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South Coast 
Geological Society 

Call For Papers 

South Coast Geolog ical Society will con
duct a fall field trip a long the San Andreas 
fault from the vicinity of Cajon Pass into the 
Carrizo Plain . The trip will take place in 
October 1989 . This is a call for papers to be 
published in the guidebook . Topics for the 
papers need not be confined to the a rea of 
the fault covered by the fi e ld trip . 

Submit papers by August 15 , 1989 , to Joan 
Baldwin , South Coast Geological Society , 
P.O. Box 10244 , Santa Ana, California 
92711. For further information , ca ll Joan 
Baldwin at (7 14) 839-8664 or John Foster a t 
(7 14) 727-3223 . ~ 

Clay Minerals Society Conference 

California State University , Sacramento , 
will sponsor the 26th Annual Clay Minera l 
Society meet ing and the 38th Annual Clay 
Conference to be held September 23-28 , 1989 
in Sacramento, California. 

For information contact : 

The programs will include: 

Symposia on Clays as Containment Barriers 
and Clays as Fundament al and Mi xed
Laye r Particles; 

General Techn ical Sessions on Clay Science 
and Technology; 

Workshop on Rheology of Clay/ Water 
Systems; and 

Field Trips ( I) Chlorite Series of Fl ags taff 
Hill ; (2) Kao linite Depos it s of the lone 
Formation; and (3) Commercial Bentonite 
Deposits of California and Nevada. 
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Cement Production at ... 

DAVENPORT CEMENT PLANT 

This is the third article in a series an concrete 
and cement (see January 1989 and February 
1989 issues). Portland cement has been called 
" the magic powder of civilization" because of its 
fundamental importance to the quality of life. It 
is ind ispensable in constructing modern homes, 
schools, skyscrapers, bridges, fa ctories, airports, 
doms, and highways. The Davenport cement 
pion! was examined because (1) the remodeled 
operation typifies modern cement production 
processes; (2) it is one of the oldest cement 
manufacturing facilities in California; and (3) it 
illustrates the important contribution industrial 
mineral mining and processing gives to the citi
zens of California. State-of-the-art manufacturing 
p lants, like the one at Davenport, Cal ifornia, 
ensure that abundant, high-quality cement is 
ava ilable at reasonable cast .. . . editor. 

INTRODUCTION 

Portland cement , the fundamenta l 
binding ingredient of concrete , is 

made from a spec ific mi x of ca lcareous 
material, such as limestone or chalk, and 
from a lumina-, iron- , and silica-bearing 
materia ls , such as c lay , sha le, iron ore , 
and laterite . The manu fac turing process 
of portland cement genera lly consists of 
grinding the raw materials, blending 
them in specific proportions , and burn ing 
the mixture in a large rota ry kiln at high 
temperatures. The raw materia ls convert 
first to sinter,* then parti ally fuse into 
clinker ba lls . The clinker is cooled , 
mi xed with about 5 percent gypsum to 
control setting time , then pul veri zed into 
a fine powder. The result ing gray port
land cement powder can then be mixed 
wi th the proper proportions of water, 
sand , and gravel to make durable 
concrete. 

HISTORY OF CEMENT PRODUCTION 
IN CALIFORNIA 

As a result of the Ca li fo rni a gold rush 
and the later population influx, San Fran
c isco g rew from a relatively small town 

• When high enough temperat ures are reached the materials 
begi n to agg lomerate or fu se toge ther in a process ca lled 
sintcring . 

Santa Cruz County, California 

By 

DON DUPRAS, Geologist 
Division of M ines and Geology 

of about 40 ,000 in 1850 to 342,000 by 
1900. The rapid population growth of San 
Francisco and the surrounding communi
ties in the San Francisco Bay region dur
ing the late 1800s resulted in a constantly 
increasing demand for building materials 
of a ll types. Because of the cost effec tive
ness and versatility of portland cement , 
its consumption in the San Francisco a rea 
increased from 12,000 barrels in 1859 
to I 00 ,000 barrels per year by 1865 
(Bowen, 1957) . 

~San Jose 

Gilroy 

lit 

MILES 25 

Figure 1. Location of the Davenpo rt portland 
cemen t plant, Santa Cruz County, Califo rnia. 

To satisfy demand , portland cement was 
brought in by ship over the long treacher
ous route around Cape Horn of South 
America . Most of the portland cement used 
in Cali fo rnia before 1877 was imported 
from England . Because of competition 
from England and other European coun
tries , there was only modest production of 
cement in California prior to 189 1. 
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The first California plant to produce 
portland cement was built in 1877 by the 
California Portland Cement Company in 
the town of Santa Cruz, Santa Cruz 
County. The primary ingredients for the 
cement - lime , silica , and alumina 
were available from local limestone and 
shale deposits. Limestone was quarried in 
the vic inity of present-day Wagner Park 
and shale was quarried from pits at the 
head of Walnut Avenue in Santa Cruz. As 
a consequence of European competition, 
plant operations lasted only a few years 
(Bowen, 1957). 

DAVENPORT CEMENT PLANT 

During the ea rly 1900s, three factors 
led to the development of the first large 
cement pl ant on the west coast: 

( I) The population of San Francisco and 
other coastal cities on the west coast 
would continue to grow rapidly through
out the early 1900s ; 
(2) Hawaii became a United States terri 
tory in 1900 and the U.S. avy soon be
gan construction of the extensive Pearl 
Harbor complex; and 
(3) Pres ident Theodore Roosevelt signed 
an agreement with the government of 
Panama in 1903 to build and operate the 
Panama Canal. 

Massive tonnages of cement would be 
needed for these projects (Lonestar, 198 1). 

Original Plant 

These historic events spurred the deci
sion by the Standard Portland Cement 
Company to build a cement manufac tur
ing plant near San Francisco . T he pro
posed si te was 12 miles nor thwest of 
Santa Cruz, about 70 miles southeast of 
San Francisco (Figure I). The site af
fo rded an abundance of high-quality lime
stone and shale , and prov ided convenient 
access to ocean tran port. Construct ion 
of the pl ant began in October 1905 . Men 
and mules worked ten hours a day , six 

.days a week to build the plant. 
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The town of Davenport, southeast of 
the plant on the east side of Highway I, 
was largely built by the Standard Portland 
Cement Company, which later became 
the Santa Cruz Cement Company. The 
town was named after the adjacent whal
ing station of Davenport Landing that had 
been established in the 1850s by Captain 
John P. Davenport (Gudde , 1969). 

While the plant was under construc
tion, the April 14, 1906 earthquake and 
fire devastated much of the city of San 
Francisco. Thirty thousand buildings in 
497 neighborhood blocks were completely 
destroyed. Reconstruction began almost 
immediately and work on the cement 
plant at Davenport was accelerated. The 
first kiln at the plant began production 
before the end of 1906. 

When the Davenport plant was totally 
finished on May 17 , 1907, it was the sec
ond largest cement facility in the United 
States. As a result of the massive recon
struction effort after the 1906 quake and 
the need for cement, plant construction 
was accelerated and completed more than 
a year ahead of schedule. Many of there
constructed buildings, streets, sidewalks, 
and other concrete struct ures visible to
day in the San Francisco Bay region were 
made with cement manufactured at 
Davenport. 

Thousands of tons of cement from the 
Davenport plant were used in construct
ing Pearl Harbor and the Panama Canal. 
During World War II the first cement 
bulk-loading steamer in the world, the 
S.S. Santacruzcement, sailed from the 
ocean pier at Davenport to the Pacific Is
lands where Navy Seabees used the ce
ment to const ruct harbors and airfields. 
The ship was lost during the war. 

During the California building boom 
before and after the war, cement pro
duced at the Davenport plant was used in 
many la rge construction projects in the 
San Francisco Bay area - Golden Gate 
Bridge, Oakland Bay Bridge, Candlestick 
Park , and many buildings on the San 
Francisco skyline and surrounding com
munities (Lonestar, 1981) . 

Remodeled Plant 

During the 1970s plant supervisors de
cided to completely remodel the Daven
port plant to make it more efficient. 
Three major considerations led to that 
decision: 
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Photo 1. The remodeled Davenport cement plant, oblique aerial view toward the east. Highway 1 
traverses left to right in front of the plant. Portland cement has been produced at this site since 1906. 
The whitish cut in the hills above the plant is the Bonny Doon shale quarry. Remains of the pier once 
used to load cement onto ships juts out into the Pacific Ocean. Photos by RMC Lonestor and author. 

( I) Fine cement dust from the plant blew 
over the surrounding community as it had 
since operations began in 1906. The dust 
was bothersome to the growing popula
tion of nearby farmers. Although newly 
developed methods of controlling air 
quality were available , the modifications 
required to improve air quality could not 
be implemented at the existing plant. 
(2) Skyrocketing energy costs created by 
the oil crisis in the mid-1970s vastly re
duced profits at the plant. Because energy 
is the si ng le g reatest cost of producing 
portland cement , less expensive , more 
efficient energy sources were needed to 
maintain the high quality of cement pro
duction at the plant. 
(3) To survive in the highly competitive 
cement market, more efficient production 
methods were needed that would ex tend 
the valuable limestone reserves near the 
plant by many years, and would increase 
output per employee. 

When the remodeled Davenport opera
tion began production in August 1981 , air 
pollution became a lmost non-existent , 
energy costs per barrel of cement were 
significantly decreased , and output per 
employee doubled (Photo I ; Figure 2). 
The plant is one of the most advanced 
cement manufacturing operations in the 
world and incorporates the lates t technol
ogies in raw materia ls processing, 
automation , pyroprocessing , and environ
mental controls (Photo 2). 
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Since the original Davenport plant be
gan production in 1906, ownership has 
changed a few times. Past operators of 
the Davenport plant include Santa Cruz 
Cement, Pacific Cement and Aggregates , 
Lone Star Industries , and RMC Lone
star,* the current operator. In December 
1987 , RMC Lonestar, a major producer 
of cement , ready-mixed concrete, and ag
gregate in northern California, acquired 
a 20-year lease on the newly remodeled 
plant with an option to buy. 

MINING 

The two most significant raw materials 
in terms of tonnages used to make port
land cement at the Davenport plant are 
limestone and shale. These ores are 
mined within a few miles of the plant and 
transported via conveyor belts to the 
plant. Smaller proportions of other essen
tial raw materials needed to make cement 
incl ude gypsum, laterite, and iron ore . 
These raw materials are mined elsewhere 
and shipped to the plant. Most of the en
ergy for producing cement at Davenport is 
derived from low-sulfur bituminous coa l 
mined near Price, Utah and shipped to 
the plant via rail. A ll raw materials are 
stockpiled at the plant until needed . 

• The RMC abbreviat ion in RMC Lonestar means ·· ready
mixed concrete . ·· RMC is based in Europe and is one o f 
the largest concrete production firms in the world. RM C 
Lonestar is a northern California partnership between 
RMC and Lone Star Industries. 
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Figure 2 . Schematic material flow chert of the 

Davenport cement operation. Th is is a simplified 
diagram as though it w ere a stra ight-li ne process. 
Adopted from Lanestar, 1981. 

Limestone 

Portland cement incorporates about 65 
percent lime (CaO), also called quick
lime , which is der ived fro m calci ning 
limestone. Limestone is quarr ied at the 
Bonny Doon limestone quarry located 
about three miles southeast of the Daven
port plant (Photo 3) . 

The pre-Cretaceous marine meta
limestone at the Bonny Doon limestone 
qua rry is composed of coarsely crystal
line , white to pale-grey calcite th at is 
generally free of magnesium carbonate 
(Fitch , 193 1; Jennings and Burnett , 
1968). The limestone has been altered 
and lenses of ore at the quarry si te appear 
to have been metamorphosed to marble . 
Twin lamell ae calcite crystal s are com
monly bent and fractured . Pockets and 
lenses of impure clayey limestone occur 
sporadically throughout the quarry and 
indicate geolog ically recent petrolog ica l 
alterations caused by in-situ weathering 
(Trask, 1926; Fitch , 193 I). 

Crusher 

Cooler Clinker Storage 

Homogenizing Silo 

Fin ish 
Grinding Mills 

Cement Sil os 
and Bulk Loading 

Preheater Tower 

Packing 
Machines 

Bed Filters 

Photo 2. North side of the Davenport plant. Renovated in 1981, the plant now incorporates 
state-of-the-art cement manufacturing technologies in row materials processing, automation, and 
pyroprocessing. The remodeled plant now has only one short kiln but produces nearly twice the 
capacity as the old plant that had three kilns. The new plant requires one-third less energy per ton of 

cement produced compared w ith the old one. 
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Photo 3. The Bonny Doon limestone quarry. The altered high-quality limestone is older than 136 
mill ion years and is an important natural resource. Limestone is the primary raw material used at the 
plant because portland cement is made from about 65 percent lime. The 40-foot-tall rig on the top 
bench of the quarry is used to drill the holes for blasting. 

Mining operations at the quarry began 
in 1969 and the indurated rock is blasted 
free using millisecond delay blasting 
techniques to minimize shock. The ore is 
scooped up by front-end loader and 
dumped into a truck (Photo 4) which, in 
turn , unloads the ore into an impact 
crusher that can reduce boulders as big as 
a piano to pieces smaller than a softball. 
The crushed limestone is transported 
three miles by a series of conveyor belts 
to the main plant. 

Shale 

Mid-Miocene marine argi llaceous 
sha le is mined at the Bonny Doon shale 
quarry located a little over a mile east of 
the plant (Jennings and Burnett, 1968). 
The shale supplies si lica (Si02) and some 
of the a lumina (A l20 3) required to make 
portland cement. Cement is made from 
about 25 percent silica and alumina. 

The conveyor system that transports the 
limestone and shale to the plant is cov
ered with a concrete housing to control 
dust emissions (Photo 6). Limestone and 
shale are stored in a large building near 
the plant (Photo 7). 

Iron Ore, Laterite, and Gypsum 

The iron ore used at the plant is mined 
at Barth, Nevada then shipped to Daven
port via rail. Laterite, a clay rich in 
aluminum oxides, is quarried at lone, 
Amador County , California and trans
ported by rail to the plant. Laterite is 
used primarily for its alumina content but 
also augments the silica requi rement of 
portland cement. Gypsum is trucked to 
the plant from Antioch, California. 

COMPUTERIZED CONTROL 

Operations run 24 hours a day, seven 
days a week . All processing phases are 
constantly monitored so that when pro
duction modifications are required any
where within the manufacturing process , 
a central computer automatically adjusts 
the system to assure quality production . 

After the shale is ripped , it is placed by 
front-end loader onto trucks that dump it 
into a crusher. Crushed shale is then 
loaded onto the same conveyor belt sys
tem used to transport the limestone and 
transported to the plant (Photo 5). 

Photo 4. Mining operations ore simple; a front-end loader scoops up the ore and dumps it into a truck; 
the truck then unloads the ore into a primary crusher. This mining method is used at the Bonny Doon 
shale and Bonny Doon limestone quarries. 
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Except for qua rry and shipping opera
tions , the entire production process at the 
Davenport pl ant is fully automated and 
under continuous computer control. 

Microprocessors located throughout the 
manu fac turing c ircuit a re tied into the 
main computer by a coaxial cable. The 
main computer and laboratory are located 
in the contro l building . Control room op
erators monitor the enti re ma nu fac tu r ing 
process and computer operations via con
tro l conso les in the centra l computer 
room (Photo 8) . 

The main computer, laboratory , and 
business serv ices office are in the cont rol 
building located at the entrance to the 
pl ant. 

Photo 6. The conveyor belt system which transports limestone ond shale 
from the quarries is housed in concrete to minimize dust emissions. Storage 
silo at the Bonny Doon limestone quarry is on the hill to the left. 

~ Photo 5. Conveyor and silo at the Bonny Doon shale quarry. The conveyor 
from the Bonny Doon limestone quarry is to the left of the silo. Main plant is 
in the distance. 

·Photo 7. Warehouse building where the limestone and shale ore stored. The Bonny Doon shale 
quarry, si lo, and conveyor belt system ore visible beyond the wa rehouse. When needed, the limestone 
and shale ore transported by conveyor from the warehouse and processed. 
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Photo 8. Computer consoles in the central control room display data com
bined with physical outlines of the processing equipment. This allows the 
control room personnel to monitor production. The entire manufacturing 
process except for quarry and shipping operations is fully automated and 
under continuous computer control. When o variation anywhere in the man
ufacturing process requires on adjustment, corrections ore automatically sig
naled from the central control room. 

Photo 9. The giant roller mill combines drying, secondary crushing, fine .... 
grinding, and size classification operations of the row materials in a single 
unit. The mill efficiently utilizes hot exhaust gas generated in the kiln system. 
Rock as big as four inches in diameter is ground to a powder the size of 
flour in the mill. The powder is then separated from the gas stream by the 
main precipitator and conveyed to two homogenizing silos. 

During the manufacturing process 
automated tests are performed at sites 
throughout the processing circuit to as
sure compliance with quality control 
specifications . As part of the automated 
control system, the computer-controlled 
on-li ne sampling and analyzi ng system 
constantly samples materials by an X-ray 
fluorescence spectrometer.* For example , 
if an iron deficiency is detected , addi
tional iron ore is automatically added to 
make the correct blend . In addition to the 
computer-controlled on-line sampling and 

• X·ray fluorescence spectroscopy precise ly analyzes the 
chemical content of complex substances. With this type o f 
labo rato ry analys is the c harac te risti c X-ray spectrum of a 
substance is produced by using X-rays of short wave length 
to induce the substance to emit X -rays of longe r 
wave length . 
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analyzing system, plant personnel sample 
and test the chemical and physical param
eters of the materials in the laboratory to 
further ensure that the finished cement is 
of high quality (Lonestar, 1981 ) . 

RAW MATERIALS PROCESSING 

Raw materials are proportioned by 
chemical analyses, blended , and conveyed 
into an enormous roller mill (Photo 9) . 
The roller mill dries the ore , crushes it 
further , and classifies it by size in one 
continuous operation. The ore is dried by 
utili z ing hot exhaust gas from the kiln. 
Production capac ity of the roller mill is 
about 205 tons an hour. The finely 
ground ore or " raw meal " is separated 
out by the main precipitator and conveyed 
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into two large homogenizing silos (Photo 
2). The main precipitator separates the 
meal from the gas stream and allows the 
clean gases to be vented at the main stack. 

The homogeni zing silos keep the raw 
material suspended in turbulent air so th at 
it remains thoroughly blended. When the 
blend meets computer-monitored quali ty 
specifications, it is sent to the top of the 
245-foot-tall preheater tower to be pre
conditioned for the kiln (Photo 10) 
(Polysius Corporation, 1981 ) . 

By utili zing a preheating process to 
condition the ore , the Davenport plant 
efficiently utilizes kiln heat that would 
otherwise be wasted. The kiln system is 
equipped with a bypass system to lower 



the alkali content of the clinker (high al
kali content is injurious to concrete) . In 
addition to using kiln heat, the preheater 
tower incorporates a coal-fired flash cal
ciner th at rapidly heats the raw meal from 
100 degrees Fahrenheit to I ,600 degrees 
Fahrenheit in just 20 seconds. The fl ash 
calci ner uses 60 percent of the total 
energy consumed at the plant. 

INTO THE KILN 

After the blended raw meal , called 
"kiln feed ," is preheated in the flash cal
c iner it is fed into the kiln and heated to 

Photo 11 . Preheated meol from the flash calciner (within the prehealer 
lower on the right) is fed into the rotating kiln and travels down the kiln to 
the left. As the heal increases, carbon dioxide and other gases are driven 
out of the raw material and chemical changes take place. 

.... Photo 10. Prehealer lower (large rectangular building) is 2 45 feel high. By
pass prec ipitator is in the columnar structure on the right (Figure 3) . The kiln 
feed is conveyed by an airlift system from the homogenizing silos to the lop 
of the preheater tower. The coal-fired flash -calciner within the pre heater 
tower rapidly transfers heat from hot gases to the raw meal, heating it from 
100 degrees Fahrenheit to 1,600 degrees Fahrenheit in about 20 seconds. 
The flash calciner uses 60 percent of the fuel consumed at the plant. 

2,700 degrees Fahrenheit wit hin about 20 
minutes (Photos II , 12, and 13). As the 
kiln feed is heated , it becomes incandes
cent and changes from purple to violet 
and finally to orange when it form s new 
compowids and fuses into clinker. 

Powdered coal is continuously fed into 
the kiln burner to produce the extreme 
heat needed to make clinker. A continu
ously-operating mill pulveri zes the coal 
for rapid combustion in the flash calciner. 

In most modern cement plants the raw 
materials are fed into a long rotary kiln. 
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Some are as long as 700 feet. In such 
long kilns it can take up to four hours for 
the meal to gradually work its way down 
to the burning end and emerge as clinker. 
Kiln heat is wasted . 

At the Davenport plant the kiln is only 
185 feet long and the travel t ime for the 
meal through the kiln takes about 20 
minutes. The heat produced by the flash 
calciner and kiln is captured in a dosed
circuit circulation system to minimi ze 
heat loss, improve combustion, and 
conserve fuel (Figure 3) . 
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Photo 12. View of the rotary kiln from the pre
heater tower. The kiln is 185 feet long, 13 feet in 
diameter, and rotates about 2% times a minute 
on giant roller bearings. Once the preheated 
meal is fed into the kiln it tokes about 20 minutes 
for it to move down the kiln and be transformed 
into clinker. The meal moves through the kiln 
(from the right of photo to lop center) and enters 
the burner building (background) where it is 
heated to 2,700 degrees Fahrenheit- more 
than one-fourth the temperature on the surface 
of the sun. 

Coal Feed 
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Photo 13. View of the kiln from the pre healer 
tower. Hot clinker drops from the kiln onto mov
ing grates within the burner building. The row of 
columnar cylinders to the right of the build ing ore 
grovel bed filters tho! cleanse hot exhaust a ir 
from the clinker. The hot air return pipes from the 
clinker cooler ore above and to the right of 
the kiln . 

Figure 3. Cross-sectional schematic view of the 
burning process and gas ci rcuit for making port
land cement at the Davenport plant. The blended 
row materials ore preheated as they descend 
through a rising flow of hot exhaust from the kiln 
and cooler. A complex arrangement of funnels or 
cyclones suspends the row materials long enough 
to become preheated. The precolciner, also 
called flash colciner, is a furnace near the bose of 
the pre healer lower where cool is introduced 
and burned, driving off carbon dioxide in the 

<IIIII row materials. The remaining material, called 
"kiln feed," is heated to nearly 1,600 degrees 
Fahrenheit within 20 seconds. The kiln feed is 
then processed through the rotary kiln and trav
els toward the right in the diagram. As the mote
rials reach the bose of the kiln, they ore heated 
to nearly 2,700 degrees Fahrenheit, undergo 
chemical transformation, and turn into clinker. 
Adapted from tonestor, 1981. 



Kil n exhaust is divided into two sepa
rate gas streams. About 25 percent of the 
kiln exhaust gases enter into the bypass 
system which consists of the mixing 
chamber, cooli ng towers, and e lectro
static precipitator th at enables the alkali 
in the kiln gases to be removed with the 
kiln dust. Because alka lies a re harmfu l to 
concrete, this procedure provides reliable 
quality control of the finished cement. 
The remaining 75 percent of the kiln 
gases enters the fl ash calciner to preheat 
the combust ion ai r and kiln feed. 

As the clinker emerges from the ki ln , 
it drops onto moving perforated grates 
where it is cooled to 250 degrees Fahren
heit by a ir forced through it. As the air 
cools the clinker, it also captures the heat 
for use in the kiln, the precalci ner, and to 
dry the coal. The excess heated air is re
cycled back to the clinker cooler. It is 
cooled with the heat exchange fans and 
cleaned in the gravel bed filter. 

FINISH MILLS 

When the clinker is cooled, it is con
veyed with a small amount of added gyp
sum (to control setting time) to the finish 
mills for fina l g rind ing. The finish mills 
are large rotating cylinders containing 
thousands of pounds of steel balls for 
g rinding the clinker and gypsum into ex
treme fineness (Photo 14). The tumbling 
action of the mills reduces the c linker and 
gypsum to powder that wi ll pass through 
a sieve containing 105 ,000 openings per 
square inch. The finished soft gray ce
ment is much finer than flour or face 
powder. 

Photo 14. A 39-foot-long, 12-foot-diometer rotary finish grinding mill. Gyp
sum is odded to the clinker, then fed into the fin ish mills, where the tumbling 
oction of tons of steel bolls pulverizes the cement into o soft gray powder 
tho! is finer than flour. 

Finished cement is conveyed into stor
age si los by a pneumatic pump. When 
needed, the portland cement can then be 
bulk loaded onto railroad hopper cars at 
the plant , bulk trucks , or packaged into 
paper sacks by plant personnel using 
automated machines (Photo 15). 

<111111 Photo 15. After the finish mill grinds the cement 
to powder it is conveyed to these storoge silos. As 
needed, the cement is ploced into bulk trucks 
(shown in photo), into hondy 94 pound socks, or 
into roil rood cars. Most of the cement from the 
plont is shipped by bulk truck for customer 
convenience. 
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ENVIRONMENTAL ASPECTS 

Reclamation 

Reclamation plans for both the Bonny 
Doon limestone quarry and the Bonny 
Doon shale quarry have been approved by 
the Santa Cruz County Planning Depart
ment. Top soil from both quarries has 
been stockpiled and will be replaced dur
ing the reclamation process . Native vege
tation will then be planted . Reclamation 
activities are ongoing at the Bonny Doon 
shale quarry. However, because more ex
tensive mining operations are required to 
quarry the indurated meta-limestone at 
the Bonny Doon limestone quarry , recla
mation procedures will commence upon 
completion of the extraction process . 

Air Quality 

The Davenport plant is located on the 
environmentally sensitive central Califor
nia coast and is subject to stringent air 
pollution standards . In the 1970s when 
plans were being developed for the 
extensive remodeling , one of the most 
important objectives was to use modern 
technology to meet and exceed govern
mental air quality standards. Because the 
manufacturing process for high-quality 
cement normally produces significant 
amounts of air emittants , much effort was 
expended to ensure that the refurbished 
plant would not degrade the ambient air 
quality in the area. 

Announcements 

Catalog of Well Samples 
The fifth edition of the Californi a Well 

Sample Repository Catalog of Well Samples 
is now available for $3.00 . The new catalog 
contains listings for nearly 4 ,000 wells 
throughout California. 

Obtain copies from : California Well Sam
ple Repository , Cali forn ia State University , 
Bakersfield , 900 1 Stockdale Highway , Bak
ersfie ld , CA 9331 1-1099. For information 
call Larry Knauer , curator, at (805) 
664-2324 . ~ 
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The most troublesome air pollutants 
generated by the cement manufacturing 
process are emissions of (I) sulfur dioxide 
(S02) , (2) nitrogen oxides (NOx) , and 
(3) particulates. Innovative solutions were 
engineered and implemented at the plant 
to avoid these emission problems: 

(I) An alkaline slurry injection system at 
the plant is utilized to effectively control 
sulfur dioxide emissions. This system is 
the only one being used in the cement 
industry . 
(2) Nitrogen oxide emissions at the plant 
are among the lowest in the country . 
(3) To control particulate emissions from 
the main stack , an electrostatic precipita
tor was installed into the emission control 
system and operates at 99.995 percent ef
ficiency . Air quality in the vicinity of the 
plant is continuously monitored. Instru
ments detect particulate matter as small 
as 10 microns in diameter (Lonestar, 
1981; Polys ius Corporation , 1981 ). 

SUMMARY 

Since 1906 high-quality cement pro
duced at the Davenport plant has been 
used in many major construction projects 
in the primary market area throughout 
northern and central California. The 
growth of the California economy is di
rectly tied to the availability of high-qual
ity cement and related concrete products . 
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28th International Geologic~l Congress 

The Twenty-Eigh th International Geologi
cal Congress (IGC) will be held in Washing
ton, D.C. from July 9-19, 1989. Over 6,000 
earth scientists from more than I 00 countries 
will attend the Congress. The meeting is 
sponsored by the International Union of Geo
log ical Sciences a nd will be hosted by the 
U.S. Geological Su rvey and the U.S. 
National Academy of Sciences. 

IGC , which is convened every three to five 
years, provides a forum for geoscienti sts to 
present new findings and exchange ideas on 
topics ranging from research on earthquakes 
and volcanoes to the recovery of oil and water. 

IGC was held in 1984 in Moscow and pre
viously in 1980 in Paris, the site of the first 
IGC in 1878 . IGC last met in the United 
States in 1933 . 
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Two major colloquia will highligh t the 
twentieth an n.lversary of the Apollo II lunar 
landing and provide an assessment of world 
natural resources. Other symposia will focu s 
on: (I ) Influence of extraterrestrial impac t 
phenomena on the course of geologic history, 
including the death of the dinosaurs and 
other orders; (2) New tools and fron tiers in 
the explora tion for oil and gas; (3) Energy 
and mineral resources of the ci rcum-Pacific 
region; (4) Advances in earthquake predic
tion; (5) Hydrogeology and radioactive waste 
management; and (6) Rate and frequency of 
volcanic eruptions. 

For information contact: 
Dr. B. B. Hanshaw, Secretary General 
P.O . Box 1001 
Herndon, VA 22070-1001 USA 
Telephone: (703) 648-6053 
Telex: 248418 ~ 



Geologists of California Series 

ALFRED OSWALD 
WOODFORD 

By 

DOROTHY LALONDE STOUT, Geologist 
Division of Mathematics, Science, and Engineering 

Cypress College, Cypress, Californ ia 

Alfred Oswald Woodford, circa 1910, as an 
undergraduate student at Pomona College. 

Alfred Oswald Woodford signi ficantly n advanced the science of geology in 
Cali fo rnia in the early 1900s and was in
strumental in the training of many geolo
gists. Woodford fo unded one of the first 
college geology programs in southern 
Ca lifornia. Woodford was born on Febru
ary 27 , 1890 in Upland , Cali fo rnia and 
preparations are bei ng made to celebrate 
his lOOth birthday next year. 

FAMILY BACKGROUND 

Woodford 's fa ther, But ler A. Wood
ford , arrived in southern California in 
1888 and settled in the Ontario area. He 
soon was involved in the citrus industry 
as manager of the Southern Cali fo rn ia 
Fruit Exchange , the Sunkist Cooperative. 
Upland, fo rmerly known as North On
tario, was named by Butler A. Woodford . 

Woodford 's mother 's family, the Har
woods, were early developers in the area . 
The Harwoods generously contributed to 
the development of Pomona College , a 
Congregational denomination school that 
was established in 1888. Frank Harwood , 
Woodford 's uncle, was chairman of Po
mona College Board of Trustees during 
part of the time Alfred Woodford taught 
at the school. 

EDUCATION AND EARLY CAREER 

Woodford 's early schooling was in the 
class ics . At Pomona College, he was in
fl uenced by Dr. James Lyman, professor 
of chemistry, whose historical approach 
to science captured Woodford 's imagi na
tion . At a time when Pomona Valley was 
largely a ci trus grove area, Lyman and 
the faculty of the Biology Department 
recogni zed the importance of teaching 
agr icultural chemistry at Pomona Col
lege. Many Pomona College students 
were from fa milies involved in fa rming 
and one goal of college tra ining was to 
give these students practical knowledge. 

Upon completing his deg ree at Pomona 
College in 19 13, Woodford was employed 
in the fa mily business. His interest in 
soil s led him to seek an advanced deg ree 
in soil science at the University of Cali
fo rn ia , Berkeley in 19 15 . To obtain a bet
ter understanding of the origin of soils , 
Woodford enrolled in optical mineralogy 
taught by E. F. Dav is, a geology instructor 
who was completing his doctorate in ge
ology at the University of Ca lifornia, 
Berkeley . 

After studying optical mineralogy , 
Woodford changed his major to geology . 
His course work in geology was taught by 
eminent geoscientists at the University of 

CALI FO RNIA GEO LOGY May 1989 

Cali fo rnia, Berkeley . Andrew C. Lawson 
taught general geology; George Louder
back taught mineralogy , and John C. 
Merr iam taught his torical geology. 

Dur ing the next few years Woodford 
divided his t ime between graduate work 
and teaching. He was appointed to the Po
mona College fac ulty and began teaching 
mineralogy and soi l chemistry in Febru
ary 19 16 in the Chemistry Department in 
close association with Lyman. 

When the United States entered World 
War I in 1917, steelmakers needed 
chrome and manganese . Professor Loud
erback , sponsored by the U.S. Bureau of 
Mines , organized a team of Berkeley 
graduate students (Roy Morse , Nicholas 
L. Tali aferro , E. Fred Davis, and Wood
ford) to examine prospects in the Francis
can Complex of the Coast Ranges north 
of Berkeley . Again in summer 19 18 
Woodford was involved in mi neral 
resource exploration. 

After the war, Pomona College de
emphasized agriculture and the soil 
chemistry course was dropped . In 19 19 
Woodford began to teach geology classes 
at Pomona College . There were nine 
students in his first class; two became 
geologists. 
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Members of o geology semi nor group conducted by Andrew C. Lawson at the University of Californ ia, 
Berkeley in 1917. Left to right, front row: John P. Buwoldo, Fra ncis E. Vaughan, Chester Stock, Andrew 
C. Lawso n, E. Fred Davis, Fronk S. Hudson, William S.W. Kew. Bock row: C.L. Moody, J.C. Roy, Carl 
Lousen, Clifton W. Cla rk, Nichola s L. Ta liaferro, Roy R. Morse. from Vaughan, 1970. 

DISSERTATI ON 

In 192 1 Woodford took leave from his 
teaching position at Pomona College to 
complete his graduate work and doctoral 
di ssertation at the University of Cali fo r
nia, Berkeley. His adv isor, Professor 
Louderback, suggested that the geology 
of the Irv ine Ranch property in Orange 
County would be a good project for his 
dissertation. Preliminary work had been 
done in mapping and describing the geol
ogy (San Onofre Breccia) fo r o il pros
pects by Roy Morse . 

In May 1922 Woodford fin ished his 
studies at University of Californ ia, Berke
ley , and graduated in 1923 with a Ph.D . 
His dissertation , The San Onofre Breccia, 
Its Nature and Origin, was publ ished in 
1925. It was considered a classic work . 
Accordi ng to Woodford's theory, during 
the Miocene Epoch an extensive landmass 
ex isted offshore which was the prove
nance for sediments shed eastward to 
form the now exposed 40-mile-long San 
Onofre Breccia th at occurs along the 
southeast coast of Los Angeles County. 
The wedge-shaped breccia mass was 
composed of clasts of glaucophane schist 
and re lated rocks from dust particle size 
to blocks 15 feet long. The brecc ia ranged 
from a max imum th ickness of about 

correlated the Catalina Schist on Catalina 
Island as a remnant of a former upraised 
landmass that provided the debris fo r the 
San Onofre Breccia in the Los Angeles 
bas in (Woodford , 1925). 

GEOLOGY DEPARTMENT 

Woodford 's enthusiasm and insight into 
the opportuni ties for applied earth sci
ences in southern Californ ia prompted 
hi m to establish a separate Geology 
Department at Pomona College in 1922 . 
Woodford 's fa ther paid fo r the necessary 
geology equipment. In 1924 T. F. (Jerry) 
Harriss and Richard Short graduated and 
were presumably the first geology majors 
from Pomona College to become profes
sional geolog ists. 

Alt hough Woodford felt inadequately 
trained in some geologic a reas , such as 
geomorphology and paleontology, in the 
years that he taught the entire geology 
curricul um at Pomona College, hi s 
students were sufficiently well tra ined 
to be accepted as graduate students at 
prestigious universities . 

Woodford worked as a one-man depart
ment with a few geology students grad
uating each year. The personalized 
attention he gave to the students, along 
with fi eld trips and research projects, led 
to lifelong friendships. The record of this 
department indicates that an unusually 
high percentage of students matricul ated 
to major institutions for graduate work 
and later made significant contributions 
in the geological sciences. 

Numerous successful students through 
the years stand as a monument to Wood
fo rd 's teaching methods and endeavors. 

I ,500 fee t near shore on the west, thin
ning five to ten miles eastward and in
land. The geolog ic concepts he proposed 
in hi s dissertation were innovative. He 

Me mbers of a geology seminar conducted by Professor Andrew C. Lawson a t the Unive rsity of 
California, Be rkeley in 1922. Left to right, front row: Will iam F. Foshog, Tate McCarey, Andrew C. 
Lawson, Richard Nelson. Bock row: Robe rt P. Miller, Marcus A Hanna, Alfred 0 . Woodford, Parke r D. 
Trask, Quay S. Diven, Jesse B. Leise r, Me rl e C. lsroelsky. from Vaug han, 1970. 

110 CALIFORN IA GEOLOGY May 1989 



Members of The Rift Club on o field trip to the Elsinore oreo, Riverside County, February 1926. In 1926 
Willi om Morris Davis, geomorphologist from Harvard University, visited California. When he lectured 
ot Claremont College, Woodford and Davis become friends. Davis organized the Rift Club of Southern 
California which met informally several times o year to examine the location of faults far study and 
discussion. Left to right: Ranger (name unknown), Mason L. Hill, William Morris Davis, A.O. Woodford 
(in knickers). Others unidentified. 

Rollin Eckis , one of Woodford's students, 
completed graduate work at the California 
Institute of Technology and became Ex
ecutive Chairman of the Board of Atlan
tic-Richfie ld Company. Eckis stated th at 
Woodford " had a un ique ability to inspire 
interest and imag ination in students .. . 
he had a flare for the dramatic . . .. he 
had time fo r anybody th at would make 
a good geologist. " 

Charles Anderson graduated from Po
mona College in 1924 and went to gradu
ate school at the University of Ca li fornia , 
Berkeley. He became a professor of 
geology at the University of California, 
Berkeley, and later was Chief Geologist 
of the United States Geological Survey. 
Other successful geolog ists who were stu
dents of Woodford were Dana Russell , a 
1927 graduate of Pomona College; Rod 
Cross and Stanton Hill , 1933; the Shelton 
brothers - John , 1935; Hal, 1938 ; and 
Richard , 1941 ; Warren Addicott , Wayne 
and Willis Burnham, and Iva n Colburn , 
1951 ; and Alex Baird , 1954. 

Another of Woodford 's former stu
dents, Roger Revelle , became director 

Woodford's teaching methods consisted 
of examining objects to determine how 
the parts made up the whole- a method 
used by Louis Agassiz, a glaciologist and 
popu lar Harvard professor in the mid-
1800s. In this method a student was 
required to work out a problem by trial 
and error. 

PEER RECOGNITION 

In 1955 the National Association of 
Geology Teachers highest honor, the Neil 
A. Miner Award, was presented to Wood
fo rd. In his acceptance speech during the 
Geological Society of America Annual 
Meeting in New Orleans , he stated his 
reason for choosing geology as his profes
sion: "We are geologists because we love 
beautiful mineral specimens or fine fos
sils or magnificent mountains. I myself 
turned from soil science to petrography 
so that I cou ld spend my life looking at 
interference colors of beautiful minerals 

. . "(Woodford , 1955) . 

Woodford was generous with his time 
when geologists requested him to review 
their manuscripts . He was active in the 
Cordilleran Section of the Geological So
ciety of America and served as secretary 
of the section from 1933 to 1936. His 
students, following his example, became 
very active in professional geological 
organizations. 

Woodford's writing ranged from arti
cles in periodicals to textbooks to the 
philosophy of geology. He collaborated 
in 1951 with James Gilluly of University 
of California, Los Angeles, and Aaron 
Waters of Stanford University in writing 
Principles of Geology, which became a 
standard text in the 1950s and 1960s for 
begi nning geology courses. 

of Scripps Institute of Oceanography . 
Revelle, like many of Woodford 's former 
students, shared his discoveries and 
successes with Woodford over the years. 

Members of The Rift Club in Cucamonga Canyon, San Bernardino County, September 1926. Left to 
right: F.P. Vickery (University of Cal ifornia, Los Angeles), Rollin Eckis (in white shirt). profile of W.S.W. 
Kew, Mr. Surr (with pipe), Levi Noble (front center), John May (Pomona College student, wearing bow 
tie), Mr. Peters, Kenneth Garner, and A.O. Woodford (in knickers, holding collapsible ca mera). 
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Students on field trip to Rose Canyon, Son Diego County, conducted by Professor A.O. Woodford in 
1930; view toward the east. Left to right: Stewart Hogestod, Arthur Colley, Mr. Squires, Richard 
Bromkemp, Mr. Stroud, Roll in Eckis, Roger Revelle, Edward Dew. 

RETIREMENT ACTIVITIES 

In 1955 after three and a half decades 
of teaching geology, Woodford retired 
from Pomona College and was appointed 
Emeritus Professor. He continued to be 
active in teaching, research, and writing. 
In 1957 he became president of the Cor
dilleran Section of Geological Society 
of America . He was president of the Na
tional Association of Geology Teachers 
-Far Western Section in 1959 , and 
president of the National Association of 
Geology Teachers in 1962 . 

Woodford , along with some of his for
mer students, was involved in 1963 in 
commemorating the seventy-fifth anni
versary of the Geological Society of 
America by writ ing The Fabric of Geol
ogy. In 1965 he published Historical 
Geology . In this volume he honored his 
historical geology teacher, John C. Mer
riam, University of Ca lifornia, Berkeley , 
by saying, " I am fo llowing the practice 
of the great teacher from whom I firs t 
learned about geologic history ... whose 
lectures at the University of Ca li fornia I 
heard in 19 15. I am still trying to use 
Merriam's method . .. " (Woodford, 
1965). 

Woodford's interest in the hi storic 
aspects of science first learned from 
Lyma n; his chemistry professor, are 
reflected in the Woodford Room in the 
Mudd Sc ience Library at Pomona Col
lege. Th is room contains ra re books trac-
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ing the evolution of geology as a science. 
This extensive personal collection grew 
with acquisition of the Dr. James Perrin 
Smith (Stanford University) collection, 
duplicates from the Agricultural Library 
at University of California, Berkeley, the 
Harold Fairbanks collection, and gifts 
of Donald Mcintyre and Stanton Hill , 
Pomona College alumni. 

Woodford's influence in the geosci
ences has been felt throughout California 
and the world. Today, Woodford lives in 
Claremont and is visited often by his two 
daughters, Betsey and Marjorie, and 
grandchildren and great grandchi ldren , 
his former students, and his friends. 
Each year his birthday is marked by the 
Woodford-Eckis Lecture Series when 
alumni and friends meet to celebrate 
Woody's bi rthday. In 1988, Harrison 
Schmidt, astronaut and former Senator, 
was the invi ted speaker; this year Robert 
Sharp , Ca lifornia Institute of Technol
ogy , was the feat ured speaker for the 
99th birthday celebra tion. 
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In 1954, to commemorate the first annual 
Geological Society of America meeting held 
on the west coast (los Angeles), the Califor
nia Division of Mines and Geology published 
Bulletin 170, Geology of southern California. 
The contents of this volume summarized, up to 
this point in time, the growing knowledge of 
southern California geology. The bulletin was 
edited by Richard Jahns of the California In
stitute of Technology and included chapters 
written by Woodford's former students at 
Pomona College including: Wayne Burnham, 
1951 (Structure and minerals at Creslmore); 
Paul Dudley, 1925 (Signal Hill oil field); Cliff
ton H. Gray, Jr., 1953 and AO_ Woodford (El
sinore fault); Mason L. Hill, 1926 (Faulting in 
southern California); Thane McCulloh, 1949 
(Igneous and metamorphic petrology in the 
Mojave region); Richard Merriam, 1934 (Pen
insular Range bedrock); Manley Natland, 
1928 (Foraminifera); Jack Schoellhamer, 
1942, Jack Vedder, 1948, and Robert Yerkes, 
1950 (Los Angeles basin); and John Shelton, 
1935 (Miocene volcanism in southern Califor
nia). This volume (now out of print) was one 
more example of the enthusiastic cooperation 
among a generation of geologists trained by 
Woodford. ~ 



Gold Mines 
of Escondido 

San Diego County 

By 

FRANK LOREY, Historian 
Escondido, California 

INTRODUCTION 

I n Spanish "escondido" means hidden, 
and hidden just southeast of the town 

of Escondido was one ore deposit which 
produced enough gold and silver to rank 
the Escondido gold mining district as the 
third largest in San Diego County. Over 
$ 160 ,000 worth of gold was taken out of 
a single quartz vein which ranged in 
width from two inches to six feet and 
could be followed for a distance of three 
quarters of a mile in length . This vein 
supported two productive gold mines
the Oro Fino and the Escondido (Cleve
land-Pac ific) mines . Additional claims 
were located near Escondido . 

The Escond ido district is in the Penin
sular Ranges of western San Diego 
County about 25 miles north of San 
Diego and 20 miles southeast of Ocean
side . It was the scene of mining activity 
from before 1860 until the mid-1920s . 
The dollar figure recorded for the district 
production - $60,000- is not impres
sive by current standards because the av
erage price for gold at the time was $20 
per ounce and $5 per ounce for silver. At 
today's prices, the production totals for 
the mines would be close to $3 million . 

HISTORY OF MINING 

Geologic Setting 

The Escondido dist rict is underlain by 
granodiorite , diorite , and gabbro. The 
hill s just west of the intersection of San 
Pasqua! Road (State Highway 78) and 
Bear Valley Parkway are the site of a 
northeast trending, quartz-bearing shear 
zone in the local grani te rocks. The 
quartz contains free gold , some silver, 
and abundant pyrite. 
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Escondido min ing district, Peninsular Ranges, San Diego County, Californ ia, 
showing sites of Oro Fino, Cleveland-Pacific (Escondida), and Cravath 
mines. From Weber, Harold F. Jr., 1963. 

Oro Fino Mine 

The oldest mine in the Escondido d is
trict was the Oro Fino (Spanish meaning 
fine gold). It was first called the El Dia
blo mine , a fter the Spanish land grant , 
Rincon del Diablo , where it was discov
ered . In the ea rliest days this mine was 
worked by Mex icans, using Indian labor. 
The Mexicans, however, abandoned it be
fore 1860. Records of 1868 give little de
tail of the early mining operations , which 
apparently were surface digg ings. The ore 
was processed in a crude mill known as 
an arrastre. 

In 1886 the Escondido Land and Town
ship Company assayed the vein of gold
bearing quartz and reserved the claims 
for possible later use . By 1894 a 40-foot 
deep shaft had been extended below the 
surface workings with tunnels followi ng 
the vein. At that depth the quartz vein 
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ranged from two to ten inches wide. A 
second shaft was sunk to 330 feet with 
over I ,000 feet of tunnels. A five-stamp 
mill was set up on the property to crush 
the ore . 

The Oro Fino mine was the most pro
ductive mine in the Escondido district 
with a recorded production of 2,500 
ounces of gold and I ,500 ounces of silver. 
The Stough family of Escondido operated 
the mine . The number of men working in 
the mine is unknown . The boom period 
of 1894 to 190 I ended with the shafts 
being blasted with dynamite to sea l them 
off. Both shafts were subject to severe 
flooding problems , which may have led 
to their abandonment. The site is now 
a housing development and no trace 
remains of the Oro Fino mine. 
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Head frame at Cleveland-Pacific mine (formerly Escondido), circa 1897. 
Photo from Division of Mines and Geology Archives. 

Tailings from the Escondido mine (later called Cleveland-Pacific mine), about 
2 miles southeast of Escondido in Son Diego County. Citrus and avocado 
orchards ore now growing in this area. Photo by Fronk Lorey. 

Escondido Mine 

The Escondido mine, which in later 
years became the best producer in the 
district , was located just a few hundred 
yards west of the Oro Fino mine. In the 
1860s Americans worked the Escondido 
mine . Ore was processed at the arrastre 
of the Oro Fino mine. Early records show 
the value of ore in 1860 to be $50 per 
ton, with some ore containing up to 2 1/2 
ounces of gold per ton and up to 4 ounces 
of silver per ton. 

In 1896 the Cleveland-Pacific Com
pany became owners of the mine, and the 
name of the mine was changed to the 
Cleveland-Pacific. The company sank a 
350-foot deep shaft and worked 500 feet 
of drifts (tunnels) following the ore vein. 
A five-stamp mill was set up on the prop
erty to crush the ore and two 10-foot 
cyanide tanks were used for leaching the 
ore. Much of the gold recovered by the 
Cleveland-Pacific Company was from ore 
dumps left by early miners. The ore was 
crushed to a finer degree and then treated 
with cyanide to concentrate the gold. 

In the later workings , the ore contained 
one quarter to one half ounce of gold per 
ton and one quarter ounce of silver per 
ton. The high content of pyrite in the 
rock made ore processing difficult. 

The mine was idle from 1911 until 
1924, when B. F. Brough and Associates 
of Toledo, Ohio acquired the mine. This· 
company sank another shaft to 160 feet , 
with over 450 feet of tunnels running 
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along the vein. The mine produced a total 
of 4,000 ounces of gold and 3,500 ounces 
of si lver, for a total production value of 
$100,000 at that time. The mine was 
closed again in 1926 . 

The Escondido mine today is nothing 
more than two piles of tailings . The mill 
site and mined area are now covered by 
citrus and avocado groves. 

Cravath Mine 

The most easterly mine in the Escon
dido district was the Cravath mine . This 
mine consisted of a I 00-foot deep shaft 
with a short tunnel leading to the vein. 
Very little work was done on the mine; no 
production was ever recorded , and no mill 
was set up on the property which indi
cates the quartz vein was most likely bar
ren at this point. Homes now cover the 
site of this mine , and no trace remains 
of it. 

Other Mines 

In the 1880s and 1890s the Geneva 
Mining and Milling Company sank 
numerous shafts in the area on various 
claims. This company encountered only 
two quartz ore bodies which became the 
Jolly Boy mine and the Mountain mine . 
The zone of gold-bearing ore was quite 
narrow; both mines were unprofitable. 
Other shafts in the area had names such 
as Coyote , Able, Crescent , Golden Cres
cent, and Redrock. A few claims were 
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prospected about six miles northeast of 
Escondido , but they were never serious 
mining efforts. 

SUMMARY 

Escondido had its place in gold mining 
history, but the value of the land for agr i
cultural and residential uses now great ly 
su rpasses all the gold and si lver found 
there. Today all that remains of the mines 
are rock dumps and streets with golden 
names , such as El Dorado Drive and Del 
Oro Lane . 
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BOOK REVIEWS 

Death Volley Region 

GEOLOGY OF THE DEATH VALLEY 
REG ION , South Coast Geo log ica l Society , 
Field Trip Guidebook Number 16 . Edited by 
Jennifer L. Gregory a nd E. Joa n Baldwin. 
1988 . South Coast Geological Society , Inc ., 
P.O . Box 10244, Santa Ana, CA 9271 1-0244 . 
429 p. $30.00 (Californi a residents inc lude 
6% sa les tax }, soft cover. 

h is field guide , published in conjunction 
wit h the South Coast Geological Society 
1989 meeting. consists of a road log and se
lec ted articles about Dea th Valley geo logy. 
The tex t describes points of interest in Death 
Valley from west to east and a long the eas t
e rn fl ank of the valley from north to south . 

The a rticles inc lude both recent and 
"class ic" studies and cover phys ica l geo logy, 
stratig raphy, geomorphology, structural 
geo logy , and mineral resources of the area . 
Bibliographies and an addendum- the 1928 
Field Trip of the Rift Club - are also 
inc luded . 

Papers. such as those within thi s guide
book th a t a re prepared for spec ia l confer
ences . presen t a valuable scientifi c handbook 
of ongoing resea rch. 

Economic Geology 

GEOLOGY AND MI ERAL WEA LTH 
OF THE OWENS VALLEY REG ION , CAL
IFORNIA , South Coast Geolog ica l Societ y: 
Field Trip Guidebook Number 15 . Edited by 
E.M. Gath. J .L. Gregory. J .R. Sheehan , 
E.J . Baldwin , and J .K. Hard y . South Coast 
Geological Society , Inc ., P .O. Box 10244 , 
Santa Ana , CA 92711-0244. 180 p. $20.00 
(Ca lifornia res idents include 6% sa les tax} , 
soft cover. 

E very yea r thousands of visitors trave l 
through Owens Valley along Highway 395 
and enjoy the scenic geo logy . Papers in thi s 
guidebook present geo logic and other infor
mation about a reas of eastern Sierra Nevada 
and southeaste rn California inc luding lnyo 
Moun tains, Red Rock Canyon, Sear les Lake , 
Panamint Valley . Padre Crowley Vista Po int 
Overlook. Owens Lake , the formation and 
geologic structure of Owens Valley. the 
White Mounta ins , Coso Hot Spri ngs, a nd 
Fossil Falls . 

Photos, illustrations , and maps assist the 
reader in understa nding the fasc inating geo l
ogy o f thi s scenic a rea of California . This 
guidebook will be useful to ea rth science stu 
dents , teachers, a nd profess ional geo log ists , 
as well as the genera l public . 

Books reviewed in th is section are not available from DMG. 

Death Volley. Photo from DMG Photo File . 

Geologic Art 

THE ART OF GEOLOGY. Geological 
Society of America Special Paper 225. Edited 
by Eldridge M. Moores and F. Micahel Wahl. 
1988. Geo logica l Society of America, Publi
ca tion Sales , P.O. Box 9140 , Boulder , CO 
8030 1. 147 p. $37.50, hard cover. 

O ver 16 ,000 ea rth scientists belong to the 
Geological Society of America (GSA) which 
is dedicated to the promotion of geo log ica l 
sciences. This vo lume was published to ce le
brate the IOOth a nnive rsa ry of the society 
and to illustrate the beaut y that geologists 
see in the course of their work . 

The volume consists of 250 dramatic a nd 
beautiful photographs in color of 69 subjects. 
The photos were a ll taken by geolog ists while 
they were at work in the fi e ld . Photos in the 
book vary in sca le from a microscopic view 
of about 0 . 1 millimeter across to a view of 
the surface of Mars th at is severa l kilomete rs 
ac ross . The brief explanatory tex t that 
accompanies each photo is designed for 
no n-sc ientists. 
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Geologic Mop 

GEOLOGIC MAP OF ARIZONA. Map 
26 . By Stephen J. Reyno lds . 1988 . Arizona 
Geological Survey in cooperation wit h the 
U.S. Geological Survey , 845 North Pa rk 
Avenue , #100 , Tucson . AZ 857 19 . Scale 
I : 1.000 ,000. $5 .00. plus $ 1.75 postage and 
handling for a folded map , or $2 .75 for a 
rolled map. 

A ri zona Geological Survey has re leased 
a new geologic map of Arizona (sca le 
I : I ,000 ,000) . The map supersedes the 
I :500,000-sca le geo log ic map of Arizona 
which was pub I ished in 1969. 

Printed in 30 colors, the map incorporates 
s ignifican t improvements based on detailed 
geolog ic mapping a nd new concepts. Most 
map changes are in the Bas in and Ra nge 
province and the Transition Zone where com
pilers had prev iously re lied on reconnais
sa nce mapping ; numero us changes are a lso 
ev ident in the the Colorado Plateau province . 

The map is printed on synthetic wate r
resistant paper tha t will make it durable for 
field use in varyi ng weather conditions. 
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Structural Geology 

CONTI NENTAL EXTENS IONAL T EC
TON ICS , Geolog ica l Society Specia l Publi 
ca tion No. 28. Ed ited by M .P. Coward , J. F. 
Dewey, and P .L. Hancock. 1987 . Blackwell 
Scienti f ic Publ ications , Inc ., P.O . Box 
50009 , Pa lo Alto , CA 94303 . 637 p. 
$ 11 5 .00 , hard cover. 

'};, irty nine o f the papers g ive n at a Confe r
ence on Continental Extension Tectonics held 
a t the Uni vers ity o f Durham , Eng la nd , dur
ing April 1985 are included in thi s vo lume . 
The confe rence was cosponsored by the 
Geolog ical Society of London and The Roya l 
Socie ty. The conference examined the 
geometry and mechanics o f cont inental 
extension and basin deve lopment. 

Ex tensional tectonics is impor tant in un
derstanding the deve lopment of nort hwestern 
Europe, North Sea deposits o f o il and gas , 
the Bas in and Range province in the western 
United States , southeastern Austra lia , 
Aegea n Sea , Red Sea , and reg ions of 
Africa and Anta rctica. 

Severa l papers examine the mechani sms of 
mid- to lower-crusta l ex tension and how it re
lates to the geothe rmal g radient and crusta l 
thi ckness. Some papers describe the geome
tr y of extensional fa ulting determined by 
ea rthquake se ismology. Severa l papers 
desc ribe how crusta l extension affec ted 
the geo logy in some regions o f Ca liforni a. 

Tectonic mop of the Death Volley reg ion, south
ea ste rn Ca liforn ia . Most normal fau lts ore o mit
ted. Note how extensional fo rces forme d 
Panamint and Death volleys. Th is mop is from 
a paper titled Crustal extension in th e Basin and 
Range Province, southwestern United States 
by Warre n Hamilton, U.S. Geo logica l Survey, 
Denver, Colorado. 

Thrust Faulting 

TH E LAT E CRETACEOUS SAN JUA 
T HRUST SYSTEM , San Juan Is lands, Wash
ington. Geolog ica l Society of America Spe
c ia l Paper 22 I . By Mark T. Brando n, Dar rel 
S . Cowa n, and Joseph A. Vance . 1988 . The 
Geo log ica l Soc iety o f America , Inc . , Publi 
ca tion Sa les, P .O . Box 9140 , Boulder , CO 
80301 . 88 p. $ 19 .00 , soft cover. 

h is paper desc r ibes the stratig raphy and 
structure of the San Juan thrust system a nd 
expla in the conclusions of recent geo logica l 
mapping . The thrust sys tem straddles the 
southeaste rn edge of the Wrangell ia te rra ne 
on Vancouver Is land . The concl usions rely 
heav ily on abundant foss il isotopic dates. 
and o n numerous ana lyses of volca nic and 
plutonic rocks. 
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VI NEYARDS & WI NERI ES OF CA LI
FORNI A. By Donald Holtgrieve . 1989. 
Raven Maps and Images , 34 North Cent ral 
Avenue, Medford , OR 9750 I . Scale 
I : I ,000,000; 42 \/2 x 52 1/2 inches. $35 .00, 
paper; $60.00 , laminated; plus $4.00 ship
ping and hand ling. 

O ver 85 percent o f the wines prod uced in 
the United States come from Ca liforni a. This 
map indica tes a ll bonded wi ner ies in the state 
with thei r production levels. Specia l inserts 
cover the apa-So noma a rea and Ca liforn ia's 
56 viticult ural a reas . An alphabetica l list 
locates the wineri es by coun ty. 

Cali fo rni a is fo rtunate in hav ing fe rtil e 
so il s, abundant wa ter , and temperate c limates 
to support a thri ving ag ri cultura l industr y. 
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There are nearly 3 I million acres of agricul
tural land in the state, including 9.5 million 
acres of irrigated cropland. Viticu lture. the 
science of grape growing, is an expa ndi ng 
and increasi ngly importa nt industry wit h in 
the state. Ca li fornia wines and winegrowi ng 
techno log ies a re exported worldwide. 

This co lored map is 
des igned fo r wa ll di splay. 



Pacific Crest Trail 

THE PACIFIC CREST TRAIL. Vo lume 1: 
California . Fourth Edition. By Jeffrey P. 
Schaffe r, Ben Schifrin , Thomas Winnett , 
and Ruby Jenkins. 1989. Wilderness Press , 
2440 Bancroft Way, Berke ley, CA 94704. 
475 p. $24.95 , pape rback . 

Pacific Crest Trail stretches 2,550 miles 
from Mex ico to Ca nada through Ca lifornia, 
Oregon, a nd Was hington. The tra il traverses 
nation al forests , wilderness areas, a nd na
tio nal parks. It is nea r sea leve l at the Colum
bia Ri ve r in Oregon a nd rises to 13, 180 feet 
a t Forester Pass in the Sierra Nevada. To walk 
the entire trail would take from five to s ix 
months. 

Vo lume I covers I ,680 miles of the trail 
throug h Ca liforni a (Volume 2 covers Oregon 
and Wash ingto n). Eighteen sections in thi s 
book provide a description of va rious seg
ments of the route and con tai n over 230 topo
graphica l map strips. Informat ion is provided 
on natural hi sto ry (geo logy , flora , and 
fauna) , trai l mileage, elevation, permits, 
a lte rnati ve routes, safe ty measures, and 
cultura l hi story. 
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Geology of Central England 

GEOLOGY OF THE COUNTRY 
AROUND COALVILLE , Memoir for 
I :50,000 geological sheet 155, England and 
Wales. By B .C. Worssam and R.A. Old . 
1988. British Geological Survey. Available 
from HMSO Publications Centre , P.O. Box 
276 , London, England SW8 5DT. 

C entra lly s ituated in the Midlands , the di s
tri ct described in thi s Memoir is la rgely un
derl ai n by Triassic rocks , preserved within 
the Hinckley Basin . Seismic investigations 
indica te tha t the Triass ic base lies more 
th an 800 m deep in the deepest part of the 
bas in. In the nor th -east the late Precambrian 
rocks of Charnwood Forest emerge through 
the Triass ic cover to form hill s ri sing to over 
200 m . In the north , partly concealed by 
Triassic rocks , a re parts of the Leicestershire 
and South Derbyshire coalfie lds and in the 
southwest , the north part of the Warwickshi re 
Coalfield is exposed close to the Cambrian 
rocks nea r Athers tone. 

The results of a geological survey on the 
sca le of 6 inches equals I mile , carried out 
from 1963 - 1977 and supplemented by data 
from deep boreholes a re presented here . 
Together with much coalfield information 
made available by Brit ish Coal, they enable 
a modern synthesis of the district's stratigra
phy and geolog ical structure to be made. 

Glacial depos it s cover a large part of the 
district , particula rl y the lower g round . Their 
emplacement and subsequent di ssec tion by 
eros ion have profoundly influenced present
day topography and drai nage . 

A lthough coal reserves within the district 
are lim ited , mineral working remains impor
tant and its prospects a re examined in the 
chapter on economic geo logy. The Coal Mea
sures of the South Derbyshire Coa lfie ld in
clude one of the largest accumul ations of 
high-a lumina refractory c lays in the United 
Kingdom. The quarrying of igneous rocks as 
a source of agg regate ·has reg ional impor
tance, and there a re a lso ex tensive workings 
for brick c lays and sa nd and g ravel. 
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Physical Geology Lob Manual 

EXERC ISES IN PHYSICAL STRATIG
RAPHY AND SEDIMENTOLOGY . By 
William J . Fritz and Johnnie N. Moore. 1988 . 
John Wiley & Sons , 605 Th ird Avenue, NY 
10158. 228 p . $22.35, soft cover. 

A var iety of practical exercises on phys ica l 
st ratig raphy and sedimentology are included 
in thi s laboratory manual. The manual was 
prepared to accompany Basics of Physical 
Stratigraphy and Sedimentology by the same 
authors and publisher (1988). It could , how
ever , be used separate ly wi th limited rock 
and sed iment collect ions. Organi zed into 
seven chapters, the manual covers library re
sea rch and report wri ting, st ratig raphic pr in
ciples and corre lation, texture and g rain size 
analys is of sed imentary particles, sedimen
tary structures , rock descr iptions and strati 
g raphic columns, fe nce diagrams , and 
pa leofacies reconstructions. A bibliography 
and data collect ion forms concl ude the 
manual. 
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Dibblee Foundation Maps 

INDEX MAP OF DIBBLEE GEOLOGIC MAPS, 
SOUTHERN CALIFORNIA REGION 

Geology mapped on 7 .5-minute, 1:24,000 scale 
USGS topographic quadrangles, except as indicated 

For a current listing of available maps and other information, 
please write to: The Editor 

DIBBLE£ GEOLOGICAL FOUNDATION 
P.O. Box 60560, Santa Barbara, CA 93160 

ORDERING INFORMATION 

Geologic mapping 
of California, 
by T.W. Dibblee, Jr. 
1930 to Present 

All published Dibblee Geologic Maps are available in full-color and black & white (B/W) editions. 
Full-color maps are available folded or unfolded (rolled); B/W editions are available folded only. 

To purchase individual published maps To receive maps automatically as they are published, and for 
(full-color edition, folded only) write: individual maps or special orders (unfolded or B/W editions) write: 
CALIFORNIA DSPARTMENT OF CONSERVATION, LOS PADRES INTERPRETIVE ASSOCIATION 
DIVISION OF MINES AND GEOLOGY Attention: Mr. E.R. Blakley 
660 Bercut Drive, Sacramento, CA 95814-0131 958 Isleta Ave., Santa Barbara , CA 93109 
Maps are $10.00 each, postpaid. Maps are $10.00 each, postpaid, plus $1 .00 per map 
Payment must accompany all orders. for shipment of unfolded (rolled) copies. 
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Geothermal Activity in California 
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Glass Mountain 

_ r---- __ -~-=~•."TLak--e-C.It.;,y_-.surprlse Valley 

Division of Oil and Gas 
Geothermal Offices : 

District G1 : 
1416 Ninth Street, Room 1310 
Sacramento, CA 95814 
Phone: (916) 323-1788 

District G2: 
485 Broadway, Suite B 
El Centro, CA 92243 
Phone: (619) 353-9900 

OlstrlctG3: 
50 0 Street, Room 300 
Santa Rosa, CA 95404 
Phone: (707) 576-2385 

CALIFORNIA COUNTIES WITH 
COMMERCIAL GEOTHERMAL PRODUCTION 

Electrical Generation Commercial, Low-Temperature 
from High-Tempera- Uses of Geothermal Energy 
lure Geothermal 
Resources 

lmpenal 
lnyo 
Lake 
Lassen 
Mono 
Sonoma 

Alp1ne 
Colusa 
Contra Costa 
Imperial 
lnyo 
Kern 
Lassen 
Modoc 
Mono 
Monterey 

Napa 
Plumas 
Aivers1de 
San Bernard1no 
San 01ego 
San LUIS Ob1spo 
Shasta 
Siena 
Sonoma 

fl GEOTHERMAL RESOURCE AREAS 

LANDS VALUABLE PROSPECTIVELY 
FOR GEOTHERMAL RESOURCES 

GEOTHERMAL FIELDS 

THERMAL SPRINGS 
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