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2010 SDAG/SCGS Field Trip participants, October 17th, 2010.

Photo courtesy of  Dr. Prem Saint, emeritus professor, CSU-Fullerton; photo by Diana Lindsay.
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When the planning committee for the 2010 fi eld trip and 
publication for the “Geology and Lore of  Northern Anza-
Borrego Desert Region: The  Lows to Highs of Anza-Bor-
rego Desert State Park” thought about whom to dedicate 
this volume, there was only one choice.  Diana and Low-
ell Lindsay have been active in the geology community 
in the southwestern states their entire lives.  Diana has 
presented several natural history talks to the San Diego 
Association of Geologists (SDAG) and a talk to the South 
Coast Geological Society (SCGS).  Lowell Lindsay is a 
past president of SDAG, and is a director on the board of 
SDAG’s non-profi t parent corporation, San Diego Geo-
logical Society (SDGS). He also chairs the Publications 
Committee.  Both Diana and Lowell have volunteered 
time compiling, marketing and selling publications for 
SDAG and SCGS at many annual geology conferences.
So what is Anza-Borrego Desert State Park?  It is a 
desert nature reserve, primarily found within the Colo-
rado Desert Region of eastern San Diego County  but also 
reaches into Imperial and Riverside counties of southern 
California.  Anza-Borrego Desert State Park® is named 
after 18th century Spanish explorer Juan Bautista de 
Anza and from the Spanish word Borrego meaning Big-
horn Sheep. With 650,000 acres that includes one-fi fth of 
San Diego County within its borders, Anza-Borrego is 
the largest State Park in  the United States not including 
Alaska.
So who are Diana and Lowell Lindsay?  Authors Diana 
and Lowell Lindsay envisioned a publishing and distribu-
tion company of their own. Sunbelt Publications began in 
1978 as an idea drawn out on a napkin by the Lindsays at 
the historic Scholtz Beergarten in Austin, Texas.  Today, 
that same logo – a sun symbol with “SB” in the middle 
– is found on books nationwide. The Lindsays’ company, 
Sunbelt Publications, distributes thousands of titles and 
sells most of them out of a warehouse located at 1250 
Fayette Street in El Cajon, California. It is open to the 
public. Visitors can browse through and choose from ap-

proximately 1,000 titles organized by subject area. It is 
a genuine mega-store for books on the natural history of 
southern California, USA and Baja California, Mexico. 
Diana and Lowell Lindsay are still animated by the 

passion  for cycling and exploring the outdoors that fi rst 
brought them together as undergraduates at UCLA.  In 
1966 Diana Lindsay went into the desert and, fi guratively, 
never came back out. That fi rst visit to the Anza-Borrego 
Desert changed her life and helped to defi ne it. It became 
the subject of her master’s thesis from San Diego State 
University, which was subsequently published as Our 
Historic Desert by Copley Books in 1973.  Well-known 

A-Z DEDICATION TO DIANA & LOWELL LINDSAY
So let us celebrate these two lives well spent, sometimes in a house, sometimes in a tent.
They taught us the geology of Anza-Borrego from A to Z; sometimes on a hike and sometimes on a bike.
They documented the desert treasures found in fossils; sometimes in a book, sometimes you had to go there to take a 
look.
They created Sunbelt Publications from a logo on a cocktail napkin in a Texas beer garden; sometimes providing 
natural history, sometimes solving the mystery.
They have shared their friendship, professionalism and their love for life and the outdoors; while always providing 
karma-raderie.
And when others said that there was nothing out there, nothing; they found something!

(Diane Murbach, 2010)
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publications by Diana Lindsay include Anza-Borrego A 
to Z: People, Places, and Things.  Anza-Borrego A to Z is 
an interesting and informative book on the Anza-Borrego 
Desert Region providing an overall historic summary of 
the area followed by an alphabetical listing of people, 

places and things relevant to the Anza-Borrego Desert.
Lowell Lindsay majored in geology at UCLA and holds a 
MA from West Texas A&M.   Besides being a past presi-
dent of the San Diego Association of Geologists, Lowell is 
immediate past treasurer of the Association of Earth Sci-
ence Editors. His books include Geothermal Resources 

of the Imperial 
Valley and Ge-
ology of Anza-
Borrego.
Diana and Low-
ell Lindsay co-
authored The 
Anza-Borrego 
Desert Region: 
A Guide to the 
State Park and 
Adjacent Areas 
of the Western 
Colorado Des-
ert in 1978 and 
is now in its 5th 
edition.  This 
book is the au-
thoritative, comprehensive guide to southern California’s 
most popular desert park, much of which is still wilder-
ness.  The publication includes a color map that is a useful 
guide for hikers, off-road travelers, equestrians, mountain 
bikers, photographers, and campers.  Sunbelt’s growing 
list of educational and interpretive books includes Mis-
sion Memoirs; Anza-Borrego: A Photographic Journey; 
Fire, Chaparral and Survival; and Fossil Treasures of the 
Anza-Borrego Desert: the Last Seven Million Years.

Thank you to Diana and Lowell Lindsay – you have changed the way we see the 
Anza-Borrego Desert Region, and introduced us to wonderful people and places!

Dedication by your geology, biking and other outdoor friends!

Happy Trails!
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Anza-Borrego Desert State Park® is the largest State 
Park in the United States (except for Alaska), covering 
approximately 650,000 acres in two geomorphic provinces, 
the Peninsular Ranges and the Colorado Desert.  The Park 
and its environs include sandy desert fl atlands, rocky 
mountain ridges with intermountain alluvial valleys, steep 
canyons, and a portion of the grand Laguna Mountains.  
Activities available to people coming to play in the 
region include hiking, photography (springtime fl owers 
in the desert are world renowned), fi shing, hunting (not 
within the Park boundaries, of course), off-roading, and 
anything requiring only a beautiful desert as the prime 
ingredient.  If one is willing to endure a moderate hike 
or four-wheel-drive trip far off the highway, one can see 
Native American rock paintings and morteros, historic 
homestead sites of pioneers to the region, geologically 
interesting mud caves, and a host of natural phenomena 
and man-made history enough to keep one hiking and 
exploring for a lifetime.

This two-day fi eld trip takes participants from the lowest 
desert portions of the region to some of the highest 
elevations found in San Diego County.  The trip covers 
most of the extensive stratigraphy of the region.  The 
rocks found in this area rival those of the Grand Canyon 
in Arizona for the story they have to tell.  In fact, many 
sedimentary rocks of the Anza-Borrego Desert Region 
have been derived from erosion of the southwest United 
States including the Grand Canyon!  With such a vast 
geologic history present, these rocks also contain fossils 
that tell of times past when the climate of the region 
was much different than today.  The stratigraphy and 
paleontology of the Anza-Borrego Desert State Park® is 
the focus of this trip.

For those “movers and shakers” participating in the trip, 
the Anza-Borrego Desert Region is home to the big three 
faults in the southern California desert; the Elsinore 
Fault, the San Jacinto Fault, and, of course, the San 
Andreas Fault.  The San Jacinto Fault is considered the 
most seismically active of the three, though the El Mayor-
Cucapah Earthquake of April 4, 2010, in Northern Baja 
showed that any of the faults found in the area may act up 
at any time!  This trip includes several stops along the San 
Jacinto Fault which runs northwest-southeast through the 
central region of the Anza-Borrego Desert State Park®.  
The accompanying papers in this guidebook allow 
experts to share their knowledge of fault geomorphology 
and structure, recent fault history shaping the Colorado 
Desert, and current activity with future possibilities for 
the “Big One.”

If your geological senses aren’t quite full yet, the trip takes 
participants into the world of landslides, but with a twist.  
Where landslides in urban areas involve failure of soft 
sedimentary rock, often with a little help from man in the 
form of overwatering or broken water lines, landslides in 
the Anza-Borrego Desert Region are grand-scale failures 
in hard, crystalline rock, the last place one might expect 
to see such landforms.  Visible to the participants are 
landmasses rotated and moved down slope, with sharp 
headscarps and block faulting within the slide masses.  
Younger landslides are seen overprinting older slides, 
and dry ponds occur where slide blocks rotate enough to 
create closed basins to capture rainwater from the intense 
summer thunderstorms common in the region.  “Dessert” 
the fi rst day of the original trip came when, after a 
satisfying dinner in camp, Diana Lindsay, who is so well 
known for presenting to groups privileged to experience 
the Anza-Borrego Desert Region, dished up another one 
of her gems: a presentation on the Galleta Meadows Sky 
Art.

But wait, there is more!  Not all faults in the region foretell 
the need for man to be prepared for a modern earthquake.  
Some faults, no longer active, take us back to a time when 
the land was not sliding past itself laterally as it does 
today.  Rather the region was extending, probably after 
a plate collision of the magnitude that raised the Rocky 
Mountains of Colorado, and crustal blocks were rotating 
and causing large scale normal (dip-slip) faulting in 
response to the great changes occurring in Earth’s crust.  
In the southern area of Borrego Valley, these normal, or 
detachment, faults are visible in the slopes of Yaqui Ridge.  
On the way to view the detachment faults the second 
day of the trip, participants are also treated to a view of 
past life in Anza-Borrego.  Roaming the valley south of 
town is the Galleta Meadows Sky Art which includes 
sculptures of mammoths and sabertooth cats, as well as 
other past and present animals.  What an opportunity to 
take a picture of the largest fl ight-capable bird ready to 
consume an unsuspecting group of geologists (see this 
volume’s frontispiece for the picture taken moments 
before the cataclysm!). 

Finally, the trip proceeds up into the high mountains of 
southern California, from the lows to the highs of Anza-
Borrego Desert State Park®.  From the crest of the Laguna 
Mountains, participants are treated to a magnifi cent view 
of the Anza-Borrego Desert.  The view alone is worth the 
drive from the city.   Enjoy this view after several days of 
taking in and enjoying the natural, historic, and geologic 
wonders of the region!

INTRODUCTION
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In 2010, as in 2003, the fi eld trip has come from a 
cooperative effort of the South Coast Geological Society 
and the San Diego Association of Geologists.  Unlike 
2003 when separate trips were run for each of the groups, 
only one trip with members of both organizations together 
was conducted.  This provided a unique opportunity 
for members of both organizations to share their fi eld 
experience and commiserate together on all things 
geology. 

As is typical of our fi eld trip guidebooks, this volume 
includes a road log and papers, both new and reprints, 
related to the Anza-Borrego Desert Region.  Papers by 
Mike Hart and Tom Rockwell are included in this volume, 
and both of these gentlemen presented discussions 

at stops along the original trip.  Also sharing his vast 
knowledge of Anza-Borrego Desert Region stratigraphy 
and paleontology was George Jefferson, perhaps the 
person most knowledgeable on the geology of the region.  
A special treat for this trip was Saturday’s lunch, served 
chuckwagon-style at a remote homestead site east of 
Clark “Dry” Lake.

With the road log and the vast knowledge available in this 
guidebook, any diligent student of history and the Earth 
may follow the same route taken one marvelous weekend 
in October 2010, and may thus become a participant in yet 
another quality geological adventure in beautiful Anza-
Borrego Desert State Park®.
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Carole Ziegler has again performed her miracle of 
planning, organizing, editing, overseeing, and organizing 
some more, this fi eld trip guidebook to go with this trip.
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Mike Hart navigated for many, many pre-fi eld trip road 
runs, helping to get the trip route in order.  His contributions 
included digging snow off one of the welcome signs to 
the Anza-Borrego Desert State Park®, providing many 
photographs of the region, hand digging soil to expose 
faults (for the fi eld trippers), providing geology cartoons, 
suggesting we get a canoe and paddle on Clark “dry” 
Lake after a big storm to take pictures (earlier this year), 
and mostly he was always available to help.
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instrumental in coordinating the fi eld trip by compiling 
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ready for the trip.

Many thanks, in general, to those in the geo-groups who 
have helped put this trip together.  Field trip stop leaders 
included George Jefferson, Miles Kenney, Tom Rockwell 
(and several of his students), Mike Hart, John Peterson, 
and Lowell and Diana Lindsay.  Special thanks go to Jeff 
Miller for last-minute publication pick-up before the fi eld 
trip!  Thank yous also go to the Anza-Borrego Desert 
State Park® personnel who assisted with Park logistics 
and potential fi eld trip stops, and to Paul Johnson for 
allowing us to use his sheep logo for the T-shirt and in 
this volume.

Finally, Lowell and Diana Lindsay, to whom this guidebook 
is dedicated, have provided an incomprehensible volume 
of information, knowledge, enthusiasm, ideas, guidance, 
and friendship throughout the process of planning this 
event.  About two years ago when the idea for this trip 
was originally scribbling on a piece of lined paper it was 
showed to Lowell and he commented, simply, “That is a 
quality trip.”  His words have propelled that initial idea to 
a truly quality trip that a small group of geologists enjoyed 
on the 2010 joint SCGS/SDAG fi eld trip to see the lows to 
highs of Anza-Borrego.

Chuck Houser
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Monte Murbach
President-2010
South Coast Geological Society
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2010 Joint SCGS/SDAG Field Trip Road Log
Geology and Lore of  Northern Anza-Borrego Desert Region

The Lows to Highs of Anza-Borrego Desert State Park®

Monte Murbach, Diana Lindsay

Saturday, October 16, 2010

Odometer (Trip) Mileage

Trip begins in Borrego Springs, California, at the 
intersection of Palm Canyon Drive, and Montezuma 
Valley Road.  (This intersection is east of Anza-
Borrego Desert State Park® Headquarters, Visitor 
Center, and Palm Canyon Campground.)  The trip is 
approximately 50 miles long.

0.0	 Head east on Palm Canyon Drive toward the 
main part of Borrego Springs, an unincorporated 
community developed in the late 1940s that 
was planned to be “another Palm Springs.” 
Conservationists successfully fought developers 
to prevent a super highway from being built 
through Coyote Canyon in 1966 that was 
intended to draw tourists from the Los Angeles 
Basin. With no direct connection to that area, 
Borrego Springs has remained a slow paced, 
quiet community that boasts that it does not have 
a stop light and maintains dim lighting at night 
to have earned the designation as a “dark sky 
community.” With a population of about 2,500 
and completely surrounded by a state park, it 
is reminiscent of the Palm Springs of 75 years 
ago.  

1.4	 Enter Christmas Circle, the park-like hub of 
Borrego Springs with a name that has three 
possible origins: (1) an association with a child 
born on Christmas Day on the 1775-76 Anza 
Expedition to California; (2) where the local 
Kiwanis Club dressed up one of its members 
in a Santa suit in 1944 and  gave presents to 
local children; or (3) named for a local cattle 
brand designated “xms” that the county road 
department interpreted as Xmas, thus naming 
the circle Christmas Circle.

1.6	 Right turn on Palm Canyon Drive, continue 
east.

3.1	 Stop sign at intersection with Borrego Valley 
Road.  Proceed straight (east).  The Borrego 
Springs Elementary School on the right is the 
site of the valley’s first official school house 
with classes beginning in November 1934.

4.4	 Pass entrance to Borrego Valley Airport, 
constructed with funds provided by the San 
Diego County Board of Supervisors. The May 
1949 opening dedication was hosted by radio 
and screen star Leo Carrillo, “Pancho” of The 
Cisco Kid, and honorary mayor and screen star 
Frank Morgan of Wizard of Oz fame.  There 
is an Italian Restaurant, Assaggio, with a great 
view of the runway and aircraft parking ramp.

5.7	 Pass Mile Post 23.  The road curves left 
(north) and becomes Pegleg Road.  Views of 
Coyote Mountain (10 o’clock) and Santa Rosa 
Mountains with Villager Peak (2 o’clock).  At 
5,756 feet, Villager is the launch point for those 
climbing Rabbit Peak (6,666’) from Borrego 
Valley. It is thought to have been named for the 
Indian village sites in the vicinity where Native 
Americans gathered pinyon pine nuts.

8.2	 Pegleg Road curves to the right (east) and 
becomes Borrego-Salton Seaway (Hwy S22). 
The predecessor of this highway, completed in 
1968, was the 28-mile long Truckhaven Trail 
connecting Borrego Valley with Highway 86 
at the old Truckhaven Café. The original road 
was built at a cost of $700 during the winter of 
1929-30 using a team of horses and a couple of 
Fresno Scrapers to level the road.

10.6	Mile Post 28 with a large sign, Welcome to 
Anza-Borrego Desert State Park.

11.2	Highway crosses Inspiration Wash.  This wash 
can flood the highway, and it was flooded twice 
during the preparation of this road log! The wash 
was named by park rangers because of the view 
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point at the end of the wash looking out on the 
ragged western portion of the Borrego Badlands 
and Fonts Point. This viewpoint overlooks 
Mammoth Cove, so named for its eponymous 
paleontological resource.

12.0	Stop No. 1.  Pull off the highway to the right 
at the brown sign, “Fonts Point 4.0 Miles”.  
The wash and point are named for Pedro Font, 
the priest who accompanied the second Anza 
Expedition to California in 1775-6, bringing 
colonists who would establish a pueblo in the 
San Francisco Bay Area. Proceed up wash and 
stay on the main “road” and follow signs for 
approximately 15 minutes travel time.  Park at 
the end--lots of room.

Stop 1 Speaker:  George Jefferson, paleontologist 
for the Colorado Desert District, California State 
Parks, discusses the geology and paleontology 
of the Borrego Badlands.  Return to highway.

0.0	 Reset odometer back at highway.  Proceed east 
(right turn).

0.7	 Pass pull-out marked by short stone walls.  This 
pullout has great views of Santa Rosa Mountains. 
USGS designated these mountains as the Santa 

Rosas in 1901. Prior to that 
survey, it was called “Toro 
or Bull Mountain Range.” 
The name may have its 
origin from the name of 
Santa Rosa de Lima, a 
canonized Indian of the 
New World. Santa Rosa is 
also the name of a Mountain 
Cahuilla Indian Reservation 
that was established in 1907 
in Riverside County.

6.8  	 Stop No. 2.  Mile Post 
36. Turn left into pullout 
at rest/view area with the 
large Anza-Borrego sign 
noting “Truckhaven Rocks” 
in the background.  This 
is a great view-stop of the 

Santa Rosa Mountains and the Salton Sea.  
Truckhaven Rocks was named by State Park 
naturalist Paul Johnson in the mid-1970s for its 
close association to the Truckhaven Trail. The 
rocks are massive reddish-brown sandstones 
derived from the Canebrake Formation. The 
sandstones were eroded from the rising Santa 
Rosa Mountains located immediately behind. 
The rocks were solidified and uplifted to tilt 
nearly 45° from horizontal. Make a U-Turn in 
the U-shaped driveway.  

6.9	 At highway, turn right, go back west on Highway 
S22.

11.3  Stop No. 3.  Small brown sign “Pack it in, Pack 
it out” on north side of road in pullout area.  
This is a popular spot, as it is used by hikers 
as a trailhead to Villager Peak.  Park in pullout 
or off highway, as room allows.  This is a 15 
minute, approximately ¾ mile hike (one way) 
up to Lute Ridge to view the Lute Fault, a strand 
of the Clark Fault. 

Stop 3 Speakers:  Dr. Miles Kenney, Barrett 
Salisbury, and Dr. Tom Rockwell  

Lute Ridge is a fault-truncated alluvial fan named for 
the USGS benchmark found there. The ridge is 

Photo of Fonts Point by Mike Hart
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INTRODUCTION: A VISITOR’S PERSPECTIVE
CENTER STAGE AT FONTS POINT

In one aspect Fonts Point is a sudden place.  Roads end.  Carved by time.  Centered in the arid Bor-
rego Badlands, four million seasons of geology and paleontologic history band across a rawboned 
desertscape in richly-colored reds, browns, greens and grays.  Conglomerates, sandstones, claystones 
and mudstones are the catalyst, chronicling the metamorphosis of differed paleoenvironments laid 
bare to view like so many pages of an open book.  Compressed and hardened, each layer is a page 
recording a rock-leafed history of landscapes, fossil life forms, and climatic changes that are no longer 
present at Anza-Borrego.

In another aspect, Fonts Point is well named.  Over 200 years ago history met geology when the Span-
ish explorer Juan Bautista de Anza passed this high cornice, leading a band of men, women, and mules 
northward to Monterey.  The path he forged followed San Filipe Wash.  Father Pedro Font, who served 
as official chaplain, diarist and observer on Anza’s historic marches in 1775 and 1776, described this 
vantage point of the Borrego Badlands as “the sweepings of the earth”.

Humbled, non-geologists verbalize about the ancient sweepings with a litany of superlatives-breath-
taking, incredible, spacious and bewildering.  An open window, the visual drama of the northern half 
of Anza-Borrego,a 360-degree view-spreads out like a map.  On the southern horizon stretches the 
Fish Creek, Vallecito and Pinyons, guardian ramparts of the Carrizo Corridor.  In the middle distance, 
twin buttes of Borrego Mountain, split asunder by faulting, sit as granitic ribs that came up through 
the sediments like a basement elevator.  In front of them, is the unfenced bleakness of San Felipe 
Wash, Sleepy Hollow and Borrego Sink.  To the east, the desert seems to have no horizon.  Where the 
land steps downward, the placid inland pool of the Salton Sea, 235-feet below sea level, occupies the 
lowermost portion of the geologically young Salton Trough, down-dropped by faulting that is rafting 
Baja California away from mainland Mexico.  To the west, the granitic bastion of the San Ysidro Moun-
tains, abuts the Anza-Borrego desert.  To the north, Clark “Dry” Lake lays in contrast to the precipitous 
paired mountain chains of Coyote Mountain, lesser in size, and the overwhelming 8,000 foot high dusk 
of the Santa Rosa Mountains.  Where stone climbs into sky, monster fault lines control the mood of the 
land, dynamically breaking its continuity. 

Old but not ancient, this upturned weathered edge may be the best place in North America to view 
sediments of the Pliocene and Pleistocene Epochs.  But standing atop this precarious promontory and 
looking back into the past is no easy task.  Many wonder how the sea of soft rock below came about, 
groping to visualize the past when water (gulf, river, delta and stream) drowned the land.  Or what 
geological forces created this erosional masterpiece.  And why?  Once a wealth of muds and sands, 
this silent ordering of the ages is now an orchestrated tableau of ruined beds of dry-packed earth, 
forming a gutted and forbidding landscape.  Any thought of verdant gallery forests and babbling brooks 
must be imaged-like a desert mirage- by its very absence.  The visitor has to stretch his or her mind 
to visualize a landscape devoid of cacti, ocotillo and creosote bush.  Think for a minute of a delta, 
and images of wet lowland habitats come to mind.  During the Pliocene Epoch, Anza-Borrego was 
located south of the border as a receiving basin for the ancestral Colorado River while it carved out 
the Grand Canyon.  Earlier, deltaic-marine waters of the northern Gulf of California were here.  On a 
grandiose scale, marine sediments graded into deltaic facies, inaugurated by petrified wood, shellfish 
heaped in great abundance, and informative vertebrate trackways –such is the outcome where river 
meets sea.  In turn, all become overlain by shallow pond, lacustrine bog and floodplain deposits as 
our local mountains where uplifted.  Piled on top of one another, the brown earthscape is high, dry 
and unforgiving.  Gone are shelly beaches and reefs, the Colorado River, camels, horses, cheetahs, 
bears and ground sloths.  Many creatures are extinct.  But they were here.  Their story is part of our 
inheritance, given to us by diligent earth scientists who patiently probe the badland’s history, turning 
back the paleontologic and geologic clock to yesteryear when the desertland was home to checks and 
balances of an Ice Age life system.

As the geologic story approaches our own time, acres of sedimentary rock contain enough side can-
yons and disoriented washes for a lifetime of adventurous exploring.  Where the eventful drama of pre-
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a strike-slip pressure-ridge fault scarp that is 
about 2 miles long.  Head back to the vehicles.

11.3	Back on highway, continue west.

13.8	Pass by “Fonts Point” sign.

16.9	Stop No. 4.  Right turn on Rockhouse Canyon 
Road.  Head north toward Clark “Dry” Lake.  
Stay on main road as there are many smaller 
splay roads.  The main road forks twice; veer 
to the right both times.  About 2 miles in there 
are signs that state, “Closed Area Authorized 
Vehicles Only.”  You will need to obtain 
permission from Anza-Borrego Desert State 
Park ® officials to access this area.  Proceed 
northeast to the homestead area for lunch and an 
informal discussion on the history of the area.  
Rockhouse Canyon was named for the ruins of 
rock houses found at the top of the canyon. They 
were built by the Mountain Cahuilla Indians 
who once had a village there below Toro Peak. 
Clark “Dry” Lake and Valley were named for 
the Clark brothers, Fred and Frank, who used 
the northeast end of Clark “Dry” Lake as a cattle 
camp. Around 1904 they dug a well at Clark 
“Dry” Lake which became Borrego Valley’s first 
well. They supposedly started digging at 10 am 
and by 11 pm they were watering their horses 
with water from 15 feet down.  The Clarks ran 
cattle in Clark Valley until about 1915 when 
they moved their operations over into Coyote 
Canyon. 

Stop 4 Speaker:  Diana Lindsay

Return to highway.

0.0	 Back at Highway, turn right and proceed west.  
Reset odometer. 

0.5	 Turn north (right) on Henderson Canyon Road.  

0.6	 Pass entrance to Pegleg Smith Monument. Here 

you will find a rock mound, a hand-painted sign, 
a desert mailbox, and a California Historical 
Landmark, all related to Pegleg’s lost gold 
mine. The historical landmark commemorates 
Thomas L. Smith, mountain man, prospector, 
and “spinner of tall tales.” An annual “Liar’s 
Contest” is held here at dusk on the first Saturday 
night of April. All are welcome to compete, and 
all contestants receive a trophy and a certificate 
of participation. All tall tales must include 
Pegleg Smith, lost gold, or the desert and must 
not be over five minutes in length. Judges select 
the winners. Usually a few hundred people 
attend the yearly festivities, sitting around a 
roaring fire.

1.7	 Stop No. 5.  Park on right side, next to sign that 
says “Restricted Area”.  This is a short hike up 
hill on the existing dirt road.  

Stop 5 Speaker:  Mike Hart describes one of the 
landslides on Coyote Mountain (see paper this 
volume).  Walk back to the vehicles. Coyote 
Mountain, like the canyon of the same name, 
derives from the Mountain Cahuilla Indians who 
made their home in this area. Band members were 
designated either “wildcat” people or “coyote” 
people. Those who lived in Coyote Canyon 
and Rockhouse Canyon were “coyote” people. 
Those who lived toward the ancient shoreline of 
Lake Cahuilla were “wildcat” people.

1.7	 Back on Henderson Canyon Road, continue 
northwest, then west.

3.7	 Cross Borrego Valley Road, continue west.

4.7	 At Di Giorgio Road turn north (right).

6.5	 Pavement ends.  Viking Ranch is on the right 
with a great view of Coyote Mountain.  Proceed 
straight on dirt road.  You are entering Coyote 
Creek and will be heading toward the Coyote 

historic life once teemed, it is now, by the very nature of the area, a baked and arid rocky geography 
of sunken mesas and corrugated hills of dry mud.  Daily, forces of erosion gently soften contour lines, 
evening out highs and lows.  Ironically, the area is experiencing weathering, wind, rain and genera-
tions of flashflooding that helped in its formation.  Nowhere else is this combination exactly the same.  
And nowhere else of equivalent size can its rocks, histories, landscapes and faunas be told.  They are 
Anza-Borrego.

- Paul Remeika
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Creek Fault segment of the San Jacinto Fault 
Zone.  Caution!  The sand can be soft and there 
can also be water in the creek.  Be prepared. The 
mouth of Coyote Canyon was called “El Vado” 
by Juan Bautista de Anza and was a campsite 
during the second Anza Expedition in 1775-6. 
El Vado means “The Ford.” The Spanish word 
derives from the Arabic “wadi” or desert wash, 
a word from the Moorish occupation of Spain. 
By Anza’s reckoning, El Vado was about 4.5 
miles below Santa Catarina Spring along Coyote 
Creek. Anza and Father Pedro Font referred to 
the mouth of Coyote Creek as the arroyo or 
valley of Santa Catarina, correctly believing it 
to be a water source for San Sebastian Marsh 
where they had camped several days earlier.

7.0  Pass (entering) “Anza-Borrego Desert State 
Park” sign. 

9.6	 Stop No. 6.  Desert Gardens.  There are picnic 
tables here along with a dedication sign.  This 
desert garden was established in 1971 by 
the Anza-Borrego Committee of the Desert 
Protective Council, a predecessor of the Anza-
Borrego Foundation. The Desert Gardens 
program began the year before to raise funds 
to purchase private inholdings within the 
Park. Title was then transferred to the State of 
California to become part of the Park. Some of 
the earliest contributors were members of the 
California Garden Clubs. This area also is on 
the Coyote Creek Fault Strand.  

Stop  6 Speaker:  Dr. Tom Rockwell gives an 
overview of regional faulting.  

Take  a short hike around a small hill that has been 
created by faulting.  Return to the vehicles.  
Turn around and drive back to the south to the 
paved roads.

12.8	Back on paved northern terminus of Di Giorgio 
Road.  The road was named for the Di Giorgio 
Fruit Corporation who purchased lands in the 
valley in the 1940s and began growing grapes – 
the first to mature in California and the first to 
reach the eastern markets. Proceed south.

13.6	Turn right on Henderson Canyon Road.  Go 

west. The canyon to the west was named for 
a mining engineer who had a cabin near the 
canyon’s mouth.

15.5	Entering Galleta Meadows Estate – The Land 
of Artwork.  Keep an eye out for many sculpted 
creatures!  The road curves to the south. 
The metal sculptures, called “Sky Art” were 
commissioned by Galleta Meadows Estate 
owner Dennis Avery who owns about three 
square miles of noncontiguous lands in the 
valley. In 2008, Avery originally asked artist 
Ricardo Breceda of Perris, California, to create 
Pleistocene-inspired animals for his lands,  
based on descriptions found in Fossil Treasures 
of the Anza-Borrego Desert, edited by George 
T. Jefferson and Lowell Lindsay. Since that time 
Avery has also commissioned artwork inspired 
by historical events and natural features of 
the Anza-Borrego Desert. One will also find 
dinosaurs, artist Breceda’s specialty, although 
paleontologists have found no fossil evidence 
of creatures that date back to the Mesozoic Era 
in the Anza-Borrego Desert State Park®.  The 
most recent addition to Sky Art is a World War 
II era Jeep.

15.7	Road becomes Borrego Springs Road.  Continue 
to watch out for the creatures!  Head south 
toward Christmas Circle.

18.9 Enter Circle.  Turn right, then turn right 
immediately onto Palm Canyon Drive, head 
west.

20.3 Intersection with Montezuma Valley Road.  
Log ends here.  If you are camping at Borrego 
Palm Canyon Campground, proceed straight 
and follow signs to the camp.  Please stop in at 
the Visitor Center or enjoy a hike up Borrego 
Palm Canyon. The original desert park grew 
from acquisitions acquired here beginning in 
1932. The Park’s first name was Borego [one 
“r”] Palms Desert State Park.  Diana Lindsay 
presents a talk on the history of the Sky Art at 
the camp’s outdoor amphitheater. 

 

End of Day 1.
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Day Two Route Map
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Sunday Morning, October 17, 2010.
Stop No. 1.  At Palm Canyon Campground – Group 

Camping Area.  

Stop 1 Speaker:  John Peterson, a hydrogeologist, 
discusses the groundwater basin that supports 
the people and agriculture of the Borrego 
Springs Valley Area.  (See the not yet officially 
adopted Borrego Valley Groundwater Report  in 
this volume.)

Odometer (Trip) Mileage

Road portion of the trip starts again0at the intersection 
of Palm Canyon Drive and Montezuma Valley Road.   
The trip is approximate 75 miles long.

0.0	 Head east on Palm Canyon Drive toward the 
center of the community of Borrego Springs.  

1.4	 Enter Christmas Circle and bear right (south) on 
Borrego Springs Road.  After the road curves 
to the east, start looking for more artwork in a 
couple of miles.

5.2	 Stop No. 2.  Aiolornis and Nest.  Right turn onto 
dirt road and park around this large creation. 
The metal sculpture depicts the largest flight-
capable bird in North America whose fossil 
remains date back to 3.5 million years ago.  
Aiolornis incredibilis stood four-feet tall and 
had a wingspan of 16-17 feet. 

Stop 2 Speaker:  Diana and Lowell provide additional 
details on the history of the artful subdivision.   
(See page ii for a picture of the original field 
trip participants before being “devoured” by 
Aiolornis.) 

Return to vehicles and proceed to paved road.

5.4	 Continue east on Borrego Springs Road.  Soon 
veer right (south) onto Yaqui Pass Road at Mile 
Post 7.  No Yaqui Indians lived in this area, but 
two Yaqui Indians from Mexico were employed 
by the Ball Freighter Company that worked to 
improve the well in San Felipe Creek known 
as Yaqui Well. There was also a Yaqui Indian 
from Sonora who married a Kumeyaay woman 
from Grapevine Canyon who once lived near 
the well in the 1880s. Today, the well, road, flat, 

meadows, and primitive campground all share 
the name “Yaqui.”

9.7	 Sign: “Welcome to Anza-Borrego Desert State 
Park.”

10.5	Stop No. 3.  Pull off on the right (west) side 
pull out next to sign “No Vehicles” and park.  
This pullout is between Mile Posts 3 and 3.5.  
Be careful walking across the highway!  We 
will head east for a short 10 minute hike to a 
detachment fault.  

Stop 3 Speaker:  Dr. Tom Rockwell discusses the 
regional geologic framework of the detachment 
faulting.  (See Schultejann paper in this volume.) 
Walk back to vehicles and proceed south on 
Yaqui Pass Road.   

Note:  Yaqui Pass Road was the first paved road 
into Borrego Valley.  The initial dirt road was 
completed in 1934 and then later the United 
States Army paved it in 1942 to have better 
access to Camp Ensign in Borrego Valley and 
to Clark ”Dry” Lake and the Borrego Badlands 
where they did their desert training preparatory 
to the campaign in North Africa.

11.2	Road cuts.  Exposures of sandstone, and 
mudstones of the Mio-Pliocene Palm Spring 
Group.

13.4	Pass Tamarisk Grove Campground, named for 
the stand of athel tamarisk trees planted there. 
The campground was originally a San Diego 
County prison camp that was established in 
1929 to relieve pressure from the overcrowded 
county jail. Inmates provided labor to build 
the Julian-Kane Spring Road (Highway 78). 
In 1933, the State Highway Commission ruled 
that it was illegal to use county inmates as road 
crews. “Borego” Valley Prison Camp ceased 
operations and the facility was turned over 
to the California State Parks to be used as a 
campground.

13.7	Junction with Highway 78.  Turn right and 
proceed west toward Julian.  Note the cut slopes 
on the left hand side.  Exposed in the roadcut 
east and west of the intersection of Yaqui Pass 
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and Highway 78 are Miocene megabreccias 
composed of coarse-grained granitic clasts 
supported in a matrix composed of pulverized 
rock.  They represent the remnants of huge 
Miocene landslides that slid basinward along 
the low-angle ramp formed by a detachment 
fault (Eric Frost, personal communication.)

16.6	View of Grapevine Canyon. The canyon 
was possibly named for the wild grapevines 
surrounding Stuart Spring. The Grapevine 

Mining District that included the mountain 
and the canyon was formed in 1894. By 1898, 
miners were actively prospecting for gold in the 
district. At one time an old mill was located in 
Grapevine Canyon and was used to refine gold.

17.2	Start heading up the narrow canyon portion of 
San Felipe Creek. The creek is one of the longest 
watercourses in the Anza-Borrego Region. The 
creek begins as run-off in San Felipe Valley at 
Teofulio Summit on Hwy S2 and flows through 

Geologic Map of the Yaqui Pass area: from Steely, A.N., Janecke, S.U., Dorsey, R.J., and Axen, G.J. (2008)
Tc: Canebrake Conglomerate;  Tta: Undifferentiated Sediments of the Palm Spring Group;  Kgml: Plutonic Rocks



Monte Murbach & Diana Lindsay: SCGS/SDAG Field Trip Road Log 11

Sentenac Canyon for a few miles before running 
underground. It resurfaces some 50 miles 
downstream where it merges with the Coyote 
Creek, Fish Creek, and Carrizo Creek drainages 
to form the San Sebastian Marsh. Ultimately, all 
these watersheds flow into the Salton Sea.

17.8	Cross first San Felipe Creek Bridge.

19.3	Leaving Anza-Borrego Desert State Park® 
(temporarily!)

20.5	Scissors Crossing.  Cross Highway S2 on the 
north side.

20.8	Cross Highway S2 once again on the south side.  
In map view this intersection looks like an open 
pair of scissors, hence “Scissors Crossing”.  
Continue west on Highway 78.

23.7	Pass road cuts in reddish older alluvium.

24.5	Start heading up Banner Grade. The banner 
for which Banner Grade, Banner Creek, 
Banner Recreation Ranch, Banner Queen, 

and long-gone Banner City are named was 
either the American Flag or the Confederate 
Flag, respectively, that marked either Louis B. 
Redman’s claim in Chariot Canyon or Drury 
and James Bailey’s Ready Relief Mine across 
the creek from Redman’s mine. It depends on 
the source you read. Nevertheless, the discovery 
of gold started a rush, and soon Banner City was 
booming. In 1894, Banner City School had 30 
students, and the graduating class equaled that 
of National City and exceeded Escondido. The 
town had a population of 600 to 1,000 and had 
40 buildings, including up to seven saloons. 
Devastating storms that caused the creek to 
overflow in 1873, 1874, 1916, and again in 
1926, wiped out the town each time. The town 
was not rebuilt after the last storm.

25.5	Pass Banner Store.  Good stop for the traveler.

25.6. Stop No. 4.  Left turn on dirt road.  This road 
is unmarked.  Look for a neatly built 3-foot 
high stone wall.  Also, there is an oak tree in 

Google Earth oblique view over Chariot Canyon, looking north.  Black line is Elsinore Fault, white line (offset) is 
Chariot Canyon Fault.  Image prepared by Mike Hart.
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the center that you can drive around.  Proceed 
up the hill into Chariot Canyon.  You will need 
a high clearance vehicle for this stop. After 
Redman and the Baileys made their claims in 
the canyon, George V. King began prospecting 
in February 1871. He 
went farther up canyon 
discovering one of the 
richest veins in the 
Banner Area, naming 
it the Golden Chariot 
Mine. The canyon and 
later the mining district 
took its name from this 
mine. It was the richest 
strike in southern 
California and produced 
about $2 million worth 
of bullion.

The Chariot Canyon 
Fault at this location 
formed along the 
eastern boundary of the 
transition zone between 
the eastern and western 
zones of the Peninsular 
Range Batholith.  The 
transition zone is made 
up of strongly deformed 
gneissic rocks and the 
Late Triassic-Early 
Jurassic Julian Schist. 
Together these rocks 
make up the plastically 
deformed Cuyamaca-
Laguna Mountains Shear 
Zone.   Rocks to the east 
of the zone according 
to Grove, et al. (2003), 
and Bethel-Thompson, 
et al. (in preparation) 
were originally thrust westward over western 
and transition zone rocks along moderately 
east-dipping faults: the Sunrise Highway Fault 
and the Chariot Canyon Fault.  There is some 
evidence that this westward movement was 

reversed during the Miocene and that at least on 
the Chariot Canyon Fault there was significant 
down-to-the-east movement that accounts for 
the prominent escarpment along the east side of 
the range.

25.8	Closed gate.  The gate is not locked; open it and 
pass through and close.  Proceed up hill.

25.9	Great view of Banner Canyon.  The Elsinore 
Fault Trace can be seen on the lower slopes of 

Chariot Canyon portion of Julian Quadrangle. Geology by V. Todd.  Field stops 4 and 5 noted.
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the eastern side of the canyon.

26.2	Cross cattle guard.

27.0	Pass east (left) turn to Ranchito Mine in 
Rodriguez Canyon.  Proceed straight (south).

27.3	Chariot Canyon Fault.  In wide left-bending 
turn there is a narrow dirt road to the right.  Turn 
onto road, veer left and park a few hundred 
feet down the road in the area of several wide 
pullouts.  Take the center, more level road and 
walk a few hundred feet.  At the second major 
right turn in the road is a fault contact between 
gneiss country rock on the left (east) and the 
Julian Schist on the right.  This is one of the 
major traces of the Chariot Canyon Fault.

Stop 4 Speaker:  Mike Hart

Turn around and head north on main road toward 
highway.

27.7	Optional Stop No. 5.  At fork in road, veer right 
(east) and go up hill toward Ranchito Mine in 
Rodriguez Canyon.

28.3	Ranchito Mine tailings can be seen in the 
distance at 10 o’clock.  The Ranchito Mine 
and a large five-stamp mill are among the more 
significant ruins found in the canyon. In 1957, 
this mine was owned by the family of Cave J. 
Couts, an Army officer who figured prominently 
in San Diego history during and immediately 
after the Mexican War. Couts was an escort with 
the International Boundary Commission. Couts’ 
son, Cave J. Couts Jr., purchased the Ranchito 
Mine in 1895 for $5,500 cash. The Ranchito 
produced about 2,500 ounces of pure gold and 
about 100 ounces of silver between 1895 and 
1948. In today’s terms, this is worth several 
million dollars.

The Ranchito Deposit crops out low on a 
southwestern facing ridge slope which partially 
opens into a small valley.  The deposit is 
enclosed in hybrid (“mixed”) rocks which are 
composed of quartz diorite and schist.  As the 
deposit lies on the northeast side of the Elsinore 
Fault, which extends along the base of the ridge 
slope, the hybrid rocks are highly sheared.  The 

deposit consists of quartz bodies in shear zones 
which strike west-northwest along the fault 
(Weber, 1963).

28.5	Pull up to gate with sign “Right Fender Ranch”-
hand lettered on a right fender.  You will need 
permission from the property owner to access 
the mine.  Turn around and proceed back to 
main road.

29.2	Veer right to main dirt road.  Proceed north.

30.5	Back at highway.  Turn left (west) and proceed 
up Banner Grade on Banner Grade Road 
(Highway 78).  This is a winding road with 
great views of the Elsinore Fault trace on the 
east canyon wall.  Only non-drivers should be 
looking!  Otherwise, there are several pull outs 
that can be used for parking and viewing.  Note 
the vegetation lineaments, right laterally offset 
drainages, shutter ridges, etc., associated with 
the fault.

35.1	Pass Wynola Road.  Proceed on Highway 78.

36.3	Pass Julian Historic Marker.  Entering the town 
of Julian from the east side. Some 20 years after 
the 1848 discovery of gold in California, A.E. 
“Fred” Coleman discovered gold on what is 
now called Coleman Creek, and the rush to the 
Julian Area began in late 1869. The Coleman 
Mining District was created and a tent city called 
“Emily City” quickly grew attracting many ex-

Entrance to Right Fender Ranch. Ranchito Mine works at center of 
picture. Photo by Monte Murbach.
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Confederate soldiers. Among these were Drury, 
Frank, and James Bailey and their cousins Mike 
and Webb Julian. As they worked their way 
up the mountain looking for gold, Drew made 
a discovery naming it Warrior’s Rest. Other 
miners discovered a rich ledge they named the 
Washington Mine. Drew also found his largest 
discovery in Chariot Canyon calling it the Ready 
Relief. After Drew’s first discovery, the Julian 
Mining District was formed, and Mike Julian 
became the recorder. Drew began laying out a 
town on his homestead which he named Julian 
City for his cousin Mike. He donated land for 
schools, a public hall, a jail, and churches. In 
time, the “city” was dropped from the name of 
the town. Julian remains to this day a mountain 
community steeped in rich mining history and 
is a popular tourist attraction.

37.2	Left turn on Highway 79.  Proceed south.

43.1	Left turn on Highway S1.  Proceed south.  Please 
note the blue “Adopt-a-Road” sign – supported 
by the San Diego State University Geology 
Alumni group.  Also, watch our for road cyclists!  
This is a popular road for bicycling.

44.7	Pass mountain biking trailhead.  Excellent 
mountain biking in this area.

46.3	Stop No. 6.  Just south of mile post 34.5.  Large 
cut slope on west side.  This is a quick stop to 
look at a fault exposure of the Sunrise Highway 
fault, the frontal fault of the Sunrise-Highway-
Oriflamme Canyon Shear Zone.   The Sunrise 
Highway Fault truncates the western zone of 
foliated rocks and faults and extends along 
the Rattlesnake Valley Pluton as a thin proto-
mylonitic rind 1m to 3m thick.  The Sunrise 
Highway Fault merges to the north with the 
Chariot Canyon Fault and disappears into the 
Julian Schist (Bethel-Thompson, et al., in 
preparation).

46.4	Pass Sunrise Trailhead Parking Lot.  Continue 
south. Highway S1 is also known as the Sunrise 
Highway. In San Diego County, the morning 
sun first lights Highway S1, hence its name. 
A portion of this highway is in Anza-Borrego 

Desert State Park®.

47.7	Pass mile post 33.  Exposure of granitic ridge on 
the right.

50.5	Stop No. 7.  Left (east) turn on Kwaaymii Point 
Road.  Proceed to the end approximately 0.2 
mile and park.  This is the “highs” portion of 
Anza-Borrego Desert State Park®.  Enjoy this 
overlook with Anza-Borrego and Salton Sea 
in the distance. The Kwaaymii were a band of 
Kumeyaay Indians that had their main village 
in the Laguna Mountains and wintered in the 
desert below. Most of the band members died 
when they shared some tainted meat. The story 
of the Kwaaymii can be read in Just Before 
Sunset, based on the reminiscences of Tom 
Lucas. Kwaaymii Point was part of the original 
highway but was vacated probably due to high 
road maintenance.  Note the rocks on the old 
road and steep rock cut slope above!  Also, one 
of the Pacific Crest Trailheads is here.  Proceed 
back to the highway.

60.0	At the highway, turn right and proceed north 
toward Julian.  Note the sign Anza-Borrego 
Desert State Park.  The elevation here is 
approximately 6,000 feet!

67.4	At intersection with Highway 79.  Turn right, 
head north toward Julian.

70.6	 Pass Inspiration Point. Sign “Vista Point”. This 
is an alternative viewpoint. This is the second 
Inspiration Point on this field trip, the first being 
in the Borrego Badlands just north of Fonts 
Point. Both offer superb and inspiring views of 
the “lows” to “highs” respectively of the Anza-
Borrego Desert Region.

72.9	 Pass the 9-acre Jess Martin County Park.  
This is a nice park with recreational facilities, 
restrooms, and picnic areas – a good place to 
rest!

73.4	In Julian, at the intersection with Highway 
78 (Main Street).  Make a left (west) turn and 
proceed through town.  Watch out for pedestrians 
and Julian pies!

73.7	At stop sign intersection.  (Highway 78 turns 
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left.)  Continue north straight through – road 
becomes Farmer Road.

75.9	At intersection with Wynola Road.  Proceed 
straight through intersection.

76.0	Old Dodge pickup truck on right.  This truck 
belonged to famous geology professor, Dr. 
Gordon Gastil, professor emeritus, from San 
Diego State University. 

76.2  Last Stop No. 8.  Lunch at Menghini Winery.  
Park in parking lot or sides of roads.  This is the 
end of the field trip. Enjoy the winery grounds, 
the wonderful owners, and all of the meangerie 
of animals.
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Map illustrated by: Leslie Duncan.
From the Galleta Meadows Estate website at http://www.galletameadows.com/.
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“The Borrego Trio”at Fonts Point During Rield Trip Reconnaisance, 2010.  Left to right: Mike Hart, 
Monte Murbach and Chuck Houser.  Photo by an anonymous Russian tourist.  
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View across Borrego Badlands, Clark Lake and Coyote Mountain to the Santa Rosa Mountains.
Photo: Phil Farquharson.  Pilot: Chuck Houser.



Stratigraphy, Tectonics, and Basin Evolution in the Anza-Borrego Desert Region

Rebecca J. Dorsey, Department of Geological Sciences, University of Oregon

Southern Borrego Badlands Looking West. (Photograph by Rebecca Dorsey)

Introduction
The fossil record of past life is commonly preserved in 
ancient sediments and sedimentary rocks. Sediments 
accumulate in subsiding basins that contain different 
kinds of depositional environments such as rivers, lakes, 
deltas, and marine seaways. These environments are 
friendly to life, and often support assemblages of plants 
and animals. Through integrative studies of stratigraphy, 
sedimentology, and paleontology, we can reconstruct 
ancient life communities and the environments in which 
they lived.

Plate tectonic forces determine where sedimentary basins 
form, how long and how fast sediments accumulate, and 
how they may later be faulted, uplifted, and eroded at 
the surface. Climate also affects basins and sediments; 
precipitation, wind, and temperature variation affect 
surface processes such as erosion and soil formation. In the 
Salton Trough region of southern California, styles, rates, 
and environments of basin formation have evolved through 
time in response to complex changes in driving tectonic 
forces, fault interactions, and climate change. Because 
of the rich history of geologic research in Anza-Borrego 
Desert State Park and adjacent areas, it is impossible to 
summarize all of the knowledge on this subject in a few 
pages. This chapter presents a brief overview of existing 
knowledge about the regional stratigraphy, tectonic 
evolution, and major sedimentary basins preserved in the 
Park, which have supported a great diversity of plants and 
animals during the past ~10 million years.

Anza-Borrego Desert State Park is located within a 
complex zone of strike-slip faulting and oblique crustal 
extension and compression that defines the tectonically 
active boundary between the North American plate and 
the Pacific plate in southern California (Figures 5.1, 5.2). 
The southern San Andreas fault system, which includes the 
San Andreas, San Jacinto, and Elsinore faults, is a broad 
zone of past and ongoing seismic activity that separates 
areas belonging to the Pacific plate (Baja California and 
southern California) from areas located on North America 
(mainland Mexico and the U.S.). Long-term northwesterly 
movement of the Pacific plate relative to North America 
has resulted in progressive right-lateral fault displacements 
and related crustal deformation during the past ~25 to 30 
million years, producing a complicated network of faults, 
rotating crustal blocks, mountain ranges, and sedimentary 
basins. The two plates are also diverging slightly in some 
areas, which has caused the Salton Trough and Gulf of 
California to open up by oblique rifting and extension 
during the past 10 to 15 million years. These aspects of 
relative plate motion and the development of geologic 
structures on a regional scale are known from landmark 
studies by Atwater (1970), Lonsdale (1989), Stock and 
Hodges (1989), Powell et al. (1993), DeMets (1995), 
Dickinson (1996), Atwater and Stock (1998), Axen and 
Fletcher (1998), Oskin and Stock (2003), and others.

As described below, we now know that regional subsidence 
related to crustal extension and transtension (a combination 
of strike-slip movement and oblique extension of a fault) 
produced a number of fault-bounded basins that filled with 
sediments from Miocene to Pleistocene time (Figures 5.2, 

(excerpted, with permission, from Chapter 5 of Jefferson and 
Lindsay, eds. (2006) Fossil Treasures of the Anza-Borrego Desert. 
San Diego: California State Parks and Sunbelt Publications)

19
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5.3, 5.4). In the recent geologic past (last 
1 to 2 million years) many of these basins 
have been uplifted and eroded to reveal the 
diverse stratigraphic record of their tectonic, 
climatic, and paleontologic evolution. In the 
Salton Sea, fault-controlled subsidence has 
continued to the present day, accumulating 
a thick section of young sediments that are 
buried in the modern basin beneath the 
surface.

Prior Work
Our understanding of geological events 
summarized below is based on decades of 
research by many scientists. This chapter 
does not present new data, it is simply 
an attempt to synthesize a vast body of 
existing knowledge and make it accessible 
to a broad audience. Some of the more 
influential studies of regional stratigraphy, 
basin evolution, and related structures 
in the western Salton Trough appear in 
papers and theses by: Axen and Fletcher 
(1998), Bartholomew (1968, 1970), Brown 
et al. (1991), Dean (1988, 1996), Dibblee 
(1954, 1984, 1996a, 1996b), Dronyk 
(1977), Feragen (1986), Frost et al. (1996a, 
1996b), Girty and Armitage (1989), Ingle 
(1974), Johnson et al. (1983), Kerr (1982, 
1984), Kerr and Kidwell (1991), Lough 
(1993, 1998), Merriam and Brady (1965), 
Muffler and Doe (1968), Opdyke et al. 
(1977), Quinn and Cronin (1984), Remeika 
(1995), Remeika and Beske-Diehl (1996), 
Schultejann (1984), Sharp (1982), Stinson 
(1990), Stinson and Gastil (1996), Tarbet and Holman 
(1944), Wells (1987), Winker (1987), Winker and Kidwell 
(1986, 1996), Woodard (1963, 1974). This list is only a 
partial sampling of many theses, papers, and abstracts that 
have contributed to our understanding of this fascinating 
region. Interested readers are encouraged to explore the 
original literature upon which the following summary is 
based.

Tectonics, Stratigraphy, and Basin Evolution
Overview

Changing patterns of faulting and subsidence in the 
San Andreas system have exerted a primary control on 
sedimentation and stratigraphy in the western Salton 
Trough through time. Although significant uncertainties 

and questions remain, the Miocene to Pleistocene tectonic 
evolution of this region can generally be divided into 
three stages: (1) early (?) to late Miocene continental 
sedimentation, volcanism, and formation of fault-bounded 
nonmarine rift basins; (2) Pliocene to early Pleistocene 
extension and transtension on a system of regional 
detachment faults (low-angle normal faults) and formation 
of a large basin that filled first with marine and later with 
terrestrial sediments; and (3) Pleistocene to modern strike-
slip faulting and related folding in the San Jacinto and 
Elsinore fault zones, which results in uplift and erosion of 
the older deposits. Much of the evidence for these tectonic 
stages is contained in deposits that accumulated in ancient 
sedimentary basins. Thus, the stratigraphy can be regarded 
as both an integral component of the dynamic fault-basin 
system, and a natural record, not always easy to read, of 

Figure 5.1 Faults and Topography of the Northern Gulf of California and 
Salton Trough Region.  Decorated thicker lines are detachment faults, tick 
marks on upper plate; plain lines are high-angle normal and strike-slip faults. 
Explanation: ABF, Agua Blanca fault; BSZ, Brawley Spreading zone; CDD, 
Cañada David detachment; CPF, Cerro Prieto fault; E, Ensenada; IF, Imperial 
fault; SAFZ, San Andreas fault zone; SD, San Diego; SGP, San Gorgonio Pass; 
SF, San Felipe; SJFZ, San Jacinto fault zone; SSPMF, Sierra San Pedro Martir 
fault; T, Tijuana; and WB, Wagner basin. (Shaded relief map base courtesy of H. 
Magistrale)
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the tectonic processes that produced them.

The Neogene (Miocene up to Pleistocene) 
stratigraphy of the western Salton 
Trough and Imperial Valley is illustrated 
in Figures 5.3 and 5.4. Ages of the 
deposits have been determined from 
studies of micropaleontology, vertebrate 
paleontology, geochronology, and 
paleomagnetism (see references in 
figure caption). Figure 5.3 organizes the 
stratigraphy of the well-studied Vallecito 
Creek-Fish Creek area into subdivisions 
that reflect evolving ideas about the 
architecture and organization of this 
complex succession of strata (e.g. Winker, 
1987; Kerr and Kidwell, 1991; Winker and 
Kidwell, 1996).

Neogene deposits in the northwestern 
Salton Trough (Figure 5.4) show 
similarities and differences with strata in 
the Vallecito Creek-Fish Creek section. 
Upper Miocene sedimentary rocks in the 
northwestern Trough are sporadically 
exposed around the margins of the basin 
and typically are thinner and less complete 
than in Split Mountain Gorge, though they 
are locally abundant in the southern Santa 
Rosa Mountains (Hoover, 1965; Cox et al., 2002; Matti 
et al., 2002). The Imperial and Palm Spring Groups in 
the San Felipe Hills are similar to the same units in the 
Vallecito Creek-Fish Creek stratigraphic section, but the 
lacustrine (lake) Borrego Formation is much thicker than 
the Tapiado Formation, and the Ocotillo Conglomerate 
is a widespread coarse alluvial unit in the northwestern 
Trough that has only a limited extent in the Vallecito 
Creek-Fish Creek area (Figures 5.3, 5.4; Dibblee, 
1954, 1984, 1996a, 1996b; Bartholomew, 1968). These 
similarities and differences suggest that the two areas may 
have occupied a single integrated basin during deposition 
of the Mio-Pliocene Imperial and early Palm Spring 
Groups, but became segregated into separate sub-basins 
in late Pliocene time (Dorsey et al., 2004).

Axen and Fletcher (1998) showed that the Imperial and 
Palm Spring Groups, and possibly the upper part of the 
Split Mountain Group, accumulated in a large sedimentary 
basin that was bounded on its western margin by the west 
Salton detachment fault system (tectonic stage 2, above) 
from late Miocene to early Pleistocene time. Detachment 
faults are low-angle normal faults that form in areas of 

strong regional extension; they are sometimes associated 
with high crustal heat flow and commonly produce large 
sedimentary basins in their upper plates (Figure 5.5; e.g. 
Wernicke, 1985; Friedmann and Burbank, 1995; Miller 
and John, 1999). The west Salton detachment fault system 
was recognized in prior studies and was widely believed 
to be early or middle Miocene age (e.g. Stinson and 
Gastil, 1996; Frost et al., 1996a, 1996b). The synthesis 
by Axen and Fletcher (1998) presented evidence that 
slip on the detachment system probably began in late 
Miocene time and continued through Pliocene into 
early Pleistocene time. Detachment faulting resulted in 
widespread crustal subsidence and accumulation of thick 
sedimentary deposits that are now exposed in the western 
Salton Trough (Figures 5.2, 5.3). In contrast to many well-
known detachment fault systems, the upper-plate basin of 
the west Salton detachment fault was not significantly 
broken apart by normal faults, perhaps because slip on 
the detachment was terminated by initiation of strike-slip 
faulting (tectonic stage 3). Moreover, it experienced an 
oblique, partially strike-slip component of movement 
that is unlike orthogonal detachment faults (Steely et al., 
2004a, 2004b; Axen et al., 2004). These and other aspects 

Figure 5.2 Geologic Map of the Salton Trough Region.  Explanation: BB, 
Borrego Badlands; CF, Clark fault; CCF, Coyote Creek fault; EF, Elsinore fault; 
ERF, Elmore Ranch fault; EVF, Earthquake Valley fault; VCFCB, Vallecito Creek-
Fish Creek basin; IF, Imperial fault; SFF, San Felipe fault; SFH, San Felipe Hills; 
SHF, Superstition Hills fault; SMF, Superstition Mtn fault; TBM, Tierra Blanca 
Mts.; and WP, Whale Peak. (Map compilation courtesy of L. Seeber)
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of faulting and basin evolution in the Salton 
Trough are the subject of ongoing study by 
the author and her colleagues.

The three stages of tectonic evolution and 
basin development are briefly summarized 
below. The events are described from earlier 
to later, moving from lower to higher in the 
stratigraphic column. Stage 1 (Miocene) 
is best recorded in rocks exposed in and 
around Split Mountain Gorge. Stage 2 
(Pliocene to early Pleistocene) is recorded 
in widespread deposits of the Imperial 
and Palm Spring Groups that are exposed 
extensively around the western Salton 
Trough region (Figure 5.2). Geomorphic, 
structural, and geophysical evidence 
for stage 3 (Pleistocene to modern) is 
ubiquitous in the landscape and is reflected 
in present-day mountain ranges and ridges, 
active fault scarps, alluvial fans, eroding 
badlands, and playa lakes.

1. Early to Late Miocene
Significant accumulation of Neogene strata 
began with deposition of lower Miocene 
continental sandstone and conglomerate of 
the Red Rock Formation, which occupies 
the lower part of the Split Mountain 
Group (Kerr and Kidwell, 1991; Winker 
and Kidwell, 1996). These deposits 
accumulated in rivers and eolian (wind-
borne) sand dunes that filled in rugged 
paleotopography formed by earlier erosion 
of granitic and metamorphic rocks of the 
Peninsular Ranges batholith. In some 
places, they are conformably overlain by 
volcanic basalts, breccias, and interbedded 
basalt-clast conglomerates of the middle 
Miocene Alverson volcanics, which have 
been dated at approximately 22 to 14 Ma 
(Figure 5.3; Gjerde, 1982; Ruisaard, 1979; 
Kerr, 1982). Based on relationships between faulted 
volcanic and sedimentary rocks, Winker and Kidwell 
(2002) inferred that weak regional extension and slip on 
high-angle normal faults began during emplacement of 
the Alverson volcanics, prior to the late Miocene phase of 
strong extension and rift-basin development.

The Split Mountain Formation of earlier workers (e.g. 
Woodard, 1974) includes conglomerate, breccia, and sandy 

marine turbidites exposed in Split Mountain Gorge. Based 
on the conformable transition to Imperial marine strata, 
the upper, marine part of the Split Mountain Formation 
was reassigned to the lower Imperial Formation (Kerr and 
Kidwell, 1991), and later named the Latrania Formation of 
the Imperial Group (Winker and Kidwell, 1996; Remeika, 
1998). The Anza, Alverson, and lower Split Mountain 
Formations were assigned to the Split Mountain Group in 
this revision (Figure 5.3; Winker and Kidwell, 1996). In 

Figure 5.3 Generalized Stratigraphic Column for the Vallecito Creek-Fish 
Creek Stratigraphic Section..  Paleomagnetic and ash dates are from Opdyke et 
al. (1977) and Johnson et al. (1983). Biostratigraphic age controls are from studies 
of Stump (1972), Downs and White (1968), Ingle (1974), Pappajohn (1980), Dean 
(1988), and McDougall (personal communication, cited in Winker and Kidwell, 
1996). K-Ar (potassium-argon) ages in the Alverson Volcanics are from Ruisaard 
(1979) and Gjerde (1982), summarized by Kerr (1982). Adapted from Winker and 
Kidwell (1996).
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the Vallecito Creek-Fish Creek basin, sedimentologically 
variable marine deposits of the Latrania Formation are 
conformably overlain by regionally extensive fine-grained 
marine deposits of the Deguynos Formation (Winker and 
Kidwell, 1996; Remeika, 1998).

The stratigraphy of the Split Mountain and lower Imperial 
Groups is very complex, exhibiting abrupt lateral changes 
in facies (texture, sedimentary structures, grain size, and 
composition) and local thickening into the Split Mountain 
Gorge area (e.g. Winker, 1987). These units include two 
megabreccias with huge clasts (boulder to house-size 
rock fragments) that were emplaced catastrophically by 
large rock avalanches, or “sturzstroms” (Figure 5.3; Kerr 
and Abbott, 1996; Rightmer and Abbott, 1996; Shaller 
and Shaller, 1996). The Elephant Trees Conglomerate 
(formerly Split Mountain Formation) is an impressive unit 
of coarse-grained debris flow and sheet flood deposits that 
are superbly exposed in the walls of Split Mountain Gorge 
(Figure 5.6). The age of the Elephant Trees is uncertain 
(e.g. Kerr and Kidwell, 1991; Winker and Kidwell, 1996). 
Pronounced lateral thickening of the conglomerate, its 
conformable association with sandstone of the underlying 
Red Rock Formation, and the presence of normal faults 
overlapped by sedimentary deposits, provide evidence that 
this area experienced sedimentation in steep alluvial fans 

and flanking braided streams in 
an active rift basin during late 
Miocene extension on high-
angle normal faults (Kerr, 1982, 
1984; Winker, 1987; Winker 
and Kidwell, 1996).

The Fish Creek Gypsum is a 
thick, discontinuous deposit 
that occupies the transition 
from nonmarine deposits of 
the Split Mountain Group to 
marine turbidites of the lower 
Imperial Group (Figure 5.3; 
Dean, 1988; 1996; Winker and 
Kidwell, 1996). Neither its 
age nor its origins are agreed 
upon by geologists at this time. 
Index species (taxa exclusively 
associated with a particular 
time interval) of calcareous 
nanoplankton indicate an age 
of 3.4-6.3 Ma (million years) 
for the gypsum (Dean, 1996). 
This age is refined by tentative 
placement of the Miocene-

Pliocene boundary (5.3 Ma) in the overlying Latrania 
Formation by Winker and Kidwell (1996), suggesting that 
its age is approximately 6.3 to 5.5 Ma. The environment 
of formation for the Fish Creek Gypsum has been variably 
interpreted as a marginal-marine evaporite setting (Winker, 
1987), a restricted shallow-marine basin (Dean, 1988; 
1996), or a marine basin with precipitation of gypsum 
from a hydrothermal vent system (Jefferson and Peterson, 
1998). These diverse interpretations highlight the existing 
uncertainty about the origin of the gypsum and its relation 
to tectonic evolution at Split Mountain Gorge.

The Fish Creek Gypsum and laterally equivalent lower 
Latrania Formation record a rapid transgression of marine 
waters that apparently was controlled by a change in the 
regional tectonic regime. Onset of late Miocene rifting and 
high-angle normal faulting recorded in the Split Mountain 
Group may have been related to early movement on the 
west Salton detachment fault system (Axen and Fletcher, 
1998), or it may represent a distinct earlier phase of 
extension that pre-dates detachment faulting (Dorsey 
and Janecke, 2002; Winker and Kidwell, 2002). In either 
interpretation, it appears that a major tectonic change 
at about 6-7 Ma produced nearly synchronous marine 
incursion throughout the northern Gulf of California and 

Figure 5.4 Stratigraphy of the Northwestern Salton Trough.. Age of lower Palm 
Spring Group is based on micropaleontologic study of Quinn and Cronin (1984); age of 
the base of the Ocotillo Conglomerate is based on paleomagnetic studies by Brown et 
al. (1991) and Remeika and Beske-Diehl (1996). Modified from Abbott (1969), Dibblee 
(1954) and Sharp (1982).
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Salton Trough region. This incursion 
flooded an area at least 400 km (250 
miles) long, from San Felipe, Mexico, 
in the south, to San Gorgonio Pass in 
the north (Figure 5.1; Oskin and Stock, 
2003).

Recent studies on Isla Tiburon, Mexico, 
have shown that marine deposits there 
are younger than about 6.2 Ma, contrary 
to previous interpretations, and that 
tectonic opening of the northern Gulf 
of California was initiated when dextral 
(right lateral strike-slip) plate motion 
stepped into the Gulf at about 6.0-6.2 Ma 
(Gastil et al., 1999; Oskin et al., 2001; 
Oskin and Stock, 2003). Oskin and Stock 
(2003) noted that the age of the oldest 
marine deposits is remarkably similar 
throughout the northern Gulf and Salton 
Trough region. Micropaleontology of 
diatomite near San Felipe indicates 
that the oldest marine deposits there 
accumulated between about 5.5 and 6.0 
Ma (Boehm, 1984). At San Gorgonio 
Pass, the Imperial Group is about 6.5 
to 6.3 Ma based on micropaleontologic 
and geochronologic data (McDougall 
et al., 1999; and papers cited therein). 
An age of about 6.3 to 5.5 Ma for the 
Fish Creek Gypsum in the Split Mt. 
area (Dean, 1988, 1996) is consistent 
with the timing of marine incursion in 
other locations around the northern Gulf 
and Salton Trough region. Rapid marine 
flooding during this short time interval probably resulted 
from accelerated basin subsidence and crustal thinning 
related to initiation of the active plate boundary in the 
Salton Trough at about 6 Ma (Oskin and Stock, 2003). In 
addition, a rapid rise in global sea level in latest Miocene 
time (e.g. Haq et al., 1987) may have caused flooding of 
an area even larger than would have resulted from tectonic 
forces alone.

2. Pliocene to Early Pleistocene
The Pliocene was a time of deep basin subsidence and 
accumulation of thick marine and nonmarine sedimentary 
rocks of the Imperial and Palm Spring Groups throughout 
the western Salton Trough region (Figures 5.2, 5.3, 5.4). 
Widespread, fine-grained marine deposits of the Deguynos 
Formation rest on coarse-grained facies of the Split 

Mountain Group and Latrania Formation, and represent 
the culmination of the latest Miocene marine incursion 
(e.g. Winker and Kidwell, 1996). The tectonic setting was 
dominated by slip on the west Salton detachment fault 
system, whose bedrock and basin remains are exposed 
today around the western fringes of the Salton Trough 
(Figures 5.2, 5.3; Axen and Fletcher, 1998). The Miocene-
Pliocene boundary at Split Mountain has tentatively 
been placed in the upper part of the Latrania Formation, 
above the upper megabreccia and at the base of the oldest 
recorded Colorado River-derived sandstones (Figure 
5.3; K. McDougall, personal communication, as cited 
in Winker and Kidwell, 1996; Gastil et al., 1996). This 
stratigraphic transition is generally not exposed in the 
northwestern Salton Trough, but was penetrated by deep 
exploratory wells in the San Felipe Hills (Dibblee, 1984). 

Figure 5.5 Conceptual Model for Partial Evolution of a Detachment Fault (low-
angle normal fault) and Upper-plate (supradetachment) Sedimentary Basin Created 
by Regional Extension. 

A. Early slip on the fault occurs by brittle shearing in the shallow crust and ductile 
deformation in the middle to lower crust. The curved, listric geometry of the 
breakaway produces a rollover monocline in the upper plate, which in turn produces 
a sedimentary basin that accumulates a thick section of syn-extensional deposits.

B. After about 8 million years of fault slip, the lower plate domes upward and the 
upper plate breaks apart along a series of closely spaced normal faults that disrupt 
sedimentation in the basin. Note that the upper plate of the west Salton detachment 
fault system did not experience break-up as shown in B, possibly because slip on 
the detachment was terminated by initiation of strike-slip faulting in late Pliocene or 
early Pleistocene time.

Modified from Wernicke (1985).
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The change from locally variable, coarse-grained Latrania 
deposits of upper Miocene age to regionally extensive fine-
grained marine deposits of the lower Pliocene Deguynos 
Formation may be related to rapid subsidence rates (~5 
mm/yr [1/5 in.]; Johnson et al., 1983) that overwhelmed 
the sediment supply and submerged the Salton Trough 
basin during early Pliocene time. This period of rapid 
subsidence probably was driven by the same tectonic 
forces that produced the latest Miocene marine incursion: 
initiation or acceleration of relative plate motion in the 
northern Gulf-Salton 
Trough region and 
initiation or integration 
of the detachment fault 
system.

Through a combination 
of tectonic controls, 
the Salton Trough 
and northern Gulf of 
California became a 
large elongate seaway 
in early Pliocene time 
that accumulated a thick 
succession of marine 
fossiliferous claystone, 
siltstone, sandstone, 
and minor limestones 
of the Imperial Group 
(Figures 5.3, 5.4, 
5.7). During this time, 
southern California was located about 200 km (125 
miles) southeast of its present location relative to North 
America, and the Salton Trough was part of a long marine 
embayment that extended a large distance to the north 
(Figure 5.9A; Winker, 1987; Winker and Kidwell, 1986). 
Shortly after the marine transgression that produced the 
Imperial seaway, this region became the site of a distal 
prodelta (outermost delta) where only very fine-grained 
clay and silt derived from the ancestral Colorado River 
were deposited by suspension settling from the marine 
water column. This is recorded in mudstone and silty 
rhythmites of the Deguynos Formation (Figure 5.3; 
Winker and Kidwell, 1996; 2002) and by similar deposits 
of the Imperial Group in the San Felipe Hills (Figure 5.4; 
Dibblee, 1954, 1984; Quinn and Cronin, 1984). Later, 
as the Pacific plate moved northwest relative to North 
America, fine-grained sand from the ancestral Colorado 
River advanced into the basin via dilute turbidity currents. 
This produced a coarsening-up trend in sediments of the 
upper Imperial Group that reflects gradual shallowing of 

the basin as it filled with Colorado River-derived sediments 
(Figures 5.3, 5.4). The youngest deposits of the Imperial 
Group include fossiliferous claystone disturbed by 
burrowing marine animals, wavy-bedded sandstone, and 
foraminifers (shelled protozoans) that indicate intertidal 
brackish water conditions; this suggests deposition in a 
low-energy intertidal environment similar to the broad 
modern tidal flats that occupy a large area of the present-
day lower Colorado delta at the north end of the Gulf of 
California (Figure 5.1; Woodard, 1974; Quinn and Cronin, 

1984; Winker, 1987; 
Winker and Kidwell, 
1996). Marine deposits 
of the Imperial Group 
can be viewed along 
the sides of Fish Creek 
Wash, south of Split 
Mountain Gorge.

Shallow marine units 
of the upper Imperial 
Group are gradationally 
overlain by the Arroyo 
Diablo Formation, a 
thick unit of sandstone 
and mudstone that is 
exposed over much 
of the Salton Trough 
region (Figures 5.2, 
5.3, 5.4). Quartzose 
sand of the Arroyo 

Diablo and Olla Formations (Figure 5.8) was eroded 
from the Colorado Plateau and deposited in the ancestral 
Colorado River delta which, at about 3.0 Ma, was located 
approximately 60-70 km (40 miles) southwest of the 
modern point of entry of the Colorado River into the 
Salton Trough (Figure 5.9B; Girty and Armitage, 1989; 
Guthrie, 1990; Winker and Kidwell, 1986). Deposition 
took place in a subaerial delta-plain setting that was 
characterized by laterally shifting distributary channels 
and interchannel swamps and marshes, with overall 
transport toward the southeast (Winker and Kidwell, 
1986). The presence of fossil wood varieties including 
walnut, ash, and cottonwood suggests that the Pliocene 
climate was wetter and cooler than today (Remeika et 
al., 1988; Remeika and Fleming, 1995; see Remeika, 
this volume, Ancestral Woodlands of the Colorado River 
Delta Plain). The Canebrake Conglomerate, a coarse-
grained lateral equivalent of the Arroyo Diablo Formation 
and other younger units, accumulated in alluvial fans and 
braided streams on the flanks of steep mountains around 

Figure 5.6 Split Mountain Group. Elephant Trees Conglomerate  of 
the Split Mountain Group in Split Mountain Gorge, showing interbedded 
sandstone and boulder conglomerate that formed in an alluvial fan setting. 
(Photograph by Rebecca Dorsey)
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the margins of the delta plain (e.g. Dibblee, 1954, 1984; 
Hoover, 1965; Winker, 1987).

The base of the lacustrine (lake) Tapiado and fluvial 
Hueso Formations (Figure 5.3) marks an abrupt end of 
Colorado river input in the Fish Creek area (Winker, 
1987; Winker and Kidwell, 1986, 1996). This transition 
coincides approximately with the end of stratigraphic 
similarities between sediments in the Fish Creek area 
and the northwestern Salton 
Trough, and may have resulted 
from reorganization of the basin 
(Figures 5.3, 5.4; Dorsey et al., 
2004). The Borrego Formation 
is a very thick succession of lake 
deposits exposed in the Borrego 
Badlands and San Felipe Hills 
that may be partially equivalent 
to the Tapiado Formation, but its 
age and stratigraphic architecture 
are not well known. The Borrego 
Formation contains abundant 
claystone and siltstone and rare 
sandstone beds with both Colorado 
River- and locally-derived 
sandstones. Our knowledge of 
the Borrego Formation and its 
paleontology, paleogeography, 
and Pliocene evolution in the 
northwestern Salton Trough is 
based largely on previous studies by 

Tarbet and Holman (1944), Morley (1963), 
Dibblee (1954, 1984), Hoover (1965), 
Merriam and Bandy (1965), Bartholomew 
(1968); Dronyk (1977), Feragen (1986), 
Wells (1987), as well as recent studies by 
Kirby et al., (2004a, 2004b), Steely et al. 
(2004a, 2004b), and Dorsey et al. (2004). 
Ostracodes (small crustaceans, mussel 
shrimp) and benthic foraminifers reflect 
deposition in fresh water to brackish and 
alkaline conditions. The Borrego Formation 
represents a large perennial lake basin that 
became isolated from the Gulf of California 
as it moved tectonically to the northwest 
past the Colorado River delta into its present 
position (Figure 5.1; Kirby et al., 2004a, 
2004b, Dorsey et al., 2004).

The youngest deposits of the Palm Spring 
Group are early Pleistocene, locally derived 
sandstone and conglomerate of the Hueso 
Formation in the Vallecito Creek-Fish Creek 

area (Figure 5.3; Winker and Kidwell, 1996; Cassiliano, 
2002) and Ocotillo Conglomerate in the Borrego and 
Ocotillo Badlands (Figure 5.4; Dibblee, 1954; 1984; 
Brown et al., 1991; Bartholomew, 1968, 1970; Lutz, 
2005). These deposits accumulated in alluvial fans and 
ephemeral streams that drained nearby fault-bounded 
mountain ranges. Deposition took place in sedimentary 

Figure 5.7 Upper Imperial Group.  Tan fine-grained marine mudstone capped 
by oyster beds in the upper Imperial Group, Vallecito Creek-Fish Creek basin; 
white patch in distance is Fish Creek Gypsum in the western Fish Creek Mts. 
(Photograph by Rebecca Dorsey)

Figure 5.8  Lower Palm Spring Group.  Channelized sandstone (tan color) and red 
mudstone of the Olla Formation (Palm Spring Group) that was deposited in the ancestral 
Colorado River delta plain. (Photograph by Rebecca Dorsey)
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basins that were shaped by slip on early strands of the San 
Jacinto fault zone (Bartholomew, 1970; Pettinga, 1991; 
Lutz and Dorsey, 2003; Kirby et al., 2004a, 2004b; Kirby, 
2005; Lutz, 2005). The Hueso Formation is exposed in 
View of the Badlands Wash (Vallecito Creek-Fish Creek 
Badlands), and the Ocotillo Conglomerate can be seen 
in the cliffs directly beneath Fonts Point in the Borrego 
Badlands.

3. Early Pleistocene to Present
Initiation of the San Jacinto and Elsinore fault zones 
marks the onset of complex dextral strike-slip faulting and 
north-south compression in the western Salton Trough, 
which continues today (Figure 5.10, 5.9C). Knowledge of 
this stage is based on studies by Sharp (1967), Wesnousky 
(1986), Hudnut and Sieh (1989), Hudnut et al. (1989), 
Rockwell et al. (1990), Brown et al. (1991), Petersen et al. 
(1991), Sanders and Magistrale (1997), Heitmann (2002), 

Dorsey (2002), Ryter (2002), Janecke et al. (2003, 2004), 
Kirby et al. (2004a, 2004b), Lutz and Dorsey (2003), 
Lutz et al. (2004), Lutz (2005), and others. In spite of its 
young age, the timing and nature of the transition from 
transtensional detachment faulting to transpressive strike-
slip faulting is poorly understood. Strike-slip faulting may 
have overlapped in time with movement on the detachment 
fault system, and the San Jacinto and Elsinore faults could 
have started at similar or different times. Dorsey (2002) 
suggested that progradation (spreading into the basin and 
over the top of the Borrego Formation lacustrine deposits) 
of the Ocotillo Conglomerate in the Borrego Badlands 
may have resulted from initiation of the San Jacinto fault 
at approximately 1.5 Ma, a date consistent with some prior 
estimates (e.g. Bartholomew, 1970; Morton and Matti, 
1993). Other studies have inferred an earlier, Pliocene age 
for the San Jacinto fault zone based on total fault offset 
and late Pleistocene slip rates (e.g. Rockwell et al., 1990). 

Figure 5.9  Paleogeographic Reconstructions of Sedimentary Basins and Faults in the Salton Trough and Northern Gulf of 
California Since the End of Miocene Time.

Southern California and northern Baja California have been moving to the northwest relative to stable North America since 
localization of the plate boundary in the Gulf of California at ~6.5-6.0 Ma (Oskin and Stock, 2003) or possibly earlier.

A. End of Miocene time, shortly after widespread marine incursion in the Salton Trough and northern Gulf of California.

B. Deposition of Palm Spring Group in the ancestral Colorado River delta.

C. Present-day geography, active faults, and environments. Explanation: CU, Sierra Cucapas; VCFCB, Vallecito Creek-Fish Creek 
basin; IH, Indio Hills; SF, San Felipe; SFH, San Felipe Hills; and WC, Whitewater Canyon. Thick lines with arrows are strike-slip 
faults showing relative movement; thick lines with tic marks are normal faults (low-angle detachment faults in A and B). Red arrows 
in B indicate inferred sediment transport directions (based on Winker and Kidwell, 1986) (see text for explanation). Redrafted from 
Winker (1987) with modifications from Axen (1995), Axen and Fletcher (1998), and Oskin et al. (2001).
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The Fonts Point Sandstone is a thin Pleistocene fluvial 
deposit with a well developed calcic paleosol (carbonate 
cemented ancient soil) layer. This paleosol records the 
end of sediment accumulation in the Borrego Badlands 
during slip on the Coyote Creek fault (Ryter, 2002; Lutz 
et al., 2004; Lutz, 2005). Based on the age of deformed 
sediments in the Vallecito Creek area (Johnson et al., 
1983), Ocotillo Badlands (Brown et al., 1991), San Felipe 
Hills (Kirby et al., 2004a, 2004b), and Borrego Badlands 
(Remeika and Beske-Diehl, 1996; Lutz, 2005), combined 
with known structural relationships in the region (e.g. 
Dibblee, 1984; Brown et al., 1991; Janecke et al., 2003, 
2004; Kirby, 2005), it is likely that the San Jacinto and 
Elsinore fault systems were initiated in late Pliocene or 
early Pleistocene time.

Early to middle Pleistocene age conglomerate, sandstone 
and mudstone, exposed along the northwestern San 
Jacinto fault zone, was informally 
named “Bautista beds” by Frick 
(1921) and later mapped and 
studied by Sharp (1967) and Dorsey 
(2002). Sharp (1967) expanded the 
name “Bautista beds” to include 
Pleistocene sedimentary rocks 
exposed around Clark Lake and 
the northern Borrego Badlands, 
but these deposits had already been 
named “Ocotillo Conglomerate” 
by Dibblee (1954). Recent study 
by Dorsey and Roering (in press) 
shows that the Bautista beds were 
deposited by west- to northwest 
flowing streams on the high west 
flank of the Peninsular Ranges 
during an early phase of slip in the 
San Jacinto fault zone. These low-
gradient streams were later captured 
by headward erosion in steep 
streams flowing southeast along 
the modern fault zone. The Ocotillo 
Conglomerate in the Borrego 
Badlands (“Ocotillo Formation” of Remeika and Beske-
Dehl, 1998; Lutz, 2005) was deposited in a low-lying 
basin (depocenter) at the western margin of the Salton 
Trough, in a physiographic setting quite different than 
that of the Bautista beds.

The modern phase of active faulting and seismicity has 
created a rugged landscape characterized by northwest-
trending ridges and fault-controlled features such as 

Coyote Mountain, Clark Valley, and Lute Ridge (Figure 
5.10). Active faults and related uplift have produced 
young landforms in areas such as the Borrego Badlands, 
Superstition Mountain, and Superstition Hills, causing 
older basin deposits to be eroded and reworked into 
young terrace deposits and modern washes (e.g. Dibblee, 
1954, 1984; Ryter, 2002). The Salton Sea is a large 
topographic depression that exists because of ongoing 
oblique extension and subsidence within a releasing step-
over between the Imperial and San Andreas faults, which 
has produced an oblique spreading center (the Brawley 
seismic zone) (Figure 5.1; Elders et al., 1972; Fuis et al., 
1982; Fuis and Kohler, 1984; Elders and Sass, 1988). This 
region has repeatedly dried out and filled with waters of 
ancient Lake Cahuilla, a Pleistocene to Holocene lake 
that previously lapped against the flanks of the San Felipe 
Hills and Santa Rosa Mountains (Waters, 1983). These 
lake-level highstands created distinctive calcareous 

algae-derived tufa deposits that are encrusted on granitic 
bedrock northwest of Salton City and in the Fish Creek 
Mountains along the U.S. Gypsum mine railroad. Lake 
Cahuilla represents the most recent expression of a large 
ephemeral lake system that was repeatedly flooded and 
dried out during deposition of the Pleistocene Brawley 
Formation (Kirby et al., 2004a, 2004b; Kirby, 2005), 
but with a more restricted distribution that reflects active 
faulting controls on the modern depocenter.

Figure 5.10  Geomorphology Along the San Jacinto Fault Zone..  View looking 
west across Coyote Mountain (CM), Clark Valley (CV), Borrego Valley (BV), and Lute 
Ridge (LR). Lute Ridge is a deposit of Pleistocene coarse alluvial gravels that have been 
displaced and translated by right-lateral slip on the Clark fault (CF). (Photograph by 
Rebecca Dorsey)
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Conclusions
The above summary provides a brief overview of the 
tectonic, basinal, and sedimentary history of the western 
Salton Trough region. We have seen that Anza-Borrego 
Desert State Park lies within an active plate-boundary 
zone – the San Andreas fault system – which has been 
absorbing relative movement of the Pacific and North 
American plates since about 30 Ma. During Pliocene 
to early Pleistocene time, a large sedimentary basin 
associated with slip on a regional detachment fault system 
accumulated a thick section of marine and nonmarine 
sediments, recording a wide range of environments that 
supported the evolution and preservation of ancient plants 
and animals. Climate also appears to have changed during 
this time, shifting from a wetter and cooler climate in late 
Miocene time to the hyper-arid desert setting of today. 
The modern phase of strike-slip faulting has resulted 
in uplift and erosion of older sediments, creating a rich 
natural archive ideal for studying ancient life forms and 
the environments in which they lived.
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Geomorphic Evaluation of a Late Pleistocene to Early Holocene 
River Meander in the Desert Cahuilla, Imperial County, California

Abstract

Geomorphic evaluation of a series of alluvial fan deposits 
along the southeast flank of the Santa Rosa Mountains 
provides insight into deposition and erosion cycles in the 
Desert Cahuilla.  The Desert Cahuilla is approximately 
a 23 square mile area bounded by the Torrez-Martinez 
Indian Reservation on the north, Imperial-San Diego 
County Line on the west, Highway 22 on the south, and 
roughly by Highway 86 on the east.  Geomorphic and 
paleoclimatological evidence suggests that major alluvial 
fan aggradational events were related to climate change 
during the Pleistocene.  These changes were associated 
with glacial and interglacial transitions, and the effect of 
these transitions on the number and intensity of winter 
storm events.

The last major alluvial fan aggradation event in the 
Desert Cahuilla region ceased approximately 35 to 100 
thousand years ago.  During late-Pleistocene through mid-
Holocene, alluvial fan development in the Desert Cahuilla 
was likely significantly influenced by climate change.  A 
Pleistocene-Holocene climate transition involved a change 
from wetter and cooler 
to drier and warmer 
conditions.  Resulting 
decreased vegetative 
cover and stripping 
of hillslope colluvium 
l e d  t o  i n c r e a s e d 
stream runoff during 
individual rainfall 
events (stream power), 
g e n e r a l l y  l o w e r 
sediment load, and 
incision of alluvial 
fans in this region.  
A stream meander in 
the northwest Desert 
Cahuilla represents 
not only incision of 

the fans and fan pediments due to the change in climate, 
but also a stream condition of relatively low velocity and 
gradient, allowing development of meandering streams.  
Later changes, possibly due to falling base level or 
otherwise steepening of the stream gradient, led to higher 
stream velocities and development of braided and parallel 
drainages, cutting off the meander.

Introduction

During late 2007, I received an e-mail with the subject 
line, “Need a Pilot!”  With a current pilots license, I 
responded and subsequently, on September 23, 2007, 
flew Phil Farquharson, Lowell Lindsay, and Diana 
Lindsay over an area east of Borrego Springs known as 
the Desert Cahuilla (Figure 1).  The purpose of the flight 
was to conduct geologic reconnaissance in the northeast 
corner of the Desert Cahuilla on a parcel owned by Anza-
Borrego Foundation.  We photographed the area, and 
began evaluating the Pleistocene alluvial fan surfaces in 
the area.

Pleistocene alluvial 
fans present a fragile 
geologic resource that 
may yield information 
and insight into the 
P l e i s t o c e n e  a n d 
Holocene tectonic and 
climatic history of the 
region.  Indeed, alluvial 
fans throughout the 
American southwest 
have been studied by 
many noted scientists.  
Alluvial fan surfaces 
provide data related to 
the processes involved 
in the formation of 
desert pavement and 

Charles E. Houser, SCS Engineers
San Diego, California

chouser@scsengineers.com

Figure 1.  Desert Cahuilla Site Map.
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desert varnish, calcic soils unique to arid regions like the 
southwestern United States, and geomorphic structures and 
formations shaped by time and sometimes by subtle (and 
occasionally, not so subtle) tectonic forces.

Between late 2007 and early 2008, I made several flights 
to observe the Desert Cahuilla and further evaluate these 
sensitive alluvial fan surfaces.  On one such flight, from an 
altitude of approximately 4,000 feet over the northwestern 
corner of the Desert Cahuilla, I observed what appeared to 
be a quarry, an easily visible topographic feature roughly 
circular in shape.  Upon descending for a closer look, the 
“quarry” turned out to be a “U”-shaped meander incised 
into an alluvial fan pediment along the south side of a 
relatively large wash.  We photographed the feature (Figure 
2) and continued the flight.  Upon further reflection, I 
became convinced that this old dry river meander warranted 
some investigation into what it might add to the story of the 
geological history of the Anza-Borrego Desert Region.

Geologic Setting

The Desert Cahuilla encompasses approximately 23 square 
miles bounded by the Torrez-Martinez Indian Reservation 
on the north, Imperial-San Diego County Line on the west, 
Highway 22 on the south, and roughly by Highway 86 on the 
east (Figure 1).  The project area is dominated, particularly 
in the northern half, by 
alluvial fan surfaces 
formed on pediments 
composed of Tertiary-
aged  sed imen ta ry 
rocks along the western 
boundary of the Salton 
Trough .   Dibb lee 
(1953) mapped the 
units underlying the 
a rea  as  p r imar i ly 
Tertiary Palm Spring 
Formation with Tertiary 
Borrego Formation 
a long  the  eas te rn 
portion of the Desert 
Cahuilla.  Dibblee 
(1953) described the 
Palm Spring Formation 
as terrestrial sandstones and red clays, and the Borrego 
Formation as the lacustrine facies of the Palm Spring 
Formation composed of light gray clay and sand.  Rogers 
(1965) mapped the area to include undivided Pliocene 
nonmarine sediments, Tertiary lake deposits, Quaternary 

nonmarine terrace deposits, and Quaternary alluvium.  
Morton (1966) mapped Tertiary Palm Spring Formation 
and Borrego Formation, along with alluvium and older 
alluvium, both of Quaternary-age.   The Palm Spring 
Formation was identified by Morton as consisting of 
interbedded nonmarine, light gray, arkosic sandstone 
and reddish clay, with Borrego Formation consisting 
of nonmarine gray clay and interbedded sandstone of 
lacustrine origin.

According to Dorsey (2006 and this volume), the 
stratigraphy of the Anza-Borrego Desert Region includes 
the Miocene-Pliocene Imperial Group overlain by 
Pliocene-Pleistocene Palm Spring Group sediments.  The 
Imperial Group rocks include the Deguynos Formation, 
described primarily as deltaic and tidal flats sediments.  At 
the base of the Deguynos Formation within the Imperial 
Group is the Latrania Formation comprised of sandy 
turbidites and megabreccia.   The Imperial Group rocks 
are marine sediments which may be partly correlative with 
the Bouse Formation of the lower Colorado River Valley 
(Dohrenwend, et. al., 1991).

The Palm Spring Group consists of delta plain and stream 
sediments of the Arroyo Diablo Formation overlain by 
lacustrine sediments of the Borrego Formation (Dorsey, 
2006).  Dohrenwend, et. al., (1991) described these 

units as two separate 
formations; the Palm 
Spring Formation 
comprised of fluvial 
and deltaic sand, silt, 
and clay, and the 
Borrego Formation 
comprised of fine-
grained lacustrine 
deposits .   In this 
paper, I am using 
t he  s t r a t i g r aph ic 
n o m e n c l a t u r e  a s 
described by Dorsey 
(2006).  Along the 
western margin of the 
basin, the Palm Spring 
Group also includes 
alluvial fan deposits 

of the Canebrake Conglomerate.  Overlying the Palm 
Spring Group is the Pleistocene Ocotillo Conglomerate 
which grades into the lacustrine Brawley Formation toward 
the basin center.  Figure 3, from Dorsey 2006, provides a 
summary of the general stratigraphy of the Anza-Borrego 

Figure 2.  The “Meander.” (1) Late Pleistocene Alluvial Fan Surfaces (35-100 
thousand years), (2) Latest Pleistocene to middle-Holocene Alluvial Surfaces, 
(3) Active Channel.
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Desert Region.

Tectonically, the study area is located between the San 
Jacinto Fault Zone to the west and San Andreas Fault Zone 
to the east.  The nearest significant fault to the project area 
is the Clark Strand of the San Jacinto Fault Zone located 
approximately 3 or more miles to the southwest (Blisniuk, 
et. al., 2010).  Although no significant faults are known 
to exist within the Desert Cahuilla, several lineaments 
suggestive of faults can be seen in the eastern portion in 
aerial photography.  Additionally, numerous faults seen 
by offsets on the order of several inches to several feet 
are seen in Tertiary sedimentary rocks exposed below 
the fan pediment in the washes in the area.  In many 
instances, offset beds can be seen constrained between 
beds showing no apparent offset above and below.  This 
may be due to extensional deformation of the sediments 
with some extension occurring along bedding planes and 
not readily visible in exposures of the sediments.  Figure 
4 is a photograph of offset beds in one of several roughly 
east-west trending washes traversing the Desert Cahuilla.  
Unbroken sedimentary beds are seen above the offsets.  
In some locations, similar offsets appear as listric faults, 
flattening with depth into bedding plane faults exhibiting 
little or no offset of discrete beds.

Pleistocene-Quaternary History

The Desert Cahuilla is 
underlain by Miocene 
t h r o u g h  P l e i s t o c e n e 
sediments deposited in a 
shallow basin environment 
during mid-Tertiary through 
Quaternary extension of the 
region (Dohrenwend, et. al., 
1991).  These sediments 
are, in turn, overlain by 
alluvial fan deposits derived 
from the southeastern Santa 
Rosa Mountains to the west 
of the Desert Cahuilla.  The 
fans have been deposited 
on a pediment dipping east 
toward the center of the 
Salton Trough.  Using the 
discussions of Christensen 
and Purcell (1985), the 
alluvial fans in the northern 
port ion of the Desert 

Cahuilla would be intermediate age fans based on the 
following criteria:

variable depth of incision on the order of 1 to 30 1.	
feet,
fan surfaces generally smooth and flat,2.	
fan surfaces incised but well preserved,3.	
desert varnish and desert pavement can be strongly 4.	
developed.

The fan surfaces in the Desert Cahuilla are flat, dissected by 
several prominent east-west drainages, and have a strongly 
developed and relatively dark desert varnish.  These 
characteristics place the age of the Desert Cahuilla alluvial 
fans at middle to late Pleistocene based on Dohrenwend, et. 
al. (1991).  Desert varnish developed on the alluvial fans 
in the northern Desert Cahuilla have a similar or darker 
appearance than that developed on alluvial fans in the 
southern Santa Rosa Mountains approximately 5 to 8 miles 
west-southwest of the Desert Cahuilla.  Blisniuk, et. al., 
(2010) assigned a date of  35 +/-7 thousand years to the fan 
they studied.  This suggests ages for the fans in the Desert 
Cahuilla range from 35,000 to as old as 100,000 years.

Bull (2000) outlines three factors in alluvial fan dynamics: 
1) tectonic activity, 2) climate change, and 3) internal 
adjustments in the alluvial fan system.  Although the region 
of Anza-Borrego Desert State Park  is quite tectonically 
active, the Desert Cahuilla shows relatively little, if any, 

Figure 3.  Stratigraphic Section.  From Dorsey (2006).
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notable seismicity.  According to Dohrenwend, et. al. 
(1991), the climate south of 36ºN (roughly Las Vegas, 
Nevada) was cooler and wetter in the late Pleistocene, with 
a significant decrease in effective moisture occurring during 
the Pleistocene-Holocene climate transition.  Bull (2000) 
places the Pleistocene-Holocene climate transition between 
17,000 and 10,000 years ago.  Coupled with changes in 
base level, climate changes likely were significant factors 
in controlling and shaping the development of late-
Pleistocene and Holocene geomorphology, particularly 

related to alluvial fans.  Harvey and Wells (2003) conclude 
that, in the absence of tectonic activity, climate change is 
the “over-riding control” of alluvial fan dynamics.

Stream Dynamics

Stream power (SP) is the power available to transport 
sediment load, and critical power (CP) is the power needed 
to transport sediment load (Bull, 1979).  Bull (1979) defines 
the threshold of critical power as the point where SP/CP 
= 1.  If this ratio is less than 1, then the stream power 
would be inadequate to transport the sediment load and 
deposition or aggradation occurs.  If the stream power 
exceeds critical power during long time spans, vertical 
erosion of a V-shaped valley occurs.  If a stream is close 

to the threshold of critical power, lateral erosion will tend 
to dominate.  Bull (2000) describes the process by which 
climate change, such as occurred during the Pleistocene-
Holocene climate transition, affects alluvial fan processes.  
As annual rainfall decreases and temperature increases, 
soil moisture is reduced and vegetation density decreases.  
This, in turn, exposes soil to erosion while increasing direct 
runoff.  Valley floor aggradation occurs until removal of 
hillslope colluvium and increase in bedrock exposure 
causes sediment concentrations to decrease and the erosive 

potential of a given rainfall 
event increases.  With the 
decreased sediment load, 
the stream power/critical 
power ratio increases and 
vertical erosion occurs.  
McDonald, et al. (2003) 
attribute channel incision 
and fanhead trenching to an 
apparent increase in summer 
monsoon activity in the early 
Holocene.

The “Meander”

The “U”-shaped meander 
described above is a striking 
feature for several reasons.  
This topographic feature 
leaves little doubt as to what 
geomorphic processes were 
involved in its evolution.  It 
clearly represents a relatively 
tight, meandering turn in a 
fluvial drainage system.  It 

also represents an environment in the drainage system 
where the flow velocity and gradient of the drainage was 
relatively low (SP/CP ~ 1) and thus was formed during a 
time when the stream was close to equilibrium.  Streams 
with higher velocity and steeper gradients (SP/CP > 1) 
tend to form braided or parallel drainages.  The meander 
is clearly incised through the surrounding alluvial fan 
surface down into the underlying pediment and fine-grained 
Tertiary sedimentary rocks.  Finally, the patina developed 
in the bottom of the meander is obviously much lighter 
than the surrounding Pleistocene fan surfaces, indicating 
a younger age for the meander bottom.  At the same time, 
the bottom of the meander has a noticeably darker patina 
than the adjacent active channel just to the north.

Figure 4.  Offset Bedding in the Desert Cahuilla.
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Several lobes of fan material within the meander can be 
seen in the south and southwest portions that have a patina 
as dark as can be seen in the meander.  These observations 
of the meander provide a clear chronology of the order 
of the development of this feature in the alluvial fan 
system in this part of the Desert Cahuilla.  The alluvial 
fans were deposited in the Pleistocene with aggradation 
ceasing between 35,000 and 100,000 years ago.  As the 
climate became warmer and drier in the late Pleistocene 
transitioning into the early Holocene, runoff increased as 
vegetative cover decreased due to lower soil moisture.  With 
removal of hillslope colluvium and exposure of underlying 
bedrock, sediment loads eventually decreased, and runoff 
streams began incising into the Pleistocene fan surfaces.

During incision, the position of the meander would likely 
have been medial to distal in the alluvial fan system, and 
average stream velocity and gradient would have been 
relatively low.  Over time, possibly due to a change in 
base level or increase in the gradient of the drainage due 
to extension and lowering of the center of the Salton 
Trough east of the Desert Cahuilla, drainage in the 
location of the meander changed to braided and parallel, 
and the meander was cut off from the active channel by 
additional incision of the channel, leaving the vertical 
cut seen between the meander floor and active channel 
floor on the upstream (west) limb of the meander (Figure 
2).  If this occurred in latest Pleistocene to mid-Holocene 
time, adequate time would be available for development 
of the relatively weak desert varnish seen in the bottom 
of the meander (Dohrenwend, et. al., 1991, Helms et. al., 
2003).  Subsequent erosion in the meander, primarily from 
the southwest, incised the downstream (east) limb of the 
meander where it meets the active channel.

Summary

Major deposition and aggradation of Pleistocene alluvial 
fans in the northern portion of the Desert Cahuilla likely 
ended approximately 35 to 100 thousand years ago, 
based on fan geomorphology and well developed desert 
varnish on flat, smooth fan surfaces.  Tectonic activity 
and climate change are considered two major factors in 
alluvial fan evolution and their relative magnitude, and 
thus their contribution to determining fan morphology in 
any particular region varies.  The Desert Cahuilla, while in 
a region of active faulting, shows little evidence of notable 
tectonic activity.  Therefore, climate change likely was the 
significant factor shaping alluvial fan geomorphology and 
fan processes, in particular during the Pleistocene-Holocene 

climate transition.  Climate during this period changed 
from wetter to drier and warmer.  Resulting increased 
runoff during monsoon-type storm events due to decreased 
vegetative soil cover, coupled with low sediment load once 
hillslope colluvium had been stripped, caused incision of 
the alluvial fans and fan pediments in the region.  During 
latest Pleistocene to mid-Holocene in the northwest Desert 
Cahuilla, low stream velocity and gradient, possibly due 
to relatively high base level and a medial to distal position 
in the fan system, allowed development of a meandering 
drainage pattern during incision of the fans.  Eventually, 
possibly due to falling base level or steepening of the stream 
gradient, drainage shifted from meandering to braided and 
parallel channels.  One stream meander, preserved in the fan 
pediment, underwent soil development but was otherwise 
relatively undisturbed until observed in late 2007 by an 
unsuspecting geologist in a light aircraft at 4,000 feet over 
the Desert Cahuilla.
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The “Borrego Trio” in Flight.  Left to right: Mike Hart, Monte Murbach and Chuck Hart.
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OUR TREMBLING EARTH
PAUL REMEIKA

Anza-Borrego Foundation and Institute,
P.O. Box 2001, Borrego Springs, California 92004

“Earthquakes Shake Valley,” “Quakes Jar Wide Area,” 
“Quake Biggest Known in Desert,” “Twin Quakes 
Jolt Area,” “Aftershocks Keep Desert on Edge,” “5.6 
earthquake rattles region,” “Desert Quakes Shake up 
the World of Geology,” “Earthquake centered on active, 
dangerous fault,” “7.2 quake rocks region.” Harrowing 
newspaper headlines only scratch the surface. In the 
geological maelstrom of the Salton Basin, the magnitude 
(M) 6.6 Imperial Valley Quake of 1979, the M6.4 
Westmorland Quake of 1981, the double-whammy M6.2 
Elmore Ranch Quake on November 23rd followed by the 
M6.6 Superstition Hills Quake the next morning, and the 
recent Easter Sunday M7.2 El Mayor-Cucapah shaker along 
the Laguna Salada on April 4, 2010, were no more than 
passing yawns compared to some of the real whoppers of 
yesteryear, or the portending “Big One” expected to uncoil 
along the San Andreas Fault Zone between Bombay Beach 
and San Bernardino sometime within the next 30 years. As 
a product of fault movement, these earthquakes provide 
restless, bone-shaking evidence that a divergent tectonic 
plate boundary, separating the Pacific Plate from the North 
American Plate, is at work beneath the crust of the Salton 
Basin, of which the seismically-active Imperial-Mexicali 
Valley is its prominent southern half.
On a scale worthy of Genesis, a zigzag pattern of en echelon 

strike-slip faults, such as the Cerro Prieto, Imperial, and 
San Andreas, tears the land horizontally in a northwest 
right-lateral sense, offsetting in opposite directions the 
northernmost sea-floor spreading centers that have migrated 
up the Gulf of California. Like the seams on a baseball 
they define pull-apart basins along a plate boundary as 
Alta and Baja California rift and raft obliquely away from 
mainland Mexico opening up a new seaway filled by the 
Sea of Cortez. In doing so, new crust is generated beneath 
these basins at Cerro Prieto, Brawley Seismic Zone, and 
at the Salton Buttes. 
Other dynamic faults, such as the brutally-powerful San 
Jacinto, Elsinore, Laguna Salada, and Sierra Juarez, 
stretch and thin the crust through dip-slip (vertical) motion 
with subordinate strike-slipping. They control elongated 
northwest-trending desert mountain ranges like the fault-
bounded Sierra Cucapá, with its asymmetric sedimentary 
basin (Laguna Salada), both canted into the depths of the 
Salton Basin incompletely buried in a vast arena of sand 
and sea. These faults are responsible for uplifting the 
Peninsular Ranges, and widening of the valley making it 
one of the lowest and driest places on the North American 
continent.
As a daily consequence of faulting, or indigestion, 
earthquakes are dangerous natural hazards that annually 

Fig. 1.  Quake Damage in Calexico’s Red-Tagged Hotel de Anza.  All photos by Paul Remeika.
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assault the troubled belly of the Salton Basin. Through a 
density of geologic time, this restlessness has triggered 
at least 34 legendarily-strong earthquakes (greater than 
M6.0) since 1850 within the basin. That is an onslaught 
of about one earthquake of M6.0+ every 4.6 years. Since 
1954, the area has experienced 50 shakers measuring 
M5.0 or greater, and thousands of lesser events in one of 
the most geologically-intense places on Earth. Up until 
April 4, 2010, it had been 23 years since the last large 
temblor occurred within the basin (M6.6 Superstition Hills 
Earthquake on November 24, 1987). 
DANCING WITH DEMONS 
The Salton Basin is indeed restless, as quake-jittery 
residents of Brawley, El Centro, and Mexicali can attest 
to. The most recent swaying of the ground began between 
February 8 and 21, 2008, a swarm of 500 temblors rattled 

the ground beneath Guadalupe Victoria and the Cerro Prieto 
Volcano. The largest measured M5.4 on February 8th, and 
was powerful enough to knock-out electricity and cell 
phone service to over half-a-million people in Mexicali. 
This initial wake-up call was shortly followed by two 
modest aftershocks registering M5.1 and M5.0 on February 
11th. More rumbles occurred on February 27th when six 
earthquakes measuring between M3.0 and M4.1 hit along 
the Imperial Fault. With good reason, these harbingers 
raised the blood pressure of the scientific community who 
sponsored a “Great Southern California Shakeout” drill on 

November 13, 2008, simulating a mock M7.8 temblor with 
a hypothetical epicenter beneath Bombay Beach along the 
eastern shore of the Salton Sea.
Ironically, four months later, between March 21 and 24, 
2009, a handful of medium-sized M3.1-M3.3 quakes and 
several hundred smaller aftershocks rattled the Salton 
Buttes. In an on-going dance of crustal extension, one 
stretch recorded a shock every hour for 48 hours. In the 
middle of all this mayhem an M4.8 (March 24) thumper in 
the early morning hours followed later by an M3.5 (April 8) 
bump in the afternoon punched in where the San Andreas 
Fault meets up with the spreading center beneath Bombay 
Beach. The swarm continued for two more weeks triggering 
an unprecedented 400 micro quakes. 
Any appreciable quietude south of the border did not last 
long as more shaking abruptly jolted Guadalupe Victoria 

and Cerro Prieto on March 29th 
(M4.2), April 11th (M4.2), April 
12th (M4.3), and June 2nd (M3.0). 
Between November 1 and 3, 2009, 
the area of Heber and Calexico also 
got exciting when low-level seismic 
swarms along the Imperial Fault 
registering between M3.0-M4.1 gave 
residents a renewed appreciation for 
the power of nature. They were 
followed by a wrenching M5.8 
quake on December 30th near Cerro 
Prieto and the Imperial Fault. Within 
minutes, this quake was felt as far 
away as Kern County, California. 
Most of the shaking occurred in 
and around Mexicali where 90,000 
people lost power for half-an-hour. 
On January 9, 2010, March 31st, 
and April 4th, the peace and quiet 
of the same general area (Guadalupe 
Victoria) was shattered again at 
the M4.1, M4.2, and M4.3 levels, 

respectively. Hence, ominous warning signs that not only 
indicate a volcanically restless magma chamber beneath 
Cerro Prieto is set on medium-high but the stove itself is 
about to move.
EL MAYOR-CUCAPAH EARTHQUAKE 
All preceding seismic activity in the Salton Basin pales 
in comparison to the Easter Sunday monster juggernaut 
M7.2 El Mayor-Cucapah Earthquake which stopped the 
clocks at 3:40 p.m. on the afternoon of April 4, 2010. 
This powerful temblor, sent seismograph needles jumping 

Fig. 2.  Larry McCaffery straddles a crack on Mexico Route 2 south of Cerro el Centinela.  
Phillip Carskadan on right.
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nervously up and down on rolling graphs, as surface rupture 
scarred a swath of destruction 43 miles long, initially 
lifting parts of the Sierra El Mayor and Sierra Cucapá 
mountain ranges a record-setting 8 feet or more along the 
periphery of the Laguna Salada playa. This shaker was 
Baja and Alta California’s largest earthquake in 18 years 
(since the M7.3 Landers Earthquake on June 28, 1992), 
was three times stronger than the M6.9 1940 El Centro 
Quake on the Imperial Fault, nearly twice as strong as the 
M7.1 1934 Mexicali Quake on the Cerro Prieto Fault, and 
the worst natural disaster felt in the Salton Basin since the 
M7.2 1892 blaster which incidentally occurred in the same 
general vicinity.
Within seconds the peace and quietude of the Imperial-
Mexicali Valley was shattered. The main shock epicenter 
was shallow-seated, located on the southeastern end of the 
Laguna Salada Fault, only 11 miles west of the sparsely 
populated agricultural community of Guadalupe Victoria, 
and 29 miles south from Mexicali. In the maelstrom of the 
moment, ground motion, building in intensity and traveling 
at speeds of two miles per second, shook and shook and 

shook the Salton Basin for about 40 seconds, mercilessly 
jarring the entire region like a bowl full of Jell-O. So much 
energy was released that it transferred pent-up strain and 
stress onto nearby fault lines, triggering “aftershock” 
activity on the Imperial, Cerro Praetor, Elsinore, and the 
San Jacinto, which are overdue for a catastrophic rupture 
themselves. Incredibly, the enormous fury was felt by 
over 20 million people throughout the southland, swaying 
high rise buildings from Las Vegas to Santa Barbara, and 
from Phoenix to Ensenada. In Los Angeles and San Diego, 
popular amusement parks temporarily shut down as a 
precautionary measure. Understandably, the Governor’s 
Office of Emergency Services and the San Diego and 
Imperial County Offices of Disaster Preparedness issued a 
formal “earthquake alert” for more damaging earthquakes 
to come within the Salton Basin.
In its aftermath extensive damage was reported in 
heavily-populated border communities. Quake-riddled 
Mexicali was hardest hit, suffering buckled and severed 
roadways, highways and railroad lines, broken gas and 
water pipelines, communication gridlock, fires, flooding, 

Fig. 3.  Locations of faults, earthquakes, and photos discussed in the text.  Graphic by Larry McCaffery and Paul Remeika.
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and over one million people were 
without electrical power. Thousands 
of homes and businesses were 
destroyed or damaged leaving behind 
at least 35,000 people homeless. 
Making matters worse, 34% of the 
valley’s agricultural crops were 
made unsuitable due to extensive 
leakage from broken canal levees, 
aqueduct spillage, liquefaction, or 
ironically, a lack of running water. 
Due to the intensity of ground 
shaking, many frightened residents 
moved into the streets surviving 
in tents and vehicles. By the next 
morning, 100 rumbling aftershocks 
in the M3.0-M4.5 range had occurred 
fraying everyone’s nerves. 48 hours 
later, the total had climbed to 700. 
Two weeks later, the ground continued to nervously 
quiver from over 3,000 aftershocks. Structural damage, 
including property, business, and agricultural throughout 
Mexicali and surrounding communities was estimated at 
over $300 million. Incredibly, the earthquake only injured 
about 200 people and contributed to two deaths. By April 
27th, over 6,000 aftershocks had been recorded making 
seismologists nervous since this seemed to be a higher 
rate than normal. 
North of the border, the entire downtown district of 
Calexico was declared off-limits due to  tons of falling 
wreckage from collapsed ceilings, stucco walls, cladding, 
broken glass panes, retaining walls, and roofing tiles. Two 
story buildings sustained more structural distress than 
single story structures. Many were red-flagged, including 
the aging Hotel de Anza which suffered irreparable damage 
(Figure 1). The town’s infrastructure also experienced 
problems as its main water clarifier was thrashed including 
120 miles of broken waterline and sewage. Many mobile 
homes were knocked off their foundations, there were 
widespread power and telephone service outages, the 
Imperial airport terminal was put out of commission, and 
westbound lanes of Interstate 8 were temporarily closed 
due to cracking of the pavement. Property damage alone 
exceeded $91 million. By May 1st, schools continued to 
remain closed. 
The El Mayor-Cocopah Earthquake is a breakaway margin 
event. Typical faulting is where rocks below the fault 
surface (the footwall block) drop or rise relative to rocks 
hanging over the fault surface (the hanging wall block), 
parallel to the dip of the fault surface. Canted up-and-down 

vertical orientation, or tilt-blocking, whereby a mountain 
block tends to lean to the east or to the west, such as the 
Sierra Cicada, is the hallmark of a breakaway margin, 
and attests to a stressed-out terrain that is literally ripping 
itself apart. Repetitive faulting with tilt-block rotation of 
elevated footwalls, evidence of highly varied, asymmetric 
dimension both vertically and laterally with growing 
accommodation of 15 feet or more , are not uncommon 
to the edge of a divergent rift boundary, such as along the 
western side of the Imperial-Mexicali Valley.
On June 14th, a M5.7 aftershock whipsawed the desert 
5 miles south of the tiny community of Ocotillo. It was 
centered in a large cluster of aftershock sequencing at 
the northern terminus of the fault rupture west of Cerro 
el Centinel, bunching up along the eastern side of the 
Jacumba Wilderness Area north of the border. This post-
quake dirge of activity is commonly associated with crustal 
stretching. In Ocotillo, the temblor shattered windows and 
cracked walls, broke pipes, and topped book cases. In San 
Diego, it briefly interrupted the Padres baseball game at 
Petco Park.
When rocks suddenly break along a fault and a massive 
temblor is unleashed, it can be a harrowing experience. 
Geologic aficionados can visit the fault scarp without 
much effort. The easiest place (Figure 2) is located along 
old Mexico Highway 2 in the saddle south of Cerro el 
Centinela (Signal Mountain), about 15 miles west of 
Mexicali. Here fresh cracks in the asphalt can be examined 
and traced northward across the California-Mexican border 
into the Yuha Badlands.  It is here that clearly disturbed 
ground along the Borrego strand of the Laguna Salada 

Fig. 4.  Large fault scarp clearly visible east of the Laguna Salada playa.  Phillip Carskaddan 
(left) and Larry McCaffery shown for scale.
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Fault reveals cumulative vertical displacements of about 2 
feet, with lateral offsets even more. Two months after the 
main event, Highway 2 is still under repair as the ground 
continues to adjust.  Another location is about 10 miles 
south along the eastern side of the Laguna Salada playa 
(Figure 4). If the lakebed is dry, it is worth the effort. After 
a 1 mile hike up an unnamed soft sandy wash, the 8-foot-
high fault scarp is located on the Borrego Fault controlling 
a small strike valley where the Sierra Cucapá splits into 
west and east mountain ranges. Everywhere the ground is 
extensively cracked with rupture lines cutting crystalline 
basement as well as unconsolidated gravel veneers and 
arroyo bottoms. At the fault scarp, the land east of the fault 
has dramatically dropped down, while the west side has 
risen up, physically blocking all drainage channels in the 
arroyos. This is a spectacular example of a shutter ridge, 
since older arroyos are shingled one on top of the other, 
altered from similar past activity along the fault. Stay tuned 
for more shaking!
Note:  As if to underscore Paul Remeika’s last sentence 
in this piece, the Salton Basin landscape jolted again as 
we went press.    A M5.4 earthquake occurred in Southern 
California at 4:53 pm (PDT) on July 7, its epicenter 
13 miles north-northwest of Borrego Springs.   The 

earthquake, triggered by the M7.2 El Mayor-Cucupah 
Earthquake, occurred on the Coyote Creek segment of the 
San Jacinto Fault.   The earthquake exhibited sideways 
horizontal motion to the northwest, consistent with slip 
on the San Jacinto Fault.  It was followed by more than 
60 aftershocks of M1.3 and greater during the first hour.  
Seismologists expect continued aftershock activity.

Paul Remeika is a retired California State Park Ranger, and 
is an expert on the paleontology and geology of the Anza-
Borrego Desert.  He authored the best-selling book Edge 
of Creation: the Geology of Anza-Borrego Desert State 
Park®.   He spends time as a Field Program Instructor and 
Guide for the Anza-Borrego Foundation and Institute.   His 
field trips are very popular and include his special Desert 
Hostel visits onto the Colorado Plateau which are usually 
booked months in advance.   He is currently completing 
freelance research on fossil footprints from the Colorado 
Desert.

Adapted with permission from:  Remeika, Paul, 2010.  Our 
Trembling Earth, Educational Bulletin #10-2, a publication 
of the Desert Protective Council, www.dpcinc.org
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ABSTRACT

Seismically-induced landslides are a common occurrence 
in steep terrains near active fault zones. Geomorphic 
evidence suggests the presence of multiple large-scale (5-6 
km2) landslides along the southwestern side of the Santa 
Rosa Mountains and adjacent to the Clark Strand of the 
San Jacinto Fault. These landslides occur in Cretaceous-
age granite and may be analyzed for ground motion 
characteristics at failure through pseudostatic slope stability 
analysis. A selected rockslide was reconstructed and 
analyzed for failure along a polygonal slip surface. Critical 
seismic accelerations (kc) of between 0.18g and 0.30g were 
determined depending on the angle of basal slip, and are 
to be considered the minimum acceleration due to default 
parameters used in the analysis. Correlative magnitudes for 
the estimated volume of the rockslide indicate an event of 
Mw 7.2-7.6 for the triggering earthquake, which has not 
been observed historically on the San Jacinto Fault.

INTRODUCTION

It is a common occurrence for steep or unstable slopes 
to reach threshold conditions during an earthquake and 
become landslides. Formal study of the relationships 
between earthquakes and landslides dates to the 1783 
earthquake near Calabria, Italy, which caused widespread 
landsliding, including several exceptionally large slides 
(Keefer, 2002). Study of such relationships is essential 
as landsliding can be a significant cause of damage 
and casualties associated with earthquakes.  It has been 
shown that earthquakes of a threshold magnitude of Mw 
4.3±0.4 will trigger landslides (Malamud et al., 2004). As 
such, analyses of slope stability are an important part of 
mitigating this hazard in seismically active areas.  Three 
common approaches to analyze slope stability during an 
earthquake are:  (1) numerical methods that use stress-
strain relationships to calculate expected displacements, 
(2) Newmark’s method of equation integration to evaluate 
displacement of rigid-block displacement, and (3) 
pseudostatic analysis of slope stability at different seismic 
accelerations to determine the factor of safety (Bojorque 
and De Roeck, 2007). For the purposes of this study, the 
pseudostatic approach will be used. As described by Hack, 

et al. (2007), the factor of safety (Fs) under pseudostatic 
conditions is expressed by the following equation:

Fs = resisting stresses/driving stresses =
coh + ((W−ßW)cosѳ−αWsinѳ−u)*tanф

(W−ßW)sinѳ + αWcosѳ + vcosѳ
where coh=cohesion or respective friction along discontinuity, ; ф=angle 
of internal shear; ѳ=slope of discontinuity; W=weight of block; u and v 
are the water pressures in the discontinuities; αW and ßW are horizontal 
and vertical acceleration due to an earthquake. Failure occurs at Fs = 1.

Back analysis of landslides induced by earthquakes can 
provide insight into the characteristics of ground motion 
at the time of failure. Such studies have proven useful 
for analysis of rotational slides within weak materials 
such as tufa (Luo et al., 2005), translational slides within 
materials exhibiting moderate strength such as  shale and 
sandstone (Chen et al., 2003), and rockslides within granite 
(Havenith, et al., 2002).  Here we present an analysis of a 
large rockslide within granitic rock, located adjacent to an 
active fault in southern California (Figure 1).

GEOLOGIC AND TECTONIC SETTING

The Santa Rosa Mountains block is a member of the 
Peninsular Ranges of southern California, and is comprised 
of various Cretaceous granitic and metamorphic rocks. 
The physiography of these mountains has effectively been 
altered by the San Jacinto Fault Zone, a complex system of 

Figure 1: Map View of Project Area
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young and active strike-slip fault segments (Sharp, 1967).   
Faulting activity has resulted in distinct morphologic 
features within the fault zone, including landslides (Dorsey 
and Roering, 2006). Along the southwest side of the Santa 
Rosa Mountains, the Clark segment of the San Jacinto 
Fault trends southeast into Clark Valley, where it becomes 
buried in alluvium. Within Clark Valley, Sharp (1967) 
has mapped several large granitic masses outcropping in 
this alluvium as “probable landslide blocks”. The source 
bedrock for these blocks is medium-grained, hornblende-
biotite tonalite. On the opposite side of Clark Valley, 
landslides have also been mapped within the granitic and 
metamorphic rock along Coyote Mountain (Hart, 2008). 
Considering the high strength of the source bedrock of 
these slides, failure was likely induced along fractures by 
intense seismic shaking during rupture of the San Jacinto 
Fault. The earthquake magnitude required for such events 
is as yet unknown. Historically, the San Jacinto Fault 
Zone has produced earthquakes with moment magnitudes 
ranging from 5.6 to 6.8; it has been postulated however, 
that a multiple segment rupture could produce a Mw 7.5 
or greater (Sanders and Magistrale, 1997).  
GEOMORPHIC EVIDENCE
In addition to the “probable landslide blocks” mapped by 
Sharp (1967), other probable landslide blocks are found 

within the granitic rock along the southwestern side of the 
Santa Rosa Mountains. The best expressed of these is the 
Clark Rockslide (Figure 2). 
The Clark Rockslide covers an area of approximately 
5-6km2. The headscarp is somewhat sinuous and reaches 
a maximum height of 150 meters. The total height of the 
rockslide from toe to crown is about  685 meters, and total 
length is approximately  3.75 km. Immediately below the 
headscarp is a benched area with ponded alluvium that 
has been mapped by Sharp (1967) as terrace deposits. The 
margins of the slide are here inferred as arcuate drainages 
that drain the head of the rockslide. The steep slopes of 
these drainages indicates incision within weak or possibly 
sheared rock. A minor scarp is delineated by a moderately 
eroded bench in the middle-portion of the slide mass. As 
depicted in Figure 2, the Clark segment of the San Jacinto 
fault is less than 2 kilometers from the center of the Clark 
Rockslide. 
Preliminary field reconnaissance of the slide mass has not 
found structural evidence of landsliding similar to that 
exposed on Coyote Mountain and described by Hart (2008). 
It may be that such evidence is buried and not exposed 
in available stream cuts. However, stream cut exposures 
did reveal continuous high angle fractures (60°-85°) and 
a variety of often discontinuous low angle fractures, the 

Figure 2: Aerial Photograph of Project Area Showing Key Features. Clark Rockslide outlined by black dots, headscarp-dashed 
black lines, minor scarp-dashed white lines, ponded alluvium-outlined gray hashes, San Jacinto Fault (approx.)-black line
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presence of which is considered indicative of potential 
failure surfaces at depth.
SLOPE STABILITY MODELING
A cross-section was constructed from composite USGS 
7.5’ quads for the project area (Figure 3).  Section A-A’ 
was drawn through the center of the slide mass and extends 
beyond the prominent headscarp previously described. The 
current slope configuration is presented as Figure 4a. In 
order to conduct a back analysis of the Clark Rockslide, 

the original slope was reconstructed in cross section by 
closure of the head and minor scarp and lateral recession 
of the toe. The reconstruction resulted in an increase of 
average slope angle from approximately 10.5° to 16° and 
a toe recession of 1210 meters. The reconstructed slope 
configuration is presented as Figure 4b. 
The reconstructed slope was analyzed for failure using the 
demo version GEO5 Rock Stability program. The failure 
surface was defined as polygonal, consisting of two planes 

Figure 3: Map View of Clark Rockslide Showing Location of Cross-Section Used in Analysis.
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along low and high angle fractures within the granite, as 
supported by field evidence. Three inclinations of a low-
angle basal slide plane were analyzed (5°, 10° and 15°), 
each using a 75° bounding tension crack for the upper block 
slide plane (Figure 4c). Rock parameters included rock 
density of 160 pcf, cohesion of 200 psf, and an angle of 
internal shear of 30°.  Pore pressure was not considered in 
this analysis as the projected slide planes reach a depth and 
pressure such that water is anticipated to have a negligible 
effect on slide conditions.
Initial stability analysis of the reconstructed slope during 

static conditions produces a safety factor range of 2.17-
3.69, indicating that the rockslide could only fail with 
the influence of seismic activity. The reconstructed slope 
was then analyzed using different seismic accelerations to 
determine the acceleration condition at failure (Fs=1.0), 
also known as the critical seismic acceleration (kc). 
Identical vertical (kv) and horizontal (kh) accelerations 
were used for each analysis as a means of consistency. 
The results of these analyses are presented in Figure 5 
and indicate increasing critical seismic accelerations for 
decreasing angles of basal slip plane.

Figure 4: (a) Current Configuration of Clark Rockslide in Cross Section Showing Headscarp and Subscarp Locations. 
(b) Reconstructed Configuration of the Slope.
(c) Example Configuration of Slope Stability Analysis.   The basal slide plane  has an inclination of 10°, arrows 
show direction of seismic acceleration.
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DISCUSSION
It must be noted that the critical seismic acceleration range 
produced in this analysis is expected to reflect a minimum 
value. The default parameters provided by Geo5 and used 
in this analysis—cohesion (C) 200 psf and angle of internal 
shear (ф) 30°--make a significant underestimation of the 
strength of the granite. Weathered granite has been shown 
to have such high strength parameters as C=6500 psf and 
ф=55.5° (Baynes and Dearman, 1978).  As slip is anticipated 
to have occurred along fractures, the actual C and ф for 
the fractured granite are anticipated to be much closer to 
that of weathered granite than the default parameters. The 
results of the analysis should thus be treated as  minimum 
values for critical seismic acceleration. 
Seismic ground motions are understood to be a function 
of specific source, path, and site characteristics.  The 
critical seismic acceleration for the presented analysis is 
determined to be between 0.22 and 0.30g.   Because the 
Clark Rockslide  is situated adjacent to the San Jacinto fault, 
accelerations during rupture are expected to be at or near 
peak values.  Seismic accelerations may also be especially 
high at this location due to topographic amplification. 
The critical seismic acceleration results are consistent with 
the ground motion hazard model developed for the region 
by Cao et al. (1996) based on a magnitude 6.5 event or 
smaller.  According to their study of recorded seismicity 
patterns in southern California, peak ground accelerations 
(PGA) in the vicinity of the Clark segment of the San 
Jacinto Fault are anticipated to be between 0.30 and 
0.35g. As our highest (kc) result is equivocal to the lowest 

anticipated PGA for a magnitude 6.5 event, the rockslide 
triggering event may be inferred to be of magnitude 6.5 
or less. However, as previously described, our (kc) results 
are to be considered minima and a magnitude greater than 
6.5 should be expected for the triggering event of the Clark 
Rockslide. Additionally, as two recorded earthquakes in 
vicinity of the Clark Rockslide—a 1937 event of Mw 5.6 
and a 1954 event of Mw 6.3 (Sanders and Magistrale, 
1997)--did not result in significant landslide events, the 
triggering event is furthermore expected to be of greater 
magnitude.  
Another method of analysis that may be used to estimate 
the magnitude of a triggeringevent does not require back-
analyzed seismic acceleration. Based on sixteen historic 
landslides triggered by earthquakes, Malamud et al. (2004) 
have determined a power law dependence of total landslide 
volume (VLT) on earthquake moment magnitude (M) 
(Figure 6). This correlation is expressed as 

log VLT = 1.42M – 11.26 (±0.52) 
Based on the predicted configurations of slope failure 
analyzed here, the volume of the Clark Rockslide is 
estimated to be between 0.08km3 and 0.32km3. This 
corresponds to a triggering moment magnitude event of 
between 7.2 and 7.5. While such an event has not happened 
historically, it has been postulated that a multiple segment 
rupture could produce a Mw 7.5 or greater (Sanders and 
Magistrale, 1997).  Analysis suggests that the event that 
triggered the Clark Rockslide may be the result of such 
an event. 

Figure 5: Results of Pseudostatic Geo5 Rock Stability Analysis.
(kc) values for basal slip plane:  ~0.30g(5°); ~0.26g(10°); ~0.22g (15°)
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The Clark Rockslide provides strong geomorphic evidence 
for bedrock landsliding induced by a large earthquake on 
the Clark segment of the San Jacinto Fault. In order to 
properly back analyze the critical seismic acceleration, 
appropriate strength parameters need to be considered. 
Additional stability analysis may include other methods 
than the polygonal slip surface configuration used here, 
such as three-dimensional modeling, rotational failure 
or Newmark’s integration method. Given the numerous 
landslides expressed in the landscape adjacent to the San 
Jacinto fault, a back-analysis model may provide yet 
another tool for the study of large earthquakes beyond 
historical records. 
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Large Landslide North of Clark Lake.



Large Landslides North of Clark Lake

Charles F. Lough

At the north edge of Clark Valley there is a group of very 
large landslides composed largely of granitic rock.  The 
landslide mass is approximately 11 x 4 km (7 x 2 ½ miles), 
with individual slides up to 1.6 km (1 mile) wide. Many of 
the slides are cut by secondary slides. They show extremely 
well on aerial photographs, fairly well on a shaded relief 
topographic map, and poorly on Google Earth. An attempt 
was made on the accompanying map to show individual 
slides by shading.
I mapped these slides in the 1990’s as part of a series of 
geological hazard maps covering all of San Diego County. 
Copies of the original map were sent to Rebecca Dorsey at 
the University of Oregon and Bret Cox at the United States 
Geological Survey, both of whom are mapping in the Santa 
Rosa Mountains. I supplemented my original mapping, 
which only extended as far north as the Riverside County 
Line; with maps by Dorsey (2002) (SW corner), Sharp 
(1967) (Riverside County), and Ryter (2002) (SE corner). 
More recently,  Nissa Morton (2009) did a stability analysis 
on a portion of the landslide mass.

Interpretation and Origin
In attempting to compile a map from various sources, 
problems were revealed. The first is that interpretation and 
contacts do not match. For instance, Sharp’s map does not 
show the landslides at all, but it does show considerable 
detail at the head of the slide. No previous report attempts 
an explanation of the cause of the landsliding. Rather than 
laying out the answer for the origin of the landslides, I will 
just present some alternatives for your consideration.

Off of the Santa Rosa Mountains Scarp
A likely appearing source for the landslides is the steep 
west-facing scarp of the Santa Rosa Mountains. Failure 
most likely would have been along a fault plane. A high-
angle normal fault would be the usual explanation for such a 
steep mountain front. Paul Remeika believes there is a major 
high-angle normal fault along the toe of the mountains. 
Derek Ryter sketched in a Santa Rosa Fault in the NW 
corner of his map. Robert Sharp shows the Buck Ridge 
Fault heading toward the base of the mountains.  However, 
I do not believe that the structure along the scarp of the 
Santa Rosa Mountains has yet been adequately explained. 
Speculation about the structure along the mountain front 
should, for the time being, remain just that—speculation. 
Access is difficult; but someone carrying plenty of water, 

but no preconceived ideas, needs to carefully map the base 
of the Santa Rosas.
Arguments against the landslides coming from the scarp of 
the Santa Rosa Mountains are twofold: First, the outcrop 
patterns on the scarp and at the head of the slides do not 
match. On the scarp, granitic rock is above schist; but at 
the head of the slides (area mapped by Sharp) schist occurs 
north of the granitic rock.  Second, the schist appears 
to be continuous from Buck Ridge across Rockhouse 
Canyon. Furthermore, these large landslides do not appear 
to have traveled far. They are definitely not long-runout 
landslides. They have traveled just far enough to develop 
the characteristic shapes typical of landslides. Nissa Morton 
assumed that the Clark Rockslide was locally derived and 
moved 0.8 to 1.1 km (based on her cross sections).

Off of Detachment Fault
Another possibility is that the large landslide came off 
of the southwesterly dipping limb of a detachment fault. 
Douglas English (1985) proposed that the detachment 
fault clearly exposed on the east side of the Santa Rosa 
Mountains “arches up and over the crest of the range.” 
His report includes a map and cross sections that show 
the Santa Rosa and San Jacinto Mountains as a very large 
dome. Neither English nor anyone else has followed up on 
this idea by careful field mapping, which would support 
or disprove this idea.
It is conceivable that the faults mapped by Sharp across 
the head of the large landslides are actually part of the 
back folded limb of a folded detachment fault. If this is 
so, the large landslides at the head of Clark Valley would 
be analogous to those mapped by Mike Hart (1991) on 
the south side of Whale Peak. Those slides seem clearly 
to have come off of the south dipping limb of the folded 
detachment fault that arches over Whale Peak.

Off of Buck Ridge Fault
A third possibility is that the large landslides came off of 
the Buck Ridge Fault. This fault can be clearly traced for 
25 km to the head of Rockhouse Valley and, with a lesser 
degree of confidence, for another 12 km to the base of the 
Santa Rosa Mountains at the NE corner of the landslides. 
Sharp (1967) shows the fault buried beneath the alluvium 
of the valley, and reappearing near the head of the large 
landslide. He shows faults cutting what I believe to be 
landslides on the west end and south sides of Mojave Valley. 
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But, these “faults” are not necessarily part of the Buck 
Ridge Fault. They may be landslide scarps, fault planes 
displaced by landslides, contacts, or part of a detachment 
fault. In other words, I don’t understand this structure at 
the head of the large landslides found immediately north 
of the Riverside County Line. I believe that area needs to 
be carefully remapped, keeping all options in mind.

Off of Older Structures
Yet another possibility is that the large landslides resulted 
from failure on a plane of weakness that predates the strike-
slip fault system. Perhaps they failed along the contact 
between metamorphic rocks (schist and gneiss) and granitic 
rocks. (A short hike up Rockhouse Canyon takes you to 
excellent exposures of metamorphics at Hidden Spring.) 
And/or failure could have occurred faults that predated the 

strike slip faults. A vertical view (aerial photographs or 
Google Earth) of the NW corner of the landslides reveals 
several small NE trending faults or fractures.

The Event
Whatever the exact origin of the landslides, they most likely 
came from a zone of damaged rock at the intersection of 
Buck Ridge and other faults. Motion on the Clark Fault 
probably both allowed and caused these landslides. Right-
lateral motion on the Clark Fault would have removed 
lateral support from the fractured rock to the NE, allowing 
the landslides to occur. A major earthquake on the Clark or 
Coyote Canyon faults likely caused the collapse.

Origin of Rockhouse Canyon
There is another interesting problem to solve in the 

Map of Landslides North of Clark Lake.  
Modified by David M. Bloom from 
original mapping by Charles F. Lough.
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immediate vicinity of the large landslides. At the NW 
corner of the slides, Rockhouse Canyon cuts across bedrock 
in the nose of Buck Ridge. There is no obvious plane of 
weakness along the canyon, such as a fault to explain the 
presence of a canyon.
For an answer, I would suggest something like this: The 
hills between Rockhouse Valley and Mojave Valley are a 
landslide that came off the Santa Rosa Mountains scarp, 
blocking the original drainage toward Clark Valley. 
Rockhouse Valley gradually filled with alluvial fans and 
some playa sediments. (A small patch of fine-grained 
sediments remains near the former site of Cottonwood 
Spring.) When Rockhouse Valley was filled to the level 
of the present rim of Rockhouse Canyon, drainage 
could flow across the nose of Buck Ridge, cutting the 
canyon. Subsequently, drainage from Mojave Valley was 
captured.
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Sky Art: HN-4 1951 Willys Jeep (CJ-3A)



GALLETA MEADOWS SKY ART

 INSPIRED BY SCIENCE, HISTORY, NATURE, AND WHIM

A Catalog and Guide to Sky Art Assemblages in Borrego Springs, California,
With Accompanying Text Detailing the Inspiration for the Metal Sculptures

Compiled by Diana E. Lindsay, Trustee, Anza-Borrego Foundation
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On Saturday morning, April 10, 2008, the small desert 
community of Borrego Springs, situated in the middle of 
Anza-Borrego Desert State Park, stepped back in deep 
time. A family of metal Gomphotherium standing in a 
field just off Borrego Springs Road startled passersby. 
The 12-foot tall, 800- to 1000-pound Neogene sculptures 
were placed in position that day by artist Ricardo Arroyo 
Breceda and property owner-benefactor Dennis Avery 
[Brancheau, April 2008]. The last living gomphotheres 
had roamed this land some 3.7 million years ago, and they 
had returned.

Since that day more than 125 life-size metal sculptures, 
all commissioned by Avery, have been placed in the 
Borrego Valley, scattered over 3 miles of non-contiguous 
private property that Avery purchased in the mid-1990s 
in the wake of the savings-and-loan crash. Avery calls 
the undeveloped land “Galleta Meadows,” named for the 
tough native grass (Hilaria rigida) found in the Borrego 
Valley western canyons. Galleta Meadows is open to the 
public for their enjoyment. One will find no interpretive 
signs, roadway signs, bathrooms, or drinking water. It is 
not a public exhibition of art. It is just “pure, expressive 
art” that has avoided county regulators and is, according 
to Avery, an expression of First Amendment rights to free 
expression.

The metal sculptures were originally inspired by the 
2006 publication of Fossil Treasures of the Anza-Borrego 
Desert, edited by George T. Jefferson and Lowell 
Lindsay. Avery was a major sponsor of the publication 
of this book, funding the artwork by Pat Ortega, an 
award-winning scientific illustrator, and John Francis, a 
renowned landscape artist whose illustrations are now the 
background paleolandscapes at the Park Visitor Center. 

Fossil Treasures is a landmark publication featuring the 
comprehensive work of 23 leading paleontologists and 
experts from key scientific institutions across the United 
States. Their work provides an in-depth examination of 
fossil plants, extinct animals, and changing environments 
that opens a window into this region’s long-vanished 
past. And, within this window is found one of the richest 

fossil records of its time in the western hemisphere – a 
continuous history of life for most of the last 7 million 
years. Through this same window came the inspiration to 
bring the past to the present for the enjoyment, delight, 
and perhaps consternation for all who have viewed the 
Sky Art sculptures.

Avery calls the sculptures “Sky Art.” The sculptures, 
like the living forms of the past, have evolved with 
time. Avery’s original goal was “to inspire visitors and 
residents, especially young people, to learn more about 
the fossil history of Anza-Borrego.” He saw the idea of 
fossil sculptures as perhaps not “completely rational, but 
it is pretty amazing. Especially if you’re 8 years old.” 
Avery explained in an interview in April 2008 that he felt 
he was “awakening interest” by erecting fossil animals 
that have been buried in the desert for 7 million years. 
“OK,” he said, “there are bones here. But now they’re 
coming out of the ground and are three-dimensional” 
[Brancheau, April 2008].

The actual idea to create fossil metal sculptures came 
about during one of Avery’s regular visits to the University 
of Redlands where two of his children were students. 
While driving back and forth on I-215, he noticed large 
metal sculptures towering on the edge of the freeway 
behind a fence that read “Perris Jurassic Park.” A giant 
Tyrannosaurus rex with gaping mouth greeted daily 
commuters. One day his curiosity got to him. Avery took 
the nearest exit and worked his way back to Perris Jurassic 
Park where he found a welding shop, a sculpture garden, 
and its proprietor, Ricardo Breceda. 

Breceda, who originally came to California from Durango, 
Mexico, was living his dream of creating metal dinosaurs, 
literally by accident. A back injury caused by a fall from 
a two-story building in the 1990s prevented him from 
working in his regular construction job of carpentry and 
welding. After his injury he took up the hobby of metal 
sculpting and gradually began selling his sculptures 
[McKinnon 2008].  His dinosaurs are his best sellers. 
His creations are made from sheet and scrap metal, wire, 
and re-bar pounded with various sized hammers to create 
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texture and then welded together.

When Avery asked Breceda if he could create other things 
besides dinosaurs, Breceda told him he only needed a 
photograph. And so, the first Galleta Meadows Sky Art 
sculptures – the gomphotheres – were commissioned. 
Then quickly followed gracile sabertooth cats, giant 
tortoises, camelids, and ground sloths. There was never 
a master plan in creating the sculptures – they just grew, 
evolved, and morphed into different things. For Breceda, 
the project has been a dream come true, including adding 
his beloved dinosaurs to the landscape. His vision parallels 
that of Avery’s. He sees his work as finding “A Place in 
the Heart & Sight of Children of Any Age” [Borrego Sun 
2008].

As a whole, the Galleta Meadows “Sky Art” now falls into 
three general categories:  (1) Fossil inspired sculptures 
based on the research presented in Fossil Treasures of 
the Anza-Borrego Desert; (2) Historical Event or Natural 
Feature inspired sculptures based on the Anza-Borrego 
desert; and (3) sculptures inspired by a long-ago past – 
Jurassic and Triassic periods – that grab the imagination 
but have no historical or known fossil connection to this 
desert. 

All of the sculptures, especially the latter group, are for 
“fun and whim,” according to Avery. It is an art form 
with Breceda the artist, and Borrego Valley his palette.  
“It is fun, foible, science and (Ricardo’s) imagination….
His natural talents and creations from ready materials, 
distinguish his expressions…born of fantasy and…fact.”

Galleta Meadows Sky Arts, according to Avery, 

…are not projecting accurately either history or 
science – intentionally. The Sky Arts are lyrical invites 
to visual confrontation with the myth of it all as well 
as “fact.” It is this Whim, the careless presentation, the 
incomplete explanations which have been so accurately 
comprehended by the public.  In flows the adoration, 
and importantly, participation. They want a treasure 
hunt of their own and now find it here. [Avery e-mail 
8/23/10]

For Avery, Sky Arts have something for everyone, a 
“cornucopia of visions, observations, and sciences. One 
can have all, none, or one it seems, and [it] is the fun 
in it.” Even the controversial dinosaurs have managed to 
meet one of Avery’s goals regarding children:

It is interesting, so many of the children call all now 
extinct vertebrates dinosaurs. They see the mastodons 
and say, “Mom Mom look, more dinosaurs.” Not very 

scientific, yet very revealing of  children who perhaps 
enjoy all the “dinosaurs” the most. Fantasy, purely 
to some. It might lead children to the hard sciences 
though. [Avery e-mail 8/25/10]

The addition of dinosaurs and the “last” Sky Art sculpture 
– a 1951 Willys Jeep – have and will continue to stir much 
interest and many comments that may be viewed in the 
“guestbook” at www.galletameadows.com.

“Sky Art,” and more recently appearing as “SkyArt,” 
is a term coined by Avery to describe a particular art 
form. Other southern California examples include the 
Los Angeles Watts Tower built by Italian immigrant 
construction worker Sabato “Sam” Rodia in his spare 
time over a period of 33 years, from 1921 to 1954.  Also 
included are the environmental art work of Christo and 
Jeanne-Claude: the 1,760 “Yellow Umbrellas” placed on 
the Tejon Ranch in 1991, the wrapping of the Reichstag 
in Berlin in 1995, the “Running Fence” in Sonoma and 
Marin counties in 1976, and many others. Their art was 
temporary and was appreciated for the experience. 

Still another example is Stanley March 3’s Ant Farm art 
group that created the now famous Cadillac Ranch in 
Amarillo, Texas, in which are found five buried Cadillacs. 
He also founded a group called the “Dynamite Museum” 
that consists of young men who paint whimsical traffic 
signs and post them around town and in yards with the 
owner’s permission. And, he has a giant phantom pool 
table that can only be seen from the air and is moved 
about his ranch – always a surprise to come across as one 
never knows where it will be. All are whimsical and many 
would call them folly. 

British philosopher Richard Wollheim distinguishes three 
different approaches to the aesthetic value of art: the 
realist, the objectivist, and the relativist [Wollheim 1980]. 
Sky Art falls into the relativist category. According to 
Wollheim, art in the relativist category does not have an 
absolute value – it depends on and varies with the human 
experience. The art may have an intention or not, but it 
will be a vehicle to express emotions and ideas and a 
means for exploration.

As the project comes to a close, Avery muses about it, and 
leaves it for the critics to decide – “fantasy, foible, fact…
fun, folly, and turmoil. Finite. Eventually a pile of rust. 
Everyone senses that, the life, the death of it.”

That being said, perhaps the sane thing to do is to just 
sit and enjoy the art, but for those pragmatic realists out 
there, here are the links of inspiration that have led to all 
this whimsy, grouped into the three categories.
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Category 1 (FT) – Sky Art Inspired by Fossil 
Evidence 
As Presented in Fossil Treasures of the Anza-Borrego 
Desert

The descriptions below are based on the text found in 
Fossil Treasures of the Anza-Borrego Desert [Jefferson 
and Lindsay 2006]. The Sky Art sculptures are numerically 
listed as they are generally found in a north to south 
order. See attached table for a list of combined Sky Art 
inspiration categories listed north to south

FT-1:  Peccary – Platygonus sp.

Even-toed ungulates or hoofed animals belong to the 
Order Artiodactyla as opposed to Perissodactyla, the 
odd-toed ungulates. The artiodactyls include peccaries, 
llamas, camels, deer, sheep, goats, cattle, giraffes, and 
pronghorns. The perissodactyls are browsing and grazing 
animals that include horses, tapirs, and rhinoceroses. 
Peccaries are members of the Family Tayassuidae, 
endemic to North America from the Miocene to Holocene 
epochs. Fossils from the extinct genus Platygonus have 
been found throughout North America. In Anza-Borrego 
they date from 3 million to 1.7 million years ago. Although 
artiodactyls are basically herbivores, the peccaries were 
like their living pig relatives, eating leaves, seeds, roots, 
fruit, worms, larvae, small vertebrates, and eggs. They 
were probably gregarious and hunted in packs. Their 
bodies were larger than modern peccaries and they had 
long legs and carnivore-like tusks.

The Sky Art peccary metal sculptures are located on the 
southwest corner of Galleta Parkway and Stagecoach Way 
within Indian Head Ranch. Four piglets are nursing a sow 
as the boar observes.

FT-2:  Giant Tortoise – Hesperotestudo sp.

Hesperotestudo is an extinct species of the Family 
Testudinidae which are the tortoises or land turtles. The 
presence of this tropically-related fossil in Anza-Borrego 
indicates warmer winters, cooler summers and enough 
precipitation to create permanent bodies of water during 
the Pliocene and early to middle Pleistocene. Two species 
of the giant tortoises have been identified based on their 
size. The largest measures almost 4 feet long, 3 feet wide, 
and 2 feet tall [Gensler, Roeder, and Jefferson in Jefferson 
and Lindsay 2006]. They first appear in the fossil record 
in Anza-Borrego about 3 million years ago and are found 
in various strata through to 1 million years ago. Since 
these animals did not burrow, they could only survive in 
a frost-free area that had pools of water where they could 

cool themselves. Fossils from Hesperotestudo have been 
found from North America to Central America.

Two Sky Art metal tortoise sculptures are located on the 
east side of Galleta Parkway at the junction of Stagecoach 
Way.

FT-3:  Merriam’s Tapir – Tapirus merriami

Members of the Tapiridae family are perissodactyls (see 
FT-1) who have changed very little evolutionarily since 
they first appeared some 40 million to 30 million years 
ago. The minor changes that have occurred include a 
general increase in size, pre-molar teeth becoming more 
molar-like, and refinement of the proboscis. Both the North 
American Pleistocene fossil tapirs and the extant relatives 
all belong to the same genus, Tapirus. Pleistocene tapirs 
came in two sizes – large and small. In the southwest, 
Tapirus merriami was the larger form, and its fossil remains 
in Anza-Borrego date from a little over 2 million years 
ago.  The most complete fossil specimen of this species 
was found in Anza-Borrego. Their closest relatives are the 
odd-toed ungulates – horses and rhinoceroses.

Seven Sky Art tapir sculptures are found on the east side 
of Galleta Parkway inside of Indian Head Ranch, midway 
between the entrance gate and Stagecoach Way.

FT-4:  Gracile Sabertooth Cat – Smilodon gracilis

The felids are the most represented fossils of large 
carnivores found in Anza-Borrego. They fall into the 
following subfamilies – the extinct Machairodontinae 
(the sabertooth cat), the Pantherinae (the jaguar), and 
the Felinae (cheetah-like cat).  Of the three, the most 
commonly recovered species is Smilodon gracilis, the 
gracile sabertooth cat. Anza-Borrego holds the only fossil 
record for this species in western North America [Shaw 
and Cox in Jefferson and Lindsay 2006], and it dates from 
2.1 million to less than 1 million years ago. It is a direct 
ancestor to Smilodon fatalis, the California state fossil. It 
is the smallest of the Smilodon species. Powerful legs and 
a short tail indicate that the gracile sabertooth cat used 
stealth and ambush rather than speed to capture its prey. It 
could open its mouth 120 degrees, as compared to a lion, 
who can open its mouth 65 degrees. In size, they were 
comparable to the extant jaguar.

The Sky Art metal Smilodon sculptures are found just 
within the entrance gate to Indian Head Ranch on the east 
side on Galleta Parkway.

FT-5:  Giant Tortoise – Hesperotestudo sp. 
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See FT-2 for a description. There are five giant tortoise 
sculptures positioned on the south side of Henderson 
Canyon Road across from the entrance gate to Indian 
Head Ranch and one to the west of the entrance on the 
north side of the road.

FT-6:  African Elephant – Loxodonta Africana

The name of the Order Proboscidea refers to the elongated 
nose or proboscis (trunk) of family members that include 
the mastodons, gomphotheres, and elephants. This order 
arose out of Africa. The elephant family includes mammoths 
and the Asian and African elephants which have not been 
found in the North American fossil record. The elephant 
is the largest land mammal in the world, weighing about 
10,000 pounds. Fossil remains of proboscideans found 
in Anza-Borrego include gomphotheres and mammoths. 
Mastodon fossils have not been positively identified here 
[McDaniel in Jefferson and Lindsay 2006]. See FT-10 for 
a discussion on gomphotheres and FT-14 for information 
about the Columbian mammoth.

Two African elephant metal sculptures are found on the 
east side of Borrego Springs Road, north of Santa Rosa, at 
the Galleta Meadows Estate sign. Also at the same location 
is a metal plaque commemorating the Anza expeditions to 
Alta California.

FT-7:  Camelids – (Llamas) Hemiauchenia sp. and 
Camels – Camelops sp.

The family Camelidae originated in North America about 
44 million years ago. The two sub-families include Tribe 
Lamini, represented today by llamas and alpacas of 
South America, and Tribe Camelini, represented today 
by the Bactrians of Asia and the dromedaries of Africa. 
Hemiauchenia sp. and Camelops sp. are in the Tribe 
Lamini. No Sky Art sculpture represents Tribe Camelini, 
although fossil remains of one genus – Gigantocamelus – 
have been found in Anza-Borrego. Fossils of the camelid 
family are the second most commonly found fossils of 
Anza-Borrego after horses and first in diversity of species. 
The various species of camel are found in deposits that 
date from 5 million to 0.5 million years ago. Camelids 
are distinguished by ipsilateral limb pairs, that is, the fore 
and hind limbs on the same side move forward and back 
at the same time as the animal moves. They also have 
very distinct foot bones – the foot toes were reduced to 
two – which allowed them to thrive in open country and 
later dryer lands. 

Hemiauchenia was probably ancestral to all other llamas 
in North and South America. Based on characteristics of 
modern llamas, it is believed that it was an open plains 

animal that fed on grasses [Webb, Randall, and Jefferson 
in Jefferson and Lindsay 2006]. Although Camelops 
closely resembled modern day camels, morphologically 
they were closer to llamas. The largest Camelops sp. 
was seven feet tall, almost 20 percent larger than today’s 
dromedary camels. 

The Sky Art Camelids found at the southeast corner of 
Catarina Drive and San Ysidro Drive represent three 
Hemiauchenia sp. and two Camelops sp. 

FT-8:  Shasta Ground Sloth – Nothrotheriops 
shastensis

Animals in the Order Xenarthra are usual for their 
dentition, which lacks enamel, and for the presence of 
extra articulations between the vertebrae of the lower 
back. This order evolved in South America and dispersed 
into North America in three invasions in the late Cenozoic. 
Included in this order are tree sloths, anteaters, and 
armadillos, which are still living, and ground sloths, which 
are extinct. Fossil finds of ground sloths in Anza-Borrego 
are from all three invasions which are represented by 
different sloths who all utilized different types of habitats. 
The earliest xenarthrans entered North America in the late 
Miocene, about 9 million years ago, while the last ones 
arrived during the Pleistocene. Nothrotheriops shastensis 
arrived during the last invasion and was the smallest of 
the North American ground sloths, said to be about the 
size of a small calf. The skull of the Shasta ground sloth 
is longer and narrower than the other sloth species. It may 
have been a browser that was better adapted to arid desert 
conditions than the other ground sloths. The earliest 
fossils of the Shasta ground sloth found in Anza-Borrego 
date from 2 million years ago.

The two metal sculptures of the Shasta ground sloth are 
found on the southwest corner of San Ysidro Drive and 
Borrego Springs Road.

FT-9:  Harlan’s Ground Sloth – Paramylodon harlani 
and Camels – Camelops sp.

See FT-8 for evolutionary history of ground sloths. 
Paramylodon harlani arrived in North America during 
the second invasion and first appears in the fossil record 
in Anza-Borrego about 2.3 million years ago. It was the 
largest of the Anza-Borrego ground sloths. The muzzle 
of this ground sloth is much wider than that of the Shasta 
ground sloth. Harlan’s ground sloth is thought to have 
been a mixed feeder that lived in a more open countryside, 
such as a savanna. The skin contained dermal ossicles 
– pieces of imbedded bone – which is not found in the 
other ground sloths. These bony nodules on the back of 
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the animal provided protection from predators. These 
animals also had very strong forearms and curved claws 
that suggest they could dig.

A large upright, 800-pound, metal Harlan’s ground sloth 
is found on the east side of Borrego Springs Road north of 
Big Horn Road. It stands 17 feet tall. Just to the south of 
this sloth is another with a baby on its back.

Two large Camelops sp. are found to the south of the 
ground sloths. The unique toe structure of these animals 
is clearly visible.  See FT-7 for a description.	

FT-10:  Gomphothere – Gomphotherium and Camels 
-- Camelops sp.

The gomphotheres are one of the distinct families in the 
Order Proboscidea. See FT-6.  Gomphotheres differed 
from elephants in their tooth structure and tusks. Two 
members of this family are found in Anza-Borrego – 
Gomphotherium and Stegomastodon. Gomphotherium 
crossed the Bering land bridge to North America about 
15 million years ago. It was a hippopotamus-sized 
animal with short legs and four tusks. A distinguishing 
characteristic was its elongated chin that caused the tips 
of the lower tusks to extend almost to the tips of the larger 
upper tusks. Gomphotherium lived in marshy areas. The 
oldest Gomphotherium fossils found in the Park date back 
to 9 million years.

The Gomphotherium Sky Art sculptures found at the 
southeast corner of Borrego Springs Road and Big Horn 
Road depict a family. The larger units weigh 1,000 pounds 
and stand 12 feet tall. They are 20 feet long. Oddly enough, 
the Greek translation for Gomphotherium is “welded 
beast.” Directly to the north of the three sculptures are a 
mother Camelops and its calf. See FT-7 for a description 
of Camelops. 

FT-11:  Gracile Sabertooth Cat – Smilodon gracilis 
and Extinct Horse – Equus sp.

See FT-4 for a description of the gracile sabertooth cat. 
The six sabertooth cats are located on the south side of 
Highway S3, 3.8 miles south of Christmas Circle. They 
are posed in active stance, attacking prey, lying in ambush, 
and fighting.

Horses are perissodactyls (see FT-1 and FT-3) or odd-toes 
ungulates that often bear hooves. In the case of the horse, 
this is extreme, whereby the central digit is huge and the 
other lateral toes have become accessory splint bones – 
an evolutionary adaptation to running. They are members 
of the family Equidae which includes true horses, zebras, 
and asses (donkeys). Horses are native to North America, 

originating on this continent about 57 million years 
ago [Scott in Jefferson and Lindsay 2006]. There were 
several successful emigrations to the Old World, crossing 
the Bering land bridge, throughout their history. They 
went extinct in the Pleistocene Epoch in North America 
about 11,000 years ago. They were later reintroduced to 
North America when the Spaniards conquered Mexico. 
Fossil remains in Anza-Borrego capture the more recent 
evolutionary history of the horse. These horses were 
adapted to eating coarse, gritty plants rather than leaves. 
Dental patterns are often used in identifying horse species. 
The first fossil record for the subgenus that includes the 
modern domestic horse may have been recorded in Anza-
Borrego. It is still not confirmed [Scott in Jefferson and 
Lindsay]. The oldest fossils are from the ancestors of 
Equus which date to just over 4 million years ago, and they 
may possibly be the youngest occurrence of Dinohippus 
in North America.

Four Sky Art sculptures depict the extinct horse as it is 
being pursued by hunting carnivores – chased, attacked, 
and stalked by the gracile sabertooth cats.	

FT-12:  Incredible Wind God Bird – Aiolornis 
incredibilis in Its Nest

The largest flight-capable bird in North America was the 
Aiolornis incredibilis with a wingspan of 16 to 17 feet. 
Only six specimens of this four-foot tall bird have been 
found, and three of those come from Anza-Borrego, with 
the oldest fossil specimens dating about 1 million years 
and the most recent about 0.5 million years. The fossil 
specimens indicate that the area was much wetter, with 
streams, lakes, and ponds. The name Aiolornis translates 
from Greek as “wind god bird.” It had previous been 
called Teratornis incredibilis, and was a predator more 
closely related to Old World storks.

The metal sculpture located to the north of Highway S3, 
almost 4 miles south of Christmas Circle, depicts Aiolornis 
incredibilis in its nest with two fledglings who have been 
presented a snake for their dinner. The entire sculpture 
weighs more than 1,400 pounds.

FT-13:  Extinct Horse – Equus sp.

See FT-11, FT-3, and FT-1 for information about horses 
and perissodactyls. The nine Sky Art sculptures of Equus 
sp. found on the north side of Highway S3, between 
Aiolornis and the mammoths, are found in various poses 
as they might have appeared in Anza-Borrego during the 
Pleistocene.
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FT-14:  Columbian Mammoth – Mammuthus columbi

Mammoths (Mammuthus) are medium to large-sized 
elephants that originated in southern and eastern Africa 
about 4 million years ago, subsequently spreading 
through Europe, Asia, and North America. Four species 
of mammoth originally crossed the Bering land bridge 
to North America, and only two of the species are 
found in Anza-Borrego – the southern mammoth and 
the Columbian mammoth. The southern mammoth, 
Mammuthus meridionalis, was a medium-sized elephant 
that was here at least 1.4 million years ago. The Columbian 
mammoth was the largest North American elephant and 
its skeletal remains date from 1.1 million years ago. For 
a long time the imperial mammoth was thought to have 
been a separate species, but it is now considered an early 
evolutionary stage of the Columbian mammoth. All of 
the Columbian mammoth species found in Anza-Borrego 
belong to this early evolutionary stage. A specimen from 
the later Columbian evolutionary stage was found east of 
the Park near the Salton Sea.	

Sky Art metal sculptures of a Mammuthus columbi family 
are found on the north side of Highway S3, northwest of 
Anzio Drive.

FT-15:  Incredible Wind God Bird – Aiolornis 
incredibilis with Prey – Platygonus sp.

The 1,400-pound metal sculpture found on the west side 
of Anzio Drive, south of Highway S3, depicts Aiolornis 
incredibilis as it has just captured a Platygonus sp. The 
wing span of the sculpture is 16 feet, which was the actual 
size of Aiolornis incredibilis. The sculpture is 24 feet 
long from beak to tail. See FT-12 for information about 
Aiolornis incredibilis and FT-1 for a description of the 
Platygonus sp.

Category 2 (HN) – Sky Art Inspired by Historical 
Events and Natural Features of the Anza-Borrego 
Desert

By pure serendipity, the subjects selected to create Sky 
Art sculptures in this category happen to be significantly 
important to the area’s history and natural features and 
would have been the ones selected had there been an 
original plan for this category. Breceda has taken artistic 
license in some of the representations that don’t accurately 
portray fact, such as in the Aztec-style Indian head. The 
sculptures should be viewed as symbolic representations. 

The descriptions below are based largely on Anza-Borrego 
A to Z: People, Places, and Things [Lindsay 2001]. The 

Sky Art sculptures are numerically listed as they are 
generally found in a north to south order. See attached 
table for a list of combined Sky Art inspiration categories 
listed north to south.

HN-1:  (1) Peninsular Bighorn Sheep – Ovis canadensis 
cremnobates

One of the last refuges of the endangered Peninsular 
bighorn sheep, Ovis canadensis cremnobates, is Anza-
Borrego Desert State Park. The special relationship to 
this preserve is seen in the Park’s very name – borrego is 
Spanish for lamb or sheep. The very survival of this animal 
is dependent on having open wilderness areas in which it 
can roam. The Park contains 90 percent of California’s 
designated wilderness areas. “Peninsular” refers to the 
Peninsular mountain ranges where this subspecies lives. 
They are currently considered endangered only north of 
the Mexico border. They were added to the federal list of 
endangered species in March 1998. They are fully protected 
by law. It is illegal to hunt sheep. Drought, disease, and 
mountain lion and coyote predation are a threat to their 
existence. The Park monitors the bighorn through an 
annual sheep count held on the 4th of July weekend. The 
2010 sheep count tallied 255 sheep of which 109 were 
ewes and 88 were rams [Bier 2010]. The rest were lambs 
and yearlings. Many of the sheep are also monitored by 
radio telemetry by wearing radio-collars. The Peninsular 
bighorn is also San Diego County’s official animal.

The first to note the presence of bighorn in the Anza-
Borrego area was Fr. Pedro Font. In his diary of the 
second Anza expedition, he mentions seeing the horns of 
wild sheep in Coyote Canyon after leaving Santa Catarina 
Spring on December 24, 1775.

Bighorn sheep are very elusive and difficult to see. The 
Sky Art sculptures make it possible for all to see the sheep 
in their native habitat. The sculptures are found on the 
south side of Stagecoach Way, 0.2 mile west of Galleta 
Parkway in Indian Head Ranch.

HN-1: (2) Gold Miner and His Mule

It was the siren call of gold that first brought emigrants to 
California after James W. Marshall’s discovery in 1848. 
The rush was on, and the Southern Emigrant Trail, which 
crosses through the southern half of the Anza-Borrego 
desert, became the all weather route whereby thousands 
of emigrants passed en route to the gold fields.

The earliest claim for actually finding gold in the Anza-
Borrego area goes to mountain man Thomas Long “Pegleg” 
Smith who spread tales about his 1829 discovery in San 
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Francisco saloons, years after California’s gold rush. His 
stories, combined with the actual discovery of gold in 
the Julian area, were enough to keep prospectors looking 
for gold in the Anza-Borrego area for years to come. The 
many stories eventually led to the creation of the Pegleg 
Smith Liar’s Contest in 1948, an annual event celebrated 
at Pegleg Smith Monument on the first Saturday night in 
April.

Gold was discovered in Julian in 1869 and then in Banner 
and Chariot canyons. The only significant gold mine in 
the Park was the Oriflamme Mine. Primarily worked from 
1870 to 1885, it yielded less than $25,000. There were 
other diggings in Mine Canyon, Grapevine Canyon, Blair 
Valley, and in the Santa Rosa Mountains.

The Sky Art sculptures of the gold miner and his mule 
are found on Stagecoach Way, 0.2 mile west of Galleta 
Parkway in Indian Head Ranch.

HN-2:  Indian Head – Representing Sebastián Tarabal 
and/or Salvador Palma 

The Indian head, located appropriately across from 
the entrance gate to Indian Head Ranch on Henderson 
Canyon Road, faces toward the sculpture of the padre and 
the entrance to Coyote Canyon. The sculpture represents 
the two Indians who played a significant role in the Anza 
expeditions. Or, it could represent just one of them.

Sebastián Tarabal:

Sebastián Tarabal was a Cochimi Indian born at Mission 
Santa Gertrudis, north of San Ignacio, in Baja California. 
He married Maria Dolores Kinajan at Mission Santa 
Gertrudis on November 5, 1764. Five years later, he was 
recruited to accompany Captain Gaspar de Portolá and Fr. 
Junípero Serra on the overland expedition to establish the 
first mission in Alta California in 1769. He and his wife 
later became residents of San Gabriel Mission.

In the fall of 1773, Tarabal, his wife, and a companion 
fled from the virtual enslavement suffered by all Mission 
Indians and attempted to cross the desert to Arizona. Only 
Tarabal survived the rigors of the crossing. He arrived at 
Tubac in January 1774, just as Juan Bautista de Anza was 
ready to leave on his first exploratory expedition to find 
a route to California. Immediately, Anza recruited him as 
a guide. 

Anza named the campsite near the marsh at San Sebastian 
for Tarabal who could clearly identify the route from there 
to Mission San Gabriel. After they arrived at the mission, 
Tarabal did not stay. In 1776 he and Fr. Francisco Garcés 
explored a wide area that included the Mojave Desert, the 

San Bernardino Valley, the San Fernando Valley, and the 
San Joaquin Valley.  What happened to him afterwards 
is unknown. Tarabal is also called the Peregrino or the 
“Wanderer,” which is sometimes a title used in referring 
to Garcés (see HN-3).

Salvador Palma:

Olleyquotequiebe, whose name meant “wheezy one” and 
who may have been asthmatic, was chief of the Yuma 
(Quechan) Indians when Juan Bautista de Anza arrived 
at the Colorado River in 1774 while exploring for a road 
to California. Anza named him Chief Salvador Carlos 
Antonio Palma. The crossing of the Colorado River was 
a vital link for a road to California. Knowing this, Anza 
viewed friendship with Chief Palma as indispensable. 
Palma was treated with every courtesy and was presented 
a medal in the likeness of the Spanish king. The Yumas, 
in turn, offered protection and a base of operations for 
crossing the river.

Palma warmly received Anza and the colonists when 
they arrived at Yuma on the second expedition in 1775-6.  
Anza left Fr. Francisco Garcés and another priest with the 
Yumas to establish mission outposts at the crossing. On 
his return from the second expedition, Anza took Palma 
with him to Mexico City to report the success of the 
journey, and while they were there, Palma was baptized 
in the cathedral.

Despite the proffered friendship, the relationship with the 
Yumas gradually deteriorated over the next five years. In 
July 1781, the Yumas rose up and destroyed the missions. 
Palma had joined in the attack. After the destruction of the 
missions, the Anza trail fell into disuse.

HN-3:  Spanish Padre – Representing Fr. Francisco 
Garcés and/or Fr. Pedro Font with an Arizona Sonoran 
Desert Saguaro

A Galleta Meadows memorial plaque commemorates the 
Anza expeditions of 1774 and 1775-6, which together 
constitute one of the most important events in the history 
of California after its discovery by Juan Cabrillo and the 
establishment of the first mission in California by Gaspar 
de Portolá and Fr. Junípero Serra. The first expedition in 
1774 opened the overland road to California, while the 
second expedition the following year brought the first 
colonists to California who settled in the San Francisco 
Bay area. There are two identical plaques – one is found 
on the gate entrance to Indian Head Ranch, and the other 
is found at the entrance to Galleta Meadows Estate where 
the Sky Art elephants are found. The padre represents one 
or the other or both of the padres who accompanied the 
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Anza expeditions. The padre is located north beyond the 
pavement of Borrego Springs Road, west of the entrance 
to Indian Head Ranch.

Fr. Francisco Garcés:

Franciscan missionary Francisco Hermenegildo Garcés 
served as the padre on the first Anza expedition. He was 
born in Aragon, Spain, and after he was ordained, he was 
assigned to Mission San Javier del Bac, near present-day 
Tucson, Arizona. He was known as the “wandering priest” 
because of his explorations of the southwest.  In 1771 he 
explored west down the Gila River to the Colorado River 
and followed it south into the delta country of Sonora and 
Baja California. Turning northwest, Garcés wandered 
within sight of Signal Mountain, just below the present 
international border near Calexico. Looking across the 
Anza-Borrego desert, he saw a break in the Peninsular 
Ranges at Coyote Canyon, which suggested a pass or 
a river course through the mountains that might lead to 
the coast and the California settlements. He shared this 
information with Juan Bautista de Anza, presidial captain 
at Tubac, and was later recruited as guide and spiritual 
advisor on Anza’s first expedition to California. He also 
accompanied the second expedition as far as the Colorado 
River, where he remained with a fellow priest to establish 
two missions among the Yuma Indians near present day 
Yuma. 

Garcés is also noted for his exploration of the San Joaquin 
Valley, the Mojave Desert, the San Bernardino Valley, 
and the Colorado River to Grand Canyon. On July 17, 
1781, the Yumas rose up and destroyed the Colorado 
River missions, killing Fr. Garcés, another priest, and the 
soldiers who were stationed there. 

Fr. Pedro Font:

Franciscan friar Pedro Font was the chaplain and 
navigator on the second Anza expedition to California in 
1775-76. He was born in Gerona, Spain, and assigned to 
Mission San José de los Pimas when he was recruited for 
the second expedition. Font had the training and ability to 
determine latitudes. He was chosen as diarist and spiritual 
guide for the expedition, while his other skills would 
prove valuable for navigation.

Font is remembered for his negativity toward almost 
everything on the expedition. He was sick most of the time 
and found fault with almost everything that Anza did. He 
did not approve of celebrations that Anza allowed on the 
expedition involving drinking, singing, and dancing. He 
could see no beauty in Coyote Canyon and saw it only as 
a worthless wasteland. His comments about the Indians 

are degrading. And yet, he is honored in name for one 
of the most picturesque areas of the Park – Fonts Point. 
Font was, however, very observant. He was the first to 
surmise about the age of some of the marine fossils that 
he observed, and he was also the first to make note of the 
wild bighorn sheep of the area. He was assigned to the 
mission at Caborca in 1780 and died there the following 
year.

Saguaro:

The saguaro Sky Art sculpture found to the west of the 
padre sculpture does not represent a plant found in this 
desert. It is a native of the Sonoran Desert found to the east 
of the Colorado River. It can symbolically represent the 
Tubac/Tucson area where Anza launched his expeditions.

HN-4: 1951 Willys Jeep (CJ-3A)

The iconic World War II military Jeep, manufactured from 
1941 to 1945, was a small four-wheel drive utility vehicle 
that had its counterpart in the later-developed civilian 
Jeep (CJ).  Ford, who was a competitor with Willys-
Overland producing Jeeps for the Army during WWII, 
unsuccessfully sued Willys-Overland for the rights to 
the name. With the rights battle out of the way, Willys-
Overland took its Jeep public with its first full production 
of the civilian version – the CJ series – beginning in 1945. 
The classic CJ-3A had improvements over the first CJ, 
and 132,000 were produced between 1946 and 1953.

After WWII, surplus military jeeps also became available 
to the public. The Jeep literally opened up desert 
exploration and forever changed the Park (then known 
as Anza Desert State Park). It created a crisis in Park 
management. Between 1952 and 1957 Park visitation 
grew by almost 500 percent [Lindsay 1973]. To better 
handle the increased visitation and Park exploration, the 
Park was split into two units in 1952: Anza Desert State 
Park in the north and Borrego State Park to the south of 
Highway 78. Despite creating two smaller Parks with 
more staff, the situation did not improve. In 1957 the two 
Parks were recombined to form Anza-Borrego Desert 
State Park and eight patrol districts were established to 
better control use of the Park. The patrol districts continue 
to this day with a ranger assigned to each area with a four-
wheel drive vehicle.

Uncontrolled off-road use, which was in direct conflict 
with Park resource protection and preservation, was a 
major problem for the Park until a portion of the Park 
was combined with federal and private lands to form the 
14,000-acre Ocotillo Wells State Vehicular Recreation 
Area  in 1976 – an open area for vehicular use and 
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exploration that is generally unrestricted. The focus there 
is conservation vs. preservation. Today this off-road area 
is over 80,000-acres in size – the second largest unit 
within the State Park system after Anza-Borrego Desert 
State Park.  Intrusions by off-roaders who do not obey 
State Park regulations continue to be a problem for Anza-
Borrego Desert State Park, especially in areas bordering 
Ocotillo Wells State Vehicular Recreation Area.

This “ode to the off-roaders,” as Dennis Avery calls it, is 
the “last” in the series of Sky Art sculptures on Galleta 
Meadows Estate. This sculpture was inspired by a group 
of off-roaders who respect Park rules and regulations 
and enjoy “poking around the desert” at their own pace. 
This informal group calls itself the “Herd of Turtles” and 
emphasizes that they are “careful to leave everything” as 
they find it and to “stick to the trail and ‘pick up’ where 
others before us haven’t,” according to their spokesperson 
Myrna Horn [Horn e-mail 9/11/10]. To honor the off-road 
philosophy of the Herd of Turtles, Avery granted them the 
right to select the final resting place for the CJ-3A, which 
is on the west side of the north end of Borrego Springs 
Road just before the junction of Henderson Canyon Road, 
west of the Indian head sculpture.

HN-5:  Farm Workers in Di Giorgio Fruit Corporation 
Grape Fields

Borrego Valley’s grape fields played an important role 
in the five-year grape strike (September 1965-July 1970) 
and national grape boycott by drawing attention to the 
plight of the farm workers when key leaders were arrested 
on June 29, 1966, at the Di Giorgio Ranch in Borrego 
Valley. Their inhumane treatment by local police units 
may have gone unnoticed had not the arrested included 
Cesar Chavez, president of United Farm Workers Union 
(UFWU), Rev. Wayne Hartmire, Jr., head of the California 
Migrant Ministry, and Fr. Victor Salandini. The three had 
been asked to peacefully accompany 10 field workers who 
had walked off their job that day and were afraid to go 
back to the labor camp on the ranch to pick up their checks 
and their personal belongings because of past harassments 
and the presence of Di Giorgio security guards and their 
police dogs. As soon as the group entered ranch property, 
they were arrested for trespassing, “stripped and chained 
together in groups of three” by sheriff’s deputies who 
first took them to the Borrego Valley Sheriff’s substation, 
according to testimony by Rev. Hartmire [Hartmire 1966]. 
They were then transported to the San Diego County jail 
and placed in a cell block. The next day they were released 
on bail and returned to Borrego Springs where the strike 
was still in progress. All of the 279 farm workers from 

Mexicali, of which one-third were women, had voted to 
strike and left their $1.20 per hour paying jobs.

The purpose of the strikes at the various Di Giorgio ranches 
located in Borrego Valley, Lamont, Delano, Marysville, 
and Yuba City was to draw attention to the plight of the 
farm workers which included unfair labor practices. The 
1966 strikes began in Borrego Valley because that is 
where the first grapes were ready to be harvested at Di 
Giorgio ranches. Other growers were targeted in 1965 and 
after 1966 [Padilla interview 2011]. The various strikes 
and heated court battles that followed eventually brought 
the resolution that the UFWU sought. It also brought to 
a close the 20-year history of harvesting grapes in the 
Borrego Valley.

The Di Giorgio Fruit Corporation originally purchased land 
in Borrego Valley so that they could harvest grapes well 
ahead of the later maturing grapes of northern California 
and be first to the eastern markets. By the mid-1950s, the 
corporation was cultivating grapes on over 2,500 acres. 
Typically it took more than 600 seasonal field workers to 
harvest, pack, and ship the grapes. By the 1960s, however, 
Di Giorgio began scaling back their farming interests in 
favor of housing and development of the Borrego Valley. 
By the time that Cesar Chavez was elected the head of the 
UFWU in 1965, the Borrego farming operation was slowly 
coming to an end. The ensuing strike in the Borrego fields 
the following year precipitated the complete shutdown of 
all grape growing activity in the valley soon thereafter.

HN-4: Farm Workers

An interesting side note is the role played by the Park.  
When members of the UFWU came to Borrego Springs to 
lead the strike, they soon found themselves without a place 
to stay and went to Borrego Palm Canyon and camped at 
a large ramada in the campground. Di Giorgio interests 
asked the State Park to evict them from the campground. 
Supervisor Wesley Cater refused stating that the members 
of the UFWU had the right to stay in the campground 
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just like anyone else who paid their fees [Cater interview 
2008].

There are 23 individual sculptures on the southwest 
corner of Big Horn Road and Di Giorgio Road on the 
site of a former grape field once owned by Di Giorgio. 
Sky Art sculptures include farm workers, grape arbors, 
and stacked boxes of grapes in life-like poses. Half of the 
original sculptures were replaced when some members of 
the community complained about the lack of authenticity. 
Ironically, one of the complaints had to do with women in 
the fields. As it turns out, women did work in the fields.

HN-6:  Capt. Juan Bautista de Anza on His Horse  

Juan Bautista Agustín de Anza, for whom Anza-Borrego 
Desert State Park is named, was an Indian fighter, soldier, 
explorer, colonizer, and an administrator. He was born 
on July 7, 1736, in Fronteras, Sonora, and was the son 
of Capt. Juan Bautista de Anssa. He became a presidial 
captain at the most northern frontier outpost of Mexico, 
outside of California, just as his father had been before 
him. 

In 1737, Anza’s father had proposed mounting an 
expedition to search for a land route to Alta California 
at his own expense, but it never materialized due to his 
untimely death in 1740 at the hands of marauding Apaches. 
At his father’s death, Anza was barely four years of age. 
As he grew up, he spelled his name with a “z” instead 
of using the original Basque spelling of the family name. 
He also kept the “de” which was added to the family 
name when the Basques made a pact with the Spaniards. 
“De” denotes nobility and was essential in Anza’s day for 
holding land or a better job. Anza included it in his name 
even though his name was simply “Juan Anza.” It clearly 
indicated his status and was used as his official name.

Anza followed in his father’s footsteps becoming the 
presidial captain of the Fronteras outpost. He also 
proposed to look for a land route to California, as his father 
had done, and was granted permission to do so in 1774. 
The success of the first expedition led to his promotion 
to Lieutenant Colonel and his orders to recruit settlers 
and lead a second expedition of colonists to California to 
establish a presidio, mission, and village on San Francisco 
Bay. A new promotion followed the second expedition. 
He was appointed the political and military governor of 
the Province of New Mexico and held this post until his 
death on December 19, 1788.

The Sky Art sculpture of Anza sits prominently in front 
of the Borrego Springs Chamber of Commerce on the 
northwest corner of Palm Canyon Drive and Stirrup 

Road.

Category 3 (D) – Sky Art Inspired by the Whim 
and Imagination of Artist Ricardo Breceda, 

Not Based on any Fossil Evidence Found in the 
Anza-Borrego Area

No dinosaur (“terrifying or powerful lizard”) fossils have 
been found in the Anza-Borrego area. All of the Sky Art 
dinosaurs selected for placement in Galleta Meadows 
by artist Ricardo Breceda represent various families of 
carnivorous theropods, bipedal dinosaurs whose front 
legs were not intended for locomotion. Several of these 
were featured in the best-selling book and film Jurassic 
Park. All had large, powerful jaws and sharp teeth and 
were most active in the early to middle Cretaceous Period, 
beginning some 144 million years ago, following the 
older Jurassic Period of the Mesozoic Era. Perris Jurassic 
Park is the name of Breceda’s metal sculpturing business 
in Perris, California. 

The descriptions below are based on the general 
descriptions found on the Wikipedia website. The Sky 
Art sculptures are numerically listed as they are generally 
found in a north to south and east to west order. See 
attached table for a list of combined Sky Art inspiration 
categories listed north to south.

D-1:  Velociraptor – found in Mongolia

The “Speedy Raider” was a dromaeosaurid (“running 
or swift lizards”), which are small to medium-sized 
carnivorous, bird-like theropod dinosaurs with feathers, 
commonly referred to as raptors. The Velociraptor was 
the smartest of the dromaeosaurids and was equipped 
with a large sickle-shaped foot claw and three strongly-
curved hand-claws. It had slender legs and an S-shaped 
neck and spine. The Velociraptor stood 2- to 3-feet tall, 
weighed 15to 30 pounds, and was about 5 to 6 feet long. 
They lived during the late Cretaceous Period, about 85 
million to 80 million years ago. Several fossil specimens 
have been found in Mongolia, where Anza-Borrego has 
a sister park. They may have run up to 40 miles per hour 
and also may have hunted in packs. 	

When the movie “Jurassic Park” was made, the actual 
size of the Velociraptors was exaggerated for dramatic 
purposes. At that time, no dromaeosaurid was thought 
to have existed that was so large. However, soon after 
the film was released, the first Utahraptor specimen was 
found, and it more than matched the size of that portrayed 
in the film. See D-4.



Lindsay: Galleta Meadows Sky Art 131

Sky Art at Sunrise.  On this page and the next, are some photos I snapped one beautiful Borrego 
Springs morning in January of 2011.  Here’s the silhouette of a Columbian Mammoth.

Three of the examples of extinct horse at location FT-13.
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Gomphotherium at location FT-10.

Columbian Mammoths at location FT-14.

Camelids at location FT-7. Harlan Ground Sloth at location FT-9.
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This was the first Sky Art dinosaur installation. It is located 
on the east side of Galleta Parkway in Indian Head Ranch, 
south of Stagecoach Way and the giant tortoises.

D-2:  Spinosaurus – found in Egypt and Morocco

The “Spiny Lizard” was a carnivorous theropod that 
lived in Africa (specimens found in Egypt and Morocco) 
during the late Cretaceous Period, about 98 million to 95 
million years ago, and had a 6-foot long sail-like structure 
protruding from its back vertebrae that may have had 
some use in thermo-regulation, defense or display threat, 
or sexual attraction. It weighed more than 4 tons and was 
40 to 50 feet long. It had a large crocodile-like skull and 
jaws with long sharp teeth. Only incomplete fossils have 
been found, including the neural spines.

A Sky Art sculpture of a Spinosaurus with three juveniles 
is found by following a dirt road south 0.5 mile past the 
end of the payment of Anzio Drive, and then turning west 
and proceeding 0.1 mile. They are found on the north side 
of the road.

D-3:  Carnotaurus – found in Argentina

This “Flesh-eating Bull” from Argentina lived in the 
Cretaceous Period about 113 million to 91 million years 
ago and had two horn-like protrusions above its eyebrows. 
Its arms were even smaller than those of Tyrannosaurus 
rex, and the fingers were fused, immobile, and lacked 
claws. It weighed about 1 ton, stood about 6 feet tall, and 
was about 25 feet long. Only a single fossil specimen was 
found in Patagonia. It had a long neck, a small head and 
a slender lower jaw. Its eyes were close together and it 
may have had binocular vision, which was unusual for a 
dinosaur. Impressions of skin found with skeletal remains 
show that Carnotaurus lacked feathers [Wikipedia]. It 
also had a row of bumps along the spine that became 
larger toward the tail.

Allosaurus – found in North America

The “Different Lizard” had a vertebra that was lighter 
in weight than other dinosaurs. This huge carnivorous 
theropod weighed about 2 to 3 tons, stood 10 to 15 feet 
tall, and was about 30 to 40 feet long. It lived during the 
late Jurassic Period, about 150 million to 140 million years 
ago. Fossil have been found in North America, Europe, 
Africa, and Australia. Allosaurus had a large head with 
sharp serrated teeth, short arms and three-fingered hands. 
It was at the top of the food chain and may have had some 
cooperative behavior.

The Sky Art “fighting” dinosaurs are found by following 
a dirt road south 0.5 mile past the end of the payment of 

Anzio Drive and then turning west and proceeding 0.2 
mile. They are found on the south side of the road. The 
sculptures weigh about 1,000 pounds each.

D-4:  Utahraptor – found in the U.S.A.

“Utah’s Raider” was a carnivorous theropod who lived in 
the early Cretaceous Period, about 125 million years ago, 
and was in the same family as that of the Velociraptor. 
It has only been found in the U.S.A. It was the largest 
member of the dromaeosaurids at about 6 feet tall, 23 feet 
long, and 1 ton in weight. It resembled a giant roadrunner 
with about a 9-inch middle-toe claw and three fingers 
on each hand that had large curved claws. It was a light, 
fast, agile, highly intelligent bird-like dinosaur with large, 
sharp, serrated teeth, powerful jaws, and a long, stiff, 
rod-like tail that allowed it to keep its balance. Like other 
dromaeosaurids, it may have hunted in packs. See D-1.

The two Utahraptor metal sculptures and nest are found 
by following a dirt road south 0.5 mile past the end of 
the payment of Anzio Drive and then turning west and 
proceeding 0.3 mile. They are found on the south side of 
the road.

D-5:  Tyrannosaurus rex – found in North America 
and Mongolia

The “Tyrant Lizard King” was a massive carnivorous 
theropod that lived during the late Cretaceous period, 
about 85 million to 65 million years ago. It stood about 
13 feet tall, weighed up to 7 tons, and was about 40 feet 
long. It was a smart and fast-running predator with hollow 
bones and small arms about 3 feet long. Its jaw was larger 
than its arm at about 4 feet, and it had about 50 to 60 long, 
conical teeth that were serrated and continually replaced. 
It is estimated that it could eat up to 500 pounds of meat in 
one bite. Tyrannosaurus had a stiff pointed tail that acted 
as a counterbalance for its enormous head. Fossilized 
skin specimens show that the skin was similar to that of 
an alligator. It was one of the last non-avian dinosaurs to 
exist before the Cretaceous-Tertiary extinction. About 30 
incomplete fossils have been found in North America as 
well as Mongolia.

The Sky Art Tyrannosaurus rex and her four juveniles are 
found by following a dirt road south 0.5 mile past the end 
of the payment of Anzio Drive and then turning west and 
proceeding 0.3 mile. They are found on the north side of 
the road. The large 13-foot sculpture weighs about 1,000 
pounds.
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ABSTRACT

The narrow zone of mid-Cenozoic detachment 
terrane in the southwestern United States can be 
widened and traced across the southern strands of the 
San Andreas fault zone into the eastern margin of the 
Peninsular Ranges Batholith. The Yaqui Ridge core 
complex and detachment fault, in southern Borrego 
Valley, California, exemplifies the nature of detached 
terranes in south-central California.  The detachment 
fault dips 10°-40° to the northeast, and separates a 
lower core of gneissic Late Cretaceous granodiorite 
from an unconsolidated, unmetamorphosed 
megabreccia of Eocene to Miocene age. Foliations 
in the lower plate generally conform to the strike and 
dip of the overlying detachment fault, and become 
less distinct away from the fault. The megabreccia 
which forms the upper plate is composed of unsorted, 
fairly well rounded clasts characteristic of batholithic 
and metasedimentary rocks of the region. Plio-
Pleistocene lacus trine sediments unconformably 
overlie the megabreccia in some areas. The 
detachment fault and upper plate are expressed 
as a series of klippen which parallel Yaqui Ridge 
along the northeast and southeast flanks. The fault 
is marked by a typically narrow (~6-10 cm) band 
of intensely sheared cataclasite. A chlorite-breccia 
zone occurs below the cataclasite, and gradually 
grades into the less deformed, regionally foliated 
gneissic granodiorite. On the southeast flank, what 
appears to be an extension of the cataclasite and 
detached upper plate is exposed only locally, near the 
southeast nose of the antiform. Here, the upper plate 
consists of blocks of pale gray to tan, aphanitic fault 

gouge. Superimposed upon and cutting through the 
detachment-related features is a broad zone of left-
oblique-slip faulting termed the Yaqui Ridge shear 
zone. This fault zone trends WNW-ESE, parallel 
to Yaqui Ridge, and separates the detachment fault 
from the ridge, merging with the detachment fault 
near the eastern margin. Further east, the shear zone 
widens into a massive zone of gouge > 400 m wide 
and disappears under the sediments of Borrego 
Valley and the Salton Trough. To the west, the shear 
zone slices into the eastern margin of the Peninsular 
Ranges Batholith and extends the marginal plutons in 
an E-W direction. Four dominant tectonic episodes 
can be recognized from exposures at and adjacent 
to Yaqui Ridge: (1) A Late Cretaceous synkinematic 
cataclasis and metamorphism accompanying and 
following emplacement of the Yaqui Ridge and 
related plutons, and forming a pervasive regional 
NW- trending foliation and NE-trending lineation. 
(2) A subsequent mid-Cenozoic, shallow, low 
temperature event of detachment faulting and folding 
which produces localized brittle cataclasis which 
overprints the earlier NW-trending fabrics. (3) The 
Late Miocene- Early Pliocene development of Yaqui 
Ridge shear zone along the northeast margin of 
Yaqui Ridge, shearing, rotating and overprinting the 
fabrics formed during the Late Cretaceous plutonism 
and regional deformation.  (4) A Pleistocene of high-
angle and episode faulting folding which produce 
a series of E-W-trending anti-clines and synclines 
in Upper Pliocene to Pleistocene sediments. Linear 
elements which have formed throughout the several 
Late Cretaceous to Cenozoic deformations are 
concordant.TECTONICS, VOL. 3, NO. 6, PAGES 677-691, NOVEMBER 1984

Copyright 1984 by the American Geophysical Union.
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INTRODUCTION 

The nature, distribution, and origins of mid-Cenozoic 
and late Mesozoic detachment faults and related 
“core complexes” in the western United States are 
the subject of extensive investigation and discussion 
(Davis [1983]; Miller et al. [1983]; Stewart [1983]; 
Frost and Martin [1982]; Armstrong [1982]; Wernicke 
[1981]; Crittenden et al. [1980]; Davis et al. [1979]; 
Davis and Coney [1979]; Coney [1974]; Armstrong 
[1972]; Anderson[1971]; and many others) (Figure 
1). Despite the intensive study, clear distinctions 
between the several ages of detachment faults, their 
specific features, and distribution remains obscure. 
In the southwestern U.S., major questions include (1) 
the western extent and forms of the mid-Cenozoic 

detachments that project into and across the San 
Andreas fault system, (2) the relationship of these 
detachments to the extensional tectonics involved in 
the development of the Basin and Range Province, 
Salton Trough, and Gulf of California, (3) the extent 
to which the Peninsular Ranges Batholith is cut and 
distended by mid-Cenozoic detachment features, and 
(4) relations of detachment faults and cataclasis to 
older metamorphic and deformational events. This 
report concerns the occurrence and features of the 
mid-Cenozoic Yaqui Ridge detachment fault and 
related antiform and its northwest prolongation into 
the main block of the Peninsular Ranges Batholith, 
which has been folded, faulted, and extended during 
the mid-Cenozoic detachment kinematics. 

Fig. 1. Regional map, modified from Coney [1980] and Armstrong [1982] 
showing the distribution of major faults, major plutons, and postulated 
“metamorphic core complexes” in southwestern United States and northern 
Mexico. The box indicates the location of Yaqui Ridge along the eastern margin 
of the Peninsular Ranges Batholith. The occurrence and dominant lineations 
within the core complexes are shown by arrows. Faults: G-Garlock, E-Elsinore, 
SA-San Andreas, SJ-San Jacinto. SS--Salton Sea.
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LOCATION 

Yaqui Ridge consists of a portion of one of the 
easternmost plutons of the Peninsular Ranges 
Batholith in south-central California, and forms a 
narrow elongate ridge which strikes WNW-ESE. It is 
bounded on the north and south by southern Borrego 
Valley and Grapevine Canyon, respectively, on the 
east by the Vallecito Mountains, and on the west by 
the main block of the Peninsular Ranges [see Engel 
and Schultejann, this issue, Figure 2].

The Yaqui Ridge pluton has been warped in the Tertiary 

into an asymmetrical antiform (core complex) that 
trends ESE. The steeply dipping (~50-80°) northeast 
flank of the antiform is breached by a series of mid-
late Cenozoic left-oblique-slip faults, here referred to 
as the Yaqui Ridge shear zone. The southwest flank 
slopes gently southward into Grapevine Canyon. The 
antiform extends southeastward into the Vallecito 
Mountains and is breached by the San Felipe Creek 
at “the Narrows” (Figure 2). The San Felipe fault 
cuts the Yaqui Ridge antiform without appreciable 
lateral offset, suggesting largely dip-slip motion on 
this strand of the Elsinore fault system. This possible 

Fig. 2. Simplified map of the structural features of Borrego Valley, from the southern Santa 
Rosa Mountains southward to Yaqui Ridge. Major features include Late Cretaceous thrusting 
and folding in the metamorphic carapace, mid-Cenozoic detachment faulting and development 
of a folded plutonic core, Late Miocene-Pliocene left-oblique slip faulting, and Pleistocene-
Holocene antiform-synform formation.
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restriction to dominantly vertical displacement was 
first noted by Lowman [1980; see, however, Clark, 
1983].

The dominant topographic features of the region are 
the steep granitic mountain fronts of the Peninsular 
Ranges Batholith. The eastern marginal portions of 
the Peninsular Ranges are detached into a series of 
N-S trending blocks which are step-faulted downward 
to the east into the broad valley floors of the Salton 
Trough [see Engel and Schultejann, this issue, Figure 
12].

GEOLOGIC FEATURES

Yaqui Ridge is most similar to the Whipple and 
related detachment fault structures in southeastern 
California. The lower plate “core” of the complex is 
composed entirely of gneissic granodiorite typical 
of the eastern plutons of the Peninsular Ranges 
Batholith [Todd and Shaw, 1979; Larsen, 1948]. 
The Ordovician metasedimentary section thrust 
over the eastern margin of the batholith in Late 
Cretaceous time is not present along the central and 
western portions of the ridge (Figure 2) [Engel and 

Schultejann, this issue]. Locally, small pockets of 
marble and quartzite are present as inclusions in the 
host gneissic granodiorite of Yaqui Ridge. However, 
the metasediments are present along the eastern 
margin in the Vallecito Mountains and as a screen or 
roof pendant in Grapevine Canyon to the south and 
southwest (Figure 2).

The gneissic granodiorite core of Yaqui Ridge has 
never been dated radiometrically, but lithologically 
similar plutons immediately to the south have 
yielded U-Pb zircon ages of ~95-110 Ma and K-Ar 
“cooling ages” that range from ~70-100 Ma [Todd 
and Shaw, 1979; Silver et al., 1979; Krummenacher 
et al., 1975]. Isotopic studies in the Peninsular 
Ranges Batholith have determined a general age 
and lithologic progression in the plutons comprising 
the batholith [Silver et al., 1975, 1979; Baird et al., 
1979; Taylor and Silver, 1978; Early and Silver, 
1973; Larsen, 1948]. Generally, older, more mafic 
plutons are concentrated in the western portions of 
the Peninsular Ranges, becoming younger and more 
granitic eastward. It is probable that Yaqui Ridge 
does not represent an anomalous pluton and generally 
conforms to this pattern. The close association in 

Fig. 3. Photograph of the Yaqui Ridge chlorite-breccia zone, cataclasite, and detachment 
fault. The chlorite-breccia zone consists of sheared and chloritized gneiss with foliation 
often conformable or semi-conformable to the strike and dip of the overlying cataclasite and 
detachment fault.
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space and lithologic similarity of the Yaqui Ridge 
pluton with dated plutons immediately to the 
southwest, strongly suggests a mid-Late Cretaceous 
age for Yaqui Ridge.

The less deformed, foliated gneissic granodiorite 
of Yaqui Ridge grades upwards into a zone of 
intensely sheared and chloritized, cataclastic gneiss 
characteristic of the “chlorite-breccia zone” widely 
described from similar detachment structures east 
of the San Andreas fault [Davis et al., 1982; Frost 
and Martin, 1982; Mueller et al., 1982; Phillips, 
1982; Crittenden et al., 1980; Davis et al., 1980]. 

The chlorite-breccia zone is directly overlain by the 
microbreccia or cataclasite which marks the Yaqui 
Ridge detachment fault (Figure 3).

Steeply dipping pegmatite dikes associated with final 
stages of pluton emplacement are abundant at Yaqui 
Ridge and predominantly strike NE-SW to E-W. 
These Cretaceous pegmatites intrude the lower plate 
gneiss, but are always truncated by the detachment 
fault. Dikes are overprinted with the same distinctive, 
lower temperature, near surface mid-Tertiary 
cataclasis present in the gneiss. This mid-Tertiary 
granulation is, in turn, superimposed upon the 

Fig. 4. Photomicrographs of the cataclasite showing limited flow banding, 
porphyroclasts of embayed quartz and feldspar, and recrystallized quartz 
veinlets. The mineralogy and fabric of the cataclasite suggests it was derived 
from extreme crushing of the gneiss.
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Cretaceous amphibolite facies metamorphism and 
mylonitization widespread throughout the eastern 
portions of the Peninsular Ranges Batholith[ Engel 
and Schultejann, this issue; Todd and Shaw, 1979].

The core of the complex is separated from 
unconsolidated, unmetamorphosed upper plate rocks 
by a zone of intense cataclasis which is capped by the 
detachment surface itself. The cataclasite is a dark 
brown to black aphanitic rock which forms a distinct 
ledge ~10-30 cm thick. In thin section, the cataclasite 
exhibits limited recrystallization and flow banding, 
porphyroclasts of embayed quartz and feldspar, and 
veinlets of crushed, partially recrystallized quartz in 
interlocking texture in a crushed, micro-crystalline 
matrix (Figure 4). The mineralogy and fabric of the 
cataclasite suggests it was derived from extreme 
communition of the gneiss.

The Yaqui Ridge detachment surface is polished, 
stained with iron and manganese oxides, and displays 
striae indicating upper plate motions parallel and 
subparallel to the northeast dip. All preexisting 
structures and fabrics present in the underlying 

gneiss have been obliterated within the cataclasite 
and detachment zone.  The contact between the 
detachment surface and upper plate is sharp. There 
is little, if any, cataclasis above the detachment 
surface.

Upper plate rocks at Yaqui Ridge consist of an 
unconsolidated, unmetamorphosed megabreccia, 
or cobble-boulder fanglomerate, locally overlain 
unconformably by Plio-Pleistocene sediments of the 
Borrego Formation. The Yaqui Ridge megabreccia 
consists of boulder to silt-size particles in an 
unconsolidated mass that displays little or no sorting 
or sedimentary structures (Figure 5). It is devoid 
of any layering or bedding. The clasts range from 
subangular to well-rounded and are composed 
primarily of quartzite and amphibolite characteristic 
of the metasedimentary section present

to the north, west, and south, as well as plutonic rocks 
of the Peninsular Ranges Batholith. This megabreccia 
ranges in thickness from < 1 m to ~40 m.

The megabreccia appears to be a part of a series of 

Fig. 5. Photograph of upper plate megabreccia at Yaqui Ridge. The upper plate is exposed in 
klippen which border the NE flank of the ridge. The upper plate is composed of unconsolidated 
and unsorted boulder to silt-size particles of gneissic granodiorite, quartzite, and amphibolite 
representative of the rocks occurring in the region. The megabreccia ranges in thickness from 
< 1 m to ~40 m, and may be related to the Miocene Anza Formation which is exposed just to 
the southeast.
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debris slides shed from the rising eastern margin of 
the Peninsular Ranges Batholith during Paleocene 
to mid-Cenozoic time. Younger debris slides occur 
locally in conjunction with extensive fanglomerates 
which are still evolving.

A very similar appearing cobble and boulder 
fanglomerate is exposed just to the southeast 
of Yaqui Ridge in the Vallecito and Fish Creek 
Mountains. This unit forms the upper section of the 
Miocene Anza Formation, and is interbedded with 
reddish-brown arkosic sandstone in the lower section 
[Woodard, 1974]. These beds are composed primarily 
of locally derived granodiorite, gneiss, pegmatite, 
quartzite, and amphibolitic schist, virtually identical 
to the constituents of the megabreccia at Yaqui 
Ridge. Although the Yaqui Ridge megabreccia and 
associated debris slides and fanglomerates along 
the western edge of Borrego Valley appear to be 
lithologically and temporally equivalent to the upper 
section of the Anza Formation, this correlation has 
not been substantiated.

The Yaqui Ridge megabreccia is overlain 
unconformably on the western and eastern edges of 
Yaqui Ridge by light-gray to buff colored, poorly 
cemented lacustrine claystones and interbedded 
sandstone of probable Upper Pliocene to Pleistocene 
age [Sharp and Clark, 1972; Dibblee, 1954].

STRUCTURAL FEATURES

Yaqui Ridge Detachment Fault

The structural geology of Yaqui Ridge is complex and 
the detachment fault is only one of the several distinct 
structural features in this region. The Yaqui Ridge 
detachment fault flanks Yaqui Ridge on the northeast 
side and is expressed as a series of klippen that trend 
parallel to the axis of the ridge, ~WNW-ESE (Figure 
6). The fault surface dips 10°-40° to the north and 
northeast and defines the northeastern flank of the 
antiformal upwarp of Yaqui Ridge. The detachment 
fault has since been cut and partially destroyed by the 
younger Yaqui Ridge shear zone which is discussed 
in the following pages. This is especially evident at 
“the Ship,” a conical erosional remnant, where the 
detachment fault slices through the hill at an angle 

of ~30° (Figure 6). Corresponding features of the 
detachment fault on the crest and southern flank of 
Yaqui Ridge, if present, have subsequently been 
destroyed by erosion and faulting, or buried by later 
deposition of Pliocene-Holocene sediments.

The detachment fault, where exposed, forms a smooth, 
planar surface. Striae are visible on some surfaces 
and indicate movement parallel and subparallel to 
the northeast dip of the fault. The fault surface forms 
a resistant cap over the band of intensely sheared 
cataclasite. Together, the detachment and cataclasite 
weather into a resistant ledge that is commonly 
exhumed at the base of the megabreccia and above 
the crushed and chloritized granitic gneiss of the 
core.

Chlorite-Breccia Zone

The mid-Cenozoic cataclastic deformation extends 
into the lower plate forming the chlorite-breccia 
zone of intense cataclasis and chloritization. The 
cataclastic foliation and lineation displayed in this 
zone are truncated by the cataclasite marking the 
detachment fault. Locally, the cataclastic fabric grades 
into and is dragged subparallel to the cataclasite. The 
lineation, as defined by the alignment of amphiboles 
and streaks of crushed biotite, feldspar, and quartz, 
remains at a constant N60°E ±10° throughout the 
chlorite-breccia zone, as well as in the entire “core 
complex” (Figure 6).

Within the chlorite-breccia zone are “secondary 
detachment surfaces”: zones of intense crushing, 
similar to the cataclasite of the primary detachment 
surface but exhibiting no well defined differential 
movement (Figure 7). The secondary cataclasites 
occur within a few meters of the primary detachment. 
These low-angle features are parallel to the dip of the 
detachment fault and are limited in extent, usually 
dying out laterally within a few meters. Locally, two 
or three of these secondary zones can be observed, 
decreasing in thickness and occurrence with depth 
into the plutonic core.

Several similar appearing mid-Cenozoic cataclastic 
zones occur within the marginal plutons of the eastern 
batholith, west of Borrego Valley [see Engel and 
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Schultejann, this issue, Figure 12]. These zones have 
steep to vertical dips and are the loci of high-angle 
block faulting. The batholithic blocks are stepped 
progressively downward to the east and appear to 
extend the eastern margins of the Peninsular Ranges 
Batholith some 5-10 km.

Foliations

Two dominant gneissic foliations are present in the 
granodioritic core of Yaqui Ridge and in adjacent 
segments of the Peninsular Ranges Batholith. The late 
Mesozoic, more ductile, northwest-trending foliation 
characteristic of the batholithic margins occurs in 
regions of the complex where little mid-Cenozoic 
deformation was induced. This foliation is defined by 
elongated and flattened inclusions as well as aligned 
and recrystallized biotite, feldspar, and quartz. Thin 
section analysis reveals embayed, anhedral quartz 
and feldspar along with bent twins and undulatory 
extinction indicative of a strained rock. This earlier 
foliation is regional in extent and is the product of 
late Mesozoic NE-SW compression during final 
stages of pluton emplacement throughout the eastern 
margin of the Peninsular Ranges Batholith [Engel and 
Schultejann, 1984; Todd and Shaw, 1979; Theodore, 
1970]. At Yaqui Ridge, this late Mesozoic foliation 
dips at a moderate to gentle angle, and is folded during 
the Cenozoic to define the Yaqui Ridge antiform. 
The more brittle and highly localized, mid-late 
Cenozoic cataclastic foliation, related to detachment 
and oblique-slip faulting, is superimposed upon the 
more ductile, higher temperature and pressure, late 
Mesozoic foliation. The cataclastic foliation found 
within the chlorite-breccia zone and imposed during, 
and perhaps shortly after, the mid-Tertiary detachment 
faulting, grades downward into conformity with the 
late Mesozoic foliation. Everywhere in the Yaqui 
Ridge detachment complex, both the late Mesozoic 
and the superimposed Tertiary mineral lineations are 
quasi-accordant, striking ~N60°E.

Pegmatite dikes related to Late Cretaceous plutonic 
activity intrude the gneissic granodiorite on Yaqui 
Ridge. They typically strike ENE-WSW to E-W. 
Dikes occurring in the lower plate beneath the 
detachment fault are always truncated by the mid-

Cenozoic detachment surface and cataclasite. Both 
the older, late Mesozoic, and the mid-Tertiary rock 
fabrics imposed upon the host gneiss overprint 
the pegmatites, and in more intensely deformed 
areas diffuse the boundary between pegmatite and 
granodiorite. Pegmatites also display the constant 
northeast-striking mineral lineation so pervasive in 
the gneiss.

The upper plate is well exposed in klippen that border 
the northeast limb of the Yaqui Ridge antiform. 
Along the eastern margin of the Peninsular Ranges 
to the north, the upper plate consists of faulted and 
extended portions of the batholith as well as units 
comparable to those in the upper plate at Yaqui Ridge 
(Figure 2).

Upper plate structures involving listric faulting and 
extension have been reported for many mid-Cenozoic 
detachment fault complexes in the southwestern U.S. 
(Miller et al. [1983]; Mueller et al. [1982]; Frost and 
Martin [1982]; Crittenden et al. [1980]; Davis et al. 
[1980]; Davis [1980]; Rehrig and Reynolds [1980]; 
Coney [1974]; and many others). However, if such 
faulting did occur at Yaqui Ridge, the evidence for it 
has not been retained in the megabreccia.

Yaqui Ridge Shear Zone

Superimposed upon and cutting through the Yaqui 
Ridge detachment fault is a broad zone of intense 
left-oblique-slip faulting termed the Yaqui Ridge 
shear zone (Figure 6). This zone runs the length of 
Yaqui Ridge and is clearly younger than the antiform 
and associated detachment fault. It cuts through the 
northern flank of Yaqui Ridge just north of the axial 
trace of the antiform, and locally attains a width of > 
800 meters.

The shear zone can be traced westward into the 
Peninsular Ranges Batholith where it slices into the 
eastern margin of the batholith and forms a series of 
narrow, almost vertical cataclastic zones. As noted 
above, these extend westward and northward along 
the eastern margin of the Peninsular Range in Borrego 
Valley and result in a step-faulted, E-W distension of 
some 5-10 km within the marginal plutons (Figure 
2), and see Engel and Schultejann [this issue, Fig. 
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12]. This extension appears to be the most westerly 
known manifestation of the mid-Cenozoic regional 
detachment process in the southwestern United 
States.

The eastern segment of Yaqui Ridge shear zone cuts 
through the northern edge of the Vallecito Mountains. 
It continues eastward to the western margin of the 
Salton Trough, a distance of ~15 km, where it appears 
to be downfaulted beneath the thick sedimentary 
section of the trough.

The Yaqui Ridge shear zone separates and divides 
the main body of the antiform from the Yaqui Ridge 
detachment fault by a broad, intensely sheared zone 
of anastomosing faults which widen and narrow in 
an intricately braided pattern, breaking the intra-
fault region into a series of rotated and sheared 
blocks (Figure 6). Many of the fault surfaces display 
striae which indicate a component of dip-slip 
motion as well as left-lateral motion. Pegmatites 
and foliations entering the shear zone are locally 
warped and dragged in a left-lateral sense (Figure 
6). In general, the individual strands within the shear 
zone dip vertically, and cataclastic rocks of the lower 
plate gneiss have been both crushed and rotated as 
coherent blocks. Strikes of the cataclastic foliation 
vary, but the dominant direction is ~E-W. Dips of 
the foliation are predominantly steep to moderately 
steep and vary in direction, but predominantly dip 
north or south. Foliation is typically vertical at shear 
zone contacts. Throughout the Yaqui Ridge shear 
zone, regardless of foliation direction, the mineral 
lineation remains at N60°E + 10°, accordant with 
the strike of lineations found not only in the Yaqui 
Ridge detachment complex, but also throughout Late 
Cretaceous and post-Miocene structural features 
along the eastern portions of the Peninsular Ranges 
Batholith in Borrego V alley [Engel and Schultejann, 
this issue].

The Yaqui Ridge shear zone merges with the 
detachment fault near the eastern flank of Yaqui 
Ridge (Figure 6). Further east, the shear zone and 
detachment fault again diverge. The detachment 
fault attains a more easterly strike and disappears 
under the sediments of southern Borrego Valley. In 
contrast, the shear zone continues southeastward 

where it widens into a gouge zone > 400 m wide 
that is unconformably overlain to the north by Upper 
Pliocene to Holocene sediments adjacent o “the 
Narrows”( Figure 6). At “the Narrows,” the zone 
consists of a mass of black cataclasite with isolated 
outcrops of extremely crushed gneiss. This cataclastic 
gneiss is aphanitic and structureless, possessing little 
or no foliation or lineation. Rare striae within the 
cataclasite range from vertical to horizontal, further 
suggesting both dip- and strike-slip motions.

The southern limb of Yaqui Ridge is relatively 
undeformed and disappears beneath the alluvium 
in San Felipe Canyon, presumably the trace of the 
San Felipe fault (Figure 6). Strands of the San Felipe 
fault splay and widen into an intense shear zone near 
the eastern terminus of the antiform.

What is inferred to be an extension of the upper plate 
with associated cataclasite is exposed north of this 
shear zone and along the southeast boundary of the 
San Felipe Canyon at “the Narrows” (Figure 6). It 
dips ~10° to the SSW and is parallel to Yaqui Ridge. 
A characteristic narrow band of black, aphanitic 
cataclasite separates the underlying brecciated and 
chloritized gneiss from the cover rocks of pale gray 
to tan, aphanitic fault gouge. Very faint and rare striae 
suggest dipslip motion. This fault may represent an 
extension of the Yaqui Ridge detachment fault along 
the southern limb of the antiform, and dating of the 
cataclasites is in progress.

Associated with the Yaqui Ridge shear zone is a 
series of E-W trending anticlines and synclines in 
folded Upper Pliocene to Pleistocene sediments. 
These features occur north and northwest of the shear 
zone, and along the eastern margin of the Peninsular 
Ranges Batholith (Figures 2 and 6).

Northwest of Yaqui Ridge, some of these folds are 
cored by steeply faulted gneiss with Plio-Pleistocene 
lacustrine sediments draped over the core. At least 
one faulted core is capped only by colluvial debris 
and is devoid of sedimentary deposits. It is not 
readily discernable if the folds to the north and east 
also contain faulted cores at depth.
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Fig. 6. Geologic map and cross sections of Yaqui Ridge core complex. The Yaqui Ridge detachment fault dips from 
10-40 degrees to the NE and general transport direction of upper plate is down-dip to the NE.  The axis of Yaqui 
Ridge antiform is cut by strands of the San Felipe fault without appreciable right-lateral offset.
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DEFORMATIONAL HISTORY

Based on the structural features and relationships 
outlined in the preceding sections, a preliminary 
structural history of Yaqui Ridge antiform can 
be inferred which involves a series of magmatic, 
metamorphic, and deformational events ranging 
from Mid-Late Cretaceous through the Cenozoic 
(Table 1). These are presented in order from oldest 
to youngest:

1.  A Mid-Late Cretaceous synkinematic mylonitiza-
tion and deformation accompanying and following 

the emplacement of the Yaqui Ridge and associated 
plutons of the Peninsular Ranges Batholith. This dy-
namothermal metamorphism reached amphibolite 
facies throughout the eastern margins of the Peninsu-
lar Ranges [Todd and Shaw, 1979; Taylor and Silver, 
1978; Theodore, 1970; Sharp, 1967]. To the north, 
late Mesozoic deformation and metamorphism was 
accompanied by westward thrusting of the Santa 
Rosa Cataclastic Zone over the Peninsular Ranges 
[Engel and Schultejann, this issue].

Immediately to the south of Yaqui Ridge, Todd and 
Shaw [1979] have emphasized the occurrence of 

Fig. 7. Photograph of secondary cataclasites formed beneath and concordant 
with primary detachment and cataclasite. These secondary zones are limited 
in extent and die out laterally within a few meters.
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mylonites and related metamorphic textures within 
adjacent portions of the eastern Peninsular Ranges 
Batholith. These may include both Cretaceous and 
Tertiary cataclasites. Dating of these cataclasites and 
mylonites is in progress. At Yaqui Ridge, Cretaceous 
tectonism and metamorphism were accommodated 
by overprinting the igneous textures with a distinctive 
NNW-trending gneissic foliation, cataclasis, and 
pervasive northeast-trending mineral lineations.

E-W to ENE-WSW trending pegmatite dikes were 
emplaced in the final protoclastic stages of batholithic 
emplacement along the eastern margins of the 
Peninsular Ranges Batholith. The pegmatites are 
overprinted with the same Late Cretaceous mylonitic 
foliation and east to NE-trending mineral lineation 
characteristic of the granodiorite gneiss.

2.  A mid-Cenozoic low temperature episode of ENE-
WSW extension and detachment faulting accompanied 
by lower greenschist facies metamorphism and brittle 
deformation. This event is most probably a westward 
extension of the mid-Tertiary ENE-WSW detachment 
episodes recorded in core complexes extending from 
southeastern California to the Colorado Plateau [Frost 
and Martin, 1982; Crittenden et al., 1980]. Dating of 
the cataclasites associated with detachment faulting 
is now in progress. However, the age of this event 

is presently inferred to be Miocene by stratigraphic 
relationships and by analogy with very similar 
detachment structures in the Whipple Mountains and 
related detachment terrane east of the San Andreas 
fault (Table 1).

At Yaqui Ridge and along the eastern margin of 
the Peninsular Ranges Batholith in this region, the 
mid-Cenozoic detachment fault and formation of 
associated cataclasite and chlorite-breccia zone are 
clearly superimposed upon and much younger than 
the higher temperature, more ductile Cretaceous 
deformational structures.

Several models have been proposed recently for the 
origin of mid-Cenozoic detachment faults in what 
has been termed “metamorphic core complexes” 
of the southwestern U.S. It is rapidly becoming 
apparent that one single model cannot be applied 
to each and every “complex” [Armstrong, 1982; 
Davis et al., 1980]. Even among mid-Cenozoic “core 
complexes” and detachment terrane in the southwest, 
there is diversity in features and speculated modes of 
evolution.

The Yaqui Ridge detachment fault and antiform are 
most probably genetically related to the Whipple 
Mountains and related detachment complexes in 

TABLE 1. Relative Ages and Relationships of Deformational Events at Yaqui Ridge

Age Event Stratigraphic Relationships
Pleistocene Formation of E-W 

trending anticlines and 
synclines

Deformation of Upper Pliocene 
Borrego Fm. that unconformably 
overlies Yaqui Ridge shear zone

Late Miocene-
Pliocene

Development of Yaqui 
Ridge shear zone

Dip-slip and left-lateral motions 
overprint earlier

Late Oligocene-
Miocene

Development of Yaqui 
Ridge detachment fault 
and antiform

Chlorite-breccia zone and brittle 
metamorphic fabrics overprint 
pervasive NW-SE semi-ductile 
foliations formed in Late 
Cretaceous

Mid-Late 
Cretaceous

Yaqui Ridge pluton 
emplacement and 
synkinematic 
deformation

Regional NW-SE fabric 
imposed upon granodiorite and 
pegmatites at Yaqui Ridge
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southeastern California. However, Yaqui Ridge 
possesses characteristics and structures which fit 
a number of models proposed in the literature for 
formation of detachment faults and associated 
structural and petrologic features. Unfortunately, 
the lack of diagnostic structural features in the 
upper plate constrains any attempt to formulate a 
kinematic model for the origin of the structures at 
Yaqui Ridge.

The most striking feature of Yaqui Ridge is 
the unequivocal low temperature-low pressure 
(lower greenschist facies) cataclastic nature of the 
deformation. Both upper plate and lower plate rocks 
behaved in a brittle manner, as manifested by the 
chloritized, brecciated nature of the lower plate 
adjacent to the crushed cataclasite. The upper plate 
most probably has been faulted and deformed, but 
the lack of cohesiveness inherent in the megabreccia 
precludes the formation and retention of fault 
surfaces and other structural features. Consequently, 
the amount and direction of extension in the upper 
plate cannot be determined. There is no evidence 
for the brittle-ductile boundary or transition zone 
observed at other “complexes” [Miller et al., 1983; 
Rehrig and Reynolds, 1980]. Perhaps this suggests 
that Yaqui Ridge has not been as deeply eroded, did 
not experience as much extension, or was not formed 
in the same temperature-pressure environment as 
other “complexes.”

The megabreccia at Yaqui Ridge may be the remnants 
of a debris or gravity slide, similar to structures in 
models proposed b y Davis et al. [1980], Coney 
[1974], and Armstrong [1972]. Motion directions 
interpreted from striae on the detachment fault are 
certainly consistent with this interpretation; that is, 
the upper plate moved down the dip of the fault, 
parallel to lineation direction in the underlying gneiss 
and normal to the axis of the antiform.  This would 
suggest upper plate extension to the northeast. It is 
difficult, however, considering the nature of the upper 
plate, to invoke this mechanism to form the band of 
cataclasite at the base and underlying brecciated, 
chloritic gneiss.

G. H. Davis’ [1983] model of progressive simple shear 
describes more completely the structural relations at 

Yaqui Ridge and appears a more likely model for 
the origin of the Yaqui Ridge detachment fault and 
associated cataclasite. In this model, the detachment 
cataclasites are formed at deeper levels and are 
brought into contact with surficial rocks along shear 
zones. The locally moderate dip (30-40°) and brittle, 
cataclastic nature of the deformation at Yaqui Ridge 
would, according to this model, constraint he amount 
of displacement to the upper reaches of the shear 
zone. This model nicely accounts for the formation 
of the cataclasite at the base of the detachment fault.

It is clear that Yaqui Ridge and related core 
complexes in southeastern California include folding 
and faulting of epizonal and mesozonal segments of 
sialic crust. However, whether or not these complexes 
are associated with a regional decollement” rooting” 
into the crust as Wernicke [1981] has suggested is 
equivocal.

The temporal relations concerning arching of the 
Yaqui Ridge pluton and detachment faulting are 
still unclear. A plausible inference is that it may 
have occurred during the final stages of detachment 
and probably post-detachment. Essentially N-S 
compressive strain (E-W extension) is need to fold the 
antiform and is accordant with the Plio-Pleistocene 
to Holocene strain regime in Borrego Valley [Engel 
and Schultejann, this issue; Savage et al., 1978, 1979; 
Sharp and Clark, 1972]. The detachment surface 
appears to be warped conformably with the antiform, 
but subsequent faulting has obscured much of the fault 
surface. Additional mapping of other detachment 
features in this area will offer more compelling 
evidence for the kinematics of detachment faulting 
and related antiform evolution.

3. The development of the Yaqui Ridge left-oblique 
shear zone along the northeast margin of Yaqui 
Ridge and Vallecito Mountains in Late Miocene-
Early Pliocene time. This shear zone developed 
northeast of and parallel to the axis of the Yaqui 
Ridge antiform, most likely following a preexisting 
zone of weakness along the axial trend. The shear 
zone cuts through the antiform and detachment fault, 
isolating the remaining detachment fault and upper 
plate as klippen. Preexisting pegmatites, and Late 
Cretaceous gneissic fabrics are dragged, folded, 
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and rotated, in places into conformity with the shear 
zone as it evolved. Plio-Pleistocene sediments are 
unconformably deposited on the shear zone and 
upper plate megabreccia. This relationship is well 
exposed on the northeast and northwest flanks of the 
antiform.

4. A Pleistocene episode of folding and high-angle 
faulting forming a series of E-W-trending anticlines 
and synclines in Upper Pliocene to Pleistocene 
sediments of the Borrego Valley.

CONCLUSIONS

The complex Cenozoic history at Yaqui Ridge 
indicates that the mid-Cenozoic ENE-WSW 
extensional terrane present throughout most of the 
southwestern United States persists west of the San 
Andreas fault in southcentral California, at least 
into the eastern margins of the Peninsular Ranges 
Batholith. Yaqui Ridge is one type of small antiformal 
“core complex” which developed in a mid-Cenozoic 
regional strain regime of ENE-WSW extension 
and ~N-S compression. Yaqui Ridge has structural 
features which conform to some previously proposed 
models. However, because of the brittle nature of the 
deformation, it appears to be constrained to a near 
surface, low temperature and pressure environment. 
Estimates on the amount of extension involved are 
difficult due to the eroded and subsequently faulted 
nature of the detachment fault and megabreccia 
upper plate.

The cataclastic fabrics and structures associated with 
mid-Cenozoic detachment faulting overprint an earlier, 
Late Cretaceous, NW-trending mylonitic foliation. 
These cataclastic fabrics are, in turn, overprinted 
and cut by left-oblique-slip faults of the Yaqui Ridge 
shear zone in Late Miocene-Early Pliocene time. 
These faults are unconformably overlain by Plio-
Pleistocene sediments of the Borrego Formation. 
These sediments and related sedimentary units are 
folded into a series of E-W-trending antiforms and 
synforms throughout Borrego Valley, suggesting a 
continuation of the N-S compressive strain pattern 
and associated E-W extension to the present day. The 
remarkable accordance of linear elements ranging in 

age from Late Cretaceous to Pleistocene throughout 
the entire region seems difficult to rationalize for any 
one crustal strain pattern.

Superimposed upon these more localized tectonic 
patterns are the regional patterns represented by the 
formation of the Salton Trough and Gulf of California, 
Basin and Range Province, and right-lateral San 
Andreas fault system. The relationships between 
Cenozoic tectonics in southcentral California and the 
regional tectonics remains to be determined.
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The Oriflamme Canyon Travel Route and Lassator Hay Road

Chris Wray
Terra Blanca Books

TerraBlancaBooks.com

Author’s note:  I spell James Lassator’s name with the 
two “A’s” because he signed it that way. Most historians 
spell it Lassitor, which does not date from his time. 

The level valley at the head of Chariot Canyon offers a 
geographic stair step in the steep slopes leading from the 
edge of the Cuyamaca meadows down into the desert 
below.  Most routes between mountains and desert require 
a steep climb in a few miles with no natural breaks to 
lengthen the route and lessen the steepness.  The appealing 
Oriflamme Canyon Route was used for centuries by 
Native Americans traveling between seasonal camps in 
the mountains and desert.  It was their heavily worn trail 
that no doubt was seen by the first European explorers and 
became an important travel route during later years.

The first European to report using the trail was Pedro 
Fages, probably in his 1772 expeditions, and certainly 
by his 1782 trip, when he writes in his journal of the 
route.  Fages was exploring the backcountry rounding up 
deserters from the San Diego Mission—both local natives 
who had fled to the hills, and his own men who sought 
relief from his notoriously dominant ways.  Fages traveled 
from the desert to Cuyamaca using the Indian trail several 
times and became quite familiar with the region.

After Fages departed the scene, the local natives used 
the trail continuously through the 1800s.  During the 
Gold Rush years of 1849-1850 some travelers left the 
main Southern Overland Trail in Mason Valley and 
used Rodriguez Canyon, the next canyon to the north of 
Oriflamme, a shortcut to Banner is and over the mountains 
to Santa Ysabel.  The Rodriguez Route was also only a 
horse or mule trail until a much later date.

During the first American years in California, the military 
in San Diego needed to communicate with Fort Yuma, 
established at an important crossing on the Colorado 
River.  Pioneering backcountry ranchers Joe Swycaffer 
and Sam Warnock held the mail contract to Fort Yuma.  
Although the men used various routes through the 
mountains from 1854-1857, they liked the Oriflamme 
Canyon Route because it led quickly down to the main 
Southern Overland Trail in Mason Valley.  The name San 
Diego Trail was used for this mule and horse route up 
Oriflamme and through Cuyamaca.  The winding route 

was never improved for wheeled vehicles, however.

Also in the year 1854, while Warnock and Swycaffer were 
carrying the military mail to Fort Yuma, James Lassator 
appeared on the scene and began operating the stage 
station at Vallecito.  Lassator and his family settled in 
Cuyamaca’s Green Valley where they built a small house, 
raised barley and feed for animal teams, and cut firewood.  
Initially, Lassator had a tough haul getting his feed and 
wood from Cuyamaca down to Vallecito, which although 
not a long straight line distance, required driving a wagon 
all the way to the Warner’s Ranch area and following the 
main emigrant trail into the desert.

In 1857 Lassator’s supply business took on new 
importance.  James Birch was granted the first overland 
mail contract which designated a route from San Antonio, 
Texas to San Diego.  The Birch Mail had two ways to 
reach the coast from the desert.  Stage coaches required 
the typical journey up the Southern Overland Trail to 
Warner’s and through Santa Ysabel toward San Diego.  
To shorten the route, and hasten the mail delivery, Birch 
and his field superintendant Isaiah Woods chose to use the 
Oriflamme Canyon Route to Lassator’s ranch in Green 
Valley.  This required both the mail, and any passengers 
willing to make the journey, to change from stages at 
Vallecito and use mules to cross to the mountains to Green 
Valley.  Once at Lassator’s the passengers and mail were 
again returned to a stage to complete their journey.  This 
mule-bound leg of the journey caused one San Francisco 
journalist to dub the line the “Jackass Mail,” a name that 
has stuck ever since, even though a mule is not a jackass.

Lassator decided to build a road to Vallecito since he now 
had a steady customer at Vallecito and needed to get his 
feed and wood down the hill in a faster way.  The overland 
mail company hoped his new road would be suitable for 
stages as well, and offer them a wonderful shortcut across 
the mountains.  Once Lassator began building his road, 
however, any plans for stage travel were quickly put to 
rest.  To make the road feasible Lassator had to build it 
with such an excessive slope that traveling down it with 
his loaded freight wagon meant driving the wagon onto 
skids and sliding down the hills.  The road Lassator 
built was incredibly steep; in fact, it is difficult to even 
walk up it in many places.  The empty wagon was drawn 
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back up the slope by his plodding oxen to be refilled in 
Cuyamaca.

After dropping down the initial slope from the Cuyamaca 
meadows level into Chariot Canyon, Lassator’s road 
climbed over the shoulder of Chariot Mountain and 
curved down the slopes high on the mountainside above 
Oriflamme Canyon.  The road does not cross the modern 
truck trail until almost at the bottom of its descent.  The 
road became somewhat of a legend in the history of the 
backcountry and is commonly called the “hay Road,” or 
the “sled Road.”  Lassator used his road to haul supplies 
from the winter of 1857-1858 until the early 1860s.

The prosperity of the Birch Overland Mail did not last 
for long, since the Butterfield Overland Mail Company 
had been granted the larger and longer mail contract 
from near St. Louis to San Francisco, which almost 
immediately replaced Birch’s line.  Butterfield did not 
want mules, however, and chose to stick to the main 
overland trail through the desert.  The Butterfield Mail did 
not turn toward San Diego anyway, continuing on toward 
Los Angeles and San Francisco.  Lassator still had the 
business to supply the Butterfield Line at Vallecito, along 
with what remained of the Birch operation, and used his 
road to supply his station there.

James Lassator was killed in Arizona in 1863 and his 
stepsons took over the business for a few years.  By the 
late 1860s, however, they did not use the road much and 
it fell into disrepair.  A few prospectors and miners used 
different routes in the Oriflamme Canyon region, but they 
mostly led from the mountain rim down a short distance 
to the mines.  The largest mine was the Oriflamme Mine 
itself, which eventually consisted of several adits and 
related equipment.  This mine had its own road built down 
from the ridge, but the road did not extend farther into 
the depths of the canyon.  The Oriflamme Canyon/Chariot 
Canyon route between desert and mountains was used 
lightly during the 1880s, but never again as heavily as 
in the busy overland mail years.  During the early 1900s 
some cattlemen again used the Lassator Road to drive 
herds of cattle to seasonal pasture, but this use was slight 
and no new routes were opened during that time.

In the 1930s, in an effort to reopen the old route to 
vehicular traffic and to assist in fire protection, the 
Civilian Conservation Corps (CCC) was tasked with the 
job of building a new truck trail basically following the 
old Oriflamme Canyon Route.  The CCC built a small 
camp at the base of the mountains at the lower end of 
Oriflamme Canyon called Camp Hark.  Camp Hark 
probably consisted only of small tent cabins.  The road 

built by the CCC crews was a huge undertaking at the 
time.  The road was blasted and graded into the side of 
Chariot Mountain to make the climb.  The road required 
a switchback near where it climbed from Oriflamme 
Canyon into the upper end of Chariot Canyon.  The CCC 
road is basically what is still used as the Mason Valley 
Truck Trail.  From Chariot Canyon, the original CCC 
road led up the final slope to the ridge farther north than 
did the later 1960s route which is still in use.

At the bottom of Oriflamme Canyon one can still see the 
flat terraces and stone steps from the CCC Camp Hark 
across the creek.  Just a few curves up the truck trail from 
the bottom of the hill the Lassator Hay Road comes steeply 
down a small ridge from high above on Chariot Mountain.  
From the flat valley at the head of Chariot Canyon, the 
Lassator Hay Road led across the valley west to east and 
crossed the Mason Valley Truck Trail about where the 
branch leading to the west is located.  Today, the scar of 
the “hay road” can be seen coming straight down the hill 
to the west (it is the older of two parallel scars on the slope 
close beside each other).  The earlier San Diego Trail, the 
mule route of the military mail carriers and overland mail 
days, follows the point of a ridge a short distance south 
of the “hay road” scar.  As one travels down into Chariot 
Canyon numerous old mine roads appear from the 1870s 
mining boom era. 

Driving the Mason Valley Truck Trail offers glimpses 
of the hardships and triumphs of those who traveled the 
canyons a century and a half ago.

_______

Chris Wray is a native of San Diego’s East County. 
His love of the historic places, people, and stories of 
the region has grown as he combines his exploration 
and research with writing and publishing. Moving 
from mountains to desert with the seasons, Chris 
has immersed himself in historical records, old 
maps, books, photographs, and his own on-site 
observation to piece together the fabric of the San 
Diego backcountry.

Chris founded Tierra Blanca Books to provide local 
interest publications with in-depth research and 
accurate geographic information. He believes that 
every historic place can be identified on the ground 
today, often with some type of existing trace--that 
no place needs to be left in the past, lost in the 
haze of historic obscurity. Chris Wray resides in La 
Mesa, California.



Mineral Prospecting Near Banner, California
Excerpt from Chapter VII:  Exploring and Mining Gems and Gold in the West  
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It was while I was in Mesa Grande looking over a 
prospect called the Burro Claim, that Verd Angel told 
me Jose Rodrigues visited him to show some fine 
yellow and pink crystals of tourmaline which came 
out of a prospect he had near his ranch.  I knew Verd 
recognized quality tourmaline so I decided to have a 
look-see.  Verd couldn’t get away to go with me, so 
I got his brother Fred to go, for he knew where Jose 
lived.  We each got a horse, some 
provisions to last us two or three 
days, and left Angel Ranch for the 
old mining town of Banner, San 
Diego County.  From there, we 
took off in a southeast direction 
several miles to Jose Rodrigues’s 
ranch house.

We arrived just about dark.  As I 
dismounted, Jose came out of the 
house, for he had been informed 
by his good dog that someone 
was coming.  I asked him if he 
had found some tourmalines; 
saying I would Iike to look over 
the prospect, if he would let me.  
He said he’d be glad to show us 
his mine in the morning.  We were 
tired, so I asked him if he could 
tell us a good place to bed down 
for the night, and said we’d turn 
in.  He asked, “Have you had 
supper?”

I told him “No,” but that we had plenty of food.  He 
said his daughter, his son-in-law and he himself had 
just left the table and there was plenty left for us, 
and wouldn’t have it otherwise but we sit down and 
eat.  I don’t believe I ever had a meal go down with 
such satisfaction.  We had tortillas and beans.  The 

beans were cooked with beef and wheat, seasoned 
with “just a little chili to make them good”, as the 
Mexicans say.  While we were eating, we talked 
of Jose’s mine and he showed us some specimens, 
which weren’t so good, and said he would take us to 
his claim in the morning.

When we started to leave, Jose said his daughter had 
fixed a room for us to stay overnight and, and as it 

was late, we had better sleep in 
the house rather than the stumble 
around in the dark fixing our beds.  
So we turned in and slept on an 
old-fashioned feather bed.  It was 
morning, it seemed, before we 
realized it.  We had another swell 
feed (breakfast), then saddled the 
horses in about the soupiest fog I 
was ever in.

Which way we started out, I am 
not sure, but I think we came back 
a short way, the way we had come 
in, then turned to the right on a 
trail leading through high brush, 
high as my head, when I was on 
my horse, and as wet as it could 
be.  We wound in and out of small 
canyons, and over ridges; ending 
up at the end of a small ridge.  
There was a hole about four feet 

wide, six feet long, and six feet deep.  I could see that 
work had been done on a small pegmatite vein about 
two feet wide.  I don’t remember tracing out the strike 
of the vein.  On the dump, which was all around the 
hole, there were a few small golden beryl crystals, 
the largest not over a quarter-inch in diameter.  Some 
of them were of good color, but badly flawed.  I did 
not see any tourmalines around the hole or in it.
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When we got ready to leave, we asked Jose where we were and he told us if we went out “that way”, we’d 
come to a road, to follow that road to the right until we came to another road, then turn to the left, and then 
we’d be on the way to the Warner Ranch.  After we rode over small hills and washes, “out that way”, we 
did come to a road, but the fog was so thick we could hardly see across it.  We turned to the right at about a 
forty-five degree angle and followed the way until we came to the other road.  This junction we recognized as 
“scissors Crossing” where the old Butterfield Stage Road crosses the Julian-Borrego Road.  I never went back 
to that place again.

SkyArt sculpture HN-1: “Gold Miner and His Mule” - see Diana 
Lindsay’s article in this volume for more information.
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ABSTRACT
Miocene volcanic and sedimentary rocks are preserved in 
scattered locations along the eastern edge of the Peninsular 
Ranges Batholith and western Salton Trough in eastern 
San Diego County.  These rocks include the Alverson 
Andesite (Dibblee, 1954) and Jacumba Volcanics (Minch 
& Abbott, 1973).  The purpose of this study is to contribute 
geochemical data for the Alverson Andesite, to attempt 
a correlation to the Jacumba Volcanics, and to relate the 
chemistry of the area with the tectonic setting during 
deposition.  The focus of the study is the Alverson Andesite 
outcrops in the Volcanic Hills, which are located within 
Anza-Borrego Desert State Park®, approximately 11 km 
northwest of Ocotillo, California, along State Highway S2.  
The Volcanic Hills were studied by Fourt (1979), whose 
mapping and stratigraphic analysis provided the geologic 
framework for this study. Thirteen samples were collected 
from the Alverson Andesite in the Volcanic Hills from the 
three main volcanic stratigraphic units defined by Fourt 
(1979): the lower flows, volcanic mudflows, and the upper 
flows. The samples were analyzed for the major and trace 
element abundances by X-ray fluorescence.  All of the rocks 
analyzed are sub-alkaline and span a composition range 
in SiO2 from ~49 to 62% SiO2 corresponding to basalt, 
basaltic-andesite, and andesite.  Basalt is entirely restricted 
to the lower flows, which in hand sample are fine-grained 
with small olivine phenocrysts.  Clasts from the volcanic 
mudflows are andesite.  The upper flows are both basaltic-
andesite and andesite.  All of these rocks plot as tholeiites 
on an AFM Diagram.  An important conclusion of this 
study is that basalt erupted first, and as time progressed, 
the lavas became more differentiated basaltic-andesite and 
andesite.  The nearby Jacumba Volcanics also have upper 
and lower flow units with basaltic lavas that were deposited 
first, followed by more differentiated rocks (Moses, 2007).  
However the similarities seem to end there, because the 
Jacumba Volcanics have a distinct calc-alkaline affinity 
compared to the Alverson Andesite.  The Alverson Andesite 
analyses from the Volcanic Hills are also distinctly different 
from the Alverson Andesite outcrops in the nearby Coyote 
Mountains and Superstition Mountains (Gjerde, 1982). 

Correlating all of the different volcanic sections discussed 
here is difficult because of the lack of good radiometric 
ages.   Further work is needed.

INTRODUCTION
Volcanic Hills are located within Anza-Borrego Desert 
State Park®, approximately 11 km northwest of Ocotillo, 
California along State Highway S2 (Figures 11 and 12).  
The Volcanic Hills contain a suite of Miocene basalts and 
andesite flows, interflow sediments, and volcanic mudflows 
volcanic rocks named the Alverson Andesite by Thomas 
Dibblee in 1954; however, it has been referred to as the 
Alverson Formation (Gjerde, 1982), and the Alverson 
Canyon Formation (Fourt, 1979).  For the purposes of this 
project, I will refer to this suite of rocks as the Alverson 
Andesite.

PREVIOUS WORK
Robert Fourt (1979) was the first to map in detail the 
Volcanic Hills of San Diego County. He divided the rocks 
into five distinct map units:  1) upper flows; 2) lower flows; 
3) interflow sediments; 4) volcanic mudflows; and 5) 
plugs, dikes, and cinder deposits. The stratigraphy of these 
map units can be seen in Figure 1, and the location of the 
upper and lower flows, as well as the volcanic mudflows 
can be seen in Figure 11.  He also defined intrusive dikes 
and related flows that ranged in composition from olivine-
bearing basalts to hypersthene-bearing andesites (Fourt, 
1979).

Fourt believed that the Volcanic Hills represented the 
extension of the proto-Gulf of California during the 
Miocene.  He characterized the Alverson Andesite lava 
flows as ranging in composition from basalt to andesite, 
and described the lower and upper flows as olivine basalts. 
The presence of large olivine phenocrysts suggests that the 
magma partly crystallized prior to eruption.  

Ruisaard (1979) made a big contribution by documenting 
the stratigraphy of the Miocene Alverson Andesite in the 
Coyote Mountains and Fish Creek Wash.  His work shows 
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that the Alverson Andesite stratigraphic sequence in these 
areas represents up to three phases of volcanism during 
the Miocene.  He also suggests that the magma sources 
of the three phases are different and changed over time.  
Ruisaard (1979) presented K-Ar ages on samples from 
Fossil Canyon, Painted Gorge, Red Rock Canyon, and 
the Superstition Mountain (Table 1). His analysis shows 
that the Alverson Andesite ranges in age from 24.8±7.4 to 
14.9±0.5 million years (Ruisaard, 1979).

Michael Gjerde (1982) completed a Master’s Thesis on 
the Alverson Andesite, which focused on petrology and 
geochemistry.  He used the Ruisaard’s 1979 stratigraphic 
framework for his collection of samples. He concluded that 
the geochemistry of the rocks is variable.  The volcanics in 
Superstition Mountains and in Fossil and Butaca Canyons 
are composed of alkali olivine basalts that erupted more 
than 16 million years ago (Ruisaard, 1979). In Painted 
Gorge and northern Red Rock Canyon, the volcanic flows 
are olivine tholeiites less than 16 million years in age.  
Gjerde (1982) believed that the volcanics outcropping in 
his field area were representative of the initiation of basaltic 
volcanism that accompanied the extension of the Miocene 
in Southern California (Gjerde, 1982).

The Alverson Andesite is thought to be associated with 
the Jacumba Volcanics of Jacumba, California by Dibblee 
(1954). These rocks were mapped and named by Minch 
and Abbott (1959) and were subdivided into lower basalts, 
andesite, and upper basalts.  Hawkins (1970) reported 
a K-Ar age of 18.7±1.3 million years for the Jacumba 
Volcanics. 

The geochemistry of the Jacumba Volcanics was studied by 
Maureen Moses (2007).  She found that the rocks were calc-
alkaline in nature with compositions ranging from basaltic-
andesite to dacite (Moses, 2007). Variable incompatible 
trace element ratios (Nb, Zr) led Moses to suggest the 
possibility of different sources for the volcanics. 

TECTONIC SETTING
The tectonic history of southern California is complicated. 
The region was the site of subduction of the Farallon Plate 
which began about 32 million years ago. At this time, 
the Farallon-Pacific spreading center, more commonly 
known as the “East Pacific Rise”, came into contact with 
the trench. This configuration started the transition from 
a subduction regime to a transform and tensional regime. 
This was followed by the opening of the proto-Gulf of 
California.  At about 5 million years ago, Baja California 
was transferred from the North American plate to the 

Pacific Plate which is moving in a northwesterly direction 
(Atwater, 2008).  The mid-Miocene volcanism in San 
Diego and Imperial Counties appears to correlate with an 
extensional basin-and-range type environment as part of 
this process (Hawkins, 1970).  Since the mid-Miocene, the 
San Jacinto and Elsinore fault zones have played an integral 
part of southern California tectonics, which have affected 
the Volcanic Hills, Coyote Mountains, and Jacumba.  The 
Miocene volcanics and associated sedimentary rocks have 
been uplifted and eroded, leaving the isolated patches that 
we see today.

PROBLEM
In San Diego and Imperial Counties, there are several 
eroded Miocene volcanic outcrops.  The main outcrops are 
located in Jacumba, California, and the Volcanic Hills of 
eastern San Diego County.  The Miocene Volcanics are also 
found in the Superstition Mountains and Coyote Mountains 
in areas such as:  Fossil Canyon, Butaca Canyon, Red 
Rock Canyon, and Fish Creek Wash (Gjerde, 1982). For 
a comparison, the stratigraphic sections for the Volcanic 
Hills, Fossil Canyon, and the Jacumba Volcanics can be 
seen in Figures 1 and 2.  

The age of the Alverson Andesite corresponds to the 
tectonic reorganization of southern California from a 
subduction environment to the San Andreas strike-slip 
system (Gjerde, 1982).

Although the Alverson Andesite of the Volcanic Hills is 
thought to be Miocene in age based on the K-Ar ages from 
the Coyote Mountains and elsewhere, little geochemistry, 
and no age dating has been done in the Volcanic Hills.

INTENT
The objectives of this thesis is: 1) to contribute geochemical 
data that will give a more accurate picture of the Miocene 
geology of San Diego County and the Volcanic Hills, 2) 
to determine whether the Miocene lavas of San Diego 
and Imperial County are chemically related, 3) to find out  
whether or not the tectonic environment during deposition 
can be determined and if the data supports or refutes the 
hypotheses that the tectonic environment changed from 
subduction to a rift-zone environment, 4) to attempt to 
make a correlation with the Alverson Andesite of the 
Volcanic Hills with other Miocene volcanic exposures 
in San Diego and Imperial Counties, especially with the 
Jacumba Volcanics.
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METHODS
Using the 2006 SDAG Field Trip Road Log (Figure 12) 
and the Master’s Thesis by Fourt (1979), 13 samples 
were collected by the author from the upper flow (Tafu), 
the lower basalt flow (Tafu), and the volcanic mudflows 
(Tal).  These samples were analyzed for their major and 
trace elements by XRF.  Plots were then made using the 
Igpet plotting program of Carr (2006). The sample names, 
units, and locations are summarized in Table 4, and the 
major and minor element concentrations are presented in 
Tables 2 and 3.

The data collected from the Volcanic Hills (2010) was 
compared to the geochemical data of the Jacumba Volcanics 
studied by (Moses 2007).  The Jacumba Volcanics outlined 
earlier were studied by Minch and Abbott (1959), Hawkins 
(1970), and Moses (2007).  

UNITS SAMPLED IN THIS STUDY
Three map units defined by Fourth (1979) were sampled. 

The Upper Flows (Tafu) are characterized by dark gray 
platey basalt flows that contained weathered and non-
weathered olivine phenocrysts. 

The Volcanic Mudflows (Tal) are lahars that contain red 
volcanic clasts.  In hand sample, the clasts are dark gray 
olivine basalts. 

The Lower Flows (Tafl) are characterized by light gray 
olivine basalt flows.  Within these lower flows there were 
vesicular and non-vesicular lava clasts.  A flow-front 
breccia was visible in Montero Canyon where the bulk of 
the lower flow samples were collected.

GEOCHEMISTRY
In Figure 3 the Volcanic Hills samples were plotted on a 
TAS diagram (LeBas et al., 1986). The Alverson Andesite 
of the Volcanic Hills shows a distinct trend in increasing 
silica and total alkalis with time.  The lower flows are 
basaltic in nature and the volcanic mudflow clasts and upper 
flows differentiate into basaltic-andesites and andesite.  

In Figure 2 the samples were plotted on an AFM diagram 
(Irvine and Baragar, 1971). The Volcanic Hills samples 
show a definite tholeiitic trend with iron enrichment. 

Trace element concentrations of the Alverson Andesite 
samples are plotted in Figure 4.  This is a standard “spider 
diagram” plot with concentrations normalized to primitive 
mantle (Sun and McDonald, 1989) and organized in order 
of decreasing incompatibility from left to right. On this 

plot there is a distinct trough in Nb which is characteristic 
of arc-related magmatism. 

In Figure 4, the Volcanic Hills Alverson Andesite samples 
and the Jacumba Volcanics samples (Moses, 2007) are 
plotted together on a K2O vs SiO2 diagram.  Both groups 
plot in a relatively linear trend within the calc-alkaline 
series, with increasing silica and potassium.  However, the 
Jacumba basalt samples have slightly higher K2O content 
relative to the Alverson Andesite. 

The two groups were then plotted on an AFM diagram 
(Figure 5). The Jacumba samples are distinctly calc-alkaline, 
whereas the Volcanic Hills samples are tholeiitic.  

Figure 6 shows Mg# (molecular MgO/MgO+FeO) plotted 
vs. SiO2 for the two areas.  The Jacumba samples exhibited 
a high degree of scatter in comparison to the Volcanic Hills 
samples.  The Volcanic Hills samples showed a relatively 
linear increase in silica with a decrease in Mg#. A unique 
feature of this graph is that three of the Jacumba samples 
have Mg# values at approximately 70.  These samples 
may be high Mg andesites.  The FeO/MgO vs SiO2 plot 
(Miyashiro, 1974) displayed in Figure 7 shows that the 
Volcanic Hills samples have a higher FeO/MgO ratio than 
the Jacumba samples and they are tholeiitic.  The Jacumba 
Volcanics samples plot again as calc-alkaline.  

A Harker Diagram (Figure 8) shows the relationship 
between the two incompatible elements Zr and Ba.  This 
plot shows that the Jacumba Volcanics and the Volcanic 
Hills samples both trend relatively linear; however, they 
deviate from the origin of the graph.  These basalts, 
therefore, were not derived directly from the mantle.  
Another interesting feature shown in this graph is that there 
are two clusters in which several of the Jacumba samples 
plot together in small groups away from the general trend, 
possibly implying different source region compositions.

POSSIBLE INTERPRETATIONS
The K-Ar ages for the Alverson Andesite and Jacumba 
Volcanics (Table 1), and the available geochemical 
data suggest that there are significant differences in 
the geochemistry and age between the two areas.  The 
Miocene Volcanics of eastern San Diego County and 
western Imperial County studied by Gjerde (1982) and 
Hawkins (1970) range in age from 21.5±3.9 and 14.9±0.5 
million years.   One possible explanation for the variable 
differences in the ages is that, at the same time, there could 
be different magma sources for the Miocene Volcanics.  
Another possibility is that there could be different sources 
due to the differences in age. The age of the volcanics in 
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both areas post-date subduction along this section of the 
margin by ~10 million years, yet the Nb depletion and other 
features of the chemistry are consistent with a “subduction-
related” origin for the volcanics.  Maybe this means that 
the mantle has a sort of chemical memory that is held over 
a period of time and is shown at a later date. 

CONCLUSION
The Alverson Andesite in the Volcanic Hills is a tholeiitic 
suite of rocks that exhibit a definite pattern in terms of 
their volcanic composition.  Basalts were erupted first, 
and then the rocks became more differentiated basaltic-
andesite and andesite.  The trace elements show that the 
rocks have a tholeiitic-transitional calc-alkaline affinity.  In 
comparison to the Jacumba Volcanics, the Jacumba Lavas 
are compositionally distinct from the Volcanic Hills, which 
is well illustrated by the high magnesium andesites of the 
Jacumba rocks.  Overall, correlating the Volcanic Hills to 
the other Miocene volcanic localities throughout eastern 
San Diego and Imperial Counties is difficult because 
existing geochronology is inadequate.  This project requires 
further study.
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Figure 1: Comparison of the Alverson Andesite and Stratigraphy of the Volcanic Hills with the Jacumba Volcanics.  Both areas 
contain lower basalt flows, with interflow layers, followed by upper basalt flows.
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Figure 2: Comparison of the Alverson Andesite and Stratigraphy of the Volcanic Hills and Fossil Canyon.  Both areas contain 
lower basalt flows, with interflow layers, followed by upper basalt flows.
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. **For Figures 3 through 5: diamonds = lower flows, triangles = upper flows, squares = volcanic mudflow clasts.

Figure 3: Total Alkali Silica Diagram for the Alverson Andesite of the Volcanic 
Hills.  The samples range in composition from basalt to andesite.

Figure 4:  AFM Diagram of the Volcanic Hills.  The Alverson Andesite exhibits a 
tholeiitic nature.
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Figure 5:  Spider Diagram of the Alverson Andesite Lavas of the Volcanic Hills.  
There are two distinct troughs in Nb and P, and peaks in Pb and Zr.  Together, these 
are characteristics of calc-alkaline magmatism.

**For Figures 6 through 9: diamonds = Alverson Andesite, stars = Jacumba Volcanics.

Figure 6:  The Jacumba Volcanics Samples (Moses, 2007) and the Volcanic Hills 
Samples on a K vs. Si Diagram.  Both areas have a calc-alkaline affinity and some of 
the Jacumba Volcanics plot in the high-K Calc-Alkaline Series.
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Figure 7:  The Jacumba Volcanics Samples (Moses, 2007) and the Alverson Andesite Samples of the 
Volcanic Hills on an AFM Diagram. The Jacumba Volcanics are clearly calc-alkaline.

Figure 8:  Jacumba Volcanics and Volcanic Hills Sample Scatter Plot. The Jacumba 
samples exhibit a high degree of scatter in comparison to the Volcanic Hills samples.  The 
Volcanic Hills samples showed a relatively linear increase in silica with a decrease in Mg#.  
Three of the Jacumba samples are high Mg andesites, (shown with black arrow).
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Figure 9:  The Volcanic Hills samples have a higher FeO/MgO ratio than the Jacumba 
samples and they are tholeiitic in nature.  The Jacumba samples plot consistently as calc-
alkaline.

Figure 10:  A Harker Diagram of the Two Incompatible Elements Ba and Zr for the 
Jacumba Volcanics and the Alverson Andesite of the Volcanic Hills.  This suggests that 
neither of the lavas are in ratio with their source mantle.
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Table 1:  Available K-Ar Age Dates of Miocene Volcanics in Southern California and Northern Baja California.

Table 2: Volcanic Hills-Alverson Andesite Major Element Concentrations (%).
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Table 3a: Volcanic Hills-Alverson Andesite Minor Element Concentrations (ppm).

Table 3b: Volcanic Hills-Alverson Andesite Minor Element Concentrations (ppm) 
Continued.
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Table 4: Volcanic Hills-Alverson Andesite Sample Descriptions (Johnson, 2007).
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Figure 11:  Sample Locations of the Alverson Andesite in the Volcanic Hills

Figure 12 (facing page):  Geologic Map of Part of the Volcanic Hills by Fourt (1979),
in San Diego Association of Geologists 2005/2006 Guidebook:

Geology and History of Southeastern San Diego County.
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Santa Rosa Ridge “Sky Island”.  An isolated 7000 to 8800 foot ponderosa pine forest above the Anza-Borrego 
Desert region, similar to the “Sky Island” of the Sierra San Pedro Martir.  Photo: David M. Bloom



THE LITTLE-KNOWN “SKY ISLAND”

SIERRA SAN PEDRO MÁRTIR, BAJA CALIFORNIA

Robert C. Coates, Judge, California Superior Court
Founding President, SDSU Geology Alumni

Donald E. Albright, San Diego Natural History Museum
First Graduate, San Diego State College Geology Department

A stiff breeze sings through the trees, and is heard 
retreating into the woods, then another long gust comes.  
The aspens advertise their health with plentiful, light 
green leaves glittering.  Behind the wind and the chirp 
of the morning birds, there lies a profound silence.  This 
jutting range is steep to the west, with a flattish ladle-
shaped plateau tilted upward to the north, and on the east 
side, a steep escarpment of schist, harder than the range’s 
main rock, granodiorite.  The plateau is heaven in the 
spring and summertime and exciting in late summer and 
fall when the monsoons roar up the Gulf of California to 
hit the plateau with lashing rains and lightning.

This description of Baja California’s largest and highest 
mountain range could apply to many others of Peninsular 
California, that long, narrow slice of the earth’s crust , a 
batholith, that extends from the San Jacinto Mountains in 
Riverside County hundreds of miles southeast through Baja 
California.  The Peninsular Ranges Batholith is composed 
of hundreds of granitic plutons that collectively form over a 
dozen major mountain ranges in its southerly course along 
a great crustal rift, named for and mostly occupied by the 
Gulf of California and its northern offspring, the Salton 
Sea. Related ranges in the Anza-Borrego Desert Region 
and crossing the international border include the Santa 
Rosas, San Ysidros, Lagunas, Cuyamacas, Sierra Juarez, 
and the Sierra San Pedro Mártir. The following discussion 
of the latter range can give a broader perspective on its 
cousins to the north, including the Laguna Mountains of 
east-central San Diego County with their common gentle 
ascending western slopes and abruptly plunging eastern 
escarpments. This provides another look at “the lows and 
highs” of our dynamic region.

Donald Albright first explored the Sierra San Pedro Mártir, 
Baja California in the early 1950s as a Boy Scout on a 
Sierra Club pack mule trip led by the legendary Becky 
McScheehee.  In 1960, Albright and Robert Coates made 
an early ascent from the desert floor up to the 10,100 foot 
summit of Picacho Del Diablo, and have been on many 
trips to the plateau, since.  In 2004, they took a group of 

five The Nature Conservancy scientists there, intending 
to get the “Mártir” on to The Conservancy’s Radar.  This 
small mountain range has been protected by an oval-shaped 
National Park since 1946, yet civilization is squeezing the 
peninsula’s wild areas from all sides.  The aquifers on the 
desert side, for example, invite agriculture, although there 
has been only one now-discontinued, irrigated Ejido.

There are several threats currently visible.  These include 
efforts by the peninsula’s largest grower, Los Pinos 
Company, to build a dam on Rio San Antonio to facilitate 
tomato growing on the coast; the  “Escalera Nautica” 
a Mexican government project to construct a ring of 
yachting harbors around and into the gulf, with a new road 
for yachts to be trucked across to Bahia de Los Angeles:  
the recent development of a new mountain resort  near the 
Park’s south boundary, with 2,000 one- to five-acre lots, a 
golf course, horse corrals, and a ski facility; and  finally, a 
proposal for  a string of giant windmills across the crests 
of two National Parks.  The precipitants involved in the 
wind farms are Sempra Energy (for the Sierra Juarez 
National Park to the north) and the State government of 
Baja California, for the Mártir.	

The Sierra San Pedro Mártir is the second mountain range 
south in Baja California, some 250 miles from the border 
and east of San Quintin Bay.  The Mártir rises abruptly on 
all sides. There is a just-completed, paved road up from 
the west, running from San Telmo past the now well-run 
and famous Meling Guest Ranch ($40/night, or camp on 
the lawn.)  The eastern, desert side features faulting like 
one sees to the east of the California Peninsula Ranges as 
well as the Sierra Nevada and in fact, the granitics which 
form the eastern spine of all these ranges are the same 
geologic age: some 92 million years.  The granites are 
capped and fringed by older metamorphic rocks (Jurassic 
and Triassic schists and quartzites, with pegmatites-and 
no known gemstones!) and the range tilts from its western 
“hinge” so the eastern scarp peaks are tallest and steepest.  
Reconnaissance Geology of the State of Baja California 
(1975, with map) GSA Memoir, #140 by Gastil, Phillips 
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and Allison is the classic source (in the work of which, a 
generation of SDSU students participated.)

The Mártir and its lower, northern cousin range, the Sierra 
Juarez, are typical representatives of the entire Peninsular 
Ranges Batholith geomorphic province from Riverside 
County south to central Baja California (its southernmost 
mountain expression is the gorgeous, boulder-strewn 
Catavina).  Granitic rock pops up all along the peninsula’s 
spine, south to the emblematic, granite arches at Cabo 
San Lucas.  All of these, the theory runs, were formed as 
sequelae of the subduction of the Pacific Plate.

Since Gastil et.al, there have been several SDSU Master’s 
Theses regarding the geology, especially its petrology.  
Susan Helen Gunn, 1984 SDSU Master’s Thesis is a 
203 page tour de force titled  The geology, petrography, 
and geochemistry of the Laguna Juarez pluton, Baja 
California, Mexico.  There is a focus on the mineralogy 
and geochronology of the pluton, by William Vincent 
McCormick, III, in 1986; and another of the same year 
on the petrography and geochemistry, by Benjamin 
Gordon Eastman. Ms. Gunn’s article explicitly concerns 
the mountain range immediately north of the Sierra San 
Pedro Mártir.  It is included here, however, because its 
detailed examination of the mineralogy and petrology, as 
well as its conclusions, are likely quite congruent with 
the rocks found in the Sierra San Pedro Mártir.  Since 
the Mártir has a higher elevation (3 to 4,000 feet higher 
than Sierra Juarez) the Mártir’s petrology suggests a later-
crystallizing of its pluton(s).

From Gunn’s conclusions:

“The Laguna Juarez Pluton can best be compared 
to the Tuolomne Intrusive series... 

This study of the Laguna Juarez Pluton in the 
eastern Peninsular Ranges Batholith has shown 
that individual zoned plutons can exhibit both I-type  
and S-type characteristics.  This variation is best 
explained by the increasing assimilation of either a 
lower crustal or sedimentary component by a mantle 
or oceanic-derived melt…

The process of crystal fractionation concentrated 
SiO2 and K2O in the core of the pluton which was 
most likely emplaced at 7.6 to 11 kilometers of 
depth.  The geometry of the body suggests that it 
was emplaced syntectonically as a cohesive diapir.  
Migration of the thermal regime to the east resulted 
in the asymmetric displacement of the core of the 
pluton to the southeast.”

The renowned Professor Gordon Gastil has a long-
unpublished work on the geology of the Sierra San Pedro 
Mártir.  This manuscript includes substantial geochemistry.  
To see that this manuscript is published and made publicly 
available would be an important, scientific project.  

A summary of the plate tectonics affecting Baja, 
California may be read in the 1991 guidebook for an 
Ensenada Conference of the National Association of 
Geology Teachers: Geologic Adventures in Northern 
Baja California.   We note that although at least four such 
geologic guidebooks have focused on Baja California 
over the past two decades, none went into the Mártir with 
their participant tours.

A pioneering “reconnaissance” study of the Sierra San 
Pedro Mártir, Baja California, was done in 1938, by Alfred 
Woodford, Geological Reconnaissance Across Sierra San 
Pedro Mártir, Baja California.

The high plateau starts at 6,200 feet at its south end and 
rises over its 25 miles to 8,200 feet at the north end.  Its east 
side is fringed by peaks, including one at 9,200 feet topped 
by the Mexican National Astronomical Observatory’s 
100 inch telescope.  The precipitous, granodiorite spire 
of Picacho Del Diablo (noted as La Providencia or La 
Encantada on Mexican topographic maps) looms 10,100 
feet to the east, separated from the plateau by mile-deep 
Diablo Canyon.

What is spectacular about the Mártir derives from its 
elevation—and the resulting “sky island” ecosystem.  
Isolated in northern Baja California, one feels, here, 
as though one is in the high country of the Santa Rosa 
Mountains and San Jacinto National Monument—but that 
would be three  hundred miles to the north!  The woods 
are spectacular, featuring the southernmost aspen stands 
in North America, the San Pedro Martir cypress, incense 
cedar, sugar and lodgepole pines, white fir, as well as the 
Sierra Mártir mint, a species unique to the Mártir.

The desert canyons host the usual North American chaparral 
and California fan palm (Washingtonian filifera); plus the 
ubiquitous blue fan palm and throughout  the range one 
finds bighorn sheep, mountain lions, and coyotes as well 
as small mammals.  Grizzlies and Mexican gray wolves 
once roamed the plateau. Condors soar here, and there 
is a unique jay species, the piňon jay.  Nelson’s rainbow 
trout is also unique to the range.  It is a close cousin to the 
golden rainbow found in the High Sierras.

Global warming may already have had its effects.  There 
is today less winter rain, and the less dependable and 
torrential summer rains are eroding the meadows.  Some 
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high-elevation species may be endangered.  Lodgepole, 
a higher-elevation pine (usually found at 10,000 feet in 
the Sierras) may disappear. More big fires will be seen in 
the future; worse, perhaps, than the two-week fire which 
burned for 20 miles in June 2006, before it was stopped, 
just inside the southwest corner of the Park.

Our 2004 Nature Conservancy expedition was intended 
to insert this mountain jewel into the Conservancy’s 
consciousness, before it is too late.  Thus, also, this small 
article aims to alert caring geologists and Baja California 
enthusiasts to the lush environmental values of Mexico’s 
Parque Nacional Sierra de San Pedro Mártir.

The Nature Conservancy, which recently boasted a 
net worth of $1.6 billion, places emphasis on the Baja 
California Peninsula, and staffs an office in Ensenada.  It 
is looking at real estate deals to protect critical spots in 
the Sierra Juarez and on the flyway including San Quintin 
Bay and the Sierra San Pedro  Mártir is on the focus list.  

Robert C. Coates submission dated 9/3/2010 

Final edit by  SDAG Editorial Committee

Devil’s Peak in Sierra San Pedro Mártir, Baja California, Mexico. Highest point in Baja, measuring 
3078m, as seen from the Mexican National Astronomical Observatory.
Photo by Jaime Sanchez Diaz..
Downloaded from http://en.wikipedia.org/wiki/Sierra_de_San_Pedro_Mártir
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“Whoa Nellybelle!” is what the passenger in the Jeep seems to be saying, now that boulders have 
been added to the sculpture at location HN-4.  Photo by Diana Lindsay. (see pages 114 and 126)



Divisions of Geologic Time approved by 
the U.S. Geological Survey Geologic 
Names Committee, 2010.  The chart shows 
major chronostratigraphic and geochrono-
logical units.  It re�ects rati�ed unit names 
and boundary estimates from the Interna-
tional Commission on Stratigraphy (Ogg, 
2009).  Map symbols are in parentheses.  
Adapted from USGS Fact Sheet FS10-3059 
(2010) by Phil Farquharson.
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interested in geology, mines, history, groundwater, geologic structures, particularly faulting - all of this between the lowest
elevations of near sea level to the highest elevations of over 6,000 feet, all within the Anza-Borrego Desert Region!  Newly
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