 

the material deposited must represent a specific period of time. 

The and of' that period of time is marked by the change which 

places the deposit in a terrace category. 

In plate 18 an attempt has been made to diagram thE> sequence 

of events tha.t taka place arter alluvial material has been up­

lifted ~long a fault and placed in a terrace situation. Pla·te 

lS, 2 is a diagrammatic sketch of a situation in AnaveTd Valley 

which was one ease observed in the area mapped that raised the 

problem as to what constitutes the boundaries of a terrace 

deposit . 

In plate l'S, 1 the area south of the fault has bean raised 

and the north side depressed. All the alluvial materi8l from 
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the fault south to the bedrdck outcrop and east t o the drainage 

divide bet~ean the easternmost t\vo streams is placed in a differ~ 

ent; situation than the remaining alluvial material in that it is 

raised and therefore, is subject to erosion., 

In the cross-section only the material above the ple.ne to 

which erosion will out as a result of the uplifting can be con• 

sidered terraoe material. The portion below that plane will 

never be in a terrace situation as a result of the one movement 

along the fault. 

In plate 1·a, 2 the fault scarp has been eroded back from the 

fault and the s·treams ha~ cut headwe.rd into the terrace. The 

disturbance of gra~e has not yet been felt in the headwaters of 

the stream and al luvium is still being shed by the mountain 
II 

slopes and deposited a& an 11apron (plate 18', 3 "a") on top of 

the terrace deposit. Because this alluvium is more recent than 

the uplifting of the terrace, it cannot actually be olassed as 

part of the terrace deposit . Geologically this is a short per• 

iod feature. but in an area such as that mapped, faulting is 

so frequent that the situations being mapped are short period 

features, and to be able to interpret the history correctly, di~-

tinction of such fee.turea are sometimes necessary. 

In plate lS, 3 the stre~s have cut headward so that the 

original alluvium has been removed from the valley and redepos-

ited in the new lower area o,f deposition. '!he alluvium depos ... 

ited after faulting (plate 1~, 3, "a") is also eroded and re-

~orked. ~1hen erosion begins to act on this post-faulting alluv-

ium its situation is changed so that it then fulfills the require-
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ments of a terretce deposit , l:f the situation i sueh that the 

distinction between the pre- and post--faulting ae~umula..tions of 

m .. terial must be recorded,. they may be ltlll.pped aepa:ra·t.ely. other ... 

wis for convenience they may beat be grouped and mapped as e. 

uni-b, 

Aa illustrated in plate U, 3 the old e.llu.vium ... bedrock eon• 

ta.ot has turned from. making an angle with the verte,; pointing 

upstream to nn angle with the _vertex pointing dolvnstream. In the 

field this feature can be used to distinguish alluvial material 

as being terrace deposit when other featur es were not ~bvious" 

Plate 17, 4 ~h.ows the terrace n-.aterial completely isolated 

from the other alluvial material. This is probably th~ moat char­

acteristic aitua:bion for a terrace deposit and no difficulty is 

encountered :tn establishing; boundaries,. In the earlier stage$ of 

terrace fornw.tion* hGw~ver. theoretical contacts may have to be 

drawn if the terraces are to be mapped. ln eummary then, the 

tests which my be applied to determine the existence and boun­

darie$ of a terrace deposit are: 

1. ls the surface of the deposit essentially a raised 

platform? 

2. What portion, both in area and depth. is subject 

to erosion? 

5. What p<trtion of the sediment predates the change 

which caused the terrace? 
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Examples ~terrace deposits 

Putting these testa into practice brings out the :f'aot that 

in an area of as frequent tectonic activity as that around the San 

Andreas rift , a great deal of the alluviated areas can actual l y 

be Q~a.ssed as terraces. If certain features shown by the tar .. 

raees are to be emphasiMd on a map# not all of the terraces can 

be Shown without introducing an involved and cumbersome system of 

subdivisions. Some terraces must necessarily be mep ped as alluv .. 

ium and others grouped int;o a few classes of terrace deposit • 

The tests can be then pplied to determine where the boundaries of' 

those f~a should be dr$wn. 

A half mile east of Goode Hill Road on Ritter Ridge is a 

terrace deposit vmich is perched several hundred feet above a 

level that would be at grade with respect to the Mohave Desert, 

In the upper porticms of this drainage the effects of rejuven ... 

ation are not yet apparent and the topography is in a mature stage 

of erosion. The lower parts are being rapidly out into gullies 

and there is a break between the lowest terrace material and the 

highest point to which the e1.lluvium of the present eycle has ex .. 

tended up the valley.. It is apparent ·that Within o. relatively 

short time this material will be eroded away, clearly showing the 

recency of the uplift Which ls.st elevated Ritter Ridge . 

A broad alluviated valley following the rift and draining 

northwestv1ard joins I,eonis Valley a f(lf\v hundred yards from its 

mouth;. The eastern end of the valley is tJ'Ulleeted by erosion 

proceeding along streams draining into A:na.verde Valley. The 
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alluvium or the present cycle in the lower parts of the valley 

grades imperceptibly into deposits at the head which must be 

classed as ·terraces. A theoretical contact must neeess.,.rily be 

dra·wn if the terrace deposit is to be distinguished en a map 

from the alluvium. East of the present head of this valley 

isolated terrace deposits are pre ent for a distance of' nearly 

a mile , ttesting to the fact that alluvium onee was continuous 

over that area. These terraces are also indicati·O'e of uplift of 

the bloek north of' the rift . 

ei:milar situation whore alluvium grades imperceptibly into 

deposits having a terrace situation is present approximatel,· a 

mile end a half west of teonis uehool on and adjacent to the 

center-trough ridge. At this loeality a hill composed of Ana~ 

verde arkose on the center-trough ridge is surrounded by alluv­

iu. ·west of the hill the a lluvium is broken by the San A:odi"eas 

rift so that the alluvium north of the rift is actually in a 

ter ee situation with respect to the alluvium south~ the rift• 

Enat of the hill the di lacement is not apparent so that the 

two zones of alluvium grade impercept ibly into one another. On 

the map no terrace is distinguished, but if a distinction were 

made,. the location of a theoretical boundary would M.ve to be 

determined by th$ tests set forth in the preeeding section. 

Deposits of older alluvium are in a terrace ituation in 

many places along the borders of' Leonia Vall y, M.d wet•e mapped 

~s "undifferentiated terrnce depoBits". The highest terrace is 

at the west end at an altitude of approximately 3500 teet abot~·e 
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se~ level . The altitudes of the terraces grade to approximately 

3000 feet a bove sea level near Ritter Ranch in the eastern por­

tion of Leonia Valley. 'fhe r ather even gradation in altitudes 

suggests that the terraces are a. result of uplift of ·the valley 

area as a whole resulting; in dissection of the old alluvial de­

posits. At presen-t; even later rejuvenation of the Leonis Valley 

drainage is causing the strea.-ns to cut hee.dward and dissaet ·the 

more recent deposits of alluvium in the vnlley. 

Erosion surfaces 

Surfaces representing former period$ of erosion are present 

on most of the mountain and rldge blocks. On the ridge area north 

of the rH't a series o:f' erosion surfaces and terraee deposits are 

present. On the west end above Elizabeth Lake the old surface is 

w 11 preserved (pl. 19 B) and shows the advanced stage to whieh 

the cycle of erosion had progressed. The altitude of the sur• 

face in this area is a.pproximf~tely 3700.4000 feet above sea 

level or more th~ 1000 feet above nearby portions of the 

Mohave Desert. 

Betwem1 Elizabeth Lake Sehool and Goode Hill Road the erosion 

surface on Portal Ridge is 11lso at an altitude of about 3700-4000 

feet but is not as well preserved or extensive as west of Elizn ... 

b~th Lake School. East of Goode Hill Road on Ritter Ridge the 

surface is at an altitude of approxima tely 3300 feet. Farther 

east at the east end of the area mapped an erosion surface is 

present on the bloek ot Anaverde sbale a mile south of Palmda le. 

The al·titude of' this surface is only lOQ-200 feet above the t1ohave 
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Plata 1.9.. Views of P-ortal Ridge from Grass Mountain 
lookout. 

A. View looking northeast showing fault 
tro-ugh nd Porta 1 Ridge in the distance . 

B. View looking nort hwest showing dissected 
nature of the Grass Mountajn block and 
the fault trough and Portal Ridge in 
the middle distance. Note er osion sur• 
fa0e on the e r·est of Portal Ridge. The 
Tehachapi Mounta ins are in the distance. 





Desert. Patohes~f terrace deposits composed of Pelona sohist 

detritus are present on both sides of the mouth of. An-C!.verde Creek 

and probably represent the level at which aggradation • s tal:'"..ing 

place while the ridges were being eroded to produce the present 

flat tops . These erosion surf'aees and terrace deposits indicate 

that z·eeent elevation of' the west end of the ridge zone has be&n 

greater than the east end, possibly a..mounting to as much as 1,000 

feet in the western part and 200 faet in the eastern part. The 

shape of this erosion StU"ff' Ce suggest· the.t the present ridge 

area vm.s also a ridge during the eros on period which produced 

the surface so that the ridge drained both into the Mohave Desert 

~d Leonis Valley. 

Erosion surfaces in the mountui.ns south of the rift are not 

as prominent n s on t~e ridges north of the rift. :.est of B5uquet 

CanyQn only a fm'l' flat tops are present on the mountains to s-ug .. 

gest:. an earlier period of subdued relief. The crest of Grass 

Mountain is one good exa.."nple. The topography of this block is in 

a lata youth or early maturity stage of development . The situa~ 

tion is quite different east of Bouquet Canyon in that Sierra 

Pelona ridge has a relatively fl~t top and on the north side an 

even slope is preserved. This slope. however, now is being 

dissected ~~ recent rejuvenation of the drainage. The topo• 

graphy of this block represents a recent cycle of erosion which 

is still in enrly youth superimposed upon an older cycle of 

rosion which was in an advanced stage before the recent el ~ 

vat ion. 
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lthough the stage of dissection by drainage would suggest 

that the Grass Mountain bloek has been subjected to more recent 

elevation than the Sierra Pelona block, the Sierra Pelona block 

is actually higher . 'l'his suggests ·bhat at an earlier time the 

Sierra Pelona block was elevated to a much greater height than 

the Grass Mountain block~ so that now even after erosion has pro• 

ceaded for some time, it still is higher than the elevation to 

which Grass Mountain has been recently raised. This suggestion 

together with the indication that the recent uplifts of the two 

block has been different in amount and possibly different in 

time indicates alternate uplifting of the two blocks. Such sit• 

uations apparently are comrr~n in nd adjacent to the rift zone. 

7'1 



STR.UCTORAL GEOLOGY 

General Statement 

The most striking feature or the area mapped is the San 

Andreas rift; and the manner in which it ~ross-cmts the structural 

trend of the bands of older rocks. Movement along the rirt. e.t 

lea st in recent times has been such that the southwest side 

moved northwest with re.spect to the northeast side. In the rift 

tone itself a long narrow stringer of sediments is bordered by 

faults which show evidence of recent displacements . These lines 

of recent movement strike approximately N. 550 w. Faults branch­

ing from the rift or being cut by the rift, as the case may be, 

strike approximately east and bound most of the blocks bordering 

the rift. Several reverse faults and thrust are present and 

most of them dip into the rirt. Most of the folds strike east 

approximately parallel to the bands of older rocks. The tee• 

tonic blocks in and adjacent to the rift are tilted, distt)rted* 

and often brecciated. 

Recent fault s 

Faults recant that their scarps are essentially undis­

seeted are confined almost entirely to the topographic trough 

marking the San Andr~s rift• Many of the associated faults such 

a s those branching away from the trough zone a.nd those bordering 

the Mohave Desert are e.leo relatively reeent, but in very few 

cases are such faults marked by actual displacements in recent 

alluviwn as are those in the trough zone• Commonly; however, 

these branch faults are followed by drainage lines. This 

would result in more rapid erosion of any topographic expression 
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of recent faulting that !night occur than would be the case in 

rnany sections of the trough zone. In some places these faults 

showing very recent activity are borde~ed on both aides by the 

same lithologie type of rock suggesting no great magnitude of 

displacement . In general , hm1ever* these lines of recent move­

ment appear also to represent much older lines of f aulting along 

which repeated displacements have taken place. In a zone of 

faulting of this magnitude the most recent of the faultss and, 

therefore, the most easily traced topographic&ly, would not nee• 

essar ily represent the major break which is actually a composite 

of innumerable fractures along each of which movement has taken 

place at various times. 

At the ea aternmost edge of the area mapped the most promin­

ent r ecant faul t scarp crosses the Southe:r·n Pacific Railroad 

tracks at a point appr oximately two miles sout h of Palmdale. In 

this area th scarp forma the northern border of Palmdale reser• 

v-oi r . The north side of the fault is upthrown so t hat the es• 

carpment formed, which is approximately 40 feet high; faces 

south. Anaverde arkose is exposed in the eroded scarp. One of 

the few places in which recent faulting is actually exposed as 

a eontaot between two rock formations is in the road-cut along 

the Sierra Highway near the northeast corner of Palmdale reser­

voir (see pl. 20). The movement along this fault is apparently 

slightly older than that along the fault which forms thv scarp 

just to the south inasmuch as almost all of the topographic 

expression of the fault has been removed by erosion. The fault 
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Plata 20~ Roadcut near Una Lake showing fault cutting 
Pelona schist terrace gravels and Anaverde 
conglomeratic arkose. 

A. View showing overall relationship of' beds. 
Note drage of Anavarde beds. Vertical 
displacement of 20 feet can be seen al• 
though lit t le topographic expression of 
this remains above this relatively recent 
fault. 

B. Detail view of fault . Note nature o£ 
Anaverde sediments and Pelona schist 
gravels. 





Plate 2a. Views of recent fault on north border of 
~nter·t~ou~h ridge near Ritter Ranoh. 

A. General view of rec-ent fault showing 
Anaverde arkose 1 on left, faulted 
into contact with Pelona. schist terrace 
gr~vels on right . Line marks trace of 
fault e Fifty or more feet of vertical 
displacement are represented. 

B. Close~up view of fault showing gouge 
zone . Anaverde arkose on left . 
terrace gravel on right. 





brings Pelona schist terrace deposits and Anaverde arkose into 

oontacto The minimum vertical displacement is e.pproximately 

tw nty feet as ean be seen in plate 20. The fault is normal, and 

the north side i;S' the up-thrown block. 

Approximately one mile northwest from the Southern Pacific 

t re.cka the most recent movement appears to have taken place along 

two branching faults spaced a few hundreds of feet apart . In 

few places the ridge can be seen to be composed of fault gouge, 

and compressional forces possibly caused this plastic gouge materi• 

ial to be squeezed up-«a.rd to form a ridge. lmy adjustment taking 

place would most likely be made throughout th whole body of 

gouge, over a width of several hundred feet . 

At a point approximately one-third mile north of Lakeview 

where this line of recent displacements forms the south border of 

Anaverde Valley, the fault scarp f aces north. This scarp is con­

siderably mo:re dissected by erosion than tho one bordering Palm ... 

d61.le Reservoir and perl't..aps was formed during an earlier movement 

along the fault~ Anaverde arkose is exposed in ·bhis dissected 

scarp as in the scarp at Palmdale Reservoir. The presence or an 

upthrown block first on one side and then on the other side of a 

single fault line is typical in the San Andreas rift. 

Oontinuing to the northwest the fault is hidden by the al­

luvium of Anaverda Valley, : _but branehing off from the main fault 

is a fault trace trending more westerly. the SC$rp al ng this 

fault persist for approximately a mile and a balf to a point in 

Anaverde Valley where it finally dies out. This scarp face 
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north and several sag ponds have been formed along its base, pre­

sumably due to subsidence o£ the bloek on the north side. During 

periods of heavy rains these ponds baeeme filled# overf'lo·w. and 

the drainage becomes integrated so that the water flows out Ana­

verde Valley to the Mohave Desert. Fer the most pe.r·b ·the aea.rp 

ia formed in gravels derived fr.o-m the Peiona sehist block. E::c­

cellent examples of terra oes cause~ by faulting have been formed. 

West of the point where the main fault crosses Anaverde Val­

ley, it trends diagonally at a very low angle across a ridge area. 

It is there marked by snal l sag ponds. pressure ridges, and val• 

leys differentially e~oded in gouge and shattered zones. The 

south side of the fault in ·this area was ap};8rently upthrom so 

that the northern edge of the upper parts of Ana.verde Valley was 

tilted to the south. Thie hAs caused a greatly decreased gradi• 

ent in the streams draining from Sierra Pelona ridge into this 

portion of' Anaverde Valley, and has caused the la~ er section of 

these valleys to be aggraded e.ncl "drow:nedn with alluvium. 

In the area where .i\m8.rgosa Creek f lows t hrough a narrow canyon 

and where the two major blocks o£ Pelona sehist a re nearest toget• 

her, ·the traee of the recent movement is incli tinct• but appar• 

ently is represented by a slight break in slope in the terraces 

underlain by Paloma. schist south of tb.e creek• as well as by the 

valley of Amargosa. Creek itself. .Anaverde arkose crops out on 

the south bank of Amargosa· creek in the western part of this 

constr iction of Leonis Valley. From the west end of this na.Tt'OW 

part of' the valley to and. beyond Elizabeth Lake there are two 
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line along hich evidence of recent movement is present. These 

tvro fault lines branch .from each other and are then eparated 

by distances of from a few hundred feet to approximately one­

third oi" a mile. 'The portions between the two lines is for the 

most part a ridge ~ but in many places where it crosse alluvial 

areas no relief of the cent r block iG visible. In such places 

the fault traces can commonly be seen on airplane photographs 

due to differences in color of the ground along th fault . 

This difference in color is due to vari~ticns of such features as 

moisture content of the soil and differences in vegetation. In 

the field alig;nments or such features are not easily seen. 

Approximately half a mile north of Ritter Ranch the norther-a­

most of the two fault lines is exposed in the cutbank of illnargosa 

Cre~k (see pl. 2!1) . The gouge zone aleng the fault ia 8 .. 10 

inches wide and the fault is essentiall y ver tical, with A verde 

arkose on the south eide and Pelona schist terr oe on the north 

side. This situation is present over the entire vert1oal range 

in which the fault is exposed so that a minimum vertical dis• 

placement can be estimated at 50 feet . The south side is the 

upthrown side of the fault . This does not appear to be a ease of 

apparent vertical displac ent due to strike-slip movement. hich 

:must a.l~ ays be considered in dealing with the San l.ndreas rift. 

At this location and again approximately half a mile est 

along the fault it can be seen that the Anaverde arkose is prob• 

ably in contact with Pelona schist. In all other plaeee alluvium 

or terrace material obscures any possible contact between elona 

81 



lilohist 9lld rocks of the cent er -trough ridge. Even at the two 

localities mentioned a thin veneer of alluvium covers the actual 

eonta~t. The fact that $-long this fault recant mov mant ha s been 

such that the ce:nter•trough ridge ia the upthrown block seems 

anomalous when it is also realized that Portal Ridge is topograph­

ically much higher e.nd apparently a. block that is horst-like in 

nature, and should,. thereforef be the upthroun side. EVidence 

seems to indicate that t he cent er-trough ridge and its bounding 

faults are essentially secondary features of the rift. The 

formation of the center-trough ridge i s discussed in the seeti.on 

on geomorphology (see PP• p8-7N. 

For a distance of approximately three miles east of Eliza• 

beth Lake school house the sou·thern of' the two recent faults ex .. 

tends diagonally across the center·trough ridge. The fault 1 

bounded on both sides by Anaverde arkose except for a ehort sec­

tion just south of Elizabeth Lake school. Here a small wedge of 

what appears to be Pelona schist is present south of the fault. 

The Anaverde arkose liOllth of the fault does not extend west of 

San Franeisquito Canyon. This absence of Tertia ry sediments and 

the narrow width of Quaternary sediments south of the fault at the 

base of Grass Mountain suggests that th:l.s block west of the San 

Franeisquito fault and south of the San Andreas rift ha s been 

uplif'"t:ed with respect to t he rift trough and the blook to t}).e 

east. 

From Elizabeth Lake school to Munz Ranch at the west end of 

Elizabeth Lake the southern of' the two recent faults is marked by 



scarplets and sag ponds so fresh and undissected as to suggest that 

the la.st movement was IIi thin historic times, and certainly more 

recently than on any other portion of the fault in the area 

mapped. At least some of this may be due to the displacements 

during the 1851 earthquake. The northern of the two faults is 

also marked by scarp lets though not as clearly as the southern. 

~est of Elizabeth Lake the trace of the rift is confined to a 

relatively narrow valley end is bordered on both sides by g,ranit(h 

West or the area mapped at the head of Pine Canyon the fault trace 

crQsses a relatively high mountain mass where the floor of the 

fault trough approaches an altitude of 41 000 feet above sea 

level . 

The principal features of the linea or recent movam.ent may be 

summarized as follows: 

1. In this area the recent faults are marked princi..,. 

pally by relatively undissected scarplets, pressure 

ridges . small sag ponds , dissected gouge zonas, and 

variations in soil and vegetation. 

2. Lines showing very recent displacements are ~onfined 

almost ent1.rely to the trough zone. 

3. The lines along which recant displo.cements show at 

the surfaee are in many aspects superficial, and 

are only representative of the general path of the 

rift as a whole. 

4. Vertical displacements along these lines of recent 

movem.ant are not indicative of the general di .. 
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placements along the rift zone* 

5e Little evidence was displayed along the lines of 

recant movement to indicate the nature of the 

strike-slip displacements.. In the few ple.ees 

where oute~ops 'Were present on 0pp,osite sides of 

the recant faults, the rocks were of similar types 

so that no suggestion of the amounts of displace ... 

ments along these lines of recent movexnent could 

be ol>ta ined. 

Older structures ill the rift trough -------=-
In addition to the lines of recent displacement there ar3 

older faults in the trough zone which parallel the st~ike of the 

rift and are probably genetical ly as much a part of it as are the 

faults showing recent displacements ,. 

The south side of the granitic ridge approximately 2 miles 

west of Palmdale is bounded by e. fault 'Which has not been active 

in recent times. It roughly parallels the line of recent mov • 

ment and is nearly vertical along the western and central portions 

of the ridge~ but along the eastern part the fault dips approxi­

mately ?5° to the south. South or this section cf' the fault is 

a zone of white rook that appears to be gouge ... like material de• 

rived from a granitic mass. The zone is over four' hundred feet 

wide at its widest part, and its south side is also a fault 

boundary. Faults striking northeast have offset both of these 

oldor faults. If these older faults paralleling the w.ain rif't 

zone over had strike-slip movement, that movement preceded the 
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cross faulting. Such a situation would then eauae l ater strike• 

sl~p displaoement:s to take place along another line of fraetur ... 

ing . Southeast of the mouth of Anaverde Valley t he northern of 

the two old :f'aul·ts skirts the north edge of a ridg composed of 

PJaaverde shale. The Anaverde shale of this bloek is folded and 

the axes of the folds strike approximately east diagonally to the 

trend of the ridge and major faults . 
~ 

Clark has shown th~t this would be the expected orienta• 

~ Clark, B. Lo, Tectonics of the Coast Ranges of ~~ddle Calif~ 
ornia: Bull. Geol. See . Amer .., vol . 41, P• 824, 1930. 

tion of folds associated with a shear couple which would cause 

strike slip movement of the type displayed along the San Andreas. 

The compressional components of force which cau9ed the folding 

would be oriented north and southo It must be pointed out , howQ 

ever . that. features as smal l as these folds may be local phenom• 

ena and do not necessarily indicate the nature of the principal 

forces causing the San Andreas rift. 

Granite is exposed in the tips of the spurs ~~endibg from 

the ridge toward the desert showing that a band of gt~nite border 

the r idge on the north and extends parallel to the rift zone. Be-

tvJeen the granite and the sha le a thin zone of red arkose is pre-

sent. The northern contact of the granite ribbon is most likely 

a fault . ina smuch as the northern contaet of the granite in the 

ridge west of the mouth of Anaverde Valley is a fault contact 

brin&ing Ana verde arkose into contact with the granite, All 
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Plate 22 . Views of granite blo0k thrust over 
vasquez volcanics . 

A. View looking west from a point 2 mile 
south of Palmdale reservoir showing 
overthrust plate of granit$ underlain 
by Vasquez basalts and andesites. 
Line marks fault trace. 

B. View continuing to l eft of "A" showing 
typical outcrops of Vasquez volcanics. 





cont cts of this body of Anaverde arkose exposed are faults 

e.gains·t:; granite. The Ane.verde arkose beds are folded and one 

syncline is overturned so that the axial plane dips south as 

though the granite were being thrust northward against the aedi• 

:ments • 

• rust west of' the mouth of Anaverde valley and approximately 

one- tenth of a. mile north of the line of recent displacement ie 

another old f ault striking approximately N. 60° w. It is situ~ 

ated between the red conglomeratic phase of the Anaverde arkose 

and the buft-colored Anaverde arkose. A cross fault trending 

northeast also cuts this fault. 

Approximately half a mile north of Ritter Ranch, Amargosa 

Creek cuts across the center-trough ridge exposing a cross sec• 

tion of it, This is one of the few such exposure in the area. 

The principal rook exposed is pinkish to buff-colored ~naverde 

arkose which is folded into an asymetrieal syncline parallelling 

the strike of the rift. The dips on the north flank of the synw 

clin~ are between 10° and 20° to the south and on the south flank 

of the syncline dips are between 450 and 5f>O to the north. A IIW.ss 

of Anaverde shale is thrust over the south flank of the syncline 

in the arkose causing drag in the beds near the thrust plane. 

On the north side of the center-trough ridge from a point 

approximately one mile east to a point approximately five miles 

west of Leona School the old arkose i thrust over Anaverde arkose 

and in several places t he t hrust plane is nearly horizontal. 

These features of folding and thrusting described above are 
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all indicative of compressional forces within the center-trough 

ridge. 

The traces of severa l other faults oan be identified in the 

fault-trough zone south of the principal line of recent movement . 

Many port ions of these can be seen more easily on aerial photo­

graphs of the region than from the ground. One fault extends 

from just south of the Elizabeth Lake- Pine Canyon road approxi~ 

nte.tely half a mile west of · ·he Bouquet Canyon road to the vicinity 

of Ritter Ranch. lt is not very distinct over most of its traee 

a s observed from the ground, but on aerial photographs there is 

no question as to its location. Another fault trace is present 

approximately half a mile south of the Elizabeth LakeAPine Canyon 

road between 81th Street West and 95th street ·~est . This fault 

line was identified only by means of aerial photographse In line 

~ith this fault , and possibly representing western extension of 

it , a fault is probably Jtresent but covered with alluvium. No 

trace of a fault was observed, but the elongated lll•ture of the 

block of granite, parallelling the rift near the central part of 

Leonis Valley strongly suggests that a fault lies between it and 

the Sierra Pelona ridge to th south. The western portion of 

Leonia Valley is also bordered by different types of rocks, and 

the same fault zone probably extends west to a point near Han 

Franeisquito Canyon. 

During the mapping of thi s area of the San Andreas, the feel­

ing was constantly present t hat for every fault being observed and 

mapped, there were rne.ny more that were buried by alluvium or other-
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wise concea led or :m."lde indistinct, and that ·the group of faults 

mapped represented at best merely a sample of the faults actually 

pret:;ent . lt also se ~'l!l".ed quite cer·tain tha-t; the princi pa l di s .. 

pla.cements of tha past were by no means confined to tha lines 

which were mapped a s individual faults . The broad trough area 

itself represents more nearly an accurate trace of the San ~~reas 

rift than does any single f ault line that may be traced within the 

Other faults associated with the rift ---
There are many e"truot·ur es in the mountain blocks oneither 

side of the trough zone. some of which are almost certainly assoc-

i at ed \vith the rift st ructures and others which may represent older 

structures formed at a different time and by different stresses. 

In the area of the Vasquez volcanics just west of Soledad 

Pass and approximately one mile south of .Palmdale reservoir several 

revers~ faults are present which dip toward the line of recent 

displacement along the San Andreas rift . The northern boundary of 

the Vasquez volcanics is a f ault contact along Which a d1oritic 

and granitic block has been thrust to the south up and over the 

volcanics (see pl . 22) . For a distance of approximately two miles 

t he fa:il.t strikes nearly east and varies i:a dip betv1een 60° to i4he 

north and verlieal . At its west end the fault swings in a sharp 

right angle turn to a south strike and has a west dip of approxi• 

~tely 45°. The north -south portion o£ the fault might actually be 

considered a separate fault . Slickensides in t he thrust - fau l t 

zone indicate that t he movement was parallel to the dip ~ The 
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Plate 23 . Views of va lleys controlled by faults . 

A. View looking east along Hi.tchbrook 
fault valley from divide near Elizabeth 
Lake . Drainage has been captured by 
stream in first valley on the lett . 

B. View of San Francisquito Canyon from 
divide above Elizabeth Lake at head 
of San Francisquito Canyon. 





character of this fault~ being a high angle rever~e fault in its 

ea st .. vJest portion and a low- angle thrust :fault in its north• 

south portion, is the result that could be expec-ted from a force 

ori~nted slightly north of west . If the active force were dir· 

ect ed from the southeast the thrust would be considered an under• 

thrust. Another ee. st ... west trending fault is entirely within the 

Vasquez voloarlics and &lso has the n6rth side upth:rovm... Between 

these two parallel faults the Vasque~ volcanics are folded into an 

asymetrioal Sjrneline with its axial plane inclined toward the 

north and striking east. The fold is probably genetical ly associ­

ated with the thrust fault. The volcanics near the north ... south 

striking thrust are also dragged and tilted to the east. 

The south boundary of the Vasquez volcanics is ala a fault 

o~ntaet having nearly vertioal dip. Presumably the granite ~hich 

is present to the south of the fault has been faulted upward in~ 

a ~much as it is probably older than the volcanics - The vasquez 

voleanios are broken along several other raul·ts although none of 

these is very distinct as there is no contrast of rock types on 

either side to mark their t;races . One fault can be traced over 

a. distance or about a mile and trends N. 30° A. The northeast 

side appears to be the dovm- thrown side if the tuff beds exposed 

in the two blocks represent the same horizon. J ust east of the 

central portion of this fault is a body of basalt hich rests on 

top or vertically dipping,. truncated beds of other volcanics. 

Whether the body represents a flow on a.n erosion surface or e. 

low-angle thrust could not be ascertained. In view of the facts 
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that the rooks are all apparently of the Vasquez formation and 

that faults are so numerous. it seems more likely that the situ• 

ation is a result of faulting. 

On the north side of the line of recent movement in the west 

end of the granitic ridge two to three miles due west of Palmdale 

another reverse fault is present . There is one good exposure of 

t he fault plane and slickensides indicate that the south side ha.c 

bean forced upward with respect to the north side. The plane of . 

the fault dips approximately 60° to the south eat. There is no 

indication that it has been active in recent times. It may con­

tinue northwest along the southern edge of Ritter Ridge as there 

is evidence in the Pelona schist of a fault of similar orienta­

tion. Slickensides are present on many rook faces of Pelona 

schist and the truncated spurs facing Leonis Valley suggest fault­

ing. Evidence supplied by slickensides must be used with caution 

because they are common tr~oughout most of the rocks, even where 

no distinct faulting has taken place. Practically all of the 

structural blocks ha.-\l"e been. so thoroughly shattered that joint 

planes along thioh slight movement hns taken place are ever~vhere 

present. 

The Bouquet Canyon fault is the principal fracture b~anehing 

off on the south side of the rift . It forms the northern boun• 

dary of the block of Pelon~ schist situated south of the rift. 

At Lincoln Crest , the divide at the head o£ Bouque·c Canyon, th0 

fault trace is marked by a distinct saddle. Half' a mile to a mile 

east o£ this divide it can be seen t hat the fault brings the 
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Pelona ~ehist block and the gr anitic block into contact. A 

broad zone of shattered rock and gouge represents the fault . 

Undoubtedly the fault has determined the location of the upper 

portion of Bouquet Canyon and the valley east of Lincoln Crest. 

To the east where the fault follows the north base of the Palona 

schist block it lies for the most part under alluvium. At one 

place a sharp break in slope of a spur of the Palona schist block 

probably marks at least a branch of the fault . In the vicinity 

of Ritter Ranch the trace is covered by Quaternary terrace ma·(i .. 

erial ~1nd ea st of that point traces of several faults are present 

where the Bouquet Canyon fault vmul d join the main zone of recent 

movement along the San Andreas rift . In this portion the Bouquet 

Canyon fault trends east or slightly south of east . Approximately 

tv1o miles from the San ~~dreas trough zone the Bouquet Canyon 

fault swings so that its trend is slightly north of east, and at 

the head of Bouquet Canyon the strike of the fault is approximately 

N. 70° E. This swing in strike is conceivable due to drag nlong 

t he San Andreas rift . The junction represents a rather sharp 

intersection of the two faults which may suggest tha:t the San 

Andreas is truncating the Bouquet Canyon fault , rather than that 

the Bouquet Canyon f ault is a branch of the rift. 

As far as could be determined, the dip of the fault i nearly 

vertical . The Pelona schist block has a pparently received greater 

elevation, as shmm by topographic relief, than the granitic block. 

~ s discussed under geomorphology (see P• 77) there probably has 

been reversal of movem1ant along the fault . 

Approximately a mile est of Ritter Ranch a f ault branches 
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off the Bouquet Ce.nyon fault e.n.d s·trikes N. 75° 'W . West of the 
~ 

area mapped Si.mpson ha.s found that several faults branch from 

55/ Simpson, E. c., Ge&logy and Mineral Deposits of the Elizabeth 
Lake Qtua.drangle, California: 13th report of the State Millera.lo­
gist, California State Mining Bureau, map, 1934. 

the Bouquet Canyon fault, the principal one being the Bee Canyon 

fault. 

As has been pointed out by Simpson the age of the displace .. 

ment is suggested by the age of the rocks in which Pelona schist 

first appears. Pelona schist detritu is not present in the Vas-

quez (referred to by Simpson as Escondido) or older formations, 

but schi s·t; fragments are found in the Miocene J,tlnt Canyon forma-

tion. The Anaverde formation, presumably Pliocene in e.g , how-

ever, does not contain any Pelona schist . Perhaps the schist frag~ 

ments present in the Mint canyon formation were derived from an 

~ 
area not contributing to the Anavarde sediments . Gazin does not 

report any Pelona schist detritus in the Harold beds o£ Pleisto-

~ Gazin, c. L., unpublished report. 

eene age, but terrace deposits on all sides of the Pelona sohist 

block are composed almo ... t entirely of schist fragments . There is 

therefore a strong suggestion that the principal uplift along the 

Bouquet Canyon and other fault s bounding the Pelona schist block 

took place in lat Pleistocene or Recent times. 

The other large fault branchi.ng at a low angle from the San 
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Andreas r ift approa ches and probably joins the rift just west of 

Elizabeth Lake school. It is marked by a prominent valley and 

strikes across Portal Ridge at approximately N. 80° E. passing 

under Hitchbrook ranch. This fault, will~ therefore, be referred 

to as the Iiitehbrook :fault. As with the Bouquet Canyon fault , 

Pelonn schist forms the block on the south and granite the block to 

the north. On the north side of Portal Ridge the fault S'.vings 

more nearly parallel to the strike of the rift$ llere it brings 

r hyolites of the Rosamond formation as 1ell as granite into eon~ 

tact with Pelona sehi~t. At the contact of the rhyolite and the 

schist the fault appears to dip steeply to the north. The north 

dip of this part of the fault suggests that it may represent an 
'El 

exemple o.f the tertiary thrust as described by Willis. The up-

~ Willis, Bailey: San Andreas Rift, california: Jr . Geol •• vol. 
XLVI , P• 802 , 1938. 

lift of Portal Ridge has apparently taken place prinoip lly along 

a fault located north of the ridge but now covered by alluvium (see 

discussion under "possible faults")• The age of the fault and the 

amount of displacement along it are uncertnin. Patches of Rosamond 

volcanics appear to be in pl aoe on top of the Pelona schist of 

Portal Ridge suggest ing ·toot; the ridge was uplifted and eroded 

prior to Rosamond -times~ and yet Pelona schist is not present in 

the later Pliocene An~verde formation adjacent to the block. This 

introduces the possibility t hat the volcanics resting on top of 

Portal Ridge were carried there along a. thrust . No other evidence 
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indicates this to be the ease ~ howe-9'er. No evidence of displaoe-

ments a s recent as these in the trough is preserved along the 

t~aee of the Hitehbrook fault . 

A third fault is present in San Franoisquito Canyon. It is 

not , however , an extension of the San Franeisquito fault in lower 

~ 
san Franeiaquito Canyon which Simpson describes as being a low-

5?j Simpson. E. c •• Geology and Mineral Deposits of the El izabeth 
Lake Quadrangle, California: 13th report of the State ~ineralo­
gist, California S·tat Mining Bureau, P• 405, 1934. 

angle tbxust . In ·t he ar a mapped the fault is traced entirely by 

geomorphic evidence, principally valleys and saddles. 

Possible faults 

Many faul ts almost certainly are present in the nrea studied 

that have not been included on the geol gie I118.p . As ba. s been 

stated previously in this report, ·che faults showing reoant move-

ment are probably represent tive of the complex system of fau l ts 

which make up the rift zone. For example, in t he report on dam 

~ 
sites of this region by llill the area around Eli zabeth Lake was 

~ Hill, R. T •• Report on the Geology of t he Proposed Bouquet 
Canyon. Elizabeth Lake and Antelope Val ley Dam and Reservoir Sites: 
unpublished manuscript. map after page 74~ l928e 

mapped on a reconnaissance seale, and a great many moro fault s are 

mapped as recognizable t han on the present map . The probabl e and 

po ssible faults, are$ of course, ext remely important in considera. ... 

t ion of dam sites and it would bs wrong from a practical standpoint 
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to overlook even the slightest suggestion of the presence of a 

fault . !n the present study, howevor, the principal interest was 

in obtaining a structural picture and history of the rift, and so 

fo~ the most part only relatively certain faults whose traces could 

be determined with som.e degree of accuracy were mapped. It tas 

felt that a more accurate sample could be obtained in this ~ay, 

inasmuch as the complete picture could not be obtained. 

The principal line of uplift which has not been w~pped as a 

specific faul t lies probably a *le or more north of Portal Ridge 

and approximately parallels the trend of the ridgeQ As is des­

cribed in the section on geomorphology~ ortal Ridge has been up• 

lifted with respect to the Mohave Desert floor . There is no 

physiographic expression to indicate the exact location of th 

fault , except on one aerial photograph taken in the vicinity of 

Palmdale there appears to _be an alignment of vague spots which 

may represent the trace of this fault . This line crosses Sierra 

Highway approximatel y 1000 f eet south of the junction of Avenue R 

and the highway. 

The borders of the gneissic block a few miles southwest of 

Palmdal e reservoir may be fault contacts. No fault zone was ob­

served, no geomorphic evidence of faultin~ was found, and little 

other than that the strike of the contacts is para llel to t he large 

branch :f!aul ta suggested that the contacts are f ults. In f act, 

one road cut near the south contact of the gneissic body e. _o ed 

numerous granitic dikes int ruded into the gneiss thus suggesting 

that 't;he contact is an intrusive contact. 
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At the outh of Leonis Valley the south slope of the 

Pelona schist block of Ritter Ridge is oversteepened and may 

represent a fault scarp dipping steeply to the south. H~ging 

valleys are present above the soarp-like portion or the slope .. 

It may represent a eont inuation of the r verse fault Which i 

present in the granit b~ock on the southeast side of the mouth 

of Leonis Valley.· The possibility of a fault striking out 

Leonie Valley into the Mohave Desert as has been mapped by 

~ 
Simpson i s lessened by the presence of Palone. schist on the 

~ Simpson, E. c., Geology and 4ineral Deposits of the Elizabeth 
Lake Quadro.n!;b, California: 13th report of the State Mineral O<-o 
gist , California State Mining Bureau, map, 1934. 

ea st side of the mouth or Leonis Valley. The granite is apparentw 

ly in intrusive contact with the schist at t his point . The lo~er 

portion of Leonis Valley ie probably underlain by a gouge zone 

and a ne~vork of faults . This group of faults is represented on 

the map as a single fault indicated as "location unce:rtainn . 

In the block situated between Bouquet Canyon and San Francis-

quito Canyon several valleys are present which suggest oontrol by 

faults. Two valleys in the eastern half of this block cress the 

block at about N. 20° - 30° E. and their bottoms are filled with 

alluvium. The breadth of these valleys suggests that they may 

oo.ve been formed in an easily eroded zone such as a faul-t zone. 

Other possibilities are discussed under "geomorphology". A t hird 

valley whose mouth is about 4 miles northwest of the mouth of 
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Bouquet Canyon is unusually st~aight , strikes approximately N. soO 

E., and strongly suggests fault control. The fourth valley is 

similar to the third mentioned in having a northeast strike. 

It io in a line with and ·north of' the upper part of Dowd Canyon 

which drains southwestward into San Franeisquito Canyon. Other 

features of this valley are described in th section on ngeomoF• 

phology" . 

Another valley which suggests fault control is t he one fol• 

lowed by the Elizabeth Lake - Willow Springs road wher~ it crosses 

Portal Ridge just northeast of Elizabeth Lake. 

To summarize the situation regarding the other faults assoc­

iated with t he lines of recent displacements the following may be 

said: 

The ~vo principal faults which branch from the San Andreas 

rift, the Bouquet Canyon and the Iiitchbrook fault , show no indi­

cation of strike -slip movement, though little evidence to the con­

trary was found either. The Hitehbrook fault curves in a fashion 

that would be difficult to accommodate strike - slip movements . Rela• 

tively recent uplift of the Portal Ridge block is indicated by 

terraces on its crest and the youthful nature of dissection on its 

flanks , especially the north flank. This uplift probably took 

place along a fault which is now covered by the alluvium of the 

Mohave Desert . None of these faults show any effects of very 

recent displ&oements such as fault scnrplets, sag ponds, and pres• 

sure ridges. However, t he frequency and amount of displ cements 

along sueh subsidiar y fault s# if they are genetically associated 
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with the rift, would not be expected to be as great as along thE! 

main rif<b zone. 

The situation in this area, therefore , is possibly similar 

to th~t described by Taliaferro in the ~rea north of Parkfield 

in that the branch faults show no recent scarps and have had es­

sentially vertical displacement~. The situation. however. car~ 

tainly is not clear enough to state emphatically that these 

branch faults are of an ~~rlier period of faulting and are not 

genetically related to the rift. 

Structure !! metamorphic rocks 

The schistosity of the Pelona schist parallels the bedding of 

the original sed~ents. The rooks. ranging from metamorphosed 

limestones and quartzites to mica schists, have been thrown into 

relatively open folds . !n detail the beds or planes of schist­

osity, nre in a complicated syst~ of small orenulations and drag 

!'olde. The axes of the folds in Portal Ridge strike e.pp1·oximately 

N• 80° w. A cross section of one of these folds can be seen on 

the Goode Hill Road which crosses Portal Ridge . The axial plane 

of this large syncline dips to the north. The schistosity on the 

north side of the syncline dips approxilnately 70° or 80° to the 

south, whereas the dips on the south side are approximately 300 to 

40° to the north. 

In Sierra Pelona Ridge the schistosity strikes more nearly 

:N . ?Q-80° E., as does the gneissic structure in the block south ot 

the Pelona schist . 
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Probl~ of. displacement along the San Andreas rift - - . ---- ............. -...-.; 

Since the recognition of the strike- slip displacement whioh 

-took place at the time of t.he San Francisco earthquakG of. April 18, 

1906~ inv stigators have reported several strike- slip displace· 

rnents along other porcions of the San Andreafl rirt . An excellent 

example of such displacement accompanied the earthquake of J~y 18, 

!Y 
1940 and has baen described by Fw P• Ulrich. Displacements at 

.!!/ Ulrich, F. l? • • The Imperial Valley Earthquake of 1940;. Bull. 
Seis . Soc . !~er., vol. 31 , pp . 13-31, 1941. 

that time were as great as 14 :feet . 
Sl 

Gutenberg has shown tha:l> 

!EJ Gutenberg, Beno, Mechanism of Faulting in Southern Calif'or-aia 
Indicated by Seismograms: Bull. Seis. Soc . of Amer. fl vol. :u, 
no. 4, PP• 263·302 , 1941. 

seismographic evidenc indicates a similar type of displacement is 

common on many faults in southern California. Gutenberg ' s investi-

gation wa s principally a test of the rebound theory, but the evi-

dance obtained in support of that theory also showed the tendency 

of other faults in southern California to have strike -slip dis-

placements with movements like the San Andreas. 

It is certain, therefore, that at least at present the dis• 

placement along the San Andreas rift is such that the southwest side 

moves northwest with respect to the northeast side. Recorded dis~ 

placements give some idea of the rate at which movement is taking 

place along the line of the San Andreas rift. During the San 

Francisco earthquake of 1906 accurately measured strike~lip dis-

99 



2Y 
placement varied in amount bet-ween 2 and 15 feet {:maximum of 

~ Lawson, A• c. and others, The California. Earthquake of April 
18, 1906~ Carnegie Inst" of Wash., Pub. no. 87 , P• 133, 1908. 

21 :feet was reported from one locality) over a distance of a.pproxi• 

nw:tely 190 miles4 In 1857 in the 'l'ejon Pass region di splacements 

of over SO :feet took place e.nd the effects of the quake were v:ts .. 

quake of 1866 u1 the San Fr anei soc area atrike -alip displae~nenta 
~ 

ranged up to 10 feet. In ·che 1•eeent earthquake of 1940 in the 

~----------------------------------------------·-------~-------
~ Lawson, A. c. and others , The California Ee.rthquake of April 
18, 1906: Carnegie Inste cf Wash., Pub. no. 87 , P• 133, 1908. 

Imperial Valley area, di$plaeements averaged approximately 3 or 4 

feet over a strike length of 40 miles . From these few ca ses a sug• 

gestion of the order of magnitude of displacement and r ate of dis-

placement may be possible. A co.nservative estimate might be to 

assume an average of 5 feet displacement over a 100 mile length of 

the -fault aeh 50 years. Vlith that frequency and amount o~ dis., 

placement one could expect the rooks on opposite sides of the ap~ 

proximately 700 mile length of fault in California would be offset 

5 feet in 350 years. A mile displacement would, therefore~ accumu ... 

late in a period of about 400, 000 years . If the rift has been 

active since mid•Tertiary times or ~bout 30, 000, 000 years, ·then 

approximately 75 miles offset eould result . Ex·trapolation to such 

a degreeJ of course , is dangerous reasoning, but even so, it 
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vividly indicates the ~mount of di placement t~~t is possible. 

It also suggest s the extreme effects that might be produced in 

only a relatively short li:fe·bime o£ fault aetivityg so that the 

severity of disarrangement along the rift does not necess rily 

indicate great age. 
~ 

Gazin has described the distribution of terrace deposits 

~ Gazin, c. 1. , unpublished report . 

~hich suggest displacement of 5 - 6 miles since l ate Pleistocene 

times. Offset of streams in the aren just east of that mapped 

show approximately a mile and a half displacement . These dis~ 

placements are of approximately the same order of magnitude per 

nit of time as estimated bove; in fact , the estimate would ap-

pear to be slightly too conservative. 

There are wAny suggestions of great horizontal displacements, 

but other than offset of streams and the terrace deposits des• 

cribed by Gazin, practically no direct evidence has been observed 

to show the axact ronount sinee any specific instano in geologic 

t~e. This very lack of structures or rock types that oan be 

matched on either side of the rift to show offset is in itself a. 

strong argument in favor of great displa.cement . In the e.ree. 

studied for this report a nshoe string" of Pl iocene Anaverde sed-

iments over 20 miles long is present in the fault -trough zone• 

The material of the sediments is chiefly detritus from a granitic 

mass, whera<:~.s the rook masses bordering the "shoe string" of 
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sediment and from which the sediments would be expect ,:.;d to be 

derived are schists and gneisseso This situation is present 

over a distance of more than ·twenty miles. There are appa r• 

ently only two possible ways that this might come about . First , 

the blocks on either side may have had such a structure and have 

been involved in ver tical movements ofsuch a nature as to expose 

sehi st and gneiss e.t present where in Pliocene times gr e.ni.te 1as 

exposed. 'this is a diffic,.tlt situation to imagine, and contra-

dieting this , on the Pelona schist of Portal Ridge Rosamond 

volcanics are apparently in place on an erosion surface, suggest-

ing the.t as early as Miocene times Pelona schist was e~osed. 

The al ternative is th~tt horizontal displacements have earri d 

these sediments along the rift for a distanc of more tlwn 20 

miles. The gra1ute of the west end of Portal Ridge and of the 

Pine Canyon district is petrologically similar to the gra.ni te mat-

erial of the Anaverde eonglomera~e and arkose and may represent 

the source of the sedimen ary material . It i difficult, however , 

to understand the meeh nios of a displacement t hat eould carry such 

a long narro1 string of sediments a distance of over 20 miles and 

still leave it essentially a single unit . 

2!Y 
Noble's uggestion of a correlation of sed~ents in th 

~Noble, L. F •• The San Andreae Rift and Some Other Aetiv ~'a.ults 
in the Desert Region of Soutrre~tern California• Bull . Seis . Soo. 
Amer. vol. 17 ~ PP• 2~39, 1927. 

CajGn Pass area with beds of the Punch Bowl formation indicating a 
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horizontal d:l.splv.cer.ne:nt of approximately 24 miles has bean some-

what weakened by t he finding of vertebrate remains which :i.ndioate 

a different age for the t wo sedimentary blocks. On the basis of 

equine material obtained !'rom the ·two areas the Cajon beds can be 

considered no younger than upper Miocene, but the Punch Bowl beds 

w 
appea r to be at least lower Pliocene in age. The beds probably 

~Stock, Chester, oral communications. 

were formed under simihl.r conditions of environment and, therefore, 

are of s~ilar lithologie nature. 

!V 
As has been stated previously in the report , Taliaferro has 

~Taliaferro, N. L., Geologie History and Structure of the Central 
Coast Ranges of California: California Division of Miies, Bull. 118, 
PP• 159·161, 1945. 

described a region in central california where offse·l; of structure 

limits t h possible horizontal displacement along the rift to under 

one mile, whereas Gazin has shown good evidence in the area east o:f 

Palmde.le that displacement s are at least 5 or 6 miles . In t he area 

studied Ano.verde sediments are found on both sides of the mos·t prom-

i nent line of recent d:i,splacement. Certainly no enormous displace-

ment has t aken place along this extremely recent line or the patches 

of Anaverde would be separated. As has been pointed out; previously, 

however , t hese lines of extremely recent displacement appear t o be 

relatively superficia l features as compared to the whole rift zone, 

th~-1:; is the quarter t o half a mile width of brecciated material. 
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gouge. and faults within the general trough eon~. 

In th~ area studied an anoma.lous situation is present in 

that the east end of Portal Ridg;a bordering the san .Andreas rift 

is composed of Palone. schist . The vJast edge of ·che mass of Pel ... 

ona schist bordering the rii't on the aouth side is 9 miles east 

of the west edge of the Pelona schist block in Port61.l Ridge '" The 

orientation of the st ruct 1res in the t;.vo blocks is essentially the 

same. These facts int~"oduce ·ldha possibility of reversed direction 

of atrike .. slip displacement at an earlier time in geologic history. 

It i~ however , probably inoorract to compare the edgea of the 

blocks only at the rift zone. Actually the western limit of the 

Pelone. schist bloc.k south of the rift is over ten miles west of the 

we s~ern tip of the Pelona sehist block north of the rift . As has 

already been shown the exposure of Felons. schist as it essentially 

is today came about in late geologic t~e, probably as late as 

Pleistocene times and no earlier than Miocene time, The present 

areal distribution is, therefore ; not an old fea:eure and is pro~ 

ably :mostly a result of vertical \lpli:fting o£ the schist blocks 

with subsequent stripping; and not of horizontal displacement along 

the rift. Considering thes~., fa.ots, it is not; hard to im.f;,gein that 

the distribution represents more apparent d5splaoement than it is 

indicative of actual re~erssd displacement . 

It is highly possible thr::.t " rtical displt:t c~ments he.ve ob .. 

litarated any relatively old patterns of aerial distribution of 

rocks which might have afforded a key to the horizontal disQ 

placements . 
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Another situation suggesting an auomn.lous displacement is 

the distribution of Anaverde sed~ents with respect to the line 

of recent movement. The western.m.ost occurrence of Anaverde sed-

irnents on the south side of the principnl fault showiu recent 

displaeemen'l:; is approximately two and a third miles east of the 

'est rnmost outcrop of Ane.verde sediments from its northern edge. 

This amount of contradictory evidence introduces the possi~ 

bility of' different histories along various parts of the rift ., but 

·when the continuity of the rift is considered,. it seems as though 

the whole rift would be 'bhe result of a single cause and that the 

history of all portions. therefore, would be essentially the same. 

:!.21 
In contradiction of this idea. Clark has made the follo ~ing com ... 

:..ent: 

!2/ Clark,_ B. L., Tectonics of the Coas't; Ranges of Middle Calif .. 
ornia: Bull .• Gaol• Soc. Amer . vol . 41, P• 819, 1930 .. 

"The writer is convinced tru1.t there is no continuous north­
south fault•zone along which a general movement of ·the earth ' s 
rus·t has taken place. such ae has been postulated for ·che San 
ndreas fault-zone by different write:rsj) but that horizontal move­

ments are the result of the shii'ting of individual blocks, and the 
resulting stresses are taken up in other adjoining blocks either 
by folding or by shearing. " 

The problem of th.e amount of strike ... slip displacement along the 

San Andreas rift is certainly far from being solved. The principal 

suggestions fil.ay be summarized as follows: 

1. All investigators are apparently in agreement that rela-

tively recent movement has caused strike-slip displace-

ments of as much as a mile ., 1bis is fbown principally by 
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offset of atre~ channels . The southwest side of 

the rj_ft has moved northwestward with respect to 

the northeast side. 

2. Taliaferro and ot hers believe offsets are no more 

than one mile in the area north of Parkfield. 

3. oble and others have suggested orr~ets of the order 

of several tens of niles . 

4. Gazin has found evidence of strike- slip displace­

ments of 5 or 6 niles i n the Pearland quadrangle. 

Evidence from the re studied for this report includes the 

following: 

1. The thin stringer of Anaverde sediments, over 20 miles 

long and a fraction of a mile wideb has possibly been 

dragged some 20 or more miles . because over that dis .. 

tance the rocks bordering the sediments are differen·t 

than th material in the sediments . 

2. The distribution of Pelona schist suggests horizontal 

displacemen-ts of 9 miles in the opposite direction 

to t hat expected. This offset is possib.ly only ap­

parent end a resul·t of vertical movement . 

3. The western edges of the bloeks of Anaverde sedi­

ments on the north and south sides of the most recent 

fault also suggest dis~laoements of the south sid 

to the east, but again this distribution very likely 

is due to vertical movements and subsequent erosion. 

4• In this urea is s:i.tur1 ted the only visible source of 
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the elona schist detritus which Gazin found 6 

miles to the east in Quaternary terrace deposits. 

The antiquity of the rift --- . · --~ 

The age of' the San Andreas rift is not known with any cer-

tainty. Suggestions made by varioua investigators range from 

pre-Tertiary to late Pleistocene as a maximum age of the rift. 
'!11 E./ 

Willis and Noble among others have postulated that the rift 

7!/ (illis. Bailey, San Andreas , Rift , California: Jr . Geol . , vol. 
XLV!, no. 6, p. 810, 1938. 

~Noble, L, F., The San Andreas Rift and Some Other Active Faults 
in the De·sert Region o£ Southea3Stern California 1 Bull. Seis. Soc. 
of Amer., vol. 17, PP• 25·39, l927. 

was in existence as early as Eocene times. The chief difficulty, 
'!.Y 

a s Taliaferro has pointed out is in distinguishing the San Andrea 

'!Y Taliaferro, N. L •• Geologic History and Structure of the Cen­
tral Coast Ranges of California: California Division of Mines, 
Bull. 118, PP • 159, 1943. 

rift; and sep ... rating it £rom other faultso Taliaferro has essen ... 

tially ltmited his definition of the san Andreas fault system to 

include only those faults which show recent displacement and have 

strike-slip movement . He recognizes a slightly earlier period of 

d~a~rophism, probably late Pliocene to mid~Pleistooene in age, 

when compression and thrusting typified the conditions of movement 

along the fault. Besides both of these periods of activity. Talia~ 

ferro points out that a normal fault of large displacement fol• 
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lowed essentially the same line as the present strike-slip mo~e~ 

ment . 

This concept of age. then, is not so extremely different £rom 

that of 'Willis 1 and Noble •s who merely suggested diastrophism along 

the line of the rift at an early time, but offered no proof o£ 

its being of a strike-slip nature . It becomes essentially mat-

ter of defini tion, as to what portion of the events that have oe• 

curred along the line of the San Andreas rift should be include4 

under the heading of, let us say , the San Andr as phenomenon. If 

study is centered on the phenomenoo of strike-slip displacement 

o.lone then attention must spread to include the strike-slip move-
J.Y 

ments ot other f~A-ul-bs . Buwalda. has recognized strik -slip move-

!!/ Buwald , J. ., Recent Horizontal Shearing in the Coastal Moun• 
tains of california: Proceeding Geol . Soc. Amer . p. 341, 1936. 

menta on several other faults in California. Seismic evidence aleo 

indicates that suoh displacements are common in the southern Calif· 

'!Y 
ornia region. On the other hand. if there has been a prominent 

1!t Gutenberg, Beno. Mechanism of Faulting in Southern Californi 
Indicated by Seismograms: Bull . Seis. Soe. of l~er., Vol. 31, 
P• 299, 1941. 

line of demarcation essentially in the position of t he line of the 

San Andreas rift for a long period of geologie time, ·there may have 

been a variety of movements take place along it, but t he individu 1 

event s would be merely subsidiary to the und erlying causa of the 
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presence of the feature '·t elf. The ancient di placement along 

the line of the rift, then, even if of a. different type than 

those of recent times constitutes a feature of antiquity of the 

rift zone, and the age of the strik~slip type of movement may 

then be considered a separate probl$m. 

In the area s·t;udied the strike-slip movement may or may not 

be old. No evidence was observed to prove one ease or the other. 

The associated :t'ault:;s, although showing little physiographic evi• 

dence of recent displacements, were probably active in mid­

Pleistocene at which time the block of Pelo~ schist was appar~ 

ently elevated. 

There is a suggestion that the branch faults have even greater 

age. In the gneissic mass bordering the Pelona schist block on 

the south a mafic zone trends northeast approximately parallel to 

the contacts of the gneissic body and the general strike of ·the 

branch faults. This maf ic zone probably represents the metamor­

hic phase of a dike of basic composition, and since it is parallel 

to the branch faults, Sltggests that the orientation of this struc .. 

tural trend wa s determined prior to its intrusion, Inasmuch as 

the dike rock is now completely metamorphosed, considerable age# 

probably Mesoeoie or earlier, :1s suggested. 

To SU1lliil!\ r i ze : 

The problem of antiquity involves a specific definition of 

the San Andreas rift. There probably have been old periods of 

diastrophism along this general lin , but they probably did not 

all display strike-slip movements . The strike-slip movements may 
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hav had a relatively recent beginning. 

Mechanics of the rift and its relation to earth - __,.,_.. - --

Considering the present l ack of agreement of interpretations 

of the time and space relationships of various structural features 

of the rift; , ru.1 tanalyais of the mechanics of' the forces causing 

the features seems somewhat premature4 

On the assumption that the faults , a.nd structures trending at 

an angle to the rift are a result of the same forces causing the 

'!Y rift, Bailey Willis has analyzed th nature of the mechanics 

76/ Willis, Bailey, San Al'l..dreas Rift in Southern California: 
0? Geol., vol . XLVI ,. no. 8, PP• 1017-1056, 1938. 

which could possibly give this structural relationship. 1iillis 

postulates essentially north-south rota.t~.ona.l stresses which re-

sult in a shear couple causing the strike~slip displa.c~nents on the 

rift as well as compressional stresse which cause reverse faults 

and folds having an east-wast orientation at right angles to the 

!!./ directions of the primary forces . Clark has also described and 

2!/ Clark• B• L. ~ Tectonics of the Coast Ranges of Middle Calif• 
ornia, Bull . Geol. Soc. Amer., Vol. 41, pp. 748-828, 1950. 

diagrammed somewhat the srume relationship of folds and cross struo-

tures to the strike~slip shear. 

Such an interpr~;r~ation presents a relatively simple ·.picture. 

If, on the other hand, the cross structures are older and of di£• 
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. . ~ ferent genes~s than the r~ft itself, as Taliaferr~ · suggested, 

!!/Taliaferro, N. L., Geologic History and Structure of the 
Central Coast Ranges of Ca.lifornia: state of California Divis­
ion of Mines, Bull. 118, PP• 159•161, 1943. 

a much more complex history of tectonic forces must be represented 

by these structures. 

One basic concept which Wi llis apparently ass~ed in his anal~ 

ysis , and which many other writers have also assumed, is that the 

forces originate in rather restricted zonas and are ~pplied essen• 

tially to the edge of a surface plate which then trtmsmi ts the 

stresses to the affected areas. Such statements of Willis as th 

following suggest t his concept: 

"··-if there were any irregularity of development , we would 
anticipate that the one nearest the appl i cation of the pressure 
would shm'<' the maximum effeet ; ..... n 

"The rift ·~~ appears to have developed in the zone where 
their opposed bodies a.eted like t;he jaws of a vise." 

Presuming rocks be.d strength enough to transmit str-esses over 

great horizontal distances, and several investigator have indi· 

eated that rooks have not such strength_ it would be expect ed that 

stresses \ ould .b-e relieved a long a single large break. Instead of 
!Y 

that being the case in southern California, Buwe.lda has des .. 

'!!/ Buwa.lda. J o P. , Recent Horizontal Shearing in ·che Coastal Moun .. 
tains of California: Pr~oeedings Geol ogic Society of America, 
p 341. 1936. 
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cribed faults in rldely separated areas which show strike slip 

displacements sim:i.l ar- ·to tha:t; found a long the San Andreas rif t . 

2Y 
Gutenberg has described seismographic evidence which indicates 

~·Gutenberg, Beno, ·Mechanism o:r F ulting in Southern California 
Indicated by Seimnegrams: Bul l . Seis. Soc . Amer. , vol. 31, no. 4, 
PP• 26~502 , 1941. 

that many shocks from various points in southern California appar­

ently e.oeompanied displacemen-ts having movements simi l ar to that 

displayed at the surfe..ce along the rif't . 

Such a wide distribution of faults having essentially the same 

type of displacement would suggest that stresses were applied 

sub-equally throughout a "llide a r ea. This could b e accomplished 

from below the crustal block, possibly by drag on the base b y sub• 

!!I crustal flowage . Griggo has po ulated such subcrustal cur-

W Griggs, David ~t A Theory of Mountain-Building= Amer. Jr. of 
Sci., Vol . 237, noo 9, PP• 611~6501 1939. 

rents and has described a possible interpretation o£ 1edge-like 

mountain masses by stioh e.. process. He dealt pr incipally with sit-

uationB in which two crustal blocks would be dragged toward ee..eh 

other. strike- slip displacements rnigh"h be the result of a. stream.-

like current which had different velocities e.t different points 

across its d.dth.. This would create local stresses at various 

points in the overlying pl ate which would all be capable of pro-

duoing strike·slip displc.cements. A line of sudden chang in 
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velocity would. create a. ''master fault" sueh as the San Andreas. 

A "rip line" as in water curh:mte,. where two currents of differ• 

ent speeds and direction of motions maet , might be the nature 

of' the line of' change >:{hich would cause the San Andreas rift. 

Possibly a single current might be flowing ~ st a relativ·aly'-·s"table 

mass . In the present case the Sierra Nevada M~untains might act 
82J 

as the relatively st3.ble mass, inasmuch as seismographic · evi .. 

~Gutenberg, Beno, Sei smological :b'vidence for the Roots of Moun ... 
tains: Bull . Gaol . Soc . Amer ., vol . 54. pp . 473w498, 1943. 

dance indicates that the Sierra ~lavada Mountains ha-ve nrootsn which 

extend to greater depths than the adjacent crustal units in Cal-

ifornia . The earthquake foci along the rift average approxi-

~ 
rue.tely ten m.i le~ depth which is normal for the origins of 

W Gutenberg. Be:no. oral communication. 

shocks in the southern California area . In relation to the pre-

sent activity of various faults in southern California, it is 

interesting t o note tha.t the <'~n Andreas rift is the locus of 

!Y 
very fgv.f earthquake shocks at present.. Perhaps this is due 

~ Gutenberg Beno. oral communication. 

to the recency 0f relief of stresses along the r ift which took 

plaea during the 1857 and later displacements. 
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A Miocene Mammalian Fauna from Beatty 
Buttes, Oregon 

INTRODUCTION 

Fossil mammalian remains were first discovered in tuff beds of the Beatty 
Buttes area in 1938 by Dr. W arren D. Smith and Lloyd Ruff, of the University 
of Oregon. Shortly thereafter, the occurrence was brought to the attention of 
Dr. Chester Stock by Dr. Smith. During the summer field seasons of 1940 and 
1941 collecting parties from the California Institute of Technology examined 
the region and obtained much additional material. 

The original locality at Beatty Buttes lies approximately 22 miles southwest 
of Blitzen, Oregon, and nearly 100 miles south of Burns, Oregon (see map, 
fig. r). Here the tuff beds in which the fossi l mammals are found border the 
north side of the volcanic cone of Beatty Buttes. Most of the material was col­
lected in an area lying approximately 5 miles from the highest point of the cone 
and nearly due north of it. At a second locality, here designated Corral Buttes, 
occur fossiliferous deposits that are unquestionably like those exposed at Beatty 
Buttes. Fossils were discovered in these beds by K. A. Richey and J. C. Stock 
it; 1941. Corral Buttes lies approximately 20 miles northwest of Beatty Buttes. 

The author is indebted to Dr. Chester Stock not only for suggesting the prob­
lem, but also for valuable advice and criticism during the progress of the study. 
The field party of 1940 was under the supervision of Robert Leard, and that of 
the following year was led by K. A. Richey. The assistance and advice kindly 
given by E. L. Furlong and K. A. Richey are deeply app reciated. Dr. Robert W . 
Wilson furnished information which aided in the identification of some of the 
fossil rodents. Dr. W. D . Smith, who is fami liar with the geology of the region, 
made many helpful suggestions. The illustrations were brought to fini shed 
form by David P. Willoughby. 

PREVIOUS wORK IN REGION 

Geological investigation in southeastern Oregon has been for the most part 
of a reconnaissance type. Only a few areas have been mapped in detail geologi­
cally. In many instances even base maps are difficult to obta in. 

Following an account in 1927 of the geology of Steens Mountain by W . D. 
Smith , Fuller in 1931 published the results of a study of the sequence of volcanic 
rocks in this region and included information regarding the geologic relations in 
the surrounding area. A paper by Piper, Robinson, and Park ( 1939) is con­
cerned with the water resources of Harney Basin and sets forth the geology of 
the region about Malheur Lake, north of Beatty Buttes . In a much earlier 
paper, Waring ( 1908) considered the geology and water resources of an area 

II5 
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Frc. I. Map showing the location of Beatty Buttes and Corral Buttes in relation to known 
fossil vertebrate localities in southeastern Oregon and in Nevada. 

adjacent to Lake Abert and west of Beatty Buttes. Russell ( 1928) reported on 
the geology of the Warner Range in northeastern California. 

Vertebrate remains of Miocene age were recorded from Sucker Creek, Oregon, 
by Scharf (1935); from Skull Springs, Oregon, by Gazin (1932); from the 
Mascall formation, Oregon, by Merriam ( 1907), and from Virgin Valley, 
Nevada, by Merriam ( 191 r); from the Payette formation, Idaho, by Buwalda 
(I924); and from the Upper Cedarville formation, California, by Russell (1928). 

Fossil floras are known from the Alvord Creek formation (Fuller, 1931), 
Upper Cedarville formation (Russell, 1928), Payette formation (Chaney, I922), 
and Mascall formation (Chaney, 1925). 

GEOGRAPHICAL AND GEOLOGICAL RELATIONS 

Beatty Buttes is a volcanic cone rising to a height of 7916 feet above sea level. 
It stands several thousand feet above a broad alluvial plain which is bordered 
on the east by the high Steens Mountain and on the west by the H art Moun-
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tains. The climate of the area is arid and most of the vegetation is of a grassland 
and brush type. One of the largest of the few remaining herds of pronghorn 
antelope roams these plains. Other characteristic members of the animal com­
munity are the coyote, jack rabbit, and rattlesnake. 

The fossil specimens were found in a series of acidic tuffs which form small 
buttes of the order of roo to rso feet in height surrounding the base of the main 
volcanic cone. Alluvial terraces composed of obsidian cobbles commonly cap 
these buttes, though near the volcanic cone itself basic flows cap the tuff beds. 
These flows apparently were extruded from the cone. The glass and pumice 
fragments of which the tuff is predominantly composed has an index of refrac­
tion ranging between 1.48 and 1.50. This would indicate a silica content of 
approximately 70 per cent (George, 1924). 

The tuff beds show only slight deformation. Southerly dips of 5 to 8 degrees 
were the greatest divergence from the horizontal observed by the author. Eleva­
tion of the strata since the obsidian terraces were deposited has resulted in dissec­
tion of the tuff beds, forming the badlands in which the fossil material is 
exposed. 

On the basis of a flora obtained from the Alvord Creek beds in Steens Moun­
tain, Chaney (Fuller, 1931) believed that a correlation between these deposits 
and the Mascall formation was possible. This would likewise suggest a correla­
tion with the Beatty Buttes horizon, since the fauna from the latter is nearly 
related to the Mascall assemblage. The Alvord Creek beds, however, lie below 
the Steens Mountain basalt, whereas the Beatty Buttes tuffs appear to rest on 
these basalts. This relation may be explained on the assumption that the 
resemblance between the floras of Alvord Creek and Mascall reflects in the 
main similar ecologic conditions without necessarily indicating an exact time 
equivalence. On the other hand, the extrusion of the basalt series may not have 
required a long time. Perhaps the fossiliferous deposits at Beatty Buttes are to 
be correlated with a higher part of the Mascall formation rather than with the 
plant-bearing Alvord Creek beds.1 Russell ( 1928) described the Upper Cedar­
ville formation from v,r arner Valley to the west of Beatty Buttes and stated that 
a fossil flora from it was regarded by Chaney as comparable in age to that of 
the Mascall. Thus the Upper Cedarville formation may be closely related in 
time to the Beatty Buttes horizon. Fossil vertebrates are known from the 
Upper Cedarville formation near Alturas, California, but no list of mammals 
has been published. 

The stratification of the tuff beds does not suggest extensive fluviatile deposi­
tion, but rather an accumulation of the sediments in relatively quiet water or 
subaerially, or possibly under both conditions. The fossil remains suggest ex­
posure to the weather before burial, not only by their fragmentary state of 

1 Since the above was written, Axelrod (in Chaney, Condit, and Axelrod, Pliocene Floras 
of California and Oregon, Carnegie Inst. Wash. Pub. 553, 1944) concludes that the flora 
from the Al vord Creek formation is Lo~er Pliocene. The deposits would, therefore, be dis­
tinctly younger than those at Beatty Buttes, and this difference in age would imply a some­
what different interpretation of the geologic history of the region between the two localities. 
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preservation, but also by the fact that a number of bones show the gnaw marks 
of rodents. Many of the fragments have their edges completely rounded by 
this type of attrition. Although evidence of rodent gnawing is often seen in 
fossil materials, the frequency of occurrence of this type of marking at Beatty 
Buttes suggests some specific cause. Absence of mineral salts in a region where 
accumulation of volcanic glass was widespread may have forced creatures to 
seek such materials in the scattered organic remains that were lying on the 
ground before they were buried. Moreover, the rather common occurrence of 
gnaw marks gives the impression that many rodents were present. Indeed, cer­
tain structures observed in the tuff beds may be the remains of rodent burrows 
that were subsequently filled with volcanfc ash. 

LITHOLOGY 

The following is a measured section of the rocks exposed at Beatty Buttes: 

r. Basalt flows (estimated thickness) .. 

Thickness 
(feet) 

35+ 
2. Stratigraphic distance between bottom of basalt and top of uppermost tuff 

bed exposed (estimated thickness) . . . .. 25-30 
3· Brown to gray-brown, tuffaceous silt. Top of the section not exposed 50 
4· Brown, tuffaceous silt. Forms badland cliffs . ro 
5· Tuffaceous silt grading from gray at bottom to cream or buff at top. Many 

fossils occur in this unit. Usually exposed in badland slopes between cliff­
forming units 

6. Light-tan to brown tuffaceous silt containing many pumiceous fragments. 
Many fossils are preserved in this unit, especially toward the base. Forms 
badland cliffs IO 

7· Brown to buff, tuffaceous silt 40 
8. Coarse, greenish lapilli, or scoriaceous tuff. Base of section not exposed . 70 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . 272-277+ 

CaMPARA TIVE LrsTs oF MwcENE FA UN AS FROM SouTHEASTERN OREGON 

BEATTY BUTTES 

Insectivore, possibly erinaceid 

Amphicyon frenden s Matthew 

Canid (? ) sp. 

SucKER CREEK 

I nsectivora 

Carnivora 

Canid (? ) sp. 

SKULL SPRINGS 

Amphicyon cf. frendens 
Matthew 

Amphicyon sinapius 
Matthew or 

cf. Pliocyon medius 
Matthew 

Tomarctus cf. brev i-
rostris Cope 

Euoplocyon (?) sp. 
Ca nid (?) sp. 
Hemicyon, n. sp. 
Martes (Tomictis) 

gazini Hall 
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BEATTY BurrEs 

Sciurus sp . 

Liodontia cf. a lexand rae 
(Furlong) 

Mylagaulus cf. laevis Ma tthew 

Diprionomys (?) sp . 

Oreolagus (?), n. sp . 

Archaeohippus cf. ultimus (Cope) 
H ypohippus near osborni G idley 

Parahippus cf. avus (Marsh ) 

Merychippus isonesus (Cope) 

Merychippus cf. campestri s 
Gidley 

Merychippus sp. 
Aphelops sp. 

Oreodont id (?) sp . 

Dromomeryx borealis (Cope ) 

Merycodus, possibl y n . sp. 
Merycodus sp. (? ) 
Camelid (? ) sp . 

SucKER CREEK 

Rodentia 

Sciuru s (?) sp . 

Nl ylagau lus cf. laevis 
Matthew 

Chalicomyid sp. 

Lagomorpha 

P roboscidea 

Mastodont sp. 

P erissodactyla 

Hypohippus near osborni 
Gid ley 

Parahippus avus (Marsh ) 

Merychippus isonesus (Cope) 

Merychippus brevidontus 
Bode 

Rhinocerotid sp. 
Moropus sp . 

Artiodactyla 

Prosthennops (?) sp . 
Ticholeptus sp. 
Dromomeryx near borealis 

(Cope) 
Merycodus cf. nevadensis 

Merriam 
Camelid (?) sp. a 
Ca melid (?) sp. b 

A cE oF FAUNA 

SKULL SPRINGS 

Sciurus malheurensis 
Gazin 

Sci urus tephrus Gazin 
Citellus ridgwayi 

Gazin 
Liodontia a lexandrae 

(Furlong) 
Mylagaulus cf. laevis 

Ma tthew 
Diprionomys (?) 

oregonensis Gazin 

Mastodont sp. 

Hypohippus sp. 

Para hippus near 
coloradensis Gidley 

Merychippus isonesus 
(Cope) 

Rhinocerotid sp. 
Chalicothere (?) sp. 
T apirid sp. 

Platygonus (?) sp. 
Ticholeptus (?) sp. 
Dromomeryx near 

borealis (Cope) 
Merycodus ? sp. a 
Merycodus ? sp . b 

The fossil vertebrate assemblage found at Beatty Buttes has much in common 
with those collected in the Miocene deposits of Sucker Creek and Skull Springs, 
Oregon. The similarity is so close that the three faunas appear to represent 
nearly identical horizons. The genus Archaeohippus and an insectivore are the 
only important members of the fauna from Beatty Buttes that do not occur in 
the assemblages from Sucker Creek and Skull Springs. The fauna from Beatty 
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Buttes is likewise comparable to that from the Mascall formation, Oregon, and 
that from the Virgin Valley formation, Nevada. Merychippus isonesus, 
Dromomeryx borealis, and Mylagaulus are conspicuously present in all these 
five faunas. However, the assemblages from Beatty Buttes, Sucker Creek, and 
Skull Springs show greater resemblance to that from Virgin Valley than they 
do to the Mascall fauna. 

Several fossil mammals found at Beatty Buttes are known from the Sheep 
Creek beds of western Nebraska, and still others are present in the Lower Snake 
Creek beds, which overlie the Sheep Creek horizon. For example, Archaeohip­
pus and Amphicyon frendens are described from the Sheep Creek horizon, and 
Mylagaulus laevis and Hypohippus osborni are present in the Lower Snake 
Creek fauna. The presence of these forms suggests at least a broad time relation­
ship between the Oregon fauna and the two assemblages from the Great Plains. 
On the other hand, of the merychippine forms, only M. primus is recorded by 
Matthew ( 1924) from the Sheep Creek beds, whereas at Beatty Buttes occur 
several more advanced merychippines, suggesting an ::tge slightly younger than 
that of the Sheep Creek fauna. 

A slight resemblance appears to exist between the Oregon fauna and that 
from the Pawnee Creek of Colorado. In the latter occur Merychippus campestris, 
Hypohippus osborni, and Aphelops megalodus. These mammals are tentatively 
recorded from Beatty Buttes. The typical Pawnee Creek fauna is regarded by 
Osborn ( 1918) as slightly more progressive than the Mascall. Simpson ( 1933) 
considers the Pawnee Creek assemblage late Miocene in age. 

Dougherty ( 1940) suggested an age for the Caliente fauna of California inter­
mediate between the Mascall and the Sheep Creek, and further correlated the 
Caliente with the upper Temblor in the marine section of the California Coast 
Ranges. Merychippus isonesus is certainly more advanced than M. carrizoen:sis 
and indicates a slightly younger age for the fauna from Oregon. 

Bode ( 1934) considered the Merychippus zone of the North Coalinga district 
to be intermediate between the Mascall and the Barstow. It was likewise corre­
lated by Bode with the V alvulineria californica zone or basal Monterey of the 
California marine section. 

Inasmuch as some of the fossil mammals from Beatty Buttes are like those 
from the Merychippus zone, a correlation of the former horizon with the marine 
Tertiary section of the California Coast Ranges is suggested. Thus, the as­
semblage from Beatty Buttes appears to represent a stage comparable in position 
to at least a lower part of the V alvulineria californica zone of the Middle 
Miocene as defined by micropaleontologists in the California marine section. 

A discrepancy in 'these time relations becomes apparent, however, in that the 
fauna from Beatty Buttes is nearly identical in age with the Sucker Creek and 
Skull Springs faunas. These approximate in age the Mascall and Virgin Valley 
faunas, and would therefore represent a stage in the upper part of the Miocene, 
or Barstovian age, as defined by the committee of the Vertebrate Section of the 
Paleontological Society of America (Wood et al., 1941). 
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E NVIRONMENT OF F AUNA 

The assemblage of fossil vertebrates represented at Beatty Buttes is not of 
sufficient size and variety to warrant definite statements as to the environmental 
conditions which preva iled during its period of existence and accumulation. 
Nevertheless, several suggestions seem worthy of mention. 

The prevalence in a fossil fauna of grazing horses like Merychippus has often 
been regarded as evidence suggesting the presence of grassland country. Cau­
tion is necessary in the use of a criterion of this kind in determining what the 
particular kinds of environmental conditions were like during the past, for, as 
Bode ( 1934) points out, horses with hypsodont dentitions live today in open 
woodland country in certain parts of the world. Supporting the view that grass­
lands were in existence in the region of Bea tty Buttes is the presence of Mery­
codus, a grazing type of antelope. On the other hand, the mylagaulid rodents 
and the genus Liodontia are often regarded as indicative of wooded areas, and 
so are the brachyodont, browsing types of ungulates, such as Hypohippus and 
Dmmomeryx. Living rhinoceroses are found in regions which apparently in­
clude both grassland and open woodland, and the extinct Aphelops may have 
occupied a similar environment. A combination of faunal elements such as 
that comprising the assemblage from Beatty Buttes suggests, therefore, variable 
ecologic conditions in which open woodlands may have existed adjacent to 
plains. 

The Payette formation of Idaho is tentatively correlated with the Sucker Creek 
hori zon, and the latte r in turn with Beatty Buttes. Although a Payette flora 
has been described (Chaney, I922) from localities approximately 200 miles to 
the east of Beatty Buttes, what is known of the geological history of the interv~n­
ing areas does not invalidate the view that essentially similar climatic conditions 
prevailed in southeastern Oregon and southwestern Idaho in mid-Tertiary time. 
Chaney concludes f rom a study of the Payette flora that the humidity was lower 
than that indicated by the M ascall flora. A similar climate may have prevailed 
during the period of deposition at Beatty Buttes. The relatively fine-grained 
character of the tuffs in which the fossi l vertebrates are found suggests rio great 
relief in adjacent areas. Similar topographic conditions are suggested by the 
P ayette flora. 

DESCRIPTION oF FossiL MATERIAL 

Insectivore, possibly erinaceid 

(Plate 3, figure g) 

A part of a right ma ndible with M 1-M, , no. 3068, may represent an eri naceid in 
the fauna from Beatty Buttes . Unfortunately, the specimen was lost before a com­
plete description was made . One photograph of a lateral view and the following 
notes are available as a record of this jaw fragment. 

The cusps in the teeth in the · Oregon specimen appear to be less prominent than 
in Domnina gradata Cope, described by Patterson and McGrew ( r937). They are 
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not so high in proportion to the anteroposterior and tran sverse diameters of the teeth 
as in D. gradata. M a is less reduced than in the latter form. These two features, 
low cusps and lack of reduction of M 3 , suggest that the specimen from Beatty Buttes 
represents a more generali zed type, and possesses to less exte nt the distinctive char­
acters of soricids. This is significant since D. gradata is found in the Oligocene, 
whereas the Beatty Buttes form belongs to the later Miocene. No. 3068 certainly 
does not show the pronounced features seen in Limnoecus tricuspis Sti rton from the 
Barstow Miocene of California. 

In the following table the measurements of the Beatty Buttes specimen are com­
pared with those of the holotype of Domnina gradata as g iven by Patterson and 
McGrew. 

Comparative measurements (in millimeters) 

No. 3068 D. gradata, no. 5353 
C.I.T. f.M .N.H. 

Anteroposterior diameter : 

M, ........ .. .. .. a2 .0 2.2 
M, . a2.0 2. 1 
Ma ....... . .... . a1.6 1. 6 

Depth of ramus under l\1 1 .... • . • ...••.••• .• . ••.• . .• . a2.0 2.4 

a, approximate. 

Amphicyon frendens Matthew 

(Plate 4) 

A fragment of a right ramus with P .,, M, M?, and the alveoli for P" and M 3 , no. 
3192, Calif. Inst. Tech . Vert. Pale. Coli., is referred to Amphicyon frendens Matthew. 

M, in this specimen is larger than that of the cotype of Amphicyon sinapius, no. 
9357, Amer. Mus. Nat. Hist., from the Middle Miocene Pawnee Creek beds of Colo­
rado. The teeth of no. 3192 are also considerably larger than comparable teeth of A. 
ref. to sinapius, no. r8258 A.M.N.H. (Matthew, 1924) . A distinct difference be­
tween the Beatty Buttes specimen and no. r8258 is seen in the relation of depth of 
mandible to height of crown (protoconid) of M 1 • In no. 3192 this depth immedi­
ately below M, is approximately three times the height of the crown of the tooth. 

In size of teeth and in depth of mandible, no. 3192 is more like the type of Amphi­
cyon j1·endens, no. r8913 A .M .N.H. The teeth in the Oregon specimen are actually 
slightly smaller than in no. r8913, and the hypoconid of M 1 is considerably smaller 
in proportion to the protoconid in the former than in the la tter. The protoconid­
paraconid blade tapers forward more than in the American Museum specimen, and 
is directed slightly more toward the inner side. M 1 in no. 3192 approximates in 
transverse diameter the comparable tooth in no. 376 C.I.T. of A. cf. frendens, from 
Skull Springs, but has a higher shearing blade. M 2 resembles in size and proportions 
the comparable tooth in no. r 8913, but the notch between protoconid and hypoconid 
is more shallow. The m andible in no. 3192 is slightly longer than in the type speci­
men of A. fren dens, although shorter than in A. ref . to sinapius, no. r8258 A.M.N.H. 
The convexity of the lower margin below the posterior end of M, is much more 
pronounced in the type than in the specimen from· Beatty Buttes. 
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Co-mparative measurements (in mittimete1·s) 

M, , length from base of meta­
conid to anterior end of tooth 

lVh, anteroposterior dia meter .. 
l\11,, transverse diameter at 

posterior base of metaconid. 
M,, transverse dia meter across 

notch between paraconid 
and protoconid .. ... . . ... . . 

M,, height of protoconid .... . . 
i\1 2, a nteroposterior diameter .. 
i\12, transverse diameter at 

notch between h ypoconid 
a nd protoconid . ... .. . .... . 

Length, anterior end of P4 to 
posterior end of i\12 .. . .. .. . 

Depth of ma ndible below pro-
t oconid of M, ......... . .. . 

a, a pproximate. 

No . 3 192 
C.I.T. 
Beatty 
B uttes, 
Oregon 

26.0 
37.0 

17 .0 

15.5 
24.0 
27 .0 

17 . 5 

85.5 

50.0 

.\To. 376 
C.l.T. 
Skull 

Springs , 
Oregon 

25_5 

17 . 5 

17 . 0 
22_0 

a45.0 

Canid (?) sp. 

A .frendens, 
type, 

no. 18913 
A.M .N.I-1. 

25.7 

20.4 

15_7 
27.0 
30.0 

19_ 6 

A. ref. to 
sinapius , 
no. 18258 
A.M.N.I-L 

23.4 
a34.0 

a 17. 4 

14.6 
a21.0 
a28. 0 

a83 .0 

123 

A . sinapius, 
co type, 

no. 9357 
A.M. N .I-1. 

23.5 

15.0 

14.3 

A fragmentary jaw, no. 3067 Calif. lnst . Tech. Vert. Pale. Col!., with only a part 
of P4 remaining of the dentition, is refe rred tentatively to the Canidae . The speci­
men approaches in size the jaw of the present-day Vulpes mae~·otis. 

Comparative measurements (in millimeters) 

Length, a nterior end of a lveolus fo r P3 to posterior end 
of a lveolus for i\13_ ....... . 

P,, a nteroposterior diameter. .. . . . .. . . . . . . . ... . . .... . 
Depth of jaw below i\11 ... .. .. . . . . . . . .. .. . . ... . . .. . . 

Sciurus sp. 

(Plate 3, figures 5, 6) 

Canid (?) sp. , l'u/.pes macrotis 
no. 3067 C.LT. Merriam 

34. 0 
8.0 

10 .8 

34 . 8 
7 . 8 
9 .9 

Several isolated upper teeth, nos. 3077A and 3077B, and two fragments of maxil­
laries with teeth, nos. 3076 and 3078, Calif. lnst. Tech. Vert. Pale. Col!., unquestion­
ably represent the genus Sciurus, but incomplete preservation of the material prevents 
specific identification. 

The characters of the upper cheek teeth are well displayed in nos. 3077A and 
3077B, for the crowns of these specimens are practically unworn. The teeth are 
quadrate in shape and have four transverse lophs. The two outer lophs are less 
prominently developed than the two inner ones. The inner lophs terminate ex­
ternally in pronounced cusps. In size the teeth are comparable to those inS. malheur­
ensis, no. 129 C .I.T., described by Gazin (1932) from Skull Springs, Oregon. The 
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material from Beatty Buttes may represent that species. The teeth of Sciurus griseus, 
a modern tree squirrel, are slightly larger than those of the Oregon fossil. 

Comparative measurements (in mitlimete·rs) 

Sciurus sp. , S . malh.eurensi s, 
no. 3077A C.l.T. no. 129 C.I.T. 

M1, anteroposterior diameter . 2.2 2.4 
M1, transverse diameter . . . .. . 2.7 2.7 

Liodontia cf. alexandrae (Furlong) 

(Plate 3, figures 7, 8) 

S. griseus, 
no. 9601 C.l.T. 

2.9 
3.3 

A maxillary fragment, no. 3083, Calif. Inst. Tech. Vert. Pale. Coli., including P3
, 

P\ M', and a part of M2
, seems referable to Liodontia alexandrae. Two lower pre­

molars, nos . 3082A and 3082B, and several upper molars, nos. 3084A and 3084B, are 
also present. An anterior part of a skull with two incisors, no. 3087, is tentatively 
referred to this species. 

Miller and Gidley ( 191 8) established the genus Liodontia on the basis of the char­
acters displayed by Aplodontia alexandrae Furlong from the Thousand Creek and 
Virgin Valley formations of Nevada. Gazin (1932) recognized specific differences 
between the type specimen from the Virgin Valley Miocene and the cotype from the 
Thousand Creek Pliocene, and proposed for the latter the name Liodontia furlongi. 

p• in no . 3083 from Beatty Buttes is comparable in size and in acuteness of meso­
style to the corresponding tooth in the type specimen of Liodontia alexandrae, no. 
!!325, Univ. Calif. Vert. Pale. Coli., from Virgin Valley. A noticeable difference, 
however, is the presence of seven enamel lakes on the occlusal surface of no. 3083, 
whereas not inore than four lakes are noted in individuals of Liodontia alexandrae 
described from other Miocene localities. The teeth in no. 3083 are only slightly 
worn, however, and this may account for the difference in number of lakes. The 
three additional lakes are arranged along a line which passes approximately through 
the mesostyle, dividing the tooth in half transversely . 

The two lower fourth premolars, nos. 3082A and 3082B, have conspicuous antero­
external folds, a feature which is considered characteristic of Liodontia alexandrae, 
when seen in teeth of moderate wear. 

Mylagaulus cf. laevis Matthew 

(Plate 3, figures r-rd, 2-2el) 

Mylagaulus is represented in the collections from Beatty Buttes by approximately 
25 isolated teeth. The majority of these specimens are enlarged fourth premolars. 
The teeth from the Oregon locality are comparable in size to those of M. sesquipedalis 
and M. laevis. The form from Beatty Buttes, however, shows distinct external flat­
tening of the upper premolars, a feature typical of M. laevis, whereas in M. sesquipe­
dalis the teeth are described as having a "regularly oval" occlusal surface. The teeth 
from Beatty Buttes are also similar to those from Skull Springs which have been 
referred to M.laevis (Gazin, 1932). 

Features common to the specimens of P 4 from Beatty Buttes and Skull. Springs 
include the anteroexternal and anterointernal grooves, concave curvature of external 
face along vertical axis, and presence of five to eight enamel lakes depending on 
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stage of wear of crown. The lakes are elongated and are oriented roughly parallel 
to the anteroposterior axis of the tooth. In several specimens the teeth taper an­
teriorly. 

The lower premolars from Beatty Buttes, no. 3070, Calif. Inst . T ech. Vert. Pale. 
Coil., are more extended anteroposteriorly than the upper premolars. Usually six 
lakes are present, and the number is apparently more persistent with further wear 
of the tooth than is the case wi th the number of lakes in the upper premolars. The 
lakes occur in two rows of three each, one row having a posi tion along the external 
border and the other along the internal border. T he rows are oriented parallel to 
the anteroposterior axis of the tooth, but the elongation of individual lakes is trans­
verse to this axis and the trends are anteroexternal. 

Several isolated second upper molars, nos. 3072 and 3073, are in the collection. 
Two upper molars of Mylagaulus have nearly equal transverse and anteroposterior 
diameters. In diameter these teeth approximate half the size of the upper fourth 
premolars. Five enamel lakes are present. The four large lakes are located at the 
corners of a square. The fifth or smaller lake lies halfway between the two outer 
lakes and closer to the outer wall. The individual lakes are extended in a direction 
parallel to the anteroposterior axis of the tooth . Two molars, tentatively regarded 
as of the lower dentition, have a circular outline of the occlusal surface, with lakes 
numbering four in one and five in the other. 

Several fragments of teeth and skeletal elements from Corral Buttes represent My­
lagaulus. So far as can be determined from the scant material available, this form is 
identical with that recorded from Beatty Buttes. 

Measurements (in millimeters) of teeth of lilylagaulus cf. laevis 

Specimen no. 

3069A, P 4 . . .. . . . ..•. . ... 

3069B, P' ... . . . .. . .. . . . .. .. . . . . . . .. ... . . . . . . . 
3069C, P•. 
3069D, P• ... .. . . ... .. . . . .... . ... . .. .. . . . . . . . . 

3070A, P4 . .•• •• •• •••• • • •.•••••••.•••• • . •• • • • • 

3070B, P, ....... . . . ... .. . ...... . 
3070C, P4 . ••.• • • • • •• •• •. • ••. • . .•. 

3070D, P4 .•••••••••.••••••• •.• •• 

3070E, P, ... ...... . . . . .. .. . . . .. . 

3073A, M 2 .••.•• • •••• •..... .. . .. • . . •.•.•• •. •. 

3073B, M 2 .• . • . • ... •. • • •• •• • • • • ••. • • • •. . ••••• 

a, approximate. 

Tra nsverse diameter 

7.9 
6 . 1 
7.1 
5 .4 

5.2 
5.6 
5. 1 
4 .8 
5.0 

4.4 
4.0 

Diprionomys (?) sp. 

Anteroposterior 
diameter 

9.8 
9.0 
9. 7 
9.0 

10 . 0 
10 . 2 
11 .9 

a10.4 
9.4 

4.6 
3 .8 

A badly broken cheek tooth suggests a rodent similar to Diprionomys (?) oregon­
en sis, described by Gazin from the Skull Springs Miocene. 

Oreolagus (?) n. sp. 

(Plate 3, figures 3, 4) 

A left maxillary with P 3-M2
, no. 3074, Calif. Inst. Tech. Vert. Pale. Coil ., and a 

right ramus with McM2 , no. 3088, may represent the Ochotonidae. No. 3088 is 



!26 CONTRIBUTIONS TO PALEONTOLOGY 

similar to Oreolagus nevadensis, described and illustrated by Dice (1917) from the 
Virgin Valley Miocene, and to Sylvilagus ? sp., recorded by Hall (1930) from the 
Fish Lake Valley beds of Nevada, and may represent a similar. form. No. 3088 is 
apparently an ochotonid rather than a leporid, for the anterior and posterior columns 
of the teeth are joined by narrow connections and are not closely fused.. In the upper 
cheek teeth of no. 3074, however, the two columns are broadly united. The form 
from Beatty Buttes is considerably larger than either Oreolagus nevadensis or Syl­
vilagus ? sp., but is smaller than Hypolagus vetus. 

D escriptions of ochotonid material from the North American Tertiary are rare. 
The specimens from Beatty Buttes probably belong to an undescribed species. 

Measurements (in millimeters) of specimens of Oreolagus (?), n. sp. 

Length of tooth row, P3-M2
, no. 3074. 

Greatest transverse diameter of M\ no. 3074 . 
Length of tooth row, M1-M2, no. 3088 . 

. .6.4 

. .3.0 
...... 4.3 

Greatest transverse diameter of M1, no. 3088 ..... . ............. . ......... 1.9 

Archaeohippus cf. ultimus (Cope) 

(Pia te 2, figures 4, 5) 

A single upper tooth, no. 3061 Calif. lnst. Tech. Vert. Pale. Coli., lacks the outer 
wall. It is referred to the genus Archaeohippus and is compared with A. ultimus and 
A. moumingi. The specimen appears to fall within the size range of teeth of A . 
ultimus from the Mascall. It likewise resembles teeth of A. moumingi from the 
Barstow Miocene, as well as teeth referred to this species and described by Bode 
( 1933) from the north Coalinga district, California. 

In no. 3061 the protocone is not so distinctly separated from the protoconule as in 
the unworn tooth of the type of A . moumingi, probably because of greater wear in 
the former. In other respects the two teeth are almost identical. The hypostyle is 
well developed, and cement is lacking. Protocone and hypocone are enlarged and 
conical in shape, thereby constricting somewhat the lingual entrance to the valley 
between protoloph and metaloph. No crochet is present. 

Fragments of two superior cheek teeth, nos. 3204 and 3203 C .I.T., were found 
in the deposits at Corral Buttes and represent Archaeohippus. No. 3204, apparently 
P 2

, is slightly larger than the tooth from Beatty Buttes . No. 3203 represents, as nearly 
as can be determined, the same form as no. 3061. 

Measurements (in millimete1·s) of upper cheel( tooth of Arch.aeohippus cf. ultimus, 
no. 3061 C.I.T. 

Anteroposterior diameter 
Approximate transverse diameter 

.. 13.5 
.... 13.0 

Approximate height .. ... . . .. . . . .. .. .. . ...... .. . . . . .. .. . ... ll.O 

Hypohippus near osborni Gidley 

(Plate 2, figures r, ra, 2, 2a) 

An unworn P3, no. 3199, Calif. Inst. Tech. Vert. Pale. Coil., and a slightly worn 
M 3 , no. 3063 C.I.T., represent the genus Hypohippus in the collection. No. 3199 is 
similar to P 3 in the type specimen of Hypohippus osbomi from the Middle Miocene, 
Pawnee Creek formation. The only noteworthy differences are the presence in no. 
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3199 of a well developed cingulum at the base of the protocone, and a slightly smaller 
anteroposterior diameter. No. 3063 is comparable in size and in character of crown 
to a specimen from Virgin Valley, described by Merriam as near H. osborni. In no. 
3063 the hypoconid ridge is distinct from the metastylid, and an external cingulum is 
only slightly developed. Specimens from Skull Springs and Virgin Valley identified 
as Hypohippus are likewise similar to the tooth from Beatty Buttes. 

A fragment of a ramus, no. 3198 C.I.T., with part of a lower premolar, collected 
at Corral Buttes, represents apparently the same form as that found at Beatty Buttes. 
The external cingulum in no. 3198 appears to be slightly heavier than in the latter. 

Measurem ents (in millimeters) of teeth of H ypohippus near osborni 

ps M3 
no. 3199 C.I.T. 

20.0 
no: 3063 C.I.T. 

Greatest anteroposterior diameter 
Greatest transverse diameter ....... . . . . . 27.5 
Height of paracone ............ . . ..... . .. . . . . 16.7 
Height of metaconid ... ... .. . 

Parahippus. cf. avus (Marsh) 

(Plate 2, figures 3, 3a) 

24.4 
15.6 

11.0 

Referred to Pm·ahippus is a fragmentary and unworn M1 or P4 , no. 3064, Calif. 
Inst. Tech. Vert. Pale. CoiL This specimen is similar to P4 , no. 442 C.I.T., from the 
Sucker Creek Miocene, which was identified as Parahippus avus by Scharf ( 1935). 
It resembles also no. 19403, Univ. Calif. Vert. Pale. CoiL, from Virgin Valley, identi­
fied as P. avus by Merriam. In no. 3064 the metaconid-metastylid pillar is prominent 
and higher than the protoconid or hypoconid. An external cingulum is present. 
Cement is entirely lacking. The comparatively large size and subhypsodont char­
acter of the tooth suggest a slightly more advanced parahippine stage than that of 
P. avus. 

Measurements (in millimeters) of M 1 ? of Parahippus cf. avus 

Greatest transverse diameter . 
Height of metaconid .......... . . .. . . . . . .. . 

Merychippus isonesus (Cope) 

(Plate 2, figures 6, 6a, 7, 7a, 8, Sa) 

. .16.9 
14.4 

Most of the equine material from Beatty Buttes is referred to this species. It is 
represented by a fragment of ramus, no . 3057, Calif. Inst. T ech. Vert. Pale. CoiL, 
with M1-M3 inclusive, approximately 14 separate and fa irly well preserved teeth, 
and many tarsal and carpal elements. 

The upper teeth have medium high crowns. The radius of curvature of the ex­
ternal side approximates r to 2 inches. Cementation is variable, but is fairly heavy 
in several specimens. The anteroposterior and transverse diameters of the crown are 
often nearly eguaL The fossettes are open internally in some instances, especially 
in early stages of wear. The protocone and hypocone are of subegual or egual size, 
with the hypocone usually slightly smaller and more flattened than the protocone. 
In all specimens the protocone is distinct from the protoloph, but the pli protoconule 
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is usually present. The hypocone in all but one specimen is joined to the metaloph, 
although in P 2 this union is established by only a narrow isthmus. 

Specimen no. 3052 is similar to P 2 in the type of M. isonesus, no. 8175, Amer. Mus. 
Nat. Hist. The fossettes are open and have practically no plications. Hypocone and 
protocone are entirely separate from protoloph and metaloph in at least the upper part 
of the tooth. 

Specimens 3049 and 3050 from Beatty Buttes are similar to M1 of the type, no. 
8175 A.M.N.H. In no. 3049 the crochet does not quite reach the protoloph and the 
prefossette remains open toward the inner side by a narrow channel. The plications 
on the border of the postfossette are not so complex as in the type specimen. A plica­
tion or style is present on the external enamel wall in the region of the hypostyle. 
This feature is likewise prominent in no. 3047. The only appreciable difference 
between no. 3050 and the type of M. isonesus is the presence in the former of a 
slightly smaller number of plications on the ·anterior border of the postfossette. 

A superior milk tooth, no. 3096 C.I.T., is brachyodont and lacks cement. This 
specimen resembles a comparable tooth, no. 440 C.I.T., described by Scharf ( 1935, 
p. 108), and a Dp4 and P3

, no. 1500 C.I.T., described and figured by Bode (1934, p. 
63). In no. 3096 the protocone and hypocone each have a conical shape, a character 
which Bode points out is distinctive of Merychippus isonesus. 

The deposit of cement in the permanent teeth is apparently considerably less in 
specimens from Beatty Buttes than in those from Skull Springs, Sucker Creek, or 
Virgin Valley. Teeth in the present collection appear to be slightly larger than those 
from Sucker Creek, and approximate more nearly in size those referred toM. isonesus 
from Skull Springs and Virgin Valley. 

Unfortunately, the lower dentition is represented only by the well worn teeth in 
the fragmentary ramus, and by three practically unworn specimens. Two of the 
latter are possibly milk teeth. 

The species Merychippus isonesus is known from the deposits at Corral Buttes by 
several separate teeth, including a fragment of a milk tooth, and also by isolated 
carpal and tarsal elements. The teeth resemble those collected at Beatty Buttes in 
stage of development. 

Measurements (in millimeters) of teeth of Jlferychippus isonesus 

Specimen no. 

3047, P' ... . . ................. . 
3049, M1 ..••• •.• • • . • • • • •..•• ••• 

3050, M1 .. •.•.. . ...•.•....•.• . . 

3051, P2 ••• • • • • • ••• • •••• • • •• . •• . 

3052, P2 ••••••• . •. •• •••.• . • • . .• . 

3056, M3 ..• •••••• • •• • •• . •• • . .• • 

3057, Mr ..... . . . . . . . . 
3057, M2 •••• • • • • • • •• ••••• • •. • • • 

3057, M3 •.•.. .. • ...•....•..... . 

3091, M2 •• •• • • ••••• • • • • • • .. • . •• 

3092, 1\1' ....... .... . .... . ..... . 
3093, lVP .. . .. . ....... . . 
3094, M1 . ... . ..•.•.•. • . 

3095, P2 ..•••.•• •• • . •.•. 

3096, Dp4 .•..• • ••• •• • • •• .•••• . • • 

Anteroposterior 
diameter 

21.8 
21.3 
20.7 
25.0 
23.0 
25.0 
17 .0 
17.3 
24.0 
21.0 
20.8 
22.0 
22.0 
25.0 
20.0 

Greatest transverse Approximate 
diameter height of crown 

20.5 30 
20.0 29 
20.5 21 
16 .5 28 
16.0 23 
9.8 16 

10 
11.0 9 
12 .0 10 
20.0 30.5 
17.0 27 
21.0 31 

34 
15.0 23 
19 .0 15 
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Merychippus cf. campestris Gidley 

(Plate r, figures r, ra, 2, 2a, 3, 3a, 4, 4a) 

A single P', no. 3084, Calif. Inst. Tech. Vert. Pale. Coli., and two lower cheek 
teeth, nos . 3055 and 3062 C.I.T., P 3 and M1 respectively, differ from comparable 
teeth of M. isonesus but resemble those of Merychippus campestn's and M. sejunctus 
from the Middle Miocene, Pawnee Creek beds. No. 3084 is larger than p• in the 
type of M. sejunctus, no. 8291, Amer. Mus. Nat. Hist., and is smaller than the com­
parable tooth in the type of M . campest1·is, no. 9096 A.M.N.H. 

·Comparative measurements (in millimeters) 

Specimen no. Anteroposterior 
diameter 

3084, P' . . . .. ....... . .. .. .. . . .... . ... . 
3055, Ps .... . . . .. .. .. . ............. . ·. 
3062, M 1 •••••• • •. • ••••••••••••••• • ••• 

Anteroposterior diameter: 
Pl . . ........ . ..... . ......... . .. .. .. . . 
pz . . ........ . ...... . . ..... . . . .... ... . 
ps . ... . . .... . .... .. ... .. . .. . ..... ... . 
P• ................. .. ........ .. .. ... . 
M' . . . ..... . . ... ... . .... . . . . . .... .. . . 
iVP ................................•. 
Ma ..... . ......... . ..... ..... . ... . . . . 

Length, PLM3 .••. • •.•• . ••• • • • ••• . . ••.•• 

Anteroposterior diameter: 
Pz .. ........ . . . ..... . ... . ... . ....... . 
Pa ..... . . .. ..... .. .. . ... . ... .. ..... . . 
P, ..... ~ .... . ... . . . ................. . 
MJ . ... ... .. ... ... .. ........... ... .. . . 
Mz .. ............... . . . .. ... . . . .. ... . . 
Ma . . .............. . .............. . .. . 

Length, Pz-Ma . .... . .......... ... .... . . . 

21.0 
20.8 
21.1 

No. 3207 
C.I.T. 

14.0 
25.3 
22.6 
20.2 
19.8 
20.2 
20.1 

131.0 

25.0 
20.0 
19.1 
20 . 8 
21.8 
22 . 5 

131.0 

Transverse 
diameter 

24.0 
13 .0 
11. 1 

Ji.f. campestris, 
t ype, no. 9096 

A.M.N.I-1. 

27.8 
23.3 
23.3 
20.8 
22.0 
21.4 

135.4 

26.3 
21.1 
19.0 
23.0 
22.8 
22.8 

134 .0 

Approximate 
height 

24 
22 
20 

1Vf. sejunctus, 
type, no. 8291 

A.M .N.H. 

23.9 
19.0 
18.9 
17 . 0 
18.0 
20.6 

117 . 0 

24 . 2 
17 .0 
16.8 
18.5 
18.5 
18.8 

113.5 

In no. 3084 the protocone and hypocone are joined and there is a small enamel lake 
at the inner end of the postprotoconal valley. The fossettes have simple borders, and 
a moderate deposit of cement is present. A pli caballin is present in the specimen 
from Beatty Buttes and in the type of M. campestris, but is absent from the type of 
M. sejunctus. In M. campestris and M. sejunctus the metastyle and parastyle are 
directed more anteriorly than in the specimen from Beatty Buttes. In the latter these 
styles project at nearly right angles to the anteroposterior axis of the tooth crown. 

Two lower teeth are tentatively assigned toM. campestris. Pa, no. 3055, is similar 
to a comparable tooth, no. 8273 A.M.N.H., that has been referred to M . sejunctus 
(Cope). M1 , no. 3062, resembles Mu no. 8273 A.M.N.H. The two teeth in the col­
lection of the American Museum are more heavily cemented than any of the mery­
~:;hippine specimens in the collection from Beatty Buttes. Likewise the transverse 
diameter exceeds that in lower teeth of Me1ychippus from this locality. 
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Remains of a single individual of Merychippus, no. 3207 C.I.T., which include a 
fragmentary skull with complete set of worn teeth, a left ramus with cheek teeth, 
and scattered skeletal elements, were collected at the Corral Buttes locality. The 
upper cheek teeth in no. 3207 are similar in enamel pattern to the type of M. sejunc­
tus, no. 829r A.M.N.H., but the tooth row is somewhat longer. No. 3207 approaches 
M. campestris, no. 9096 A.M.N.H., in size. The lower cheek teeth in no. 3207 are 
similar to those of the type of M. campestris. 

In the stage of wear seen in no. 3207, protocone and hypocone are joined to meta­
loph and protoloph. The plications on the fossette borders are also greatly simplified. 
A hypostyle is present in M2 and M3 of no. 3207, but is absent from the remaining 
teeth. These characters have probably been acquired through wear of the occlusal 
surface. A small accessory style, immediately anterior to the protocone, is present 
in M1 of no. 3207. 

Merychippus sp. 

(Plate I, figures 5, sa) 

An unworn M3 , no. 3054, Calif. Inst. Tech. Vert. Pale. Coli., has a considerably 
longer crown than do the merychippine teeth already described from Beatty Buttes. 
The specimen may belong to a distinct species. No. 3054 compares in height of 
crown with M. paniensis, no. 8255, Amer. Mus. Nat. Hist., from the Pawnee Creek. 

An unworn M3 , no. 3202 C.I.T., from Corral Buttes undoubtedly represents the 
same species as no. 3054 from Beatty Buttes. 

Measurements (in millimeters) of M 3 of Merychi ppus sp. 

Specimen no. Anteroposterior 
diameter 

3054..... . ... . .. . ... . .. . . . .. . . .. .. . 24.0 
3202... .. . ... . .. . .... . . .. . . . ... ... . 24.0 

Aphelops sp. 

(Plate 5, figures r, 2, 2a) 

Transverse 
dia meter 

9.1 
10.2 

Approximate 
height 

31 
34 

T wo slightly worn lower teeth, nos. 3085 and 3207, Calif. Inst. Tech. Vert. Pale. 
Coli., are referred to the genus Aphelops. In size and in degree of brachyodonty 
these specimens resemble Aphelops megalodus from the Snake Creek beds of Ne­
braska and the Pawnee Creek beds of Colorado. 

According to Matthew, the three genera of rhinoceroses of the Middle Miocene, 
namely Aphelops, Peraceras, and Teleocems, are not readily distinguished. The den­
tition of Teleoceras is slightly more hypsodont than that of Aphelops, and in this 
character the material from Beatty Buttes is more like the latter genus. 

A single upper cheek tooth of Aphelops, no. 3206 C.I.T., and scattered skeletal 
fragments referred to this form were obtained at the Corral Buttes locality. The 
tooth is well worn, but appears to have been moderately short-crowned. The ante­
crochet is usually the only accessory crest in molars of A. megalodus, and in this 
specimen shows slight development. The posterior valley on the tooth crown is 
closed and thus suggests a form more advanced than A. megalodus. This feature, 
however, may be due to the advanced stage of wear. 
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M easurements (in millimeters) of teeth of Aphelops sp . 

Specimen no. Anteropost erior Tra nsverse Greatest 
dia meter dia meter height 

3206, P·•? ........ . . . ... . .. .. ....... . .... . 49 58 25 
3207. !VI,? ..... . . .. . . . . . .. . . . . . . . . .. . .. . .. . 51 33 30 
3085, !VI,? ... . .. . •. . ...... . ............ . . . 49 28 33 

Oreodontid (?) sp. 

No fossil remains of oreodons are certainly identified in the collection. An enamel 
fragment from Beatty Buttes may belong to this group of artiodactyls. 

Dromomeryx borealis (Cope) 

(Plate 6) 

The only fairly well preserved skull of a fossil mammal from Beatty Buttes belongs 
to Dromomeryx. This specimen, no. 306o, Calif. Inst. T ech. Vert. Pale. Coil., in­
cludes enough of the cheek-tooth series to permit satisfactory comparisons. The 
skull is considerably crushed and distorted, and only the basal parts of the horns are 
preserved. A single M3 , no. 3065 C .I.T., is also present in the collection. 

Ja1easurements (i n millimeters) of Dromomeryx borealis 

Specimen no. 

3060, i\13 .. . .... . . . 
3060, lVI 2 . • . •.••• • . 

3060, J\III ... .. ... . . 
3060, P4 ...... . .. .. 

3060, P3 . .• • • . • • . • • 

3060, P2 ... ...... .. 

3065, JVI3 . .. . . .• . . . 

Anteroposterior 
dia meter 

23 
21 
18 
14 . 5 
17 

32.5 

Dimensions (no. 3060) 

Length of preserved part of skull . 

Tra nsverse 
dia meter 

24 
23 

a21 
17 
16 
12 .5 
15 

Approxima te 
height 

11 
9 
8 
7. 5 
7 
3 

13 .5 

Tooth wear 

Worn 
vVorn 
Worn 
Worn 
Much worn 
Much worn 
Only slightly worn 

Approximate 
measurement 

Width measured at outer surface of M2 ..... . . • . .. .• . . .• •... . •.... . •. . .. • . . 

397 
86 

104 
44 
60 

Length of upper cheek-tooth series. . . . . . . . . . . ...... . .. . . 
Length of upper premolar series . . . . . . .. . .. . .. . . .. . . . . 
Length of upper molar series ........... . 

a, approximate. 

Skull. The description of the skull of Dromomeryx borealis as given by Douglass 
( 1909) applies well to the present specimen. In brief, the skull of Dromomeryx from 
Beatty Buttes is characterized by a rather long, narrow facial part. The mid-point 
between the extreme anterior end and posterior end of the skull coincides approxi­
mately with the anterior border of the orbit and the posterior end of the molar series. 
Anterior to the orbits are prominent fossae or pits in the facial part of the maxillary. 
These are not present in no. 827, Carnegie Mus. Coil., nor in the type, no. 8132, 
Amer. Mus. Nat. Hist. These depressions on either side of the snout are apparently 
not due to crushing of the specimen. 

Dentition. The molar teeth are well worn, but are similar in size and pattern to 
specimens no. 827 and no. 1542 Carnegie Mus., described by Douglass. In no. 3060 
from Oregon the teeth lack the accessory style or pillar between the two principal 
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inner cusps. Lacking also is the spur which in no. 1542 extends from the inner pos­
terior crescent into the valley between the posterior internal and external crescents. 
However, both this spur and a similar one branching from the anterior internal 
crescent are absent from no. 827. In their slightly complex enamel pattern, the cres­
cents of the premolars in the Oregon specimen are more like those in no. 1542 than 
those in no. 827. 

The single third lower molar, no. 3065 C.I.T., agrees well in pattern with the speci­
men of Dromomeryx borealis figured by Douglass ( 1909), but it is approximately 10 
per cent larger than the latter. 

Merycodus, possibly n . sp. 

(Plate 5, figures 3, 4) 

A fragment of a right ramus, no. 3066, Calif. Inst . Tech. Vert. Pale. Coli., with 
P,,-M2 poorly preserved, is larger than that in Merycodus loxocerus, but is not quite 
so large as that in M. hookwayi. It is larger than M. nevadensis, described by Mer­
riam ( 191 r) from the Virgin Valley beds, northwestern Nevada. In P, the anterior 
and posterior lobes that project inward are particularly well developed. The posterior 
lobe has an enclosed enamel lake. At the inner posterior side of the middle lobe, 
an extension of the enamel wall of this lobe projects backward. Because of this 
there is no open valley, but only a V-shaped incision between the middle and posterior 
lobes. The anterior valley between middle and anterior lobes is also not so broadly 
open toward the lingual face as in M. loxocerus. 

The molar teeth are not so long-crowned as in M. hookwayi. In these teeth the 
outer crescents are rounded, not acutely ridged. An intercrescent columnette is pres­
ent in M 2 of no. 3066. The depth of the ramus below the molars is slightly greater 
in no. 3066 than in ei ther the type or the paratype of M. loxocerus from the Tonopah 
Miocene, but this feature is apparently variable in the Nevadan specimens. Com­
parison with merycodont material from Sucker Creek and from Skull Springs is dif­
ficult because of incomplete preservation of the latter. No noticeable differences are 
seen. 

A horn-core fragment, no. 3194 C.I.T., approximates M. loxocerus in its diameter. 
This measurement is slightly larger than that in Merycodus nevadensis from Virgin 
Valley. 

Two horn-core fragments, nos. 3196 and 3197 C.I.T., are also known from Corral 
Buttes. 

Measurements (in millimeters) of Merycodus, possibly n. sp . 

. Length of" preserved part of cheek-tooth series, measured at level of 
occlusal surface, no. 3060 . . ....... . 

Depth of jaw below M1, no. 3060 . 
Diameter of horn core above burr, no. 3194 . 

Merycodus sp. (?) 

24.6 
15.5 
12.3 

A fragment of an inferior molar, no. 3195, Calif. Inst. T ech. Vert . Pale. Coli., is 
considerably larger than M. loxocerus, both in height and in anteroposterior diameter. 
It approaches M , hookwayi more nearly in size. 

Camelid (?) sp. 

Fragments of a tooth suggest the presence of the camel family in the Beatty 
Buttes fauna, but no generic designation is possible on the basis of these scanty re­
mams. 
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PLATES 



CARNEGIE lNsT. WAsHINGTON Pun. 551, PAP ER Vl-WALL,\CE PLATE I 

1 

2 

FIGS. I, Ja. Merychippus cf. campestris Gidley. NQ. 3207, upper and lower cheek-tooth ser ies, 
occlusa l views. 

Frcs. 2, 2a. Merychippus cf. campestn"s Gidley. No. 3084, P4, occlusal and latera l views. 
Frcs. 3, 3a. Mo·ychippus cf. campestris Gid ley. No. 3055, P:1, occlusal and lateral views. 
Frcs. 4, 4a. Maychippus cf. campestris Gidley. No. 3062, M1, occll!lsal and lateral views. 
Frcs. 5, 5a. Maychippus sp. No. 3054, Mg, occlusal and latera l views. 

Calif. Inst. T ech. Vert. Pale. Coli. X I 

Beatty Buttes Miocene, Oregon 



CARNEGIE lNST. WASHINGTON Pun. 55I, PAPER VI-WALLACE PLATE 2 

3 

6 
7 

FIGs. r , ra. Hyp ohippus near osborni Gidley. No. 3199, P3, occlusa l and lateral views. 
FIGS. 2, :!.a. H ypohippus near osborni Gidley. No. 3063, Ma, occlusa l and latera l views. 
FIGS. 3, 3a. Parahippus d. auus (Marsh). No. 3064, Mt?, occlusal and lateral views. 
FIG. 4· Archaeolzippus d . ultimus (Cope). No. 306I, upper cheek tooth, occlusal view. 
FIG. 5· Archaeohippus c£. ultimus (Cope). No. 3203, fragment of upper cheek tooth, occlusal 

v1ew. 
FIGS. 6, 6a. Merychippus isonesus (Cope). No. 3096, Dp\ occlusal and latera l views. 
F IGS. 7, 7a. Merychippus isonesus (Cope). No. 3047, P4 , occlusal and latera l views. 
F IGS. 8, Sa. Met·ychippus isoncsus (Cope). No. 3049, Ml, occlusal and lateral views. 

Calif. Inst. Tech. Vert. Pa le. Col!. X r 
Beatty Buttes Miocene, Oregon 



CAR NEGIE INsT. WASHI NGTO N PuB. 55I , PAPER VI-WALLACE PLATE 3 

1 lC 

2 

6 
7 

8 

FIGS. I-Id. Mylagaulus cf. laevis Matthew. Nos. 3070A- E, 5 specimens of P.J, occlusal views. 
FIGS . 2-2d. Mylagaulus cE. laevis Matthew. Nos. 3069A-E, 5 specimens of P\ occlusal views . 
FIG. 3· o,·eolagus (?) , n. sp. No. 3074, p3_M2, occlusa l view. 
FIG. 4· Oreolagus ( ?), n. sp. No. 3088, M1-M2, occlusa l view. 
FIG. 5· Sciurus sp. No. 3078, P ·1-Ml, occlusal view. 
FIG. 6. Sciurus sp. No. 3077A, Ml, occlusal view. 
FIG. 7· Liodontia cf. alexandrae (Furlong). No. 3082A, P.J, occlusa l view. 
FIG. 8. Liodontia cf. alexandme (Furlong). No. 3083, Pg_Ml, occlu sa l view. 
FIG. 9· Insectivore, possibly erinace id. No. 3068, right ramus with M1-M~ . 

Calif. Inst. T ech. Vert. Pale. Coli. Figs. r, 2 X 2; figs. 3-9 X 5 
Beatty Buttes Miocene, Oregon 



CARNEGIE INST. WASHINGTON Pus. ssr, PAPER VI-WALLACE PLATE 4 

FIGS. r, ra, 1b. Amphicyon jrc11dcns Matthew. No. 3192, right ramus with P4-M2, occlusal, 
in ternal, and external views. 

Calif. Inst. Tech. Vert. Pale. Coli. X 0.5 
Beatty Buttes Miocene, Oregon 



CARNEGIE I NsT. \YASHI NGTON P us. 551, P AP ER VI-WALLACE PLATE 5 

Frc. I. Aphelops sp. No. 3206, P4?, occlusal view. 
FIGs. 2, 2a. Aphelops sp. No. 3085, Ml?, occlusal and lateral views. 
Frc. 3· Me1·ycodus, possibly n. sp. No. 3066, right ramus with P4-M2, lateral view. 
FIG. 4· Maycodus, possibly n. sp. No. 3194, horn core. 

Calif. Inst. Tech. Vert. Pale. Coli. X I 

Beatty Buttes Miocene, Oregon 
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