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ABSTRACT 

Two small paleovalleys carved into granitic rocks of the Peninsular Ranges contain 
conglomerates similar to the Eocene Ballena Gravels farther west in San Diego County. These 
conglomerates are dominated by the distinctive, temporally restricted, Poway rhyolite clasts. 
The newly discovered fluvial conglomerates lie in the Vallecito Mountains east of the Elsinore 
fault zone. Extrapolation of the offset fluvial valley trends to the Elsinore fault suggests 37 ki- 
lometers (23 miles) of right slip. 

RESUMEN 

Dos valles pequeños paleolíticos. grabados en cuerpos graníticos de la cordillera peninsu- 
lar, contienen conglomerados semejantes a las gravas de la formación Ballena del eoceno, 
localizadas al Oeste, en el condado de San Diego. Este conglomerado es dominado por clastos de 
riolíticas de la formación Poway, las cuales son características y están temporalmente restringi- 
das. Los conglomerados tluviales recientemente descubiertos se encuentran en las Montañas 
del Vallecito, al este de la zona de la falla de Elsinore. Proyectando los rumbos de los conglo- 
merados fluviales y de las gravas a través de la falla de Elsinore, se observa un desplazamiento de 
37 km. (23 millas) en un sentido lateral derecho. 

INTRODUCTION 

The Ballena Gravels (actually conglo- 
merate) were named by Fairbanks (1893) 
for a prominent, southwest-trending line of 
outcrops on the western flank of the batho- 
lithic Peninsular Ranges in San Diego Coun- 
ty (Figure 1). Although the Ballena Gravels 
are only erosiona1 remnants they are up to 
110 meters (360 feet) thick, UP to 3 kilo- 
meters (2 miles) wide, and have an outcrop 
length of 26 kilometers (16 miles). They ha- 
ye always been interpreted as fluvial deposits 

,because of their linear outcrop subperpen- 

dicular to the trend of the Peninsular Ranges, 
their existence in a low sinuosity paleovalley 
cut into the granitic terrane, their abun- 
dance of extraregional rhyolite clasts that are 
rounded and have dominantly prolate shapes, 
their abundance of percussion-marked quart- 
zite gravels, and their southwestern ter- 
mination into the apex of a large alluvial fan 
built out over the coastal plain during Eoce- 
ne time (Fairbanks, 1893; Minch, 1972, 
1979; Steer, 1980). An interesting feature 
of all Ballena Gravels outcrops is the high 
percentage of exotic rhyolitic clasts and the 
relatively low percentage of plutonic clasts 
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RIGHT-SLIP OF THE EOCENE BALLENA RIVER VALLEY 

FIGURE 1. Location map showing outcrops of Ballena Gravels and Elsinore fault zone. Note right-slip offset 
of Ballena Gravels indicated by offset arrows oriented in southwestward direction of Eocene river flow. 

derived from the basement rocks into which 
the river carved its valley (Table 1). This 
dominance of exotic clasts has been attribut- 
ed to the long distance ( > 300 km) of the 
flow System, which allowed the ultradurable 
rhyolitic clasts to simply wear down the soft- 
er plutonic detritus (Abbott and Peterson, 
1978). This interpretation, coupled with the 
indicators of a semi-arid climate in Middle 
and Late Eocene time (Peterson and Abbott, 
1979), yields a scenario of a long distance 
braided stream that flowed seasonally under 
flash-flood conditions through a granitic 
terrane of low to moderate relief. 

The exotic rhyolite clasts have been 
sub-divided into four texturally and/or min- 
eralofically unique populations (Kies and 
Abbott, in press). 1) Poway rhyolite clasts 
have red, purple, tan or gr?y colors., are ultra- 
durable, and invariably have sharply defined 
quartz phenocrysts that, together with 
white and/or pink feldspar phenocrysts, 
total about 50 to 70 o/o of the clast. 2) 
Owl Creek rhyolite clasts have red, purple or 
gray colors, are not as durable, lack quartz 
phenocrysts, and their feldspar phenocrysts 
have indistinct borders and comprise 0 to 
30 o/o of the clast. 3) Las Palmas rhyolite 
clasts have red, purple, brown or gray colors, 
are not as durable as Poway casts, rarely 
have quartz phenocrysts with total pheno- 

crysts typically makmg up 20 to 45 010 of 
the rock, and the groundmass texture has 
a distinctive microporous, microfelted aspect. 
4) Black Rhyodacite clasts are dark gray to 
black, may contain quartz and white and/or 
pink feldspar phenocrysts, and have a char- 
racteristic brittle fracture. 

The Ballena Gravels have not yielded 
fossils. They are auriferous as are other 
Eocene fluvial deposits in California. More 
importantly, they can be walked out in the 
field into the alluvial fan-fan delta-paralic 
system of the San Diego area which has yield- 
ded abundant vertebrate, invertebrate, and 
microfossil faunas of Middle and Late Eoce- 
ne age. 

The Ballena Gravels outcrops are 
near the Elsinore fault zone which is one of 
three major fault zones that constitute the 
San Andreas fault system in southeastern Ca- 
lifornia; the other two are the San Andreas 
and the San Jacinto fault zones. Together, 
these fault zones delineate the present trans- 
form boundary between the Pacific and 
North Ameritan lithospheric plates in this 
region. From its northern end in the northern 
Peninsular Ranges, the Elsinore fault extends 
more than 300 kilometers southwestward 
toward the short divergent plate boundary 

Snderlying the northern Gulf of Califor- 
nia (Elders et al., 1972). 
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TABLE 1. CLAST POPULATIONS IN EOCENE CONGLOMERATES (in percents) 

MT.SQLEDAD STADIUM PQMERADO BALLENA GRAVELS BALLENA GRAVELS LAS PALMAS GRAVEL! 

FM. CG. CG. 

Pacific Conrock Scripps Mussey MCCaul Indian Valle de las Palmas 

BeaCh Quarry Ranch Grade Ramona Sprlna Campsiie Lower UPPer 

BLACK RHYODACITE 26.4 1.9 6.0 0.6 1.4 0.9 0 0.6 2.0 

FOWAY 36.3 71.3 56.0 53.3 55.1 33.4 34.0 2.2 0 

OWL CREEK 3.4 5.9 3.8 4.8 4.0 3.7 1.9 0.8 0.9 

LAS PALMAS 0.2 2.1 4.3 9.4 5.7 9.3 11.9 56.7 58.2 

ANDESfTE 10.3 9.1 13.1 12.8 19.4 13.9 4.4 8.6 9.7 

ANDESlTE BRECCIA 2.2 0.4 0.7 1.8 0.6 0.9 1.7 3.4 

VlTROPHERE 1.5 1.4 0.9 0.6 - 2.9 1.7 

PLUTONIC 4.1 0.4 3.1 10.5 8.0 9.3 10.7 2.0 2.3 

QUARTZITE 8.4 7.0 5.5 4.8 3.4 22.2 32.7 11.4 26.5 

GNEISS/SCHIST 3.8 0.2 1.0 0.3 0.3 2.8 1.9 1.7 1.0 

META. SS/SILTST. - 0.6 1.9 1.4 0.3 

META. CONGL. 0.6 0.6 0.6 1.0 
RED X-BED SILTST. 0.9 0.6 0.3 

MiSC. VOLCANIC 1.7 0.4 4.3 0.3 0.9 1.9 2.9 0.7 

n - 416 n-529 n - 420 “m 351 ” 350 n - 108 n _ 159 n- 350 n - 290 

PREVIOUS WORK ON ELSINORE 
FAULT OFFSET. 

Estimate of the amount of move- 
ment on the northern part of the Elsinore 
fault have indicated as much as 40 kilome- 
ters (25 miles) of right slip based on offset 
facies changes in Paleocene strata (Lamar, 
1961; Sage, 1973; Crowell and Ramirez, 
1979). 

Prior studies along the central and 
southern parts of the Elsinore fault have pro- 
duced a range of estimates of displacement. 
Dibblee (1954) suggested “A great amount 
of right lateral movement. . .“. Allison 
(1974) described the splitting of the Elsinore 
fault zone in the vicinity of the present stu- 
dy area. He determined that 8 kilometers 
‘(5 miles) of right lateral displacement had 
occurred along a southwestern splay (Cha- 
riot Canyon fault) of the Elsinore zone and 
that subparallel faults (e.g. Earthquake 
Valley fault) to the East may have had com- 
parable offsets. A 4.8 magnitude earthquake 
in September, 1973, and a series of 36 after- 
shocks showed that righ-lateral slip is presen- 
tly taking place along the South branch of 
the Elsinore fault (Allison et ni., 1978). 

However, other workers have conclud- 
ed that the offset along the Elsinore fault 

zone in this study region has been domi- 
nantly vertical with a minimal strikes-slip 
component. Weber (1963) suggested an 
apparent @&-lateral offset of about 600 
meters (2,000 feet) from contact relation- 
ships in metamorphic rocks across the fault 
in the Julian area. Detailed field mapping 
by Todd (1977) and Todd and Hoggatt 
(1979) led them to conclude that large- 
scale lateral displacements have not occurred 
along the Elsinore fault. In a study of aerial 
photographs supplemented by field checks, 
Lowman (1980) stated that there has been 
little or no strike slip on the Elsinore fault, 
but that the movement has been primarily 
dip slip. 

BALLENA GRAVELS EAST OF 
ELSINORE FAULT ZONE. 

The presente of Poway rhyolite clasts 
in the Pinyon Mountains was reported in an 
abstract by Sharp (1968). Sharp also sta- 
ted @ers. comm., 1979) that these rhvolitic 
grave1 might be in Eocene strata or might 
have been reworked into younger conglomer- 
ates. Gordon Gastil (pers. comm., 1980) 
pointed out an area on the Whale Peak 7.5’ 
topographic quadrangle northeast of the 
Pinyon Mountains where he encountered nu- 
merous gravels of Poway rhyolite composi- 
tion. 
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Our investigations in the areas deli- when we moved to the southeast into the 
mited by Sharp and by Gastil disclosed nu- hills situated north and northeast of McCain 
merousPoway rhyolite stonesas constituents 
of Neogene conglomerates and as float on 

Spring on the Harper Canyon 7.5’ topograph 

modern surfaces that included outcrops of 
ic quadrangle (Figure 2). Here erosional 
remnants of Eocene Ballena Gravels lie in 

Ballena Gravels as part of their source ter- valleys carved into the grandiorite and tona- 
rane. However, our fortunes improved lite bedrock. In particular, two northwest- 

3 

FIGURE 2. Reconnaissance geologic map of McCain Spring area in West-central portion of Harper Canyon 
7.5’ topographic quadrangle. Note valley wall and valley floor exposures of the Eocene paleovalleys that 
presently are oriented northwestward. 
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trending paleovalleys, labeled as the Indian 
Campsite and McCain Spring valleys, are pre- 
served in areas down dropped by faults (Fi- 
gure 2). 

The Indian Campsite paleovalley 
trends northwest, is 335 meters (1,100 feet) 
across, and has a cross-valley topographic 
profile of gently inclined upper valley walls, 
steep lower valley walls, and a broad flat 
base. The walls and base of the paleovalley 
are formed of throughly rotted granitic 
rocks that are markedfy more decomposed 
than granitic exposure away from the old 
river valley. Above the flat base of the paleo- 
valley (Figure 3) and abutting the steep walls 
of the lower paleovalley are toarse conglo- 
merates deposited as lag gravels on the base 
of the Eocene stream valley. These conglo- 
merates feature extraregional Poway rhyolite 
clasts and percussion-marked quartzites up 
to 67 centimeters in long diameter; A clast 
count from the Ballena Gravels is listed in 
Table 1 along with clast populations from 
other significant localities to be discussed 
later. 

The McCain Spring paleovalley is up 
to 600 meters (2,000 feet) across and 2.300 
meters (7.500 feet) long, is carved ‘into 
batholithic rocks and also trends northwest- 
erly (Figures 2 and 4). One long, well ex- 
posed paleovalley wall segment along the 
southern margin of thc McCain Spring paleo- 
valley trends N38OW. The projection of the 
northwest-trending McCain Sprinp paleo- 
valley across Harper Flat to thc promincnt 

Jlill on its northcrn border (on Whale Pcak 

FIGURE 3. I’hotoFraph showmp X~mcnt Of 
rotted granitic floor of IndIan Camp\itc pa- 
1eovaIlcy ovcrlain by I.occnc Ballena GraveI\. 

7.5’ topographic map) intersects the slightly 
undulating base of the same paleovalley car- 
ved into the granitic bedrock there. The val- 
ley fil1 in this northwestern continuation is 
almost totally composed of vounger con- 
glomerates deposited by later rivers that re- 
occupied the Eocene valley. Only one small 
patch of Ballena Gravels was found here arid 
it was nestled into a protected low spot 
against the base of a steep lower valley wall 
segment . 

Preserved segmcnts of the McCain 
Spring paleovallcy walls and base expose 
lags of large Poway thyolite and quartzitc 
boulders lying on or against rotted plutonic 
rocks. Grave1 specimens include a rccord 
long diameter of 84 centimeters measurcd 
on a gray Poway rhyolite clast. At the 
southwestern end of this paleovallcy thc pre- 
served wall is 54 meters (175 fcet) high and 
at the northeastern end, the wall is 160 me- 
ters (520 feet) high. The paleovallcy is 15 
lled locally with Eocenc Ballena 
Gravels but also is infilled in its upper parts 
by youngcr conglomeratesdeposited bysmall- 
er rivers which reoccupied the Eocene val- 
ley. These later streams eroded into the Eo- 
cene sedimentary fil1 and deposited gravels 
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whose clast populations may contain a few 
percent of reworked Poway rhyolite clasts 
but are dominated by granitic detritus deri- 
ved from the surrounding basement terrane. 

The Ballena Gravels occur chiefly as 
float-mantled slopes that also expose lags 
of unusual clasts let down onto the surface 
during the erosion of overlying, younger 
conglomerates. The best exposures are 
found atop paleovalley floors or against gra- 
nitic paleovalley Wall. 

COMPARISON OF CLAST POPtiLATIONS 

Poway rhyolite -clasts are found in 
abundance in three Eocene formations of 
the coastal plain at San Diego (Table 1). 
The Lower-Middle Eocene Mt. Soledad for- 
mation is the oldest of the three units. 
Thirty-six percent of its conglomerate clasts 
are Poway rhyolites brought through the Ba- 
llena River system from distant bedrock ex-, 
posures to the east (Abbott and Smith, 1978). 
Twenty-six percent 01 the clasts are mem- 
bers of the distinctive Black Rhyodacitc 
family. These clasts are abundant in Upper 
Cretaceous conglomerates of San Diego but 
their percentages dwindle markedly in late 
Middle Eocene and younger conglomeratcs. 

Comparable Eocene fluvial systems 
bearing rhyolitic clasts existed to the north 
in the Los Angeles area (dominated by Owl 
Creek clast types) and to the South in the 
Valle de las Palmas area of Baja California 
(dominated by Las Palmas clast types). No- 
table but far less abundant are the percen- 
tages of clasts from the Owl Creek and Las 
Palmas rhyolite families. 

The Eocene fluvial deposits of the 
study area have low percentages of Owl 
Creek and Las Palmas rhyolite clasts; this 
helps confirm their affinity to the Ballena 
Gravels. 

The Middle-Upper Eocene Stadium 
Conglomerate is volumetrically the largest 
of the three San Diego conglomerates and 
contains the highest percentage of Poway 
rhyolite clasts (72 o/o). At that time, the 
lengthy Ballena river system apparently was 
working at maximum efficency and was dis- 

gorging copious quantities of extraregional 
rhyolite clasts dominantly of Poway type. 

Although the Ballena paleovalley is 
cut into batholithic rocks, the percent- 
age of plutonic detritus dumped onto the 
alluvial fan-fan delta system kas miniscule 
(0.4 o/o) due to the ball-mil1 effect of being 
tumbled in transport with ultadurable Po- 
way rhyolite clasts. 

The Upper Eocene Pomerado Forma- 
tion is the voungest of the three Eocene 
:conglomerates. Its sedimentation continued 
until large-scale tectonic and/or climatic 
changes shut off the long distance braided 
stream system. In the Pomerado Fm., Po- 
way rhvolite clast percentages are 56 o/o, 
16 o/o less than in the Stadium Conglomer- 
ate, whereas the percentages of local Penin- 
sular Ranges clasts increase correspondingly. 
This may be viewed as a harbinger of thc im- 
pending demise of the Ballena river. 

One would intuitively expect the 
clast population in the Ballena Gravels to 
most closely approximate the youngest of 
the coastal-olain alluvial fan systems it 
supplied. Inspection of Table 1 shows a close 
correspondence in Poway rhyolite clast 
pcrcentages between the Pomerado Forma- 
tion and the two unequivocal Ballena river 
deposits along Mussey Grade and in the 
southern part of Ramona (56 and 53 to 
5.5 o/o respectively). Other variations in 
clast types al1 fa11 within expected statistical 
vdriations. 

Comparison of the two Ballena Gra- 
vels clast populations east of the Elsinore 
fault with those at Ramona and Mussey Grade 
.shows some differences. Poway rhyolite 
percentages for the former are lower (34 o/o 
VS. 54 o/o and quartzite percentages are high- 
er (27 o/o VS. 4 o/o). The differences may 
results from scale, i.e., the Ballena paleovalley 
carved in the batholith near Ramona and 
Mussey Grade is 1.5 to 3 kilometers (1 to 2 
miles) wide whereas the paleovalleys incised 
into plutonic bedrock at McCain Spring and 
lndian Camosite are 600 and 335 meters 

(2,000 and 1,100 feet) wide respectively. 

The latter two paleovalleys may re- 
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present incised braided channel segments of 
the Ballena svstem in which the percentage 
of extraregional Poway rhyolite clastswas di- 
luted by resistant quartzite detritus from lo- 
cal, high-grade metamorphic basement rock. 

A second possibility is that the 
McCain Sprin.e and Indian Campsite conglo- 
merates were deposited by southerly tribu- 
taries of the Ballena river. However, a 
southerly source does not seem likely be- 
cause the clasts are significantly different 
from the Las Plamas Gravels deposited by 
the nearest Eocene fluvial system which 
was subparallel and 60 kilometers (35 
miles) to the South (Table 1). The Las Pal- 
‘mas Gravels contain on the average only 
1.1 o/o Poway rhyolites and 57.5 o/o Las 
Palmas rhyolites as compared with 33.7 o/o 
and 10.6 o/o for the fault-bounded Balle- 
na Gravels east of the Elsinore fault zone. 
These differences reinforce the similarity 
between the Ballena Gravels outcrops wcst 
and east of the Elsinore fault. 

PIERCING POINT OFFSET. 

The Ballena Gravels outcrop and 
paleovalley, located near San Diego, trend 
about S45oW over a distance of 25 kilome- 
ters (16 miles) (Figure 1). The incised 
paleovalley segments east of the Elsinore 
and Earthquake Valley faults trend north- 
west calling for a clockwise tectonic rota- 
tion of about 900. Interestingly enough, 
paleomagnetic work done by Mace (1981) 
in the Coyote and Fish Creek Mountains 
east of the Elsinore fault suggests 880 to 
11 lo of clock wise rotation since Early Mio- 
cene within this same tectonic block bound- 
ed by the Elsinore and San Jacinto fault 
zones. Removal of this rotation givcs simi- 
lar southwesterly trends to the Ballena Gra- 
vels in the paleovalleys on each side of the 
Elsinore fault zone. Extrapolation of the 
trends of the Ballena paleovalleys back 
to the fault “plane” to create a piercing 
point suggests a total right-lateral offset 
of 37 kilometers (23 miles) (Figure 1). Even 
allowing for some ambiguity in this estimate 
due to the unknown original location of 
the Indian Campsite and McCain Spring 
paleovalleys within the larger Ballena braid- 
ed river system, the estimated offset still 

indicates a large amount of 
slip. 

In addition, mapping 
analysis of early Neogenc 
rocks in the Split Mountain 

right-lateral 

and basin 
continental 
area (Kerr, 

1982) suggest that the Vallecito Moun- 
tain fault is a clockwisc- rotated, northwest 
translated, Miocene Basin and-Range normal 
fault. Right-lateral offset of the Vallc- 
cito Mountain fault (Figure 1) suggests 
about 5.6 kilometers (3.5 miles) of slip on 
the Earthquakc Valley fault, a branch of 
the Elsinore fault zone. This in turn suggests 
about 31.5 kilometcrs (19.5 miles) of right 
slip on the other branchcs of the Elsinorc 
fault zone. 
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