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Out of the dust along Sixth Streel,,%‘t'l J.ﬁﬁ:e ;“;{tl%&
rolled several light wagons groaning with a cargo that
gleamed in the sun. Mortimer W. Belshaw, expert mining
man, was bringing the first shipment of bullion through
Los Angeles from Cerro Gordo, a new silver camp two
hundred miles northward in the “Owens River Country.”
A few weeks earlier Belshaw had arrived there to find
scores of Mexicans mining silver and lead ores, smelting
them in crude rock ovens, and producing the kind of
glistening bars he was now bringing through El Pueblo.
As early as 1865 Mexican prospectors headed by
Pablo Flores had discovered galena deposits at what
they called Cerro Gordo, the Spanish equivalent of “Fat
Hill.” But the new development was not really exploited
until May 1867, when a Mexican prospector from Owens
Valley rode into Virginia City, Nevada, with tales of
Cerro Gordo’s riches. Known as a man of reticent nature,
he astounded the bustling mining capital with his shouts
of laughter and his eager display of silver quartz ore
samples. After a careful assaying their value became
known on the streets, and Virginia City echoed with the

news. Silver quartz veins, far richer than the original
galena deposits, had been discovered at Cerro Gordo!

Soon the strike was known in every mining center
on the Coast. When the word reached San Francisco,
Mortimer W. Belshaw was one of the first to move.
Reaching Inyo County in April 1868, he found Cerro
Gordo situated two miles above sea level at the crest of
the Inyo Range, where a swarm of enthusiastic miners
were digging into the side of Buena Vista Peak.

The new quartz mines were so rich, Belshaw found,
that the impatient silver seekers were throwing away as
useless any ore worth less than two hundred dollars
per ton.

Belshaw began regular shipments on December 1,
1868, sending his bullion to San Francisco by a round-
about wagon and boat trip through Los Angeles. Freight-
ers with eight-mule teams loaded at Cerro Gordo for
sixty dollars per ton, lurching down Belshaw’s toll road
with brake blocks burning, wallowing across the sandy
Mojave, doubling trips over rugged San Fernando Pass
with half loads, and rolling into San Pedro from three
weeks to a month later. Under consignment by the John
J. Tomlinson forwarding house, the metal was trans-
ferred to the steamer Orizaba, which carried fifteen tons
per trip and unloaded its cargo three days later at the
San Francisco wharves. Here it was delivered to the
smelting works of Thomas H. Selby, one of San Fran-
cisco’s earliest hardware merchants. -

Under the energy of M. W. Belshaw, Cerro Gordo
was bursting with activity by the end of 1868. By an
increase in miners’ wages to attract new labor, Belshaw
had made Cerro Gordo a “four-dollar camp,” traditional
mark of a full-fledged silver town. During the fall its
popalation had jumped from two hundred to seven
hundred, and by the spring of ’69, as one resident re-
ported, “roads are being constructed, town lots staked
off, buildings going up, shafts sunk,” and Belshaw’s fur-
nace “turning out the bullion faster than it can be
carried away.”

The camp’s main street was filled with grizzled sour-
doughs and fast-talking promoters, merchants and vaga-
bonds, men who had turned up at every new camp from
Coloma to Austin. Here in the rude street on Buena
Vista Mountain they were hailing old comrades, clasping
the hands of arriving rainbow hunters.

Cerro Gordo’s rise as a roaring silver camp brought
red-painted stagecoaches to her streets by July 1870.
A weekly four-horse line began carrying passengers

down the tortuous “Yellow Grade,” around the lake,
and through the adobe village of Lone Pine. Its terminus
was Independence, county seat of Inyo, which was con-
nected by stage with the Central Pacific Railroad in
Nevada. Traffic was so heavy that a year later Owens
Valley was served by a semi-weekly stage from Nevada,
a tri-weekly from San Francisco via Walker Pass, and
a weekly from Los Angeles across the Mojave Desert
through Willow Springs and Little Lake. Between the
valley and Cerro Gordo two competing stages were carry-
ing full loads every day.

Deep within Buena Vista’s bowels an army of miners
toiled by candlelight with pick and blasting powder, work-
ing in shifts to extract the ore twenty-four hours a day.
By tubs and pulleys they hoisted the precious rock to the
heads of shafts, or trundled it to the mouths of tunnels
by iron carts running on miniature rails.

Dominating the entire system was Belshaw’s furnace.
By day its smoke clouds darkened the sky and filled
the street with black cinders; by night its vermilion flame
cast a glow over the town and lighted the miners across
the divide at the changing of the shifts.

But already Belshaw and Beaudry had found their
silver-lead bars piling up around the smelters while the
wagons lagged farther behind the output. They needed
a responsible freighter to haul the bullion on contract.
Probably as early as December of ’68 Remi Nadeau,
owner of a string of ten-mule teams, agreed to deliver
Cerro Gordo’s output to San Pedro Harbor.



With characteristic vigor Nadeau entered the Cerro
Gordo trade. His teams were already falling behind pro-
duction, however, when Beaudry’s improved furnace

" started in 1870. He increased his outlay to thirty-two
teams, most of them with twelve mules and two wagons,
and agreed to haul an unheard-of 130 tons a month. But

the figure was still only half the capacity of the furn-
aces, and Belshaw and Beaudry found their camp frus-
trated by isolation. They had made themselves masters
of Cerro Gordo, the bullion kings of Southern California,
but the bars of lead and silver were piling up on the
mountainside instead of at the refinery in San Francisco.

It was little wonder, however, that Nadeau’s teams
had trouble over the two-hundred-mile road to Los
Angeles. Starting with the eight-mile descent down the
toll road from Cerro Gordo, wheels were chained in place
and several spans of mules were tied behind out of
harm’s way in case the wagons lurched out of control.
The teams reached Owens Lake near what is now Keeler
and followed its shore line to the adobe village of Lone
Pine. They then rolled southward, between the Sierras
and the lake, whose sparkling waters at that time
stretched twenty miles to the southern end of Owens
Valley. Along its shores the teamsters could bathe and
wash their clothes in the lathery brine, provided a supply
of pure rinse water was handy. Two days’ drive below
the lake took the caravans past Haiwee Meadows Station
to the rock-walled outpost at Little Lake, another alkaline
body originally designated “Little Owens Lake.” Drop-
ping into the Mojave Desert, they traveled to the west of
the modern highway in order to camp near the streams
of water in Sand and Grapevine canyons. At the board-
and-shingle stations at Indian Wells and Coyote Holes
the teamsters watered and fed their mules.

Leaving the shadow of the gray Sierras, they toiled
onward for the spring at Red Rock Canyon, where the
sandstone cliffs were washed with bright red and white
contrasts and sculptured by wind and rain into the weird
figures of a giant toadstool or a huge wax-dripped candle,
or the finely chiseled walls of a Gothic cathedral. But
through this canyon the teams were doubled in strings
of twenty mules while the wagon wheels sank to the hubs
and the brake blocks dragged the sand. Southward lay
a three-day, thirty-eight-mile stretch of waterless, sand-
rutted road, always the most dreaded portion of the
trip. But at the end stood Willow Springs, an adobe
tavern eleven miles east of the present Rosamond, where
the Cerro Gordo teamsters met about their campfires
and broke the stillness of the desert nights with their
boisterous songs.

Then on they pushed through forests of spiny Joshua
trees, and in springtime among fields of orange poppies
and purple lupine, frightening heards of antelope that
bounded gracefully across the desert. After twenty-
eight miles the mules dipped their heads in the pond at
Barrel Springs. At their backs stood the conquered Mo-
jave, before them the brush-covered Soledad Pass.

Along the dry river bed of Soledad Canyon, marked
only by a sleepy, one-saloon mining camp, wheels
crunched through deep sand that closed over the rims
and half buried the turning spokes. At length, swinging
southward opposite the mouth of San Francisquito Can-
yon, the teams pulled up to the stage stop and tavern at
Lyon’s Station.

Here the teamsters, traveling in twos and fours, un-
hitched one set of wagons and doubled their teams for
the grueling climb over San Fernando or Fremont Pass.
Upward they lurched, the chock blocks dragging after
each right hind wheel, ready to hold the wagon when
the mules lost momentum and stopped for a breath. Over
this grade the stage passengers got out and walked —
and sometimes pushed. At the summit a deep cut had
been carved in the late 1850s for the Butterfield stages;
by 1870 the traffic was so heavy that a sprinkling cart
was employed to patrol the narrow slit and dampen the
dust.

Down the south slope creaked the wagons, rolling
into San Fernando Valley and stopping at Lopez Station,
now under water near the dam of the San Fernando Reser-
voir, Across the barren valley they crawled, stopping at
the Eight Mile House, a station near the summit of
Cahuenga Pass, and swinging into Los Angeles along
Sixth Street. Then with lead bells jingling, wood and
leather creaking, blacksnake popping, mule skinner shout-
ing and cursing, mules snorting and coughing, Nadeau’s
teams turned up Spring Street and raised dust through

the business district. At the Commercial Street platform
of the railroad depot they unloaded their cargoes, repair-
ing then to Los Angeles Street’s wholesale houses to be
loaded with return merchandise. Bales of hay, casks
of wine, sacks of potatoes — everything from a frying
pan to a crate of live chickens — headed for Owens
Valley behind Nadeau’s teams.
°

Indeed, the simultaneous arrival of the land boom
and the Inyo trade had brought a sudden prosperity to
Los Angeles. The farmers swarming into Southern Cali-
fornia found a ready-made market for their surplus pro-
duce in the high-sided wagons bound for the silver mines
of Inyo. Los Angeles was in the best position to supply
that region with life’s necessities. Most important item,
however, was the feed bill for the 500-0dd freight mules
which hauled the silver bullion. Remi Nadeau and the
other teamsters were buying Los Angeles County’s entire
surplus feed crop, thus establishing barley as one of its
staple products. No longer were Los Angeles farmers
saddled with the hauling charges and middlemen’s fees
that characterized export to the San Francisco market.



By 1870 silver bullion was a common sight in El
Pueblo. Specimens of Cerro Gordo silver ore and bars
of base metal were displayed at the Bella Union Hotel,
in the News office, in the local bank, at blacksmith
shops and jewelry stores up and down Main and Spring
streets. Like Sacramento in 49, Los Angeles was now
a bustling mining center. Scarcely a citizen but could
give detailed information on matters in far-off Cerro
Gordo. The camp’s fame, in fact, had inspired an army
of prospectors to comb the local Soledad and San Gabriel
mountains, making El Pueblo their base of operations.
On its street corners “quartz talk” could be heard any
time of day, and rumors were frequent of rich strikes
somewhere on the horizon. Bearded miners circulated
about town, talking mysteriously of fabulous ledges, their
pockets bulging with rock samples.

Almost every day long trains of Cerro Gordo mule
teams, containing up to twenty wagons and $50,000 worth
of silver and lead, swung through Spring and Main
Streets between Sixth and Commercial, raising dust in
the summer and splashing mud in the winter. Only some
340 tons of bullion passed through Los Angeles in the
year and a half between Belshaw’s first shipment and
the end of 1869, but more than 700 tons rolled southward
during 1870. “Silver coming, and goods being sent as
return freight,” observed the Los Angeles Star, “seem
to be at present the order of the day.” Though Belshaw
himself would have laughed at the idea, he was taking
his place with the men who were making a city of El
Pueblo.
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A stocky, sandy-whiskered prospector rode into Los
Angeles in March 1874, and on the twenty-fourth the
directors of the Chamber of Commerce were called to
the courthouse to hear his story. Veteran of California’s
Mother Lode, Nevada’s Comstock, and the silver mines
of Mexico, Richard C. Jacobs was a recognized mining
man. He had just arrived from a rock-ribbed canyon
in the Panamint Range, western bulwark of Death Valley,
where he and his comrades had struck copper-silver ore
in January 1873. Rock samples assaved from $300 to
$3000 per ton, and already the excitement had set pros-
pectors on the march from every corner of Inyo County.
What the region now needed was a wagon road from
the outside world. Jacobs knew the Chamber of Com-

At present travelers reached Panamint Valley by
branching eastward from the bullion trail at Little Lake
and taking a burro path across the Coso and Argus
ranges. The most feasible location for a wagon road,
huwever, would be a branch out of Indian Wells which
would swing south of those formidable mountains and
reach Panamint Valley by way of Borax Lake and the
north end of the Slate Range. The last steep pull in Sur-
prise Canyon was already being improved for wheel
traffic by a group of Inyo enterprisers headed by Barton
McGee, the resolute frontiersman who took issue with
the bandits. The only improvements necessary to permit
heavy schooners to roll from Los Angeles to Panamint
would be along the six-mile haul over the Slate Range.
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Two days later the Los Angeles Star swung behind
the campaign by printing a letter from Panamint de-
scribing the richness of the ores that waited only for
a wagon road to allow exploitation. “Work will com-
mence as soon as provisions arrive from your city,” the
writer declared. “Your business men are not alive to
their own welfare, if they do not take some interest in
this newly discovered Golconda.”

By the end of the month the necessary funds had
been raised and Jacobs had ridden for Panamint. By mid-
June of 1874 his laborers, toiling with shovels and blast-
ing powder on the Slate Range cliffs, had completed the
road to Panamint Valley; a few days later Bart McGee
and his partners finished the Surprise Canyon section,

and Panamint was at last connected by road with Los
Angeles.

Thus through the fall of 1874 the adventurers of
California swarmed through Los Angeles, Bakersfield,
and San Bernardino, converging along dust-marked trails
to Panamint. In Los Angeles the strike had revived talk
of local riches, had sent men combing the nearby moun-
tains for the elusive metal. The city’s streets were alive
with miners displaying rock samples and extolling the
richness of their own claim “in the hills.”

“Almost every other man we meet has a chunk of
ore,” observed the Star. “Prospectors are coming and
going daily.”

But it was Panamint itself, looming as another source
of Inyo silver, that fired Angelenos. “The talk is Pana-
mint, and nothing but Panamint,” recorded the Herald,
adding that “the exodus to Panamint continues in un-
diminished numbers.” In San Bernardino, whose loca-
tion at the foot of Cajon Pass placed it at Panamint’s
back door, excitement ran still higher. “The air is redo-
lent with Panamint,” exclaimed the San Bernardino
Argus. “Everybody talks Panamint — the young and
old, men and women . .. ” By October the editor was

‘complaining, “The Panamint excitement has carried

away so many men from this valley that laborers are
in great demand.”

From Los Angeles the Argonauts followed the Bak-
ersfield stage road as far as Elizabeth Lake, then pushed
on across the Mojave to join the contingents from north-
ern California at Walker Pass. The fortunate ones rode
horseback; other trudged along under the protection of

the Cerro Gordo mule teams. East of Indian Wells the
traffic was so great that a traveler moving against the
tide was always in sight of another silver seeker. Al
the foot of Surprise Canyon they joined an even greater
horde of prospectors who had tramped the length of
Inyo County — the Nevada boys from turbulent Colum-
bus, Austin, Eureka, Pioche, and Virginia City.



Early in November a wagon road from Owens Valley
through the Coso and Argus ranges to Panamint Valley
was finished by John Shepherd, a pioneer settler who
had brought his family to Inyo during the Indian wars.
Without delay Panamint’s first stagecoach, a four-horse
Concord, lurched over the route and was soon making
regular trips twice a week, loaded inside and topside with
silver seekers. By the second week in November another
six-horse line was bringing Argonauts eastward three
times a week from Indian Wells, where it connected
with the Bakersfield - Lone Pine stages and eventually
with San Francisco and the Coast. On November 15
a four-horse stage began a weekly run through Cajon
Pass from San Bernardino, and nine days later another
weekly line opened from Los Angeles to Panamint via
San Francisquito Canyon, Indian Wells, and Borax Lake.
Within a month the bustling camp had®been converted
from an isolated locality, reached only by horseback
and buckboard, to an established terminus receiving
seven stages a week along three converging roads.

Meanwhile, a row of stores and saloons, many of
them built by merchants from Lone Pine and Independ-
ence, lined Panamint’s main street by October. Between
700 and 800 men filled the canyon, living in canvas
tents, rude cabins, and in some cases even caves in the
mountainsides. Lots were selling from $500 to $1,000,
title resting not so much in a written deed as in a well-
loaded shotgun. Senator John P. Jones had arrived tc
take a hand in the operations. When buxom Martha
Camp arrived from Nevada with a bevy of frilled fem-
ininity and the nights soon stirred to the harp and
fiddle, the boys hailed Panamint as a full-fledged camp.

By the end of November, Panamint’s main thorough-
fare was a mile in length, extending from Jacobs’s mill
at the lower end to the Surprise Valley company’s store
at the other. The muddy street was swarming with pack
burros and mule teams, jostling each other in constant
passage. Altogether some fifty buildings filled the can-
yon, half of them constructed of finished Owens Valley
lumber. The rest were log or rock shanties, whose in-
habitants were determined to shiver through the ap-
proaching winter in order to be on hand for the expected
feverish activity of the coming spring. Newer arrivals
simply rolled up in their blankets in the stores and
saloons at night, grateful to their obliging owners for
a space on the floor.

Two drugstores, three barbershops, three bakeries
and restaurants, a livery stable, a meat market, and a
boot shop flanked the main street. Half-a-dozen general
merchandise stores were supplying necessities at such
prices as $2.00 per dozen for eggs and $200 per ton for
hay. A dozen saloons, most of them lining the south
side of the street, were jammed day and night while the
poker pots regularly ran into the thousands of dollars.
Foremost was the elegant Oriental Saloon, whose bil-
liard table, black walnut bar, and eight-by-six-foot mirror
were advertised as “the finest on the Coast outside of
San Francisco.”

In another section of the same building was an insti-
tution of which even Cerro Gordo, queen camp of Inyo,
could not boast — the Bank of Panamint. It was soon
the business center of the town and the point of depart-
ure for the stage lines.

Other metropolitan necessities were also being estab-
lished in Surprise Valley. In the center of town a log-

cabin brewery was erected, while up in Sourdough Canyon

a cemetery was improvised when two luckless combat-
ants, killed by bullet and knife, required simultaneous
burials. Finally a tri-weekly newspaper appeared on
November 26, 1874; a Sacramento newsman named T. S.
Harris had arrived and, while the first snowfall blanketed
the camp, set up his hand press and type cases in a can-
vas tent and founded the robust Panamint News.

By the end of spring Panamint was almost ready
for full scale production. A cable tramway, supported
by great wooden arches and equipped with iron ore
buckets, was completed from the Wyoming mine to the
reduction works below in June 1875. On the twenty-
ninth the new mill started up, its two red brick chimneys
pouring out smoke and its twenty stamps dancing in
measured succession. Two months later the furnace
began turning out silver bullion worth some thirty thous-
and dollars per ton.

The temptation was too great for several hard-looking
Panaminters, who arrived for the occasion heavily
armed, ready to make off with the first silver ingots.
Months before they had sold Senator Stewart one of
the Panamint mines. But their frequent inquiries on
the progress of mill construction indicated more than
the customary interest of former owners. When the first
silver was tapped from the smelter, Stewart was on hand
— and prepared. Arrogance turned to chagrin as the
desperados found the silver molded in pigs weighing
four hundred to five hundred pounds apiece. Turning
on the grinning senator, they called him the meanest
man in the Panamints.

Throughout Inyo County, in fact, new camps were
sprouting in the middle 1870s — seemingly wherever the

irrepressible miner struck his pick. South of Owens Lake
in the Coso hills rich silver-lead deposits were discov-
ered late in October 1874, and by the year’s end the town
of Darwin had sprung up at the foot of Mount Ophir.
Heading the first arrivals from Owens Valley was Abner
B. Elder, early Cerro Gordo enterpriser, who was prompt-
ly elected recorder for “New Coso” mining district.
Victor Beaudry, close at his heels, made haste to buy a
nearby spring, lay pipes into Darwin, and become “water
king” of the new camp. In December lawyer Pat Reddy
rode in from Independence and for ten thousand dol-
lars bought the Defiance mine, hailed as the real bon-
anza of the district.

Near the end of the year the Panamint contingent
began to arrive. From that lofty camp, where snow was
deep and thermometers were sagging, some three hundred
men trudged down Surprise Canyon for the new Silver-
ado within three days. In January 1875 the nearby Owens
Valley—Panamint stage route was modified to include
Darwin, and by April the main stage line entering Owens
Valley from the south was diverted at Indian Wells to
avoid Little Lake and take in the new camp. @



While Darwin was flourishing, all Inyo was fairly
sprouting with silver strikes. Besides the established
camps of Cerro Gordo, Panamint, and Darwin, hundreds
of miners were digging silver ore at Wauboba District
opposite Big Pine in the Inyo Range, at Wildrose Canyon
ten miles north of Panamint, and at Lee District on the
trail between Owens Lake and Death Valley.

Starting in May 1875, Lookout District sprang to
life on the east side of the Argus Range, between Dar-
win and Panamint. Here the Lookout, Modoc, and Min-
nietta were among a dozen silver mines yielding ore
averaging two hundred to four hundred dollars per
ton — so rich that at first it was packed by muleback
to Panamint for reduction in the Surprise Valley mill
and furnace. In the unlikeliest place for a town — on
top of Lookout Mountain’s east summit — the camp of
Lookout soon grew to more than forty rock and wooden
buildings, including two general stores and three sa-
loons. Early in 1876 a group of San Francisco financiers
headed by George Hearst bought the Modoc and other
mines. The first machinery for the two furnaces was
hauled in by Nadeau’s teams over a rugged new toll
road across the Argus Range from Darwin. By the fall
of 1876 Hearst’s iwo Modoc furnaces were shipping
more than 300 bars of silver-lead bullion (similar to
those produced at Cerro Gordo and Darwin) every day.
The countless broken champagne bottles scattered today
over the site of Lookout give evidence of the rich and
lively times that ruled this mountaintop camp in the
mid-seventies.



" Gold in the California Desert -
Past, Present, and Future

ROBERT HILL, Senior Geologist
Department of Conservation, Division of Mines and Geology
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Photo 1. Oblique aerial view of the Briggs Mine, Inyo County, looking southeast. It is at the base of the Panamint Range in
Panamint Valley about 8 miles south of Ballarat. Ore is mined from the benches cut out of the mountain slope. Gold is recov-
ered through heap leach technology. Panamint Valley Fault Zone scarp (arrow) can be seen to the right of the mine tailings.
Photo taken 1997. © J.L. Christman, 1998.

HISTORIC OVERVIEW
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large-scale gold mining in

the California desert did not

resume primarily due to the low
price of gold coupled with the high
cost of mining. Gold mining in the
desert remained relatively insignifi-
cant during the mid-1940s to the
early 1980s. Clark’s 1980 article
was still considered current when it
was reprinted in 1985 (Clark, 1985)
because the status of gold mining in the
desert had not changed much between
1980 and 1985. He mentioned the
increase in exploration for gold in the
desert region that began in the late
1970s and early 1980s, and it appears
that he anticipated its significance. In his
introduction, Clark wrote:

Independenca g

Chloride Cliff R

“One can only imagine what the
value of the desert’s gold production
would be at today’s price” {approxi-
mately $660 per ounce in July,
1980). In the closing remarks of
his article, Clark also wrote: “With
the very large recent increase in
price, there has been renewed
interest in many of California’s
long-dormant gold mines {Photo 2). Over
the years there has always been some inter-
mittent prospecting in the desert regions,
mainly by desert rats or small-scale placer min-
ers and pocket miners. However, several mining
organizations, including a number of the major 0 10 20 30 40 50
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Figure 1. Map showing general location
of the gold-mining districts in the desert
portion of California. Inset shows the
Basin-Range and Mojave geomorphic
provinces. Major highways are also
shown. Red circles denote towns.
Modified from Clark, 1985.

Photo 2. Golden Cross Mine, Imperial County in the Cargo-Muchacho Mining District,
1900. View is toward the west. DMG archive photo A1017a.
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mining companies, are now actively
engaged in prospecting for gold in this
region. Although there is considerable
activity, the details of many of these
prospecting and development opera-
tions are not known.

There has been exploration work
in most of the important districts
(Table 1). This work has consisted of
diamond drilling, detailed geologic
mapping, and systematic sampling.
The general geology of most of the
districts is known, but detailed geo-
logic studies of many of the important
gold-mining districts and the deposits
in them have not been done. One of
the results of this so-called rush of the
1980s will be a greater knowledge of
the geology and distribution of the
gold deposits in the desert region of
California.”

As Clark anticipated, the rush of
the 1980s did result in a greater under-
standing of gold deposits in the Cali-
fornia desert region (Photo 3). What
we have learned about the geology of
the gold deposits in the desert region
is the subject of a number of articles

(Davis and others, 1989; Linder, 1989;
" Bumett and Brady,1990; Higgins,
1990; Pridmore and Frost, 1992)

and will not be discussed in detail here.
However, Table 2 has been added to
summarize the location and extent of
gold mining in the California desert
since 1980.

Gold Production in the Desert
Pre-1980

The record of early gold produc-
tion in the desert region is incomplete,
making it difficult to estimate total gold
produced. The problem arises from the
fact that gold production from many
mines in operation during the 1860s
to 1940s was never reported and of
those reporting mines the amounts that
were reported are incomplete. How-
ever, using Clark’s 1980 gold produc-
tion values (and knowing the price of
gold at the time of the gold produc-
tion) it is estimated that a minimum
of 3.4 million troy ounces of gold
were produced from the major mines
during 1860 to 1942. If gold produc-
tion from the smaller mines is included,
total gold production for this period is

moreclosely estimated to be in the
range of 3.5 to 4 million troy ounces.
Although gold production did continue
after this time, the amount produced
between 1942 to 1980 was insignifi-
cant and not considered in these
estimates.

| Clark (1980) presented gold produc-

tion in terms of the dollar amount of
gold (Table 1) based on the value

of gold at the time it was mined.
Except for the estimate of the total
amount of gold produced (troy ounces)
prior to 1980 just mentioned, no at- -
tempt has been made here to estimate
the amount of gold produced from each
of the mining districts.

The price for gold was set by the
U.S. Treasury in 1834 at $20.67 per
ounce and this price continued until
1934. From 1934 to 1968, the price
was fixed at $35 per ounce. Since
1968 the U.S. Treasury no longer con-
trols the price of gold, and it has risen
greatly since then. Part of the pro-
duction value of some mines listed in
Table 1 was calculated at $20.67 per
ounce and part was calculated with

gold valued at $35 per ounce, partic-
ularly mines in the Rand, Mojave, Dale,
and Cargo Muchacho districts. Those
districts had appreciable gold producers
during the 1930s and 1940s.

Post 1980

By comparison, gold production from
1980 to 1997 is well documented and
amounts to approximately 5 million troy
ounces. Table 2 shows the amount of
gold (troy ounces) produced from the
mines dudng 1980-1997. Totals are

given in ounces, a better indicator of pro-
duction due to the large fluctuations in
gold prices that reached a high of $850
per ounce in 1980 and a current low of
about $287 on December 8, 1997. This
modem production came from nine his-
toric mining districts that were also active
at various times during the late 1700s to
the early 1940s (Photos 4 and 5). Five
mines continue to actively mine in the
desert region (Photos 6, 7, and 8) with
exploration and development of new gold
deposits continuing.

1980s Gold Rush

The gold rush of the early 1980s
was the direct result of increased gold
prices. This heightened interest in gold
stimulated the application of large-scale
(open-pit) mining techniques that tar-
geted large tonnage, low-grade (on the
order of 0.05 troy ounces of gold per
ton of ore), gold deposits. Concurrently,
highly efficient metallurgical extractive
methods developed to recover highly
disseminated gold from ores that were
previously unminable, not only allowed

| an economic way to recover gold from
this region of California, but it led to

a worldwide surge in gold production
during the 1980s.

MINING ACTIVITY
AND GOLD OCCURRENCE IN
THE DESERT REGION

The following discussion of gold
mining activity and geology of some
of the important gold mining districts is
modified from Clark (1980; 1985). Gold
is widely distributed throughout the Cali-
fornia desert region. There are many
gold mining districts in the area; a sub-
stantial amount of gold has also been
produced as a by-product of lead, zinc,
silver, and copper mining. Gold is also
found associated with several tungsten
and iron deposits. Although primary
or lode deposits have been the largest

__sources of gold, appreciable quantities

of placer gold have been produced from

the Picacho, Potholes, Rand, Collgardie,
Tumco and El Paso Mountains gold
mining djstricts. The first known pro-
duction of gold in California in the
1770s—some 80 years before the
state’s first gold rush—was from the

Potholes placer-mining district in the
area that is now Imperial County.

The California desert gold-bearing
region includes both the Mojave Desert
and the Basin-Range geomorphic prov-
inces. Prior to 1980 the three most

productive and best-known
gold-mining districts were the
Bodie District in eastern Mono
County; the Mojave-Rosamond
District in Kern County; and
the Rand or Randsburg District,
in both Kemn and San Bemar-
dino counties. Other important
sources of gold have been the
Stedman, Cargo Muchacho,
Skidoo, Picacho, Potholes,
Dale, and Masonic districts.

Table 2 shows that since
1980, the three most productive
districts of the desert region
have been the Mesquite District
in eastern Imperial County,
with a total production of
2.3 million troy ounces of
gold from the Mesquite Mine;
the Hart District in northeast-
em San Bemardino County,
with a total of 755,000 troy
ounces of gold produced from

the Castle Mountain Mine; and the
Tumco-Cargo Muchacho District

in southeastern Imperial County,
with a total of 479,880 troy ounces
of gold produced from the American

Girl Mine.



Type of Gold Deposits Sought in the
Early Days of Mining

The geology of gold deposits in the
California desert varies considerably
(Figures 2, 3, and 4). The primary lode
deposits occur in a variety of rocks
ranging in age from Pre-Cambrian to
Tertiary and hosted in diverse geologic
structures. Also, placer gold has been
produced from several different types of
placer deposits. Prior to the gold rush of
the 1980s the most common primary
deposits mined in the desert were the
gold-bearing quartz veins, but the pri-
l,'l_lary.deposits that vielded the largest

amounts of gold were extensive zones
of silicified breccia. Much of the produc-
tion in these early years that came from
the three large desert gold districts,
Bodie, Mojave, and Rand, were pro-
duced from silicified breccia.

Silicified breccia deposits are tabu-
lar or vein-like bodies that range from
a few feet to 50 or more feet in thick-
ness and have been mined to depths
exceeding 1,000 feet. These deposits
occur in schist, quartzite, granitic rocks,
and several types of volcanic rocks
including rhyolite, andesite, and latite.

. Typically, they are associated with gra-

nitic intrusions. These deposits are com-
posed mainly of quartz and chalcedony,
but opaline material and calcite often
are present. The angular breccia frag-
ments are siliceous material but there
may also be wall rock fragments and
fault gouge present. The ore may be
banded or have an open porous appear-
ance with small cavities lined with
euhedral quartz crystals. The ore bodies
contain native gold in fine dissemin-
ated grains. Varying amounts of sulfides
are present, of which pyrite (FeS,) is
the most abundant. Also chalcopyrite
(CuFeS,), galena (PbS), and arsenopy-
rite (FeAsS) may be present.

Some of the silicified breccia depos-
its have been the sources of substantial
amounts of silver, and silver-bearing
minerals such as cerargyrite (AgC),
argentite (Ag,S), proustite (Ag,AsS,),
and pyrargyrite (Ag;SbS,). Although
much of the gold occurs as very fine
grains that are disseminated throughout
the ore bodies, in places, high-grade
ore has been found where the gold is
coarse. Secondary iron oxide is com-
monly present and stains the ore and
enclosing rocks various shades of red.
Dark manganese oxide staining also
may be present.

The most common, and also the
most widely distributed, primary desert
deposits are gold-bearing quartz veins.
A typical deposit of this type is a vein
or a series of milky-white to light-gray
quartz stingers that range from 2 to
10 or more feet in thickness and are
steeply dipping. They most commonly
are found in various types of metamor-
phic or granitic rocks; a few are found
in volcanic rocks. The metamorphic
rocks usually are mica schists, quartz-
ites, and gneiss, but in places, veins
occur in metamorphosed dolomitic
limestones.

The gold occurs in the native state
in fine to coarse grains, and it often is
associated with sulfides of which pyrite
is most common. The sulfides also may
contain gold. Fine-to medium-grained
aplite, diorite, and quartz-diorite dikes
are commonly associated with gold-
quartz veins, and they may play a role
in the localization of ore bodies. The
veins usually extend to depths of several
hundred feet, but several extend 1,000
or more. s

Other primary deposits in the
California desert include gold-bearing
seams or fractures that have no vein
filling, gold-quartz-calcite veins, gold-
quartz-barite veins, and gold-bearing
quartz-chalcedony-jasper veins. Also,
gold has been found in tungsten-bear-
ing quartz veins and skarn. Significant
amounts of gold have been recovered
as a by-product from lead-silver and
lead-silver-zinc replacement deposits at
such districts as Darwin, Cerro Gordo,
and Tecopa and from a number of
copper deposits.

. Plater:gold deposits are found in
%d_flsgﬂgolddxsmm In a few

districts, such as the El Paso Mountains
and Potholes, virtually all the gold pro-
duced was from placer deposits.

Gold placer deposits occur in sand
and gravels on bedrock in the present
washes and canyons and in older ter-
races and benches above the present
canyons. The gold in these deposits
was concentrated by the action of run-
ning water, probably much of it from
desert cloudbursts. Much of the placer
gold that has been recovered from the
California desert was from small, one-
man or two-man operations. When a
deposit was exhausted, the miners would
move on to another one, usually in the

same district. The most productive dry
placer-mining period was from the
1860s to the early 1900s.

Gold Deposits Mined Today

The gold rush of the early 1980s
focused on the historic mining districts
and on large, low-grade lode gold
deposits containing on the order of
0.05 troy ounces of gold per ton of
ore. Today's gold ore was considered
waste prior to development of the cya-
nide heap leach method of gold recov-
ery during the early to mid-1960s.

The relatively large gold-bearing quartz
veins mined by underground methods
during the 1800s and early 1900s were
not the focus of exploration during the
1980s. Instead, host rocks containing
gold associated with sulfide minerals
(commonly pyrite, FeS,) disseminated
in the host rock, or free gold in small
quartz veinlets disseminated in the host
rock were the preferred exploration
targets. With sufficient tonnage and
grade of ore, gold could be mined by
open-pit methods, piled in heaps,
treated with a dilute sodium cyanide
solution to dissolve the gold (and silver),
and recovered by passing the gold-
bearing (pregnant) solution through
activated charcoal filters. The cost of
recovering the gold by this method var-
ies depending on the nature of the ore
and other factors, but is generally $180
to $270 per troy ounce. At a grade of
0.05 troy ounces of gold per ton of ore,
it takes 20 tons of.ore to produce one
troy ounce of gold. The cut-off grade
{the lowest grade of ore mined along
with higher grade ore at a particular
deposit) can be as low as 0.01 troy
ounces per ton.

In some of the gold mining districts,
the geology and ore-forming systems
were not well understood prior to the
exploration and mine development of
the 1980s and 1990s. Modern explora-
tion is based primarily on geologic and
geochemical models developed and
refined from ever-increasing understand-
ing of geologic processes and ore-form-
ing systems. New deposit types have
been recognized in the desert region,
including deposits associated with low-
angle faulting (detachment faulting), such
as the Picacho District in eastern Impe-
rial County (Pridmore and Frost, 1992),

and gold breccia pipe deposits such
as the Colosseum Mine in eastern
San Bernardino County (Davis and

others, 1989).
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FUTURE OUTLOOK

Some modern gold mines in the
desert region, such as the Colosseum
Mine (San Bernardino County), the
Standard Hill and Cactus Queen-Middle
Buttes mines (Kern County), and the
American Girl Mine (Imperial County)
have closed or have ceased mining but
continue gold recovery from leaching
operations or are undergoing reclama-
tion. Others, such as the Picacho and
Mesquite mines (Imperial County),

* the C.R. Briggs Mine (Inyo County),
the Castle Mountain Mine (San Bernar-
dino County), and the Glamis Rand
Mining Company operations (Kern
County) are still mining reserves, and

it is anticipated they will continue for
many years depending on remaining
gold reserves, development of addi-
tional gold reserves, gold price, and
other factors.

With the passage of the California
Desert Protection Act in October 1994
(CDPA; PL103-433), 10,634,869
acres of federal wilderness, national
parks, wildlife refuges and some state
parks were created or expanded in the
California desert (R. Waiwood, U.S.

Bureau of Land Management, written
communication,1997). Military reserva-
tions such as Fort Irwin near Barstow
(San Bernardino County) are undergo-
ing or are being considered for expan-
sion; although many of these areas
contain a variety of metallic and indus-
trial mineral resources, including gold
resources, mining is not permitted.
However, mineral exploration and
mining operations with valid existing
rights at the time the CDPA passed
can continue.

Approximately 13,781,700 acres of
the California Desert remain open to
mineral exploration and mining subject
to various federal and state regulations
(R. Waiwood, U.S.Bureau of Land Man-
agement, written communication,1997).
However, because many areas with
favorable potential for future develop-
ment have been restricted as a result
of the CDPA, the level of future explo-
ration and gold mine development is
expected to be substantially less than
during the “rush™ of the 1980s.
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L LEGEND

1. Lake Russell: no overflow; maximum water surface elevation
of 2155m (7086ft) is lower than basin rim.

2. Lake Long Valley: overflow southward into Owens Gorge;
maximum water surface elevation at about 2100m (688811).

3. Lake Adobe: overflowed east through watergap above Benton,
CA: maximum water surface elevation at about 1951m (6400ft).

4. Lake Owens: overflow south through watergap into Rose Val-
ley; maximum water surface elevation at 1145m (3760f1).

5. Lake Searles: maximum water surface elevation of shallow

o)

1.3 lake in Indian Wells Valley (today’s China Lake basin) at 665m
& (2181ft); overflow of this shallow lake eastward, through Salt

}Cp . Wells Valley and down Poison Sprinf Canyon into Searles basin;
: Lake Searles’ water surface rose until it backed up and coalesced

with shallow Indian Wells Valley lake; maximum water surface el-
evation of Lake Searles reached at 690m (2260ft); Lake Searles
overflowed southeast into Panamint Valley via Pilot Knob Valley.

6. Lake Panamint: maximum water surface elevation of shallow
lake in south Pananmint Valley at 520m (1705ft); overflow into
north Panamint basin; maximum water surface elevation of co-

alesced Lake Panamint at 603m (1977ft); Lake
Panamint overflowed eastward through Wingate
Wash into Lake Manly basin.

7. Lake Manly: maximum water surface eleva-
tion at 85m (280f1). no overflow.

8. Lake Manix: maximum water surface el-
evation at about 550m (1800ft); overflow
eastward via Afton Canyon into Lake Mojave.
9. Lake Mojave: maximum water surface el-
evation at approximately 290m (951ft); over-
flow northward into Lake Manly basin.

a

3P

_;: y _| 10. Mojave river: drains San Bernardino
‘*r‘ff, = | Mins; connected Lake Manix and
2, ™ | Lake Mojave with Manly basin.

"*’-; 11. Owens river: drains Owens

S % 3 | basin - eastern Sierra Nevada.

N\ =y X [ 12. Amargosa river: drains from
. 2| Sarcobatus Flats, NV southward
-*!| to Lake Manly basin.




LATE NEOGENE EVOLUTION OF THE
INDIAN WELLS VALLEY AND THE COSO RANGE

Francis C. Monastero
Geothermal Program Office
Naval Air Weapons Station

China Lake, CA

Diane L. Kamola and J. Douglas Walker
‘ Department of Geology
University of Kansas

Lawrence, KS

INTRODUCTION

This trip is to examine the late Neogene
tectonic development of the Indian Wells Valley and
part of the adjacent Coso Range. The Indian Wells
Valley IWV) located in east-central California (Fig.
1) has been an active sedimentary basin throughout
most of Tertiary time. During the Paleogene it was
part of the Goler basin, and in the Miocene it
received volcaniclastic and terrigenous sediment,
strata of which are correlated with rocks of the
Ricardo group. In the Pliocene it became the locus of
deposition in a half-graben formed by low-angle
normal faulting along the eastern front of the Sierra
Nevada. The Coso Range to the north of the IWV
was apparently a positive tectonic feature over most
the Cenozoic time. Basin development began during
latest Miocene time related to uplift of the Sierra
Nevada.

Two significant structural/tectonic changes
are recorded in the late Neogene stratigraphy of the
Indian Wells Valley and Coso Range: one at the close
of the Miocene, and the second at the end of the
Pliocene. The late Miocene transition lead to east-
west extension in the region. This occurred sometime

between 7 and 5 Ma and resulted in the uplift of the

In Dunne, G. and Cooper, J., Compilers, 2001, Geologic Excursions
in the California Deserts and Adjacent Transverse Ranges.
Pacific Section SEPM Book 88, p. 55-90.

55

nearby Sierra Nevada. Transition from an east-west-
directed extensional regime to one dominated by
transtensional dextral faulting occurred in the late
Pliocene marking a change in regional stress. Dextral
strike-slip faulting dominates the modern structural
setting and controls sparse sedimentation in the IWV.
This pattern of extension followed by transtension
appears to be part of a progression that began in
Death Valley approximately 16 Ma. Today the IWV
and Coso Range accommodate a component of
integrated transtensional shear, and are part of the
evolving margin between the North America and
Pacific plates.

The aim of this field trip is to exam the late
Miocene to recent structural development of the
Indian Wells Valley and western Coso Range. Most
of the constraints on development of the IWV come
from subsurface data (reflection seismic lines,
refraction and gravity surveys, and drill holes).
Development of the western Coso Range over this
period are recorded in sedimentation of the Coso
Formation. These relations are relatively well
exposed. We consider the Coso Formation to provide
an exposed look at rocks similar to those that fill the
IWV.

@
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Figure 4. General geological map of the Indian Wells Valley and surrounding areas. Heavier lines
represent faults, dashed where approximate. Dash and double dot lines are locations of seismic
reflection lines discussed in the text and shown in Plates 1 and 2; numbers represent every 100th
shot point. ALFZ = Airport Lake fault zone, AFF = Argus frontal fault, LLFZ = Little Lake fault
zone, SHT = Spangler Hills thrust, SNFF = Sierra Nevada frontal faul. Geologic units (oldest to
youngest) are: Pzm = Paleozoic metamorphic, Mzp = Mesozoic plutonic (undifferentiated), Tg =
Paleocene to early Eocene Goler Formation, Tr = Ricardo Group consisting of early Miocene
Cudahy Camp Formation and middle- to late-Miocene Dove Spring Formation, Tv = Miocene
Lava Mountains volcanic, Tal = Pliocene White Hills sequence, Qpv = Plio-Pleistocene volcanic
rocks of the Coso Range, Qoa = Older alluvium for which there is no conclusive data to permit
assignment to a specific formation, Qol = older lacustrine for which there is no conclusive data to
permit assignment to a specific formation, Qal = Quaternary alluvium, Q! = quaternary lacustrine.
Basic geology from Jenkins (1963) with some areas remapped by Monastero.
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EL PPASO MOUNTAINS

TO SEARLES LAKE

Map 4 (Figure 17-12) shows geology along the
highways from El Paso Mountains to Searles Lake.
In the eastern part of El Paso Mountains, 35,000
feet of Paleozoic chert, limestone, shale, and
lesser volcanic rocks (IP—the Garlock Series) stand
on end and strike north. Permian fusulina in the
upper half of the section indicate its age, but
strata in the lower half of the section may be
much older. Paleocene nonmarine rocks (Tem)
exposed in these mountains have yielded the
oldest mammalian fossils in California.

A secondary road continues on to Randsburg,
Johannesburg, and Atolia (the latter two on U.S.
Highway 395)—all old mining towns. Randsburg
yielded at least $12 million in gold during the
period 1895 to 1918. The gold came from quartz
veins in Mesozoic granitic rocks. Nearby Red
Mountain is famous for silver, and Atolia for
exceptionally rich tungsten deposits (scheelite) in
quartz monzonite.

Turn off U.S. Highway 395 to the northeast, at
Johannesburg, onto a secondary road toward
Searles Lake. On the northern side of the low

Summit Hills, the road crosses the Garlock fault,
which makes the sharp contact between granite
and valley alluvium, The road then crosses the low
Spangler Hills, which lie at the south end of Lhe
Argus Range—one of the north-trending Greal
Basin ranges.

Approaching the town of Trona, the broad,
white, salt-encrusted floor of dry Searles Lake lies
on the right. During the several stages of
glaciation in the Pleistocene Epoch the cool,
humid climates caused freshwater lakes to form in
the basins of the Great Basin and Mojave Desert
(Figure 17-13). Death Valley—the lowest and
largest basin—was the terminal lake for a series of
drainage systems including the Owens, Amargosa,
and Mojave Rivers and chains of freshwater lakes
along their courses.

Searles Lake was the terminus during the last
glacial epoch when it was probably a freshwater
lake close to 400 feet deep and 16 miles long.
Increasingly dry climate caused desiccation; and
the lake today consists of a huge body of
crystallized salts of sodium, boron, and potassium,
with a dry surface and a saline-mud mush
beneath. The lake is a major commercial source of

17-11 Quarry in stratified
Quaternary perlite deposits in the
El Paso Mountains of Eastern Kern
County. (Charles W. Chesterman
photo.)

DEATH VALLEY AND THE MOJAVE DESERT
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borates, lithium salts, potash, soda, trona (sodium
carbonate-bicarbonate), common salt, and other
salts. Patches of the Pleistocene lake deposits are
visible above the present valley floor, as are also
well-preserved shore-line terraces. A wonderful
group of 100-foot high, calcareous tufa pinnacles
can be seen in the lake basin 5 miles south of the
highway. Searles Lake deposits yield 30 percent of
the annual production of borates in California and
all the potash produced in the state.

SEARLES LAKE TO THE CREST

OF THIE PANAMINT RANGE

From Searles Lake to the Panamint Range the
geologic features may be followed on Map 5
(Figure 17-15). About 12 miles north of Searles
Lake, the road crosses over a low pass between

FIGURE 17-12 Map 4 showing geology along paved
secondary roads from Randsburg to Trona on Searles
Lake.

the Argus and Slate Ranges, typical Great Basin
ranges. In the pass itself are exposures of stratified
Paleozoic rocks intruded by granite. Straight ahead
is a marvelous panorama across the Panamint
Valley to the great fault scarp that marks the
western base of the Panamint Mountains. This is
an active fault scarp, along which the valley was
downdropped and the range elevated in very late
geologic time. The low benches seen are
Pleistocene terraces and shore lines representing
fluctuating levels of the freshwater lake that once
occupied Panamint Valley.

Exposed along the western side of the Panamint
Range are 8,000 feet of Cambrian, Ordovician,
Silurian, and Devonian strata (lllustration 7-2).
These strata lie on Precambrian metasedimentary
rocks seen in the lower part of the range.

Evidence of the recency of movement in the
Panamint fault zone is a mile-wide, downfaulted
trench in alluvium—the Wildrose graben at the
mouth of Wildrose Canyon. The road crosses the
graben with its two bounding faults 200 feet high.
A couple of miles beyond the graben are

EXPLANATION
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FIGURE 17-18 |ate Pleistocene freshwater lakes and
rivers in the Great Basin and Mojave Desert. (California
Division of Mines and Geology, Mineral Information
Service, April, 1961.)
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17-14 Looking east at Paleozoic strata in the Slate Range
(see Figure 17-15). Slightly tilted shore lines of late Pleis-
tocene Lake Searles are near center of the photo. Just
below the shore lines is a curved fault scarp so recently
formed that it has cut deposits of the alluvial fans. (B. W.
Troxel photo.)



exposures of tilted beds of a coarse fanglomerate—
the late Tertiary Nova Formation (T)—which is
seen lying unconformably on folded older Tertiary
gravels and Precambrian rocks.

WILDROSE TO THE FLOOR

OF DEATH VALLEY

Map 6 (Figure 17-16) shows roadside geology from
Wildrose Canyon to Death Valley. Up Wildrose
Canyon the road passes through earlier
Precambrian (Archean) granite gneisses, overlain
by later Precambrian (Algonkian) Noonday
dolomite (Photograph 6-6). Six miles past Wildrose
ranger station (entrance to Death Valley National
Monument) are several beehive charcoal kilns that
were built in the 1880s to make charcoal for a
smelter at the Modoc lead-silver mine in the
Argus Range. Strata of the Noonday dolomite
cross the canyon at the kilns. The flat here offers
the first spectacular view of Death Valley and the
Funeral and Black Mountains across the valley
(Photograph 3-12).

North of Emigrant Pass, the road crosses
Harrisburg Flat, an old, uplifted erosion surface. A
well-marked turnoff leads 8 miles east to
Aguereberry Point, noted for its spectacular view
of Death Valley. This great structural and
topographic, fault-bounded trough stretches
north-south for 150 miles and east-west for only
about 10. Stratified rocks on the road are part of
the lower Cambrian section. Looking eastward
from the point, successively higher formations in
the Paleozoic section are seen.

Below Emigrant Spring, after the road joins
State Highway 190, the steep western face of Tucki
Mountain exposes fanglomerate beds of the Nova
Formation and cliff-forming interlayered basalt
flows. Tucki Mountain consists generally of
east-dipping later Precambrian and Paleozoic strata
that form an unusually complete section.

Stovepipe Wells hotel and resort were named
after an early-day well, concealed by sand but
kept open by a stovepipe driven through the sand.
Downhill from Stovepipe Wells and extending
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FIGURE 17-15 Map 5 showing geology along paved
secondary road from Searles Lake across the Argus and
Slate Ranges to Wildrose Station in the Panamint Range
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FIGURE 17-18 Map 6 showing geology along secondary
road and State Highway 190 into Death Valley by way of
Stovepipe Wells.

onto the floor of Death Valley are the famous,
much-photographed Death Valley sand dunes. A
marvelous view of the valley may be seen looking
eastward from Stovepipe Wells; southward are
seen the faulted later Precambrian, Cambrian, and
Ordovician strata on Tucki Mountain. An
interesting side trip involves walking into Mosaic
Canyon where water-polished yeliowish-brown
dolomite is exposed on the canyon floor. On
Highway 190, a couple of miles east of Stovepipe
Wells, Cambrian and Ordovician formations can be
seen in the face of Tucki Mountain.
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North American continent plus now
“disappeared" extensions to west \

INCIPIENT RIFT

INTRA-RIFT DEPOSITS OF

>900? Ma
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900?-850? Ma

DIAMICTITE AND VOLCANIC
SEQUENCE
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1\{&3“”‘\' 8uLGe

RIFT HIGHLANDS

THERMAL BU(Gg

TERRIGENOUS DETRITAL

SPREADING 850?-600 Ma
CENTER
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MIOGEOCLINE 600?-540 Ma
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CARBONATE

540-500 Ma

newly created western continental
margin for North America
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NO VERTICAL EXAGGEIRATION e

phic cross section from vicinity of Las V
Vegas (Frenchman Mtn.) to White-Inyo Ranges. This wedge-Tike
sequence is the Cordilleran miogeocline, bounded to the east
by the 'craton' (sections 1ike that at Frenchman Mtn. and

the Grand Canyon) and grading westward into the "eugeocline',
which represents continental slope and rise strata.

. Schematic stratigra



The Death Valley Region Now and Then: A palinspastic reconstruction of what
it would have looked like prior to ~250 km of NW-SE Basin & Range extension
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Last Chance allochthon and equivalents - Lemoigne thrust plate and equivalents
- Marble Canyon thrust plate Wheeler Pass thrust plate and equivalents
aed equivalents ABOVE Keystone allochthon and autochthon
White Top Backfold and equivalents - - . PALINSPASTIC RECONSTRUCTION
HeSe] Intrusive rocks
% East Sierran thrust plate and equivalents

B Marbie Canyon thrust plate
and equivalents BELOW

of major pre-tertary contracile structures wscd 1o recoastruct the Death Valley
Wemicke et al., 1988). (B, oppositc page) Palinspastic reconstruction of Death

Figure 3. (A, this page) Tecionkc map showlag comelations and
#od selected K di 4 In text (afier Ssow, 1992a;

Valley extended terrane,
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. Geologic sketch map and cross section of PanamintButte,
as derived from mapping of W. Hall (1971). Capitol letters
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« This two-part figure illustrates our present understanding of the
extensional opening of northern Panamint Valley based on recent work by
Clark Burchfiel and colleagues at MIT. The perspective block view shows
the hanging wall of the Panamint Valley fault having been displaced
obliquely down and northwestward from its in-place footwall., The fault fis
shown to be very gently dipping, based on drill hole data, several kinds of
geophysical data, and on a classic structural geology construction that {s
illustrated in the cross section. The section is drawn parailel to the trace
of the fault, and projected onto the section are the piercing points of a
geologic 1ine created by the intersection of the vertical granite/Paleozoic
contact with overlying basalt, The two.possible piercing points on the NE
side of the fault reflect maximum uncertainty in projecting data into the °
Cross section plane, Using either of these points yields a gently dipping
fault, in agreement with geophysical data that indicate valley fill to be
between 0.5 and 3 km thick with no basalt beneath it.
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THE PLAYA

The Playa Basin

Playas are extant arid-climate landforms consisting of fine-grained horizontal
sediments in undrained basins. Playa basins are generally structural depressions
in rocks of differing lithologies located in arid lands. The lower bedrock slopes
are mantled by alluvial, colluvial, landslide and mudflow deposits, and the basin
floor contains a salt or clay-surface playa. Playas form in direct correlation to the
basin size and only if the basin is hydrologically closed. (Fig. 30a) Because of
the interfingering nature of the distinct depositional processes, there is a sharp
slope and sediment-size break at the playa margin. (Fig. 16)

Basin Processes '

Within these arid basins are sediments deposited on the playa and lower fan by
laccustrine processes, fluvial alluvial fan deposits on the fan slopes and playa
margin, mudflows deposited over fan and playa sediments, eolian dune and
windshadow deposits on the lower fans and playa, and local eolian deflation and
reworking of the mudflow lobes and playa surface. (Figs. 88, 3, 16, 30b)

There are several interpretations of basin processes (Fig. 72), but ultimately, the
basin fills, the playa migrates toward the lowest limit of closure (drain), and
further playa sediments are carried out of the basin, with erosion of the sill and
dissection of the playa surface. The filled basin becomes covered by aggrading
fans resulting in a smooth sloping alluvial plain across the former basin,
interrupted by inselbergs. (Figs. 73, 76, 77, 80, 78)

Subsurface investigation shows the interfingering layers of clay playa deposits,
buried armored or desiccated surfaces, coarse alluvial fan material and deflated
very coarse flow lobes. (Figs. 28, 33, 39)

Stop XX: Silver Dry Lake, (north end)

We will look at the playa/fan interface, playa surface and subsurface, flow lobes
and general morphology of a clay-surface playa near the outlet (drain) in a
medium-sized basin.
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Figure 30h

Coarse Mudflow Margin,
Iost Lake
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Alluvial Fan

Playa Surface
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Fluvial Inflow Channels

Figure 3

Elements of a Typical Playa Basin,
Racetrack Playa
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Figure 76

Playa Migrating toward Drain,
McCloud Flat

Figure 77

Playa at Drain Level,
. North Cactus Flat
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Playa Filled and Eroding down Drain, Lo
Wingate Playa 1.

Figure 78

Filled Basin Overflowing down Drain, e
Panamint Valley




Fan (West) — >

North Hamburger L

—<——— Playa (East]

DESCRIPTION

Surlace, granules and peboles lo 1Zmm i

Clay, silt, occasional pebbie to Tmm diameter. Large scale extensive
horizontal and vertical fractures, blocky.

\aslaled angular boulder 26 x9 x10cm.

pebble to 12mm diameter. Abrupt pase with filled crack

Silt, sand, occasional
indo underlying unit.

Pebble layer al 10p, wedge of layel unit B titking csack,

e | A . upper zone of clay,
\aminations, vescicles, ovoid stiucture. .

—30~—

Clay, silt, large-scale horizontal and vertical cracks, blocky.

Oceasional lens of ovoid vescicular laminated silty clay, associaied with
wecosional verlical wedge of sandy silt.

Rare granule to dmm@ diameter.

Common tube-like stuctures, average Lmm diameter, 2cm long, random.

o e

Large vertical cracks continue 1o boulders.

Detinable layer of poulders to > 37cm diameter.

t base of unit. Grades 1o 1cm

Sill, sand, pebbles, angular boulders ned
tiamelet maximum at top.

Figure 28
North Hamburger Trench Stratigraphy
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—«—— Playa (West) Lost Lake Fan (East) ——>—
SCALE LITHOLOGY SAMPLE
(cm) Sample o | Numeer | UNTT DESCRIPTION
252
A Clay, vesicles, prismatic structure, desiccation polygons on surface,
223 cobbles to 40cm diameter on flow lobe.
231 i B
B Clay, crumb sugary texture, minute conchoidal fractures.
239 C Silt and clay, massive or conchoidally fractured.
234 D Silly clay, vesicles, ovoid structures resemble large oolites.
E' Clay, vesicles, granules and pebbles in lower 10cm. Abrupt base.
237
224
258
257 F Silt, sand and gravel. Graded, coarser near top of unit, pebbles to 10mm
diamefer.
‘ 238 G Silty clay, vesicles, some coarse sand and granules.
-90 - | 226
b 235 Thin iregular layer of caliche (7).
-10- 256
H Silt, sand and gravel, massive and uniform. Pebbies to 10mm diameter.
-120- [+
-130- | 241
fmh

Figure 33
Lost Trench Stratigraphy

.
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~«——— Fan (West|

McCloud Flat

Playa (East) —>

SCALF| LTHOLOGY SAMPLE
UNIT DESCRIPTION
(em) Sample o | NUMBER
-—0— g 254 A Surface granules and pebbles 4-5mm diameler. Clay with horizontal and
verlical cracks, silly, fine laminalions, occasional granule,
B Clay, crumb sugary texlure, minute conchoidal fractures.
236
C Blecky, unitorm massive clay. Abrupt uneven base.
233
261 Fﬂ' lay, Tine Taminalions, o paciion (71 shuclures, very coarse Bonnic
251, 227 D c!t:glre wilh s all vesrcles on he oltes.  Small horizontal and verlical
1 229 Clay, crumb sugaly texture, minule conchoidal lractures, small angular voids
or crystal impressions (1),
250 |Silly clay, line laminations, coarse oolitic texture, vesicles, discontinudus
ens.
242’49248 E Clay, ciumo sugary texture, minute conchoidal fraclures.
Silly clay, line laminations, coarse oolitic texture, vesicles, discontinuous
lens, unidenlitied spherical structure.
243 Clay, crumb sugary texture, minule conchoidal fractures, larger verlical
246 cracks.
260 F Silty clay, fine laminations, coarse tolitic texture, vesicles.
218
225 G Blocky, uniform massive clay, occasional pebble.
] \ ° 259
-80 - \ - e 247
0.
= 153 Silly £lay, line laminations, coarse oolilic texture, vesicles.
- 90— I Clay, crumb sugary textute, minute conchoida! fractures.
245 J Silly clay, fine laminations, coarse dolilic texture, vesicles, cccasional
vertical lube impression (7). Abiupl base.
-100 - 228
F K Coarse silt wilii common granules, accasional layer of vestcular ovoid
242 stiucture, laminaled silty clay.
-10-— . . = re .
|_ Very coarse silly clay, line laminations, oolilic lexture, vesicles.
244
-120- : - o
M l::;n::l;l::n:\magafed coarse conglomerate with sili matrix, pebbles to 8-10cm
eler.
-130-
fmh

Figure 39
McCloud Trench Stratigraphy
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)

CARBONATE ZONE

SULFATE 2ONE FLOOD PLAIN

Recenl al'uvium

FIG. 27. Smooth, silty rock salt opposite foot of Furmace Creek fan. It has
been subject to frequent washing by water running off the fan, as shown by
rounded cobbles of highly porous, lightweight, vesicular lavas washed down
onto surface.

FIG. 28. Diagrammatic section of massive gypsum deposit. Gypsum is 2 to
5 feet thick; uppermost layer (6 inches thick) is dehydrated to bassanite or
anhydrite. Under gypsum is calcitic sandy silt. Where gypsum ends panward
at a wash, as in this section, rock salt is deposited on silty sand and rises
into gypsum in irregular veins, producing a rough surface analogous to
rough, silty rock salt. Relationship between massive gypsum and nodular
sulfate layer in carbonate zone is not known. (From U.S. Geol. Survey Prof.
Paper 494-B.)
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1. Nevares Spring.

2. Travertine Spring
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Paleogeographic reconstruction of the Death Valley extended region:
Evidence from Miocene large rock-avalanche deposits in the
Amargosa Chaos Basin, California

DAVID J. TOPPING Department of Geological Sciences, AJ-20, University of Washington, Seattle, Washington 98195

ABSTRACT

Large rock-avalanche deposits are ex-
tremely useful tools in paleogeographic and tec-
tonic reconstructions. These deposits are large
(>0.1 km?), semicoherent “snapshots” of a
source area that were emplaced instanta-
neously in a sedimentary basin. A rock-ava-
lanche deposit with a known age in a sedimen-
tary basin requires the restoration of that basin
to a position adjacent to the rock-avalanche
source area at the time of emplacement. The
Miocene sedimentary section of the Amargosa
Chaos and Sperry Hills basins in the southern
Death Valley region contains deposits of large
rock-avalanches from both spatially and tem-
porally separated source terranes.

The rock-avalanche deposits in the Amar-
gosa Chaos basin require the restoration of the
basin to within 10 km of the Kingston Range
prior to 7.8 Ma. West-derived alluvial fan sed-
iments in this basin can be confidently tied to
the southern Panamint Mountains, with early
east-derived alluvial fan sediments (pre-7.8
Ma) tied to the Kingston Range. Moreover, the
pre-7.8 Ma stratigraphy of the Amargosa
Chaos basin is equivalent to the pre-7.8 Ma
stratigraphy of the Miocene sedimentary sec-
tion in the Sperry Hills. Prior to ~7.8 Ma, the
Amargosa Chaos and Sperry Hills basins were
both parts of a larger sedimentary basin.
Sedimentologic constraints on the geometry
of the Amargosa Chaos basin indicate that
throughout its history it was a half-graben
opening along a west-dipping normal fault with
substantial vertical relief in the uplifted foot-
wall. Evidence for this topography exists in the
form of multiple large rock-avalanche deposits
derived from footwall bedrock.

The axis of this basin trends northwest with
the active basin-bounding normal fault on the
northeast margin. At ~7.8 Ma, the extension
direction in the southern Death Valley region
changed from southwest to northwest.
Younger sediments, including three younger
rock-avalanche deposits, record the motion of

the Amargosa Chaos basin away from the
Sperry Hills basin. Top-to-the-northwest dis-
placement of 30 km along the Amargosa de-
tachment system is required between 7.8 Ma
and 4.9 Ma between the Sperry Hills basin and
the location of Amargosa Chaos basin in the
southern Black Mountains. Continued, post—
4.9 Ma, northwest-directed extension is re-
quired between the Amargosa Chaos basin and
the southern Panamint Mountains. In addi-
tion, 15 km of right-lateral slip on the southern
portion of the Grand View fault is required
from 7.8 to 3 Ma to move the Sperry Hills basin
away from its pre-7.8 Ma position adjacent to
the Kingston Range.

INTRODUCTION

In recent years, the goal of many studies in
the Basin and Range province has been to
attempt geologic reconstructions across por-
tions of the province to determine the amount
of extension across this region. The focus of
much of this research has been the Death
Valley region (Wright and Troxel, 1967, 1973;
Stewart, 1967, 1983; Wemicke and others,
1982, 1988; Cemen and others, 1985; Burch-
fiel and others, 1987, Hodges and others,
1989; Snow and Wemicke, 1989; McKenna
and Hodges, 1990; Wright and others, 1991;
Holm and others, 1992). Various methods of
correlation of geologic units and structures
have been used, but rarely have studies cor-
related laterally restricted deposits, for exam-
ple, rock-avalanche megabreccias, with point
sources. Correlation of a “point deposit™
with a “‘point source” provides relatively
tight constraints on both magnitude and di-
rection of tectonic transport of that deposit
away from the source. On a map scale, rock
avalanches produce essentially point depos-
its but are usually composed of sedimentary
rocks from nonunique sources. Rock-ava-
lanche deposits composed of rocks that are
unique, for example, igneous rocks from a
laterally restricted intrusion, would be ideal

for paleogeographic reconstructions. In the
southern Death Valley region, such rock-av-
alanche deposits occur in the Amargosa
Chaos basin.

The purpose of this paper is to restore the
Amargosa Chaos basin, located in southern
Death Valley, California (Fig. 1), to its vari-
ous source terranes through time by analysis
of the deposits of large rock avalanches and
interbedded alluvial fan sediments. The com-
position and textures of the rock-avalanche
deposits, field relations, petrology, geochem-
istry, and geochronology were used to deter-
mine the provenance of the rock-avalanche
deposits. Paleocurrent, paleoslope, and clast-
compositional evolution of the alluvial fan
conglomerates was studied.

In order to test the hypothesis of large-scale
extension in the Death Valley region, I re-
examined the Jubilee phase of the Amargosa

>

Figure 1. Simplified geologic map of the
southern Death Valley region showing major
structural features and selected stratigraphic
and intrusive units. The letters A-I refer to
sample localities for geochemical and/or
geochronologic analyses: (A) Little Chief
Stock, (B) Owishead Mountains granite, (C)
Smith Mountain granite, (D) southern Green-
water granite, (E) Kingston Range granite, (F)
lowermost granitic rock-avalanche megabrec-
cia (at Ibex Pass) in the Sperry Hills Basin, (G)
metamorphic basement at Rhodes Hill, (H)
latite flow and overlying lapilli tuff north of
Warm Springs Canyon, and (I) uppermost
ash-flow tuff north of Johnson Canyon. Mod-
ified after Noble and Wright (1954), Johnson
(1957), Jennings (1961), Jennings and others
(1962), Chesterman (1973), Wright (1974),
Jennings and others (1977), Albee and others
(1981), Wright and Troxel (1984), Hillhouse
(1987), Hodges and others (1989), and Wright

and others (1991).
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basins.
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Figure 13. Model reconstruction of the position of the Amargosa Chaos basin through time.
The legend for all of Figure 13 is spread across parts a, b, and c. (a) Inferred configuration of
the Death Valley region at 7.8 Ma. Vector 1 shows the probable pre-7.8 Ma extension direction
between the proto-Kingston Range and southern Panamint Mountains and is inferred from the
extension direction for the Kingston Range detachment system (McKenna and Hodges, 1990). The
combined Amargosa Chaos-Sperry Hills basin is a northwest-trending half graben with an active
basin-bounding fault on the northeastern margin. The Kingston Range—derived rock-avalanche
deposits in the combined Amargosa Chaos-Sperry Hills basin are still within 10 km maximum
landslide runout. Abbreviations: Pas = Permian Anvil Spring Formation; WSR = western source
region; KRG = Kingston Range granite; NDV-FCF = Northern Death Valley-Furnace Creek
fault; SDVF = Southern Death Valley fault.
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Figure 13. (Continued). (b) The present configuration of the Death Valley region witk all strike-slip motion on the Grand View fault restored. Vector
2 shows the northwest transport of the Amargosa Chaos basin above the Amargosa detachment from 7.8 Ma to 4 Ma. Extension of 30 kam is
required between the Jubilee Wash Area section of the Amargosa Chaos basin and the Sperry Hills basin from 7.8 Ma to 4.9 Ma; an additional
5 km of extension is required between the Ashford Mill Area section and the Jubilee Wash Area section of the Amargosa Chaos basin from
4.9 Ma to ~4 Ma. The 6.3 Ma box indicates the position (assuming constant extension rates along vector 2 from 7.8 to 4.9 Ma) of the Amargosa
Chaos basin at the time of emplacement of the metamorphic basement rock-avalanche deposit. Vector 2a shows the post-4 Ma transport of
the Panamint Mountains away from the Ashford Mill Area section of the Amargosa Chaos basin. Abbreviations: BT = Badwater Turtleback;
CCT = Copper Canyon Turtleback; MPT = Mormon Point Turtleback; SP = Sheephead Pass.




Biack Mountains Crustal Section, Death Valley
Region, California

DANIEL K. HOLM, Department of Geology, Kent State University, Kent OH 44242

TERRY L. PAVLIS, Department of Geology and Geophysics, University of New Orleans, New Orleans LA 70143
DAVID J. TOPPING, Department of Geological Sciences, AJ-20, University of Washington, Seattle, WA 98195

INTRODUCTION Mountains (Figure 1). Overall, in this region, the cessation of

The Black Mountains of Death Valley, California contain major extension has migrated from east to west (Wright and
features which have long held the interest of geologists since others, 1984) with the main intervals of range-scale tilting and
they were first described in the 1940’s and early 1950’s (Noble, unroofing having occurred as follows: Nopah-Resting Spring
1941; Curry, 1954; Noble and Wright, 1954). With the initial Range, 12-9 Ma; Black Mountains and Funeral Range, 10-6 Ma;
discovery and continued documentation of large-magnitude overprinting of the Black Mountains and ranges to the west
extensional tectonism in the region (Anderson, 1971; Wright from 4 to 0 Ma (e.g., Wernicke and others, 1988).
and Troxel, 1973; Davis and Burchfiel, 1973; Wemnicke and In contrast to the thick sequence of miogeoclinal rocks
others, 1988; Snow and Wemicke, 1989), there has been an present in surrounding ranges, the Black Mountains core
enthusiastic rejuvenation of interest in this range block. The consists mainly of three antiformal folds (historically known as
Black Mountains have in a short time become one of the best the Death Valley "turtlebacks") of metamorphosed Precambrian

studied metamorphic core
complexes in the western U.S. The
purpose of this trip is to evaluate
the idea that the Black Mountains
may represent a nearly coherent
section of the pre-extensional crust

10 km
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geochemical, thermochronologic,
geobarometric and paleomagnetic
data. The results allow us to address
important questions regarding the
timing, nature, and amount of both
footwall and hanging wall
deformation in a superbly exposed
normal fault system.
GEOLOGIC OVERVIEW

The Black Mountains lie in the
center of the Death Valley extended
region and along the western
margin of the Central Death Valley
volcanic field (Wright and others,
1981). The region is dominated by
west-dipping normal faults
developed within the Cordilleran
miogeocline, a westward thickening
sedimentary prism of Eocambrian

through early Mesozoic age that Figure 1. Regional setting of the Black Mountains in the Death Valley region. Large arrows depict a
was shortened by east-vergent three stage tectonic transport path of the Amargosa Chaos basin. (1) Southwest- west-directed extension
folding and thrusting during the between the Kingston Range block and the Ibex Hill-Alexander Hills-Panamint Mountains block from
late Paleozoic and Mesozoic. 105 to 7.8 Ma. (2) Northwest-directed extension between the Ibex Hills block and the Panamint
Extension at the latitude of Death Mountains block from 7.8 Ma to the present. (3) Fifteen kilometers of dextral strike-slip along the

Vall ; = ; Greenwater Valley-Grand View fault from 7.8 to 3 Ma. Outlined letters A, B, and C refer to the

the mﬁ:e :fs e:d:t_:lat:dm;cl:le;;n locations of stratigraphic sections in Figures 12 and 13. Abbreviations: NDV-FCF = Northem Death

of Late P . . Valley-Furnace Creek fault; GV-GVF = Greenwater Valley-Grand View fault; SDVF = Southern Death
Aate recambrian t_° Paleozotc. Valley fault; JC = Johnson Canyon; WSR = western source region for the Amargosa Chaos basin; WSC

sedimentary and Tertiary volcanic = Warm Springs Canyon; ACBAM = Amargosa Chaos basin, Ashford Mill area; ACBJW = Amargosa

focks which constitute the geology Chaos basin, Jubilee Wash area; BB = Buckwheat basin; SHB = Sperry Hills basin; ADB = 7.8 Ma brittle

of the ranges surrounding the Black  Amargosa detachment breakaway zone; KRG = Kingston Range granite pluton. See text by Topping

(below) for further discussion.



Eocambrian outcrops. The unmetamorphosed stratified rocks
are overlain in mild angular unconformity by 10.5-8 Ma
volcanic and sedimentary strata that dip moderately to steeply
to the east. Approximately 15-20 km to the northwest, in the
middle of the range, these same strata are complexly faulted
and extended, forming the Amargosa chaos (Noble, 1941).
Northwest of the chaos, Miocene magmatic rocks, intruded into
amphibolite facies Eocambrian metasedimentary rocks and
middle Proterozoic crystalline schist and gneiss, are variably
faulted and ductilely sheared. Most of the crystalline rocks in
the Black Mountains, and in particular the northwestern part of
the range, are well away from basal unconformities of 10.5-8
Ma strata.

At Ashford Canyon (loc. B, Figure 2), the Precambrian
nonconformity lies about 5 km away from the Miocene plutonic
rocks and metamorphosed Eocambrian strata (unit mp, loc. A,
Figure 2). However, Holm and Wemicke (1990) interpreted this
nonconformity as having been translated 15-20 km
northwestward away from tilted equivalent strata in the
southeastern Black Mountains (loc. C, Figure 2) along a system
of low-angle faults (the Amargosa chaos) mapped by Wright
and Troxel (1984). The crystalline basement rocks beneath the
chaos both to the northwest and southeast appear unbroken by
any major detachment system (although late normal
imbrication has occurred to the southeast) and these rocks are
thus interpreted to be a structurally contiguous,
northwest-deepening section of the pre-extensional crust (Holm
and Wernicke, 1990).

Exposure of the Crustal Section.

Juxtaposition of the Panamint and Nopah-Resting Springs
blocks (Stewart, 1983; Wernicke and others, 1988; Snow and
Wernicke, 1989; Topping, 1993a), places the Panamint Range
above the intervening Black Mountains prior to Miocene
extension. Exposure of the crustal section occurred by
westerly-directed tectonic denudation as the Black Mountains
footwall pulled out from underneath the relatively rigid,
scoop-shaped hanging wall of the Panamint Range. Denudation
of the Black Mountains occurred during the mid- to late
Miocene (106 Ma). On the eastern flank of the crystalline core,
volcanic rocks deposited over the time interval 144 Ma become
progressively less tilted and faulted with decreasing age
(Wright and Troxel, 1988). Strata ~8-9 Ma old are locally
intensely faulted and steeply rotated, and are overlain in
angular unconformity by relatively undisturbed basalts and
fanglomerates that are about 4-5 Ma (Wright and others, 1983,
1984). In addition, a southeast to northwest progression of
cooling (from temperatures above 300°C to below 100°C)
associated with unroofing of the crystalline core occurred at
~8.5-6.5 Ma (Holm and others, 1992; Holm and Dokka, 1993).
The current predominantly low, eastward dip of the
detachment fault on the eastern flank of the range (Figure 2)
reflects eastward tilting of the range as the crustal section was
Progressively denuded to the west.
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Structural unroofing of the central Panamint Mountains,
Death Valley region, southeastern California

pE Basement

pE to Cambrian N
metamorphic rocks

p€ to Permian
sedimentary rocks

K to Miocene
granitoid rocks

Tertiary volcanic
2> rocks

m Eocene to Recent
ecod sedimentary rocks

Figure 1. Generalized geologic map of the Death Valley area. EF—Emigrant fault; EPFS—Eastern
Panamint fault system; FCFZ—Fumace Creek fault zone; HF—Harrisburg fault; PVFZ—Panamint
Valley fault zone; TPF—Towne Pass fault. On this and other figures, solid lines represent well-located

features, and dashed lines represent buried structures.

KINEMATIC MODEL FOR UNROOFING OF THE
PANAMINT CORE COMPLEX

Structural relations suggest that greenschist to amphibolite
facies metamorphic rocks in the core of the Panamint Mountains
were brought to the surface as a consequence of movement along
several temporally distinct normal fault systems. Our interpreta-
tion of the unroofing sequence is illustrated in Figure 9 as a series
of cartoon cross sections. For ease of discussion, we arbitrarily
subdivide the sequence into four stages.

Stage I: Development of the Harrisburg subsystem

Prior to intrusion of the middle Miocene Little Chief stock,
the Harrisburg detachment and related structures juxtaposed
greenschist to amphibolite facies rocks of the Lower Allochthon
and greenschist facies rocks of the Middle Allochthon. Following

models proposed by several others (e.g., Wernicke, 1981; Davis
and others, 1986), we believe that movement on this detachment
was responsible for substantial upward transport of the footwall
toward the surface. We have no real constraints on the magnitude
of this transport because we cannot match hanging-wall and
footwall cutoffs. Apparent stratigraphic throw across the fault
commonly exceeds 1 km, but this must be considered an absolute
minimum estimate of the true throw because it is insufficient to
explain the observed metamorphic discontinuity across many
segments of the detachment and the fact that synmetamorphic
mesoscopic structures in the footwall (Hodges and others, 1987)
have no clear correlatives in the hanging wall. Although pressures
equivalent to 8 to 11 km depth were attained in the footwall
during amphibolite-facies metamorphism (Labotka, 1981), no
assemblages appropriate for quantitative thermobarometry occur
in the hanging wall, and it is thus impossible to quantify the
difference in Mesozoic paleopressures across the Harrisburg de-
tachment. Even if it were possible to do so, the result probably
would not accurately reflect throw on the detachment because of
the likely differential uplift of hanging wall and footwall subse-
quent to Mesozoic metamorphism but prior to Harrisburg

faulting,



Stage IT: Development of the Eastern Panamint fault system

The Eastern Panamint fault system developed subsequent to
intrusion of the Little Chief stock (10.6 Ma) and during late
Miocene eruption of the Trail Canyon volcanic sequence. Near
Hanaupah Canyon (Fig. 3), the sole fault of the system juxtaposes
upper Precambrian Stirling Quartzite in the hanging wall and
Proterozoic crystalline basement in the footwall. Stratigraphic
throw across the sole fault here clearly exceeds 1.5 km (the
approximate thickness of omitted Johnnie and Noonday strata).
The cumulative throw on the entire Eastern Panamint system
must have been close to the thickness of the entire upper Precam-
brian through lowest Silurian-Devonian section (McKenna and
Hodges, this volume). Because the major unconformity devel-
oped beneath the Noonday Dolomite locally excised substantial
Pahrump Group stratigraphy in the Death Valley region (Cloud
and others, 1974; Wright and others, 1978), we cannot assume
an omitted thickness of the Pahrump Group without qualifica-
tion, but the total throw on the Eastern Panamint system is likely
to have been in excess of 3 km and perhaps as much as 7 km. We
infer that the most important consequence of movement on the
Eastern Panamint system was the upward transport of the Parau-
tochthon relative to the Lower and Middle Allochthons.

Stage IOT: Range-scale folding

The anticlinal geometry of the Panamint Mountains has
been interpreted in a variety of ways. Hunt and Mabey (1966)
suggested that the structure was in part related to doming over
intrusions of plutons such as the Skidoo monzogranite but noted
that some of the rotation of the range must have postdated erup-
tion of the late Tertiary volcanic rocks on the eastern side of the
range. Labotka and others (1980, 1985) also ascribed the folding
to a late Cretaceous deformational event associated with pluton-
ism. Wernicke and others (1986) and Hodges and others (1987)
noted that late Tertiary structures of the Tucki Mountain de-
tachment system are clearly involved in the anticlinal structure,
and they attributed the folding to reverse-drag flexure above the
Eastern Panamint fault system. We still belicve that at least some
reverse-drag might have occurred during Eastern Panamint
movement; however, recent mapping of the Eastern Panamint
system (McKenna and Hodges, this volume) reveals that these
structures also have been rotated roughly 40° eastward during
development of the range-scale anticline, and we must appeal to a
different mechanism for the folding.

Recently, several workers have ascribed the domal form of
metamorphic core complexes to isostatic rebound of a footwall
denuded by movement along a detachment (e.g., Spencer, 1984;
Buck and others, 1988; Davis and Lister, 1988). Although we
concur that this mechanism probably was important in producing
some of the broader domal morphologies of detachments in areas
such as the Whipple Mountains, California, we are doubtful that
it was the primary cause of the much tighter anticlinal structure of
the Panamint Mountains. Block and Royden (1990) have shown
that the wavelength/amplitude ratio of isostatically induced flex-

ures is a sensitive indicator of the effective elastic thickness of the
lithosphere. For the Panamint Mountains, this ratio has an ap-
proximate value of 10.5, implying an effective elastic thickness of
less than one-fourth of that permissible in other highly extended
terrains like the Whipple Mountains. Even in a region of rela-
tively high heat flow, such an elastic thickness seems unreason-
ably low.

A more plausible mechanism involves reverse-drag flexure
above a detachment system lying below the Panamint Mountains
that developed after movement on the Eastern Panamint system
and before initiation on the undomed Emigrant subsystem. A
likely candidate is the west-dipping, low-angle fault system that
involves rocks ranging in age from Precambrian to Tertiary in the
west-central Black Mountains (Fig. 1). Noble (1941) first de-
scribed the complex geometric relations in this system, naming it
the “Amargosa chaos.” He believed that the Amargosa system
was regionally extensive and included structures that we group as
the Eastern Panamint system. Although Wright and Troxel
(1973, 1984) abandoned the idea of a regionally extensive Amar-
gosa system, Stewart (1983) postulated that the low-angle struc-
tures at the eastern foot of the Panamint Mountzins and the
western foot of the Black Mountains are part of a single detach-
ment system that accommodated 80 km of northwest transport of
the Panamint block relative to the Black Mountains.

Despite similarities between the Eastern Panamint structures
and the type exposures of the Amargosa chaos in the Black
Mountains, two lines of evidence suggest that the systems are not
correlative. Reconstruction of Tertiary volcanic flow boundaries
based on mapping by Noble (1941) and Wright and Troxel
(1984) indicates that the Amargosa system initiated at a low
angle; in contrast, mapping by McKenna and Hodges (this vol-
ume) demosntrated that the Eastern Panamint system must have
initiated at a moderate angle. Furthermore, the upper Miocene
Rhodes Tuff appears to have largely predated development of the
Amargosa chaos (Wright and Troxel, 1984; Wright and others,
1984), whereas the apparently correlative tuffs within the Trail
Canyon volcanic sequence were erupted synchronously with de-
velopment of the Eastern Panamint system (McKeona and
Hodges, this volume).

In Figure 9, we illustrate our bias that the Amargosa system
dips westward beneath the Panamint Range and truncates the
down~dip projection of the Eastern Panamint system. We infer
that reverse-drag flexure as a consequence of movement on the
Amargosa system was responsible for the modem eastward dip of
the Harrisburg detachment and shallow westward dip of the
Eastern Panamint system, as well as for the overall anticlinal
structure of the range. Up to 1.2 km of uplift of the Lower
Allochthon could have occurred during development of the
flexure.

Stage IV: Development of the Emigrant subsystem and
subsequent structures

Correspondence between the position of the Emigrant
breakaway and the hinge zone of the range-scale anticline sug-

(9



gests that the high topography induced during Stage III flexure
may have influenced initiation of the Emigrant subsystem. We
believe that the Emigrant structures developed in order to mini-
mize the thickness of the Amargosa hanging wall. Although the
total displacement on the Emigrant subsystem could have been
greater than 20 km (Hodges and others, 1989), palinspastic re-
constructions of the breakaway zone in the Panamint Mountains
(e.g., Fig. 8) indicate that Emigrant structures were responsible
for no more than about 1.5 km of structural unroofing of the
metamorphic core of the range. Substantial (but unquantified)
erosion of the denuded core is recorded in the conglomerates of
the Nova Formation.

After movement ceased on the Emigrant system in early
Pliocene time, structures to the west, such as the Towne Pass
fault and the Panamint Valley fault zone (Fig. 1), permitted
further development of the Nova-Panamint Valley extensional
basin (Burchfiel and others, 1987; Hodges and others, 1989). East
of the range, the Death Valley basin continued to open as a
consequence of pull-apart motion on the Southern Death Valley
and Furnace Creek strike-slip fault zones (Burchfiel and Stewart,
1966) and movement on west-dipping faults that are now ex-
posed as “turtleback” surfaces along the western front of the
Black Mountains (Wright and others, 1974). Collectively, these
structures have caused further eastward tilting and uplift of the
Panamint Mountains relative to their surroundings.

Figure 9. Interpretive cartoons ill i
Te-mary-Quatgma:y evolution of the ;s:.’mut:]n%l;h;e
mint Mountsins. Frames progress in time from
Stage I to Stage IV. Widely spaced dot pattern—
Death Valley and Panamint Valley basins; black
—Mlpcenc volcanic rocks; random dash pat-
tcm—htge Chief stock; dark shade pattern—
anamint fault zone; hori

pattern—Upper Allochthon; Ii;'ht sh:;:l{:lnef:f-h
Middle Allochthon; unpatterned—footwall of Har-
risburg fault, AFS—Amargosa fault system; EB—
breakaway of the Emigrant fault system; EF-:—Emi-
grant fault;. EPFS—Eastern Panamint fault system;
HF—Harrisburg detachment; LCS—Little ' Chiet
stock; PVFZ—Panamint Valley fault zone,

H1

Panamint
Valley Mins Black
Death Mitns.




‘moisteq o uoneredss g6¢ AemySiy 'S N ‘g wewSsg “g-¢ undpg

|
saw oL

/
(e
T T T T T T T 1 Ly -
S 0 Mf
=)
=
S
Sl
b3
N smosopy \
l‘.°
“o JTNAYOLIIA
"
- N2
.Qﬁ\\ " W\x_\_..m.
//we.; .it,oe...______ 11°8 a,.vw% £ ° uuh_ﬂm
23, Vel
2N ant 82 v
R
E y F A
3 £
NI
'...:?/0/
S !
N
n.ov// \
\e /
?|0pudjaH O /o
o
1
\ 2
r
N4
Ei)
{3
3
IRF
£5%
= c?f»..
L

MOLsyvs

L] SIAIND dNML

. (TOrE “uoljays 'S uyof Ay oloyd)
‘punoISNdLq Ul SUICIUNOJY Oulpitulag ung
'PITMISEIYINOS  PAamdlr St ‘PIINYXD  mOu
‘a8pur ¥d01 dSunurtd paung e ydnoayr uwop
MO JIALL ST PAWIO) IIAJOINA 1T JanYy
aacfopy Jo smouruyn Jaddpy *i-g ojoyy

as0]2 Yooipag (1-¢ owoyg) smoxreN Iad
-dn a1 Supeass ‘aiueid s ydnosyy 28108
pajiem daais ‘molcu B Ind 0) Ing Adloyd
OU pTy AW Y] CWRIAD[[E Y ul paung
Ydo01 onmeid jo a8pu Sunsaford piemisam
B PaldA0dUN ‘pag SI UMOP 10D I St ‘JaAny
aaefolN 3y (g-¢ Sty ‘smomeN I1addn)
a8puq £3jeA oiddy ayi e wransdn saju
¢'T noqy :snp st suaddey eyp, “spooyy
Suunp 1daoxs fip auoq st weansdn s
Mmaj e paq weans ayz ydnoyije ‘punole 1eak

A1 313y smo|} INem Jo weans pood y (3uy
-ss01> je Suipral I15]2wOpo JON) Al
ay sso1d pue umop doip am Apioys ¢
-But

-SISABI} U23Q 9ABY 9m YOIym 3dTUNS [eran]
-[e 33 mo[aq 193] G/ INOQE IND 2sINO) B
ur Smojj Ydiym IdAn] 2AelO JO dsuanjjul
1 S123)Jar syl uomdassip pue Suid|nd
121313 JO aIEME AW03q [[IM NOL I|[IAI0IIA
PUNOIE 3AINd O] Sutls ABmaal} AN sy @
*s)201 dydiourejawr ut £j3sow paaled
S|enpIsal UOISOI3 21e YI0[0,0 [ 18 S[Y [B31
-UOd Yl pue ‘UTEIUNOA 13AJIS JO SY201 NI
-e18 a1e yrop,0 11 1wy dunp Ao sy woiy
SI 9][IAI0IIA PuoAaq peaye peap Houls ayl
"9]qisla U21JO 2IB PULIN) 030 PUB J[IAIOIIA
je sjueld uSwWad WO} I{OWS pue NP Jo
saumd “yxa £3)jeA aurdng ay) puofag @
“3[[IAJOIDIA IB3U 25Oyl NI SY201

snoaudt pue orydiowelaw jo samsodxa
JAISUIIXI UILIUOD A3Y] "SUICIUNOIN MOPTYS
ayy Jo sadpu pue syead mof aie Y020 01
IV "sputin) 03 pue 3fIAIOIA Jo swuejd
udwa> Ay 10§ [eudjewr apraoid yogm
(s1qiew pue asuojsawi) sautenb yoo1-oe
-uoqies ae sjods am Ayl JO SWOg 'sYd0I
stydroweisws pue onmeid jo pasodwos
‘3[IAIONIA JO S|IIY YD0I1paq 31 AIE PRIV
*(2ou1ao1d 113sa(q aawfojy 35) ¥I0]P0 T 1®
aunAYs moj ayl Sayew A1UN0D Swjed SUIN
-K1uam] oyl 01 A|INSEIAIN0S-ISed IJIAIOINA
w01} utpuanxa y3non peoiq B JO pual 1sam
ayy ‘x5 uepyd-euadsoy o puokeg e
"IA[IAIONIA I8 U M SNOA

-zapual e 0) Surd1aauod A[mofs 3le ap ‘158D
a1 01 Sajw (] Inoqe paq Apues Ipim e
ul UIOU SMO[} ‘SUTEJUNOJA OUIpIEUIdg UES
api jJo sued parem-[om K[aanes ‘ydmg
wol} Supurep ‘I9ATY 9AB[OJ  I[[IAJOINA
pIEMOl G 9EISINU] U0 K[I3iSeayuou-tnIou
anunuos ‘voneledss G6¢ 'S "N Y Wor] @

£-g 21§
‘S| Qp ‘MOISIDG Ol C6E 'S "N—§ Mg

s3aino didl e 99



UOISO01d

4q mo payss udaq Apuanbasqns sey I
"P3pruIx? 3uraq a1am wordar mojsieg oy Jo
SOTUBS[OA TBLINS AY) USYM JLUT) © JB PauLIo]
(emoAys) Yoo1 snosudr Arepiay Jo 8nid
sasnnul ‘eoupunf> qews e st sy g
193] AYM B pUe s1amo} AB]al SABMOISNU
M4 qOUY JYJ0I UMOIG-YsIppal usurword
B Sl ‘YoOPO QE:0I-01 IE ‘morsieg o)
X2 31 1 puokaq pue Sureorddy ¢
-a1monns st Sursodwros speusiew
paiepriosuooun jo spaq Swiddip Apuaf oy
30 Jwos 350dxa SIPIS[Y pue sind peos pue
‘SUTORUE POOMUYT 9 JO 350U Y} $3s5019
fema213 an X poomus puofag o
(*sarmieay [erdads

‘aoutaoid pssaqg aaclopy 2a5) sjewnue 3jeiq
-3LI9A 13UNXJ JO SUeWSI [1ss0) Ul you ysod
-3p uiseq [emsaud ‘(f'w G1-01) QU0
€ ‘UONBWIO mOJsIeg paulej ay) Uy Pato]
(pIojumop ®) sugpufs moisreg a1 pue
ulseq] moquiey JO BIIE A SI NIO[D,0 OF:7]
e ouniys panpqns woows ayf ‘peaye
U33s AIB I3 PoOMUIT e s3uipmq
PUE ‘pIemisom spuaq Aemydig oy uoos ¢
“aumd

“RUE pOOMUT 31} JO UISILW ISIMINOS 31
Buore sassed ‘sppuspy ap o3 Je[runs ‘ymey

69 e  SIAIND dNNL

Bupuan 1samyuou 1oyjoue siayew aeond
~Wod 0] °I1X3 POOMUIT Ayl puokaq moisieg
ojul pUnOre saAINd> Aemaa1y A se asou Fur
-unid wajsom )1 s5013 [Im om pue ‘sujjdnue
POOMUST 3 ST sI T, *(esswolSuey) sjeu
-BWI Uey [elAn[[e PajEPIOSUOIUN Aj2ane[al U
- (plojdn ue) surponue Sunok Aeadolo
-8 ® st a8pu 2y sam3 qrews Auew s
93pur aunjhys ‘Ae1d ‘mo[ & 0 sIMiw ¢ noge
PESUE peop YOO JMU Iaoue UM ¢
JUIWUOIIATD 11353P E UI $Y001 SNO3U

31 pouresd-osieos ‘muojun 1o Joiaegaq
[eowd} & ‘vonerfaursip renuerd pue Juus
-ieam £q papunos yoo1paq onmueld paiutof
jo sdomno o AqEmoe are syl Aem
~431y 3 Jo SIPIS YIoq UO SI9PINOQ PapuNOI
33ny jo sapid ay1] $00[ TeyMm Ssed am 28puq
q puokaq s g Jo Moys o vV @
*sagajed jJueuwaz

Amo Sumes| juamaaed smp Suifonsap 4]
-MO[S ST JoATY MEfO JO 3smod payauanur
@ o) 3upuresp saqm8 Aq uondassip ySns
“Aeme paured wasq daey speudEw lsuyy
se susodap [eIAD[[E JOo 20BMMS 3 WO 33
S3UOIS JO UONENUIIUOD © ST Juawaaed uasag
‘YSTLIBA 113S3p Aq pauayoe]q a1e juswased
S UmpIM Sauol§ -(Seale 2313-TOREIafaa
‘fuos ‘groows) jusmored 12353p Jo sayored

9ABY PTOI Byl JO S3PIS YIOQ UO SIITNS
[elAnj[e a1aym seare ojur awod am adpuq
ayr puofeq sow 9 pue ¢ uaIMg @
'sarnsodxa doidno zay

3O Imeu papunor arow ay £q jods o3 3|qe
3q Aew nok yomym 01 snmuesd JAISTUIUT JO
S3Ipoq [jews Are aayy A[[e30] sy asayp
Sursodwoo £[a8ie] (garsseuy) SSUAS Iapuim
-3pIS U1 JO $)O01 DUEIOARIAW dY) JO SnsI
-Iadereys st siy 1 ‘Aemaa1y ay Jo isea sadojs
Y 2y uo suqap yso1 jo pue sjurddoisno
Joo1 jo 1aereyd 1ejnue ‘AYd0[q ay1 sou
‘a8puq oy puofaq ssmu [e13A3S 0] ¢
‘wnisaudew pue

UoIt Ul ysu A[9ANE[al SY0I1 JAISNIUL SNOAU
-8t jrep a1z Loy -uiEURON uoiy jo ued
31® Y2020 OE:0[-01 INOQE JB U33S $YI0I
eI 3yl “moysreq e uwreSe ; jossiun
3m pue SoM SI[MWU § INOQE ISINOD B UL S
19ARy aaelopy sy] -safpu pue syead 01
[ENPIS3I [[BWS puE ‘SSWOp peo1q ‘Jalja1 mo|
Jo uoBar & ‘Gaelopy WIaSIM Y JO SMAIA
Ppoof 158 am sajw ma] 1xau Ay umim e
(-98puq 1e Juipea: 133awopo

JI0N) ‘SJUAWIAOW U331 AIE] jO uoned
-Ipul ue ‘suej [eian(re Suryealq syajdiess Aq
PajyIeul St 3Mmey o[epusjay ‘As[[eA Suraom
Ul OS[e pUuE ‘ISBIYINOS SY) O} SI[IW MIJ Y
'sauTamod Sy wosy sajw ¢'g noqe ysem
Mojfeys ay 1aa0 33puq Ay Jussord a10)
=3q MY ® u33s Y201 onwesd £qqouy paio
=103 143y o1 s8ueyd 1druqe ays s1 Iney € Jo
uoneslpul JqIsia A[uo 3R Inoqe pue ‘wol)
-3I3U1 PAAUIAP SLQ3P PUR SYI0I SUELD[OARIIU
IaA0 3uraaen a1y are ap (2ouimoid s
-s3(T 24Oy 735) peaIq Jo Jeo] B NI 1S
aneloy ap jo red sup Bupns synej Sur
-pu21} 1SaMYIIOU JOfEW UIZOP € JO 3UO qne]
S[epuady ap jo Suissold e Jurgoeordde are
M “Ad[[eA mo[leYS ® OUr Jusdsap apual e
HEIS 9M SI[TWU 7 Inoqe ul pue (‘I}aWopo
aeu) saunramod ofre] owos 1spun ssed
am Gsam saamd KemySny oyl Auoys o

J(&'w goz) a9e
oisseri]  afqissod Jo sowesjoarsaw K]a81e]
3uraq souereaddr pue 10j03 ur uonelea Jqe
-13pIsu0d Aejdsip UL $Y201 Y] §30[3,0
{1 noqe je uass syl Seuiwop o3 suid
-3q SWIRIUNO PIQ 31 Ul () Hg8Yy) Ssew
UIBIUNO pIeppols pad8nt ap omy 1o oqiu
Jayjoue Ul "aABIUOD 2dUdY ‘apual oy dasys
woyy Appoows Juipesd adojs e sonpoid
01 se (wonoq 3yl resu auy pue doy aup
JE3U 135IE0J) IBUUTW T YONS Ul UIRIUNOW
113 JO sjue[; ayi umop painquisip ate sapd
-nred 3sayl -Suuayieam 4q dnyeazq uodn
SzIs [ 3O sapised ppRIk 1y sY201 drues
-oamaw £q paddeo st jmwwns s ey 198
31 o1 anp st sadojs it JO £11ARoU0D (oo
YL ‘auffys Je3u Y1 UO UIMUNOW [jog Jo
Anaunuds [njasesd sy jo maa © 10} ¥s0p,0
0g: Moqe e yoeq YOO UE3 J3AUP A Inq
Ile udts Yoy 1312wopaads sy puokag o

"K3[[e A 12puimaplg

JO 2dBHNS [ElAR[[E pEOJq JY1 ISIIABN} O)
uI3aq am S $ INOQE 1Y 153 31 01 S|[IY
Buowre uass a1 (21003 1Y) Y001 AreUOq
-1e> pasoydiowrziaw ur suryiom 190 pue
‘speo1 ‘saurenb ‘IsAu oy puokaq sajiw z ur
"M wauipad ® paf[ea st pue uoisols £q
PauULIO} U33q STy 3SBQ UMIUNOW Iy} WoI)
(i1seayinos pue ynos) piemino Surpuaixa
a%epns Yyoipaq Suidojs Apusd oyy -ure
-UnOJA IaAJIS ul Y30 ontueid oy ureSe 2as
am Y20[2,0 0]-6 1€ 333 Y3 o] Sunros asej
-InS pIey © 03 P3jI3AUOD U33q Sy Jey} Isnp
Ju3wW3d Jo spuewr e Aq Aeid parojoosip ale
A3yl "Y20P,0 g-T e UI3s a1e Y01 onmuesd
pawnof jo samsodxa pood pue ‘A3jea ay jo
no Jurquurd BYS M IaAU oYy ssony ¢
"UOTYSB] SWIES 3} UT PIULIO]

1M YaIYm ‘(g-¢ 21n31g) moweN JamoT ay
M0[2q om) 10 Jniw e urede sieaddesip 1ajem
4L °30BUNS 3yl 0} Ydeq SPUES IJAN SRO
-10d ays ySnorys Surdass 1aem sepnsqns
sduq jutod s 1e I00[f [ouueY> 3y Iapun

$3AIND dNL o g9



&
1L

‘ofe seak alowr ST sureUNOpy 03[ JO 1UO1} YINOS Y]

Auew sdeysad pue gpo‘os s8] e ‘painioid "sidop moj[eys 1e 1no payourd
T2 Aj[eoisse]d ueys JayIes ysnw uew jusoue 49 A nq ‘you axam sysodap  Iaafis YL
£3 edHOWY WION jo uohednaoo ysiiqeiss £33 ‘L0 1 InOqe [uun 13onpoid xeioq & uay) pue
£2 ‘aumua3 se paidadae 3 ‘spaesd uey pajusw ‘siejjop uoljjuu 98 jo uondsnpoxd pawrep e
mm -30-1;3m ut Snp sud dasp wory paaaosas QM ‘968 [-788 1 woly diwed JaA[Is & sem 031

u22q aaey ,sidvejuie,, aanmwud A1aA awos
10ds s 3y “K101S1Y [RINzEN] JO wnasnpy £
-unoy) outpieurag ues i) AQ paeARdXd valR
ue ‘s3iq odne),, 31 Jo 1S ay) Jesu st s3ur
-PInq [fews pue s1ajlen yim (ayows) eare

-leD "Ajuno) oujpieusag ues £q uonseme
ISUNO} B se pajerado mou ‘odie) 3O umo)
15043 3 335 0 YI0[,0 G[:6 18 SUrEIUNOwW
341 03 JOO| ‘peOY UMO] 150YD puokag ¢

(3ursso1> ssedispun peoy umoj

‘Sulp 091102 {m@'
N
"‘hf.nlf o ";mn‘\ﬂ\lm

lesodsip £1unod ag jo jses oflw % Inoqe 104D Ay 1B 1313Wopo  3lON)  “molsieg A
S9BJIIIY 3ty Uo ®ale 13 Y] YIOPO gIe Ul usass Jnid YSIPpPal ayl ueyl YJ01 13yiep

(N
*,
\
)
3
. )
5
P
i”

*p-f andjy

Jayeqg 01 mosieq ‘D judwdsg

Jou sanut 7 0o ‘peaye sauramod af1e|
a3 sopun ZJuissed or10j2q 3sngf @
‘[PABL) am 3uo 31 0y ajjeaed Ajasopp
9$IN03 B SEl MOU UYoIYym ‘12ary aaelopy
ayr £q sawm 1aip1e2 Uy sdeyiad pue ‘sajpaan
o1 fem[rey 34 ®ues 2 pue 99 Kemydiyg
'S "N £q pamojjoj awmo1 aup st sty y *foquiy
puokaq o1 molsieg woiy Suipuaixs ySnon
a81e] oY1 umop ¥20po 7 18 $§00] U0 uon
-21s uonoadsut frimnouse sy puokag ¢
‘[euoneanps pue Supe
-urasey yoq asusuadys Sy puy pnoys nok
pue ‘swosfam st olqnd a4y ‘peor pajaqe|
3OBN-3UO AP UO ISB3 WM U pug ‘snu
I’ 103 aug {esodsiq asnjay Awnopy ay
01 Suipedj peol wIp syl uo @iou of ‘proux

B Jo 2oueisul sup ur ‘Snid sarsnnur ssepns
-Teau 1aqioue S siy] -ureunopy jueydsjg st
A20p2.0 € 18 Aemydyy o 330 1snf qouy Yoe|q
a81ef ay3 “1xa umo] Isoyn Sumpoeorddy o
*soTue)

-loa Ajediound are sumoig-ystppar iep ayn
pue ‘spaq A1eiuawipas-ouesjoa pue Liejusw
-1pas a1e s10[0> waarS-ySuq pue weand
YL -3de A1ema] jJo SYd0I dwuesjoa pue
Areyuawnipas  pasofos Sy usamiaq (-1
ojoyd) sdrgsuonear {emionns xaduros £q
paonpoxd aouereadde pajeSourea ayl wouy
SWO0) JWEU Y] “YIOP,O [-6 18 M3lA Ul
918 SUIRIUNON OdI[E) 3t ‘peOY URIPUIJ
puofaq ureld owag ay o Sutpuasssq o
"Remaa1y oy 18 uoissaidxa sjqezru

so|woz

=Ip3s payn uf usas st Suippaq pood ‘proy
UMO] 1s0yD puokaq sa[w ¢'¢ moqy ¢
"}20[2,0 § INOQE I SsuleluNOW 31 O}

-ut In> uokued 3y43 wi spaq parojos ApySiy sy
Jl0u ‘udIs S [ IXF OWIIX Wi Y @
'sinej 3ulpuan samyiiou jo

Anwey sy Jo Jaqwaw Iayloue £q papunoq

5 paaed 343 UO 15Ed S[UU §'p U ‘Aemasyy  -HODRI MNOWIM nq M1 MO s355012 ne
m G, ey, 9 SSO10® yuou Wy ‘uopels uopdadsur  SUIpUAN umossto.n 331e] Jayioue X3 play
& W Ty s amnouge ayi puokaq Iw e moqe ‘peoy  -SINEG A IV Y201 K1eWSWIPas [ernsa
9 3 o Mm B[O3UIN U0 3jOo uml pjnoys a1s ayl usia 39 ‘Pappag-flam A[[esoj ‘pue owesjoa Are
3 M b 03 umysim duofuy -s3uidBip [eoifojosyore  ~MIOL Jo aBejquiasse pauuojep AfSuons pue
& 'S 3 2y noqe peal pue (T) o) peye dpjs @  POXIW ® 10 3stsuco ‘SIMUI G-p 1xou A oy
87 R 29u} SUTEIUNOpY ooife) sy jo  POSIARI “I9AL O Ssoxde S[Iy mof 3y @
.,,Wnl.m.mm % % sisodap swesion [ewawSes; pue Arewsw (+28puq 3y uo Sutpeas 131

Vrivm ]

-wopo ok 3joN) -28puq sy Japun smop}
Jaem JO weans poo3 e ‘siluim 1om AjE
-uondaoxa Suung passold st Jaary aaeflopy
jo paq A1p Ljjeunrou pue ‘Apues ‘peoiq 21
‘molsieq 12 11xa 19915 Ulely puokaq sng @

b-§ 2nd1yq
‘sepjw 19 ‘13ypg o1 MOISIDG—") 1UNUEIS

$3QIND dI¥L o QL



(9961 @ yIuido) ‘Aucdwo)) pue urwass{
'H "M 'U0ij3ys °§ uyof Aq pajensnfjj £30[095) woil]) "plemyinos pamala st ‘g1 Lemydiy a1
~4AUL JO YInos SIU T ‘UOAUERD UOYY JBAU XIURRN 3BT 1WIIdUE Jo 23pU ydeag ‘z-f 010qd

seainos surs dojs pieasjnoq 9y} je punoid
-dwe> uoiuc) uolyy 01 peo1 Iy pur ‘uaas
Apsea alo suopelar ssayl ‘o wimy noS 3f
"1t AQ pasopdua ey wieid apy ayy pue 28pu
Yoeaq 3yl JO apisyoeq ayl 335 01 Y020
P-€ ' Yorq Yoo ‘ssediaao oyl puosiaq
aoepms ayi 01 Sulsit 1235e Inqg ‘aIn01 Kemaal)
PaydUaNUI Y1 WOIJ 335 0) prey SI aSpu

€L e S3AIND dNN1

3y "punoie oo[ T 10j Jjo uiny o) doed
pood © st syl ‘(Z-€ 010yd) XWER e
Jo s|aa3) 1aySiy o jo suo Juojr pawio}
a3pu yovaq [2ari3 JuddymSew v ySnoxp
sasscd pue sasu Aemaal) ay) ‘peoy uonyy
1w ssedioso oy Sumyoeosddy (7)
'sjaatid ysmumoaq ‘raSunof Aq pad
~deo are siprs osuyy ‘waard-aqmd asayp  spaq

X[UBJ 3Ye] PaIISS[P JO BAIE IAISUI)XS
alow pue 1ayoue st ‘udis 9nu Xy peoy
uoyy 3y puokaq Isnf ‘st atow 7z up ¢
‘18
34 Jo yonui noydnoryr uokues sy ur isixa
AJlensn weans Sumopy Jo S3Ydear Jjoys pue
‘9dBLNS AR 01 JANeM SI10] Jooj [auueys
P Ul Yooipsg -peoifiey oyideq uorupn)
Y1 pue 1aany aaefoly Aq pamofjo] mou
ST pue XTUejy 3YE7 Wo1j MO[J 150 iy 4q
N3 Sem 31 'PAlOU Sy “Y30[0,0 7 & uokue)
UOJY UMOp SYOO] 3UO J[mu I3yjoue u] ¢
RIEN-)
Sutpunonms a3y jo no payonn S[eueW
Surssasoxd ur pafedus are (uung maN pue
uun() peofres ayy Suofe (F30p,0 i) sued
[BIDISWIWOD 3y} ‘BAIE 3531 A1 Ppuokaq ofru e
¥ "saje1awoj3uey jaed 331e] ur |qewnsaid
‘sisodap pareprjosuosun A[aane[as s15398ns
120[2,0 0g:Z 18 A3[jeA 1 sso19e STy 3t Jo
Juif)nd spess-fjews amsuAxg ‘('Y ¢8seE)
UIBUNOWY 3ABD) ST Y2020 T 18 yead surdys
dieys y3y o1 ‘eare jsar aq Suaeoy o
"syo01 oiydiowelaw pue snmesd PIO
30 3IMXIUI € ST ¥30[2,0 O] 18 UlEILNOW Juaur
-word i ‘eare 1531 ap Suigororddy o
"snona8uoout 11q e st
nasaq aaelop ayn ur 83f suo wo wonusne
18 £pns Sutpuers ofumweyy yuid e Jo aimoid
Y1 sofurweyj pue sueorjad a1om Spiiq uep
-unqe 3 Suowy “susodap azoys pue paq
2] 9 Ul PUNOJ 21 SUTRWIAI [1SSOJ J1ay [
"daays pue ‘uosiq ‘ssdojarue ‘spoues ‘sasioy
Spowwew ‘sey ‘sieaq ‘sBop  Apes Su
“PRjoul s[ewue Jafie] pue ‘sapeaq ‘sajum
“USHIIYS 21am 219y “XTuely S3e JO sa10ys
@ 3uofe juepunge sem AN [ewruy
"uofue) uoyy Juofe Sumnoumop
PuE mopIaAc £q payseaiq Afjemiusas sem 1t
nq ‘Bunpnej sdeyiad ‘uonewuojap £q pae
-1 K|qeqoid sem wiseq sip -dasp 199) 00z
1370 3N ® Sem XMy e |elanld -wid)
Apuey ® ‘spouad [eianid pajpes are suoSas

113S3p Ul S[eAIU Japy 131eud sem IaAry
3AR[OJN O JJOUNJ 3y) USYM PUB MOUS 30w
PEY SUTBIUNOJ OUWIpIEUISq UBS 3y Uaym
s1eak 000'SL-000'ST sE] o s sown
a10u! e13A3s A[qissod pue ao1m I5e3] 18 BarE
SIY} Pa12A0d 121em JO salpoq adie] "XTURp
e PpIWEU ‘uiseq ST ur saiw asenbs
00€-00Z 3uuaaod Ap1swio] Isem jo Apoq
e Ul paytsodap spaq Aifs 108 P2103ssip 3wos
I8 3I3H °3[ems mojleys peoiq & ojur sdip
Kemaa1y s ‘aamno premignos v Sunyseordde
PEOY pieareH puofaq sopw ¢ Apeay o
s pue puES UMO[q-puIm

Jo susodap [ewipns ate sYo01 pua-isam
FIep @ umpm seare Jusy rendain ayg
“SUlBIUNOW 3 JO PUI IS3IM I PIEmOl ]
-1sow pasodxa asuanbas aydioweaw 13plo
s & p3pnnur aaeq jerp sY’01 onmerd
13p[0 3rrar0 LI ul yowm ‘armzonns xaid
~Wo3 JO 5}201 J1ued[oA AIBNI3] IayIep ysni
uwodn 3sa1 £ayJ 'salelswoSuey paunojep
Anuad ‘payndn ‘Junof are pus 1583 AP v
JamOo1 ay) Jeau SulAYS 3Yyi UO S[ELIAEW palo
-l0%-1y3Y Yy Y20p,0 0g:0]-6 & Aeme
S3[W QT InOQe UdIs 5q UBD SUIRIUNOJY PIOA
v ‘puofaq sow 7-¢'[ noqy ("ssediasro
PEOY PIEATEH 3b e IDWOpo 30N) o
(aep)

$Yo01 dmwesjoa pue (ydi) spaq molsreg
39 Apsow pasoduros are saqiw [eIaa3s 1x3u
syl ul Aemad1y 3yl Jo sapis yloq WO sqouy
g1 spulm Apaisom Surreasrd Aq werd
[BIAN[IE J3ATY aefON oy worj dn payoid
IS pue pues umojqpuim ‘parojoa-1ydyy Aq
PaRUeW £[jE30[ $3201 3MWEd[0A IUIIOTY HiEp
Jo pasodwod st 213y wass 1red syy -¥0p,0
C-1 18 sumunopy £pe) ay1 Jo pus isam a1
3O pey SI mala © ‘ssed1ano 1xou sy puokaq
‘Tayrrey somu g noqy sjoaeid [eIanpre yiep
133unok £q paddes spaq MOISIRg IUIDOTN
-prur ‘paioo3-1ydiy ‘Surddip Apus§ asodxas
3pIs [IOU A uo Aemaalj 3yl O3 SO S[IY
M0[ 3 ‘saurramod Ay puodaq o v ¢

SIAIND dNL o TL



‘121 KemySiy 11§ uo £ajep
pesq o) quou urpesy 910jeq soyddns 303
o1 pue dn sed o) aoe[d pood e st 19yeg ¢
‘Suuareom £q pauwioy sursaey pue
Sy flews Awewr oy JJON °plo AW OS5z
Inoqe suojsawl] (ueruad) siozosed addn
pawiojep pue udoiq Ajpeq jo pasodurod
S1 3] ‘TITH 1ayeg St umo} oyut Surwrod peo:
3@ jo yuou sl qomy Y>o1 Jrep oYL e
“yaeaq
ase{oy aYe] ® Jo sjoArid pappaq sup ur iid
e 935 0} Aemy3my ap Jo 9pIs (Isamyuion)
Ie] ap o1 Yoo ‘ssediaro Aemaany ap
piemol quI 0} sirels Aemy3ny oy se pue
‘Iayeg OJUI JjowIm) JSIY 31 Y] @

SL e S3AIND dI¥L

"E3IR JBY) UI Do} OMIEJ[OA JAISUN
-X3 ue dn Supfew sau0d SMUEs[OA XI5-KIUam]
aq Jo M9y e isnl are Y00 7 18 syead
Jesruod ji1ep Yl pue ‘smop eae] £q paddes
ST O€:1-T I8 2umA)s uaA3 o) ‘Jayeg piem
-01 Aemerydrens Juoj ayy umop Surwoy ¢
NooP,o § e

1 puokaq punoiffe[d SfIA(T 3 pue sxe
BPOS JO smdla pood 5138 suo snd ap puosaq
uontsod pajeas|s oyl woij °sA0qe pauon
-usw sdjesauojSue} ay ul s;nd daap ydnoup
sassed femaary ai} 2[nu e ueyl SS3| U] @
"o3e s1eak 000‘S1-000'01

urseq sy ut Aef yorym ‘aaefopy e ‘Apoq
13tem peianid 1a81e] yonw 2 Jo juEUwal ®
I aye] epos ‘punoifaio)-prnu o ur szead

-de aye] epos jo Jooy 2yl pue ‘ssueisip
JIej a2 Ul 02,0 g e urede uaas axe ssung
os|oY ‘peoy s3uudsg xzAz7 Suissed 13y
'3UOZ I[NB} ZIBMBAY-EPOS SuIpuan-yuou
‘xopduwos ‘apim a1 unpIm Suniney £q sapeid
-wofduey a our pautasul sydor sydiow
-epw (‘AW 00z-0§[) OISSel]-disseinf Jo
SIS Apsow oIe seale YIEp 353U SYI01
pa1ojoo A[yBry alow ‘yiep jo sayxed [B20]
aIE Y2Iym utyiim saresawojdue) Sunok payy
-dn jo pasodwod sqiy parojoa-1a1ysy ‘panp
-qns a1 YI013,0 Z1-0£:01 18 ‘Aemaary o
30 YyuoN -anrmueid aie sYd0I1 Ay} pur ‘sure)
-unojy epos ayl Jo wed are Y200 ¢-6[:71
e femoay o Jo YOS S|y Syl ‘sajiu
€T XU 3P umm pesye Sumjoo] e
‘foqury 10
19jeg I wWoil peol £q 3qIssadde e
SaUnp |njnneaq asay ], ‘puim Apasam Suiiea
-a1d s asue[EqIAUNO 0) 1sBS pUR ‘YINOS
‘quou Al woly Spuim wiols 3uons smoje
Aydei3odoy [eso] sy asaym aus e je parenw
<222 2ARY SdUNp Y] ‘“spuim Apisam Sur
-lteaasd 4q uokue) uolyy Jo yInow ay) woiy
S3W GE IO} USAUD ST PUBS UdIYm SSOIdE
ure[d 1domspuim Apues uaireq e ‘punoidieig
S.J1A2( JO pu3 1583 AU Je A Y31y 133} 00§
AlIn} ‘ssunp 9s3y] “¥20]2,0 € 1B ISEIYINOS
31 01 AW G JWOS SIUN( OS[IY JO MaIA
poo3d e st peoy losey puoaq [ e InOqy
‘leunewl  uMoO[q-puim Aq papuewr  K[ed
0] ‘somed[oA Arenisy Apsow aie X3 peoy
Josey punole suleunow 2yl ul sYI0Y @
‘UlEIUNON 18D
pue ,ounp 1ed,, SIWBU JYl DU ‘dqISIA
el pue sied ipim Awwny S uo Suik] 1ed ®
s3]quiasas A[3uons 1ySi| a|qeioAR] UT pamaIa
adeys oyl pue “sam ay woly uRUNOW
ap jo dop a1 1940 UMO[q puEs JO SISISTOD
)] CUIRIUNOJN 9SIUCID) JO 95%) 1SBI d UO
aunp a3re| 235 01 Y20]7,0 § 01 ¥doBq YOO
ued> s1afusssed ‘ssedisao peoy uiseg o
puokaq sofu '] pue | uIBmIag @

{UB[} YINOS Y1 UO BAR[ JO JUTW B ylim
¥501 dntue1d Apsow st 213y pamaia wed ay]
“Jafeq 01 Suipuaixa ssew remnaur ue ‘sure)
-UNOJN BPOS JO 3JBJ 15am 311 SI AJ[[BA asau
-01D) Jo Ised 33e} utejunow dniqe ayj
133} 01 Jo yidap & o) axe] asauor)
I1seJ Ul PABNWNIIE SINEM POOJJ 9] UI
"410q S0P UNJO I POOJ JO AW 1y ‘AR
953U 01 YUOU 1O 3Ye] BPOS O} ISES MO}
ued aaefopy a3 uokue) uoyy Sutaea] uodn
"uofue) UOlJy Ul adppns Syl O] SAW0D
UOIYs IAEM JIATY 2ABlOp SI SIYL I13)
-UlM Ol Weans Suimoj) jews e 33s 0} pasud
-Ins 3q ,Uop ‘peoy UOYY WOy SIIW ¢°g
moqe a3puq Aa1ouod A Juissold up ¢
"sadojs 1amo[ asay sajiuew Lp1ed mou yaym
pues umo|q-puim jo Sumse]q ay) Aq parow
-3 U23q Sey YsTwIea Lasap Iy -adojs oy
dn 1yS1y sydo1 oy uey ImyJy ore yinos
3@ uo peor Iyl 01 950> samsodxs Yaox
ley. 3j0u ‘pEOY UOYY WOJ} Sa[WI / Inoqe
Asqrep asauor) jo ooy o SuueaN ¢
‘UORINIISUOD Aem
-y31y Suump pazop|inq Apuasas asom uoarayy
seale WBI Yl WIRUNOW 2aE) JO 3seq
3y Juofe suey Aydor1 ‘ydnos £1aa oy AON
"paystuies Apjiep ajow pue ‘ps3Sm asow
‘9ayBly are Ao Aym st yowym ‘Yooz ont
-uesd jo 3dfy 19y3nor pue 13pjo ue jo pasod
-wod 3JE -SUTRIUNOW 3S3Y] "YIIOU Sy} Uo
UIRIUNOJY 18D PUB YINOS 3Y} UO UIRJUROW
AB) UmIaq (ayeT AIQ assuor) jseq)
A3l[eA 9sauor) 01 JuadsIp B suers Kemaarg
3@ ‘peoy UOYY WOIJ SIMU ¢ INOqe U] ¢
‘sadogs asap uo £jes
-O[ PAB[NUINIOE JABY IS4 Y] WOI] IS pue
PUBS UMO[Q-PUIM YON]N “SI[ILI md] IXau ot
10} sapis yjoq uo sadoys |jiy a3 dn sayew
Yystwea uas3p Jo Juneod Isspowr B yium
Y01 onweid £ydojq ‘proy uoyy puokaq
o e Sunuels ‘Aemadry oyl uo Yoeg ¢
(*21ay 3upeas 1333wopo

a;0N) -33pu yoeaq a1 Jo 15315 3y Suoe «

$3qINO 4NNl . vL



*2U0gsoyS 0] IaNeq ‘qQ juawdag

*¢-€ amIyy

sojw rp ol s ]

" .
S N

SitH
Buuds jjog

=

5504 x8q]

i,
£,
o

i

bk

! k:‘f.‘l':f

A 9

X

$3AIND dNAL

&pe3p st auraroys pro Yl Jo yiew [euoz
~HOY ay1 “34e JaAQS Jo pua yuou a1 je Sup
~§s013 autpamod aq Sunyoroiddy @
g ur
PTaye peay ‘yuou snunuod nok se sjucu
-Wi31 JupjaIoys 1oy isam Yoo ‘yuou ayl
01 saunu woiy Juimey syonmy £q padwnp
‘O[e) are ‘Jayeq woiy sopnu 8 Inoqe ‘peor ayy
JE3W JelIajew parojod ysy jo sapid oy ¢
‘aul] puens pauopueqe sy Suope sas Auew
ul punoj 2re ‘ode sieaf 210w pue 000'01
sdeytad  ‘uopednaso 1Y Jo  saouaplaa
Pue ‘aje[ sTp jo 2I0Ys 3yl paloaej sueip
UL "}00] 01 20e|d pood e st 1axeg jo 10
SO £-6°9 WOL] *(g-€ OloyJ) [9A9] 13Em
aaeloy aye e Furyrew (3315 N2-2aEM T)
Ui [eywozuoy ® Jo sued pajosuuoasip jno
SYTU 0 3|qe 3q pnoys nof saseid U] ‘tpiou
[2AB} oK se 210ys (uIoysam) Iey ayy Juope
ST 2@ jo aseq o Fompojem daay
‘SPOOY} I9ATY aAefojy
£q 1231 01 30 Ydap & o Pa[I} sem uiseq
W 9161 UI PUE ‘69/8961 JO Iulm A Ul
P3pOOJ} sem jejy axe] oyl “Iej sup 329 s13}

1343 Jatem aaefopy ayeT jusndue
SYEW S|y Jo astq Buole auy [eluoZIIOY ‘eAejd Y] 19A|1§ ssosde 1sam MIIA  g-g ojogq

“EM J9ATY 2ARlON ‘InUIM Jam K1oa Suunp
‘MOU UAT oAy asefopy woiy a3reyasip
papuedxa ue £q A[adie paysunou pue paj
‘aaelopy aye uaoue Jo jueUWwaI B St sy
"SIIW C°C 13U Iy IO} SINUNUOD pue Isam
Y1 uo £q 3sopo sieadde eleid e 12AlIS JO
1001 2y 1aqeg woJ} saqw ¢ noqy e

*SIAISAIUL SnoaU
-81 o10z0s3py [220] pue somdiowelow weuq
-wedaiq Apea £jefie] osje aie jses aq o
SUIEIUNOW 3@ Ul Y20y “§90[9,0 [ 1e 2u
-£s 21 uo swoo| sfuey ZemeAY yduy ayy
“YsTuIeA 113s3p Jo Suneod e aazasaxd 0 ajqe
10U 21k Ymm }201 euoqies Jo sdoimno
jiew siods gy oy 'SIAISNNUT anrueld
("&w ogr) srozosapy 1sSunok yonw pue
‘plo s1eak uonq 7 pue | u3amiaq Alqeqoid
‘soiydrowrersw ueLquieaslg Alaea a1e jsom
M o1 Apeipawun juoly urejunow  ayy
Ul syd01 ‘auoysoys premoy £z[ KemySiyg
'S U0 yuou Juion (eNeg Jo Imud
2y ur Sumpear Jajawopo inok JON) @

$-€ 24nd1y
Sl /S ‘uoysoys o1 1ax0g— (7 Wudag

s3I0 4L o Qg



"(pL0-AYPL no seam ded siyy (p-¢ otoyd) AemySiy oy -ass ‘pood st ydr JI NOO[P.0 [1-6 ' sumy
s 30, -g ‘f) 10} usyer ojoyd 30 iy 'S 1) W3 Jawoj ut J[es
.%Mn._uum Lnuo___ ._nohw m_m_mbu:twm eS 30 oloyd se pmnfe-ysy [ENUIA  ‘yt 000d

30 1583 a3pu1 yoo1 e yInosy ded mosreu B ST -UNOJN ZIBMBAY JO 3SBQ Y} WIOIJ pIEmIses
20[2,0 §1:Z1 I peaye pue ‘urede adu0 Isam I[N Sue} [elanfe d81e] 2yl e J0O| ‘saum
suims Kemyliy sy ‘(ssurpamod ayy woiy  -3amod Yy woil sdW 4 INOQR ‘Ised A O}
so[ €'/1) sIMu ¢ Isyjowe uj @ AUO STy ‘aAIND puodss 3yl Supel Iy @

‘s13fe] ayizzenb yiep A1aa -fyrxajdwod
uo S50 Yoelq Ap ‘s1afe] azurenb yuid  [eamonas pue JBOJOWl IIOYl JO ISUSS B
0} JyM UO SWio] A19UeA UMmo1q Y], “YIB[q  nok aAld J[IM 1se3 Iy} O} SIOUR[3 [PUOISEIZO
pUE UMOIq ‘yYSIUIeA 3I353p JO SIpeYS JUaId)  pue ‘so[il Luew pood B I0] maja ul aq [Im
-JIp OM) 31 90U S[[IY 9S3Y) 0} ISOP UGN, Aoyl ‘seuauea Ligyusunpss pue ‘omydiow
‘spaq aizzenb (*Aw 099-00s) ueuque) Jo  -ejow ‘snoaudr Jo (dlozoua)) sydor Junok
pasodwod sty Sundg e 9y a1 ‘peaye  pue ‘(J10ZOSIPY) $Y20I Pp[o-0s-jou  ‘(d10Z
S3[MW § INOQE “Y20]2,0 ] B pue ‘urede 3som  -03jed) SY20I Pplo-wnIpaw ‘(uRlIqUIEddI

SR\

o)

}

SAIND peOI Ay} 9ye] ueunyi§ puokag e
‘epeAdN JO surejunopy Suudg ayp ur pated
-0 “('3} 816‘11) Yead uoisaprey) s aguey
uoisury ) JO pud YlIou Iy pulyaq uiel
-unow aurdys “uessip ‘paddeomous uajjo
ay[ ‘pues JO 33INOS JUO SI 1oAY esofrewry
oy £q paysodop wmianjje mer ayy ‘suon
-02IIp JUAIAJIP [BIFA3S woI} Suimolq Spuim
£q dn pand pues jo isisuod Aoyl “(H-€
oi0yq) seunp juown( I 21 ‘Aeme sofruw
Z1-01 Inoqe ‘peaye peap moN ‘Aemysiy ayp
30 )sea K[ajerpawwnt Saff aye] Ay ueun[s
‘sourpramod a3 wo1j SIW Q[ NOQY @
*13)e] Suriawos 235 M M YIIYM

jo ‘dnoin dumuged ap pauwnral A[PAN3]
-[03 ‘3ieIaWO[SU0D PUE ‘AIWO[OP ‘SUOISIWI]
‘anzizenb ‘suoispues ‘ofeys £[aSie] ‘sydo1
f1eyusunpas uenquesalg e[ ‘pasoydiow
-B19W Ap{Eam JO 133) Q00L JO SwIoy 3 e
suoisdury ay] "dn woo] afuey uoisiury ays
J0 syead pad3n1 ySiy a1 “Yo0P,0 OE:1-T I8
JurAys JUelslp oy QO 'JI0P.0 T 18 K3[[ea
A1 SSOIdE paulelqo dte S[[IY UeUA[S 3yl
JO SMaTA pood ‘oAImd pany) SUp puokag @
*9AIND 1X3U 3 JO Uoys 1sn( Y200

0€:6 I8 UI3S 3IE SUONB[AI ISP JO SMIIA

aje[) syooI plo ‘(ueuquedalrd A{Ied) Y201
pPio-plo Jo juwswafueire [einjonns x3[dwod
K[ouronxa ue anjed) L3y [ ¥I0[2,0 OE:7-T I8
uonuae JdeNIe 0 widaq S| ueUNQS 3y
‘surppamod g puofaq sofim $ 01 €IV @
-sorydioweraw uenquiessrd A[es are juoly
a3uer ai Jo jsow dn Surjew s¥50I 19YIep
ay] -Ia)eq JO 159m IJI[IBd UI3S aU0Z }jnej
Zjemeay-epog x3dwos oy unpim Apred
Suld] uonenwnioe Arejudwipas ‘fernsar
-19) ‘Buueag-yisso} ("K'w g) IU0NJ IIMO]
e ‘uoneulOg ZIBMBAY 2yl Aq plepspun
ST “Y20[2,0 0€:6 I8 “Yue]j ulayinos padéna
SS3[ 1AYL "Y20PP,0 (] B SUIBUNO| Ziem
-BAY Ul $33S AUO ‘ISIM 3IAIND ISITY A 1T
‘soutpramod 3 puokaq oI B UM @

('ssurpgamod a1 e 1310
-uropo 3J0N) "yoeaq Japjo Apysis Ispour
st aurjzamod 3yl Japun 33pir mo[ peoiq YL
‘Surssors smpamod 351y Syl woIl JoOP,0
L 18 Yoeq Sunjoo] £q uaas st sduysuonejal jo
M3TA po0F Y "3PIS 110U ST UO UISEq MO[[eys
[rews e jjo Suisopd 2a3pu Yoeaq Mo[ E St ‘saul
-1amod oy 1apun Suissed s10j2q I €°Q
‘Kemydiy oyp Jo 1sam [orelpaww] jud}
-uoo wnisaudew 12ySry e 10} 3d3dxa SUOIS

; pood £qewadsg ‘(Swi)n8) uompoassip pue  -own| NI ST YdoIym ‘IMUOIOP pIwed Y01
- ._r oINS ‘(seale yjoows ‘aa1j-uoneiadaa) juawdofaa Jjeuoqies e Jo pasodwos a1e 9y ILA[IS
S Cgus m_ucso wowng J i SII'H xaq] -ap juswaaed 113s3p ‘ssod{IEp JO 2213p  JO JIUIOD ISIMUIIOU 31 B puB 213y SQOUY

m:rxc%c*..hwm r.z_wm:m." P _.Bzm oo:mﬂm._wm <>oucooz Ul SIOUDISJIP JO SISBq 9Y) UO PAysmBup 50X parojod-1yBy SyL "3{e] S SSOIE S|IY

saungl L 121 MAH 2IDIS -SIp 2Q UED SIJTUNS UE] JO suonerausd [erd A jo aseq Iy Juope IS pood ur IqsiA

s3a1N9 d4niL
6L o SIAND dML o 8L




*9[qe[TeAR 21e [Jj0ut
e pue ‘xajem ‘aurjosed ‘pooj Aajjep yieaq
0} aceld yjo Suidwn( sy st ouoysoys ¢

‘8uo] os paalains aaey £ay jey) Suizewe
ST II 'JO D u3Rq Sulaey Auewiag woly
£ddns ap ‘susodsp arenmu Jo yoreas ur |
Iem pHop\ duunp Snp a1om ‘doap 3897 Z-
MOU pUR 3pIM 139 ¢ INOQE ‘Sayausn pa|m
-ur Apred ‘pjo asay] ‘sIeds Iszopjinqg Japim
YonW “I2YSAI} Y RIM WAP ISNJUOD I,U0(]
"IS9M ) U0 peol Yy o} 3sopd sinds afpn
3o 515315 a1y dn Burpuayxa saysuan Snp-puey
‘MolEd ‘PO JO SUTEWDX JULEY 21 935 0 Wid
-3q ued nok ‘(paaed osfe) edoaay o3 ourny
puodss ayp puodaq U €0 UM @

ueid xeloq
Auowrepy a1 1 suonnjos jJo UoOnEZIEIsAID
pamasard As[eA EaQ JO JoO] Oyl uUo
189y 91 UM Q68T O T8S[ WOIJ SISWWNS
Suunp pasn sem aus SIYY "sapis y1oq uo Kem
-q31q 3y} 01 350[9 W3S AIT SHIOM XBIOq BSOT
~JeWry PlO 3173 JO S[[em 3QOPE I JO SUTPIISX
palqunId ‘moj ‘edosay 01 (paard) youim
g 9 puofaq S 7 Inoqy @
‘padojaaap aaey SIFD palejjaIsTy
doa)s awos “35Ua13Y0d 3[QLIAPISUOD JARY IS
aye] Jo sIaAe] oy 213ym ‘sasejd U] “yIesUaq
susodap oy Supysew Apred ‘sadojs ap Jan0
omop saderp Ajeso] ‘pajdasstp ar1am Kayy
210J9q ‘spaq axe[ 3jos oyl Jo doy uo umop

I8 e S3ainNo 4L

pre] joae1d rep ‘ro3unof jo 13ke| ump v
*spaq e[ vdoas] pa1oassip Jo S[IY mo] o
UMY UMOP 218 Im SI[TW g Jayjoue u] o
‘urRlunofy pesydoays st surejunopy xaqq
30 pua yuou ayi e Y200 GH:Q1 e yead
PAIe3aLIeA SY T, “YIIOU JOYLIE] INUI IM YIIM
ASTEA JalEMUIaIn ST Y200 ] 1B A3fRA
3pim 3yl ‘pesye pesp dn woo| ‘suonrwiIo}
freyuawipss ueuque) parake] Ajnjuneaq
@in ‘SIITH wiqnq AP AW Jayioue uy ¢
‘(-Aw 0og)
memeAldsuuad o) (A'w (Q9) uruque)
woij SuBuer 433 QQQ'EZ S! SulRjUNOW
asay} ur pasodxa spaq JO SSadIY paulq
-wod 3yl ‘yedoN oy s o3uer aurkys iej
ayp pue ‘Juudg Sunsay A ST sJues 1sieau
oyl ‘wop Swisodwos suonewsoy Kiejusw
-Ipas 2[0zodjed AMEa JO UOWSIS YIUP dY)
urpim Suuake] Jo asnesaq padns readde
urseq 3ye] oy puokaq saduer ySiy sy
*¥20[3,0 1 e 38pu 1eau ayy ur
u23s ate S|H Suudg es Jo spaq azsenb
UeLIque)) YIep A SPUSL] pio INQ "YI0P.0
I-11 e ‘peaye ool AajeA 2yl wo spaq
axe| edoda] parojos 1ySn ur pawioj spuel
-peq PaoassIp a3 Jo smala pood 128 am ssed
d WoIy SO ¢ UMNIA\ -UBLIQWED) dIE
Y200 0£:01 Inoge Je armoanns x3dwod
JO SY20I1 pappaq-fjam 2yl ‘sSupyiom oe)
a1e sjods ayMm Sy 'ISam I UO AIB SYI0I
ueuqueadrd e pue Kppea jo xadwos e

£1a8re] ‘sureyunopy xoqg UIdQ)IOU Ay ‘ssed
Xoq[ wouy Surpuadsa ("aur Ajunoo ayy puok

P> -39 3sul juumns 2y 3e 133W0p0 310N) e

*$201 OTUBD[OA PUER O]
-ueid 3o $31qqod AjeSre| Sumrejuos sisodap
Jjessworduey payndn our ssed om aun £
~uno)) ofu] ay; 1eau Inq ‘sY201 onueis pam
-oe1y A[peq ui aze apead o dn somu -5’1
sinopeor daop 2yl “somedjoa 21e 213y Kem
-y3ry 3y Jo 1se Isn( s)001 Yiep sy ‘sutdaq
Ssed Xaq] 03 Juasse ayy pue ‘passed ST Kem
-431q oy Jo 153m uonEs Ae[ar aaBmOIIW B
Jaary esodrewy puofaq soul £ noqy @
‘e

-1swo3ue] [e1aung a1 ‘eare Ks[[eA pesQq
oy jo wsodop (A'w p-g) suadoisiold APes
-2u3d01q 31e[ & 03 ‘ofe ur juspeamba £qrs
-sod pue ‘1315erEY> UL Jepwrs ST ARISWOLS
-Uel SWI ‘$970324q 218ojoyinjouous pajed
are ‘Yoo1 jo pury suo isnf 3o dn spewr Suraq
‘pUB SUONEMWINIOE [[ER20I pUR IPI[SPUE]
wasardar fjqeqoid assyy yoox jo adf)
aj3uts e Jo syuswSer; sejndue s31e] Jo pasod
-Wod spaq Je[nonus surejuod jsodsp smp
saoeid up -oresowopduey jo £jodre] pasod
-lod 312 YJ0[2,0 ¢-1 3B S[Y panpqns ay[
I15am 3y uo £q 350> ST WO[Op Aepucop
3 ‘19ATY BSORIBIUY WIOI) SAMW GG 1Y @
Y2012,0 GI:€ & Ma1a ur urede a1e

Saunp pues juown( Syl AU JIYJOUB U] ¢
-djuojop AepucopN 1a3unok ApySis

aq st Y00 Og: |1 18 safpu jo sdoy a
Buiddes yao1 1ydy oy pue ‘spaq Kiejusw
-1pas jo dnoio dwniyeg ueuquesard aig|
3y jo wed a1 sYJ0I UMOIQ-YSIppal yiep
SUL "YP0PO SHIT1-07 B son (S[IIH Yead
9IppES) SURIUNOW Xaq[ JO PuUd UISINOS
sy ‘aary esodiewy aip Surssord 1)y @
(8urssoxd 1oAYy

esodiewy a1 je Surpear Isjowopo ON)
"K3][e A PRI (21U JO StR) I[ES AU OF Kem
3 [[e SMOf] SOWN ' pue epeAdN Ul aSuey
ureyunojy Sunds ySny ay ur sasu Isal ayy
‘Buuds 10 Ja1mm Ut 213y Furuuna 1ajem IS

0y pasudins aq 3uoq ‘samu om; ur (uSis)
1ATY esodrewly Ay 0) AWOd A ($-
0104d) UORIISIANUI SIYF WO3f YI0[2,0 | IE
PBOI Y} JO ISBI U33S 338 SIUND pUES [[eug
"YHIOU SIIW Qf SWOS SPIS Y WOIJ INUI [y
s INg ‘JusWnUOM [eJUOISIY 3pEA ALlRY
S Je ‘[ B UNPIM I OJUI JJO S3YE} peol
HIp V 3sam 21 03 sl uorssardap £ajep
ieaQ A JO pUI UIIYINOS YT "¥IO[3,0 T 18
sazienb weuquie)y o1 Jo pue YI0P,0 ¢ Je
$1201 anmue1d jo m31A pood e 333 am ‘IduI0d
ap Jupunor pue sz[ aBIg UO Yoeg ¢
'siny Suuds jfes ur usss
soizuenb ueuquey sures oy jo sansod
-X3 JIB 1SEAYIIOU-ISEd AP O} 19y} pue
‘sY201 Arejuownpas ueuquwe) ‘pajeSsuea
‘“Yaep jo ssewr e st ded ay3 Jo jseg -[ensnun
1q ® jods snp ayew sses3 sues pue Iepad
Jes Jo mmold pood oy uasaid je uaag
'sydo1 anwerd ol 23108 e > 0) yInous
Inpamod wesns v paroqrey 11 uaym oYy
sem jods st jeym ouBeurr o3 Sunsazaqu
SLI] -t ¢°Q st ded oy 01 aduesstp o pue
‘udts (z1 KemySig aimig oy puoksq 193]
SL A1y3noa st jjourmy ayp -(saurpamod aip
wory SIMU /'6]) Ppeaye Imu ¢'Q uem
sso] KemySmy o jo 1sam qouy onmesd
SMI 3@ Jo uoys isnf Jjo suiny peor yssap
olqessed Apises nq Ayoo1 e ‘a8108 snp je
00] I3s0]> & 2A®Y 01 347 p[nom nok J
*de8 o Jo uoneoo] o Yiew Yoop,0
1 32 uass s3an waaid ay “mo suaySens i
Usym pue ‘sIAInd I I JO Om) SIYeW
femySry o spuy Suuds jfes jo pus yuoum
ag 1y -paidwos sem de§ ay jo Sunino
910J3q 213y paMNI0 s1jem Jo Suipuod
SWOS 1B BIIPUT MU IX3U A UM TS
S[TH Sunds 3jes jo aseq oy je (sSuiyrewm
[muozUOY pue Yueq mO[) SaInJeaj auf
-axoys ay1 pue syisodap pauresd-aury ‘parojos
<43y syl -peaye 1oAry esodrewy o Swr
-utof ‘amoz snp Suore £afeA yIEa 01 Kem
A ][ UBT I3jEm 1IATY 2Ae[OJN UM sawn
[elanid ut saefopy oye woly mopaso £q

s3aIND dI¥L o (g



*9-¢ amig

“(A31[EA WIRaQ) [N PIOJYSY 0) duoysOYS ‘g Juawdag

€8
992 gns 7
Oﬂo,. wp.._.k&\
2 o ¢
N
N 3 b = e ﬂ
o N )
= o « 0
& mv. \avo z 5 3 o
SN 3 > o
7 ﬁ...% ..o....- % ° Vu..
N, BgaEl E OB
> . Pab: @ a
N By @ § o
\...Lw_@ﬂ' QQN.H. . :—,f// .“.
NS
Q\“ ).%/,?
3 k3 m
wv.m.ll.. .fl. hm&:. E M.r =
= . = —-—
s N2 X =
m... %\vo o .lﬂ\\\v .”l ///ﬁ
o S % - = 2>
i S % § °°
3 % N
z %, S %
Al ..,...mlnm %..n.s..__.:?fa.._..__?///.ﬁ/. 9/0
§ N
L £ N > W, W, i,
2 E b ”,
ol ,«\?_____.____.q..s___.,.,_______ﬁ.m m.ohuum._.w .W/é_:_ =
ol g ¥ wa = 'n.F
=Y uw » S 3
' £ n 2 m..., B My %, N 940
$ " N =
L %& W \w\abowﬁo MM. |...\W\ ) x...._:\.\\.“_.a & 000 00
| @J oS on ® &
Q =
[~ o// \N\\\\\n .u.eaw_\
-3 - A Z s S i
o i iy, SN hR
3 N ™
[«:] =
A
@ ...w..r/::.w e\ avx/

=

0 g

gyl

>

212 3seq wIyUou §j1 Ieau sdoisno [njo
“[02 210w ayy -sstoud uenquedaryg Apes st
(9-€ 210813 ‘I sapoyy) ¥20p,0 | 12 ssew
A20r Niep pafdmu isasop ayp ‘sowydiows
“EW veuquesarg Apes are yaop,0 01-6
18 [0S iy 01 S[jIy Jeaw A ur sy201 Yiep
Imp 3y xaidwos apuy e sar ‘Ajjesi8ojosd
‘Anunos ayy £sains oy doys W8 nof ‘ssed
°Q1 wox sw ¢z moqy “avepns Je1any
“[¢ qroows £j1re; & 01uo N0 3W0d am ‘ssed
g Buissony Jae amu e unm @
(ssed 2 12 Suipeas Iajawopo HoyN)
'ssed Auaqsies o1 Surpuasse PEOI 213 jo
HiNOS U3as are sjm pue smof omuesjoN Y
‘ssodap Bunnsar a Jo Aixaid
“W03 3 0} PANQUIUC QUON) ISTUY paje
=915 Aysaay sy Suope Surumaso siie] yoox
PUE s3pfispue] ‘sinej jsnip Pojed ‘saim
~0vJ} paurpur Apuad £1aa jo souas v Suope
9BHMS punoid oy 190 MO paaoys Y201
30 S192ys 10 $201q pajqunf pue palaneys
[WOly pawio} serddaiq are saseyd soeyo aq
‘suiray 1saduns uj "PE3YE ua3s aq 0] ‘sanqny
pue 3uudg uiSnp oy are saseyd [njojon
91 IO sweu ajeudoidde Ajsnomaqo
e ‘soeyd a jo aseyd oone)) a1 o) Suofaq
Laq £jpeorgraads IO "soeyd esodrewry ap
paweu {jaeudordde ‘ssew paiqun( £jemm
-omns & jo wed paspur a1e samsodxa asog
3201 jo armixtr ¥ajduwos e s15383ns Ya0p.0
0E:Z-0€:1 18 sy oy ur woned 1o0[03
rem3ain Ay sy soqmw 7 nyoue o]
pio "A'm
T°1 UBq 210W ou ST jjeseq [elsung i 10§
‘ailep Juadar Ljeadojosd Jo Surdremumop
[EIMIONNS 10} 30UIPIAS SI SIYL ‘sTxe A3j[eA
S0 PIEMOl pIeMUl paurout are Sapis St
110q Sumpuew 1jeseq [exsung jo siake] Jep
piou a1 of -edoday 01 spowmy om aq
U93M13q PUI WIAINOS NI PISSOID IAT|IES M,
‘dremumop jeurpufs peosq e ‘Kaea o
JO Iua> I eI 2q M IM SITW 7 130
UE U] omedsjoA ApSiep ‘urelunopy peay
~daayg st yoop,0 11 18 Peayy A3jeA I3lem

0
oo

U331y apm ay3 our Kpuad Surpusasap aze
M Jjouin) AP woiy saiur ¢ noqe u e

"“Anunos Lajep
Pe3q Ay ur Apuanbaxy woay 335 am pue
9ieseq [esaung aip jo SMO[} BAB] 21¢ 3sayf
"SoIuedjoA Aiensay pazojos A1y8y az0w 2ty
3o doy uo Supsas pue piemises Junm yoo1
39e1q jo Jafef ump e £q papuew Ljjeao] s1
JBuey IANeMURIN 1P J0 Juep] 1sea ay Jeip
%95 o1 wifaq am A Iayoue Ui e

'spaq ATejusuiipas uenque)) jo pasoduos
SI yomsm ‘peor uonounf Kajep yieaqg =y
uole ‘ureyunopy aj8eg st ¥0po £ 18 yead
dieys Aeme-1ej oyp ‘sotuesjoa  Arenuay
Ajp8rer Suraq azoy wsss jied 3 “Yoop0
€ Apeau o1 og:iqp woy aurdys ap sy
J8uey 13emuasin Y1 sapiu ¢'1 noqe uy
SIEH TIqnq Jo pua yuou 3q1 3)a15 0} wejs
M QL1 AemySiy uo 1sam Sunum i3y o
("pjowm 1 Surpeas J312WOopo AON]) ‘20,0 «
SY:T 12 SIY 3y jo aseq A edu 2YqIsA
ST (10ds auym) aunu xeioq L3513y pauop
-UBQE 2 N0 samw ¢°1 Inoqe (g1 Aem
~YSIH) pown) sseg A11aqspes a1 Suryoeord
-dy -(fw 009-005) spaq uenquen jo
a8uey Suudg Sunssy 1ay1p 1 Jo jWo)
ut Suid] ¥20[q 1ney e jo 1ed st a8pu ayy
‘Sfeuaew eusunpss pue omesjon (*A'w
8-¢) Areniar agl jo SISISUOD 3582 A O]
SOJIUI T s20I parakey [jam Jo 33pu ysmumolq
i pue “‘(*f'w g-1) Ieseq [eraung sy se
umouy smopy eae jo dnoid e woij paausp
are Lemydiy a1 jo 159m Aretpawmr sadojs
U0 3001 3§9B[q JO syunys I ‘auoysoys jo
no fqou Jurod s 11y oy Uy Cued Kiqis
-sod nok Jt ssed Ajomsiaf & 12 31 op o) ueld
“usogrudew st youey F31D aoeuwing o} sseq
£113gs[es jo 15310 a1 Wolj 3AUp 2yl g

9-£ 24n8iq ‘sapnu 67 ‘sassog
daqnr puo £1139s1ps pla (1w paofysy)
4001 ] £3)1p A y1vaqq o1 uoYsOYS— IUuawSag

SIAND dI¥1 o 78



"UORISSINTT ST WOI} YUOU 3T 7 peox
%0 JO3ISIM 1] M PIOJYSY Jo sumiag] ¢
2100 [BUIPAUE PUNOY uasaq oy jo uey
3 UO Y201 wenquiesary Apres Jo s)sisuon
¥ ‘puofag “(3909,0 Og:1 18) wokuer p10y
ISV Se quou rej se soeys Suudg TBIA jo
A1981e] pasodwoo dress inej © ST snyy -jsea
@ O s sUrRIUNOW oelg Ay Jo wory
daa1s o ‘sseq 2amiqny woxy sojur L'y ‘uon
9NIANUL PEOI 3@ I8 YUOT WM am sy °
*(seImes) [erads

‘ooumaoxd ‘safuey wmseg 735) EpPEAIN BIIIIG
o woxy yjount Aq Kjefre; pay sem qangm
A3eA Junwemeg ur oxe| daap = wory L3
“PA We2q oyt (g1~ ol0qg) sseq seSuipy
ySnorq pamop iem isvem Aq pue wasks
SIAL aaefopy-esodremy oy wory 331eyasp
reranyd 1212218  £q poy sem 3 "A[uep oxe

(%] [ $3AIND 141

pawren ‘ofe sxeak 000‘s, pue 000°0T waamy
-9 A3l peaq ur Ay yomm ‘3uof sopu
001 I2A0 [om pue dasp 3393 009 Apesu
‘el & £q 0o orem smIpuens ssayy
'SIPAJ] U3Z0p ® 3583] 38 N0 Sxyew pinoys
J2A335q0 paka dreys v g8y uoouIage g|
Ul U33s 3saq are Loy pue ‘qmuou wm am
Joye juaredde arow swodaq sadojs sl uo
sSupjrew autpatoys [elIozUOY 3yf X20[3,0
T 3E St sung auraioys pue ‘yoop,0 -6
e Trede wass are SITH S9U3pyuo) ‘moiA
ur Ay st Aspep Qe3q jo ued wayinos
9@ SSed MQN[ WO MW p noqy ¢
*SOEYD 3 Jo sseyd
Suuds uBnp o jJo BIOD31q awojop pue
Juosamwt] jo pasodiuod st ‘sseg Iqn{ woiy
S ¢'¢ Jnoqe ‘peor ap Jo Qinos qouy
Y001 819 158] SY1 “1oAamoly "SOBYD 22[1qn[
30 1s1su0d Sunsyieam snouisaes pood yum

Sqouy i ‘Aemydiy ay jo yuou isnf pue 28pu
desswoldue)-uoispues pai Yl puokag o
"2ouanbas sup unpm 33m Jriedjoa
30 sysodap ase 28pu sup wo Kemydiy ap jo
WINOS SW 24-v; wass sease yroouwss Aym
Pue yuid oy -a8e Ayenis 1 10 s1afe| omues
“IoA pue ‘Sjerawolfuey ‘aucispues pas pain
Jo souas Jupys e jo wed st ‘KemySiy ayp
30 3pis Inos ayy uo ‘puofaq ysnf 23pu ayL
S4201 parerasaiq jo opsuardervys st 2197
U33s Juuayiesm snomaaes Jo junowe a3ie)
4L ‘soeyd 2y jo aseyd QN[ Jo qouy
® SI ‘tp1ow 2 uo peosr ay o 80 “sseq
3MqQN[ Woly s ¢ moge uj @
(atay
Buipear 1mawopo P1033y) “utog uounopy
Ol yuou Surpuaxa injanns Jofew e ‘aums
-BUE punoy wuassg ay jo (2100) 131090
9 asodwoo yomgm somdroweyaur ugLIquIe)
-21g Aj1es Jo sysisuon yead au jo wed saddn
SUL ‘soeys Fundg uidir are 1J3] a3 01 pue
sadojs 1amo] su wo SY201 ysippar 03
UMOIQ 3YL "yead punoy wasaq St 30,0
T ' Jundys ap uo juod y3iy oy azay
woI 'sseq asnquy Jo yununs ay o apur g
103 aped e spusose pue qsam saand ‘ysem
S3poYy suopueqe femySiy oy fpioys
'sq001 bﬂuuﬁ_ﬁum Aeniag T] 1J0s Ul ang
-ONS [euTionuE pajney e ‘s 2ouapHU0Y
0 2oBpns Yoeg-ajeym papunor o pue
£3[leA yieag J0 100[} 31 saas auo ‘(ysem
S3pOY) peaye ysem ay umop 3unjoo
'ssluf uenquiesarg Apes
‘pauresd-asieos e jo pasoduwos ‘urejunopy
[ ST §20P,0 | Je peaye yead ¥1ep
‘Pawutod ‘y8iy ayp “soeys ay vey 1a8unok
St ymgm usodsp (fw p-p) ELERIGEES
-U0Id AT e ‘aesawoidue; [eIaung a1e
20,0 g-7 ' S|y Jeau panpgns a1 ‘o
3y puokaq samd 3y punoie SuSuimg ¢
'SadEHNS
::n«:~é£ mmow._ﬂE< APl jJo suo ST 10TIU0d
SUL "S$Y201 uruquesald ‘paurels-sni ‘para
-jieam uo Sunsas soeyd> sasodxa 1) ‘peo:

91 JO 3pIs nos Ay uo asopp B> ysippax
Y31 ® st ‘ginos saans 111} peor sy arsym
‘ssed A113qs[eg woj Sajlw £ 130 1snf up o
*SY201 soeyd Jo apst
-J3lereyd e st Suuayieam snouraaes ‘uoidax
SI Ul "3pIs 3sam Sit uo syd01 ueuquesarg
A17ea Pm 3oe3U00 imey ur sisar pue soeys
3uudg wSimp oy jo yed sty cade uenq
-we) jo Ljqeqoid ‘(amnuwojop) Y201 9eU0q
18> (pajerndaiq) dn usyolq jo pasoduros
ST pUg Tim nof ‘rano yjem pue dojs nof
JI ‘Suuayieam snoussaes yonw Fuieidsip
qouy £ydor1 e st ‘KemyBry oy jo wnos snf
‘ssed Auaqsjeg woiy SN $'9 noqy ¢
213y Juope fem
431y ay jo yinos Isnl syd01 uenquiesarg
A11ea wo Sunsar usass are SOBY> awes i
Jo sayxed pue sqouy WY soeys Suudg
WENA os|e S peaye peos 2y opisduoe
qouy }201 parojo Ay sy “3ulpdnue ap
10 quf ymos ap uo soeys 8undg uBnp
9I0W JWOS ST }302,0 [ I8 umop MOT -aumd
-liue ue jo (2100) 13U 3@ ur are yomm
F2012,0 T 12 SYd01 URLqUIEdAg A1es ‘fe1g
-Ysmaaid ‘yrep Ajwioyun srowr swos uo
1531 fay -soeyd Fuuds widnp are “Ya02,0
0E:T 32 Jamo[ [jus ‘syd01 patedaniea ing I1a
“HEp 341 'soeys ooane) st sadojs sy wo pue
e 3amedy st 3ulys 3y uo yaop,0 (N34
W AemyBiy oy jo tsou 1snf sqouy ooz
SN 3@ Jo 1oys dois ‘Aepunog Juawnuop
am sed pue iy Sapoyy puofaq ‘sseg
Au13gsjes woyy s ¢-¢ mnoqy @
"Soeyd odfje) Ay jo pEd ose
918 Y200 GIi¢ 1B (YB3ag £113qseg) yead
aundys dreys s jo SY201 patojea AjySiy
SUL 7Ieseq jersung 2yl pusuy mo £q pad
-de> st (yeaq winedy) Ya0p0 g1:7 v T
aundys paddoy yroows YL -soeys osife))
Ay 3o sydor L1eniay parojos AlySy o ase
¥3eq Jayurey sadoys ayy wo ys0p3,0 0€:2-21v
'sstoug oy uodn 1az1u09 i[nTy ur s1sar soeys
Sundg widirp ay ‘Ajjeamanng 'SoRyd vsod
-fewry ays jo aseyd Juudg uigiip a4 jo ued

$3IAIND dI¥L ° +38



L8

Youry Y21) Meuing o (W PIOJYSY ‘J wdwdag L andyy

‘id #in§1QOT

4

P

—1

f

s
guds 1, ~/

— —
=

(.
(4

J

4d
Vl\{-a,uu-.»
Ve
z
/
Vd

— L~ ~ef
S‘ul\_._.ﬁaueu.( N

s3qIno 4L

amieN -poadsns K|[e21801023 st A3[[eA qiva(]
a1 uoissazdap pasopd Auy -Funjne; pue Sui
-drem yioq £]qeqoid ‘uontuiojop Aq paurw
-I3]2p Usaq SBY ULIO} S Jeyl sueaw SIYJ
‘uorssardap [eImdnIS B S| A3feA pEaq
‘JUAWAAOW SIYY Jo wolssaxd
-X3 ue Ajued aie sue} urejunopy Yaejg Sun
-0 spojdreas yney a1 pue “Yro0|q Sunn iy
3o 23p3 wasea a1 SyIewW Jnej [BIUOIY SUrE]
-Unoy Yoeig oyl -az1s Jaiy Suronpar snip
‘stisodap 100j3-A3jjeA Aq paung Apied swos
-3q 0} Wy SuImojje 3pIS ISed Iy UO Suej
sassardap Sunin ‘awmn swes ay 3y “I00()
£3[[ea a3 oju0 premino safeswayy Surpuay
-x2 Aq a31e] mo13 o1 KayeA Yesqg JO OpIs
153s 91 UO suej pamofe sey Sunpp
“11em it paf[y Apred 1dones
e Sunm o1 Iemuis ST 3939 oyl ‘Isempeg
Iedn SUTRIUNOJ Ydelg Y JO 9SBq 3 O}
2s0[o os sarf ued 1jes £2[|e A IR 2} UOSEAI
a St sy °A=po) SINUNUOD II 1BYl AMOYS
1001} AS[[eA SY) UO SUAWAINSEIW SIS}AUN[R
pue “sed oyerpaurwr i ur paxnaso sey Jor
-0 premises ey 3sa83ns sdiysuonejal [esr
301090 ‘ya0[q A3jEA YiEaT-IUTWRUR AU
Jo 8unm piemisea oe jo 1onpoid e ospe st
N ‘Ionamol -aSuey unweued 13ySiy g Jo
suofues ya3xef oyt AQ padieyasip suqap pue
Inem Jo 1unowe 131e3 o wed ur sd3[Ja1
9ZIS UI 22UAISNP SIYT -apis 1sea aip Suofe
SmAup 2q MM am YIIYM 1940 (8- O104J)
SUB} PUE SOUOD IJ[[EWIS Yonuwl oYl YIm AI]
-[EA [B3(] JO 3pIS 1S9M I UO suej [eianye
93nqg ap aredwos o) swin pood e st MON @
‘IO SIBaf puUBSNOYl M3} B O] PAPUNY M3
e oeq 210w ou Ajqeqoid are sdiess osap
JO 2WOS “YIIOU I3YIIE] 3seq UCUnOW Iyt
Suope saseuns uey Sunfearq sisjdiess jned
fuem 23s [im am pue ‘9AndE UdAq Apusdal
9ABY SUO0Z SIYI UMMM SAINIdEI) Jo SjuswSas
10 samnidel} jenplalpu] -Suueaq I1SIMYIIOU
-piou [ersuad oy woyy a31aAlp A[eao]
YoIym Inq puan ur Jeaur] Ajenpraipur aie
yorgs “9sam 3yl o1 paurpur Ajdams sioow

-83s ymej [enpiatpur jo Sunsisuos armidnus
B SI SIY] ‘)ne} |euoly sutelunopy Yoelg
ap £q pautuuaisp s osuiclunow oy Jur
-sodwod sstaud ueuquiesasd Ares pue ajeld
-wofdue} Usa13q JOTIU0D Y], ‘SUMRILUNOJY
Joeig 2y jo aseq A e Jjerswo|Sue) fesau
-nJ Jo Apoq p3193ssIp Yanul e St 420)2,0 -1
1® M PIOJYSY JO YuoU S3[II { Julos @
Juam
-ase(dstp iney [erareySu £q uede paoys
ST ‘Y20[0,0 6 1B MOU ‘3U0D I3pUId i} I
Moy 23s ued auo ydr| pood M ‘[T PIO]
-Ysy WOI} Yuou SI[Nu ¢ Inoqy @
‘waysks yney LEeA
1e3 Syl Unpim 2IMIdBIJ ISYIOUE JO 33BN
oyt SYIew! j| MW B UBY) SIOW IOJ SPU
-X3 j[eseq [e1aung Yoelq ur diess e ‘quou
211 01 peoI 3y Jo Ised A[reipaw] “K3fEA
junweued ur aye yemnid dasp 100J-000f
‘a81e] ap woiy ‘ode sieak oSy sdeyrad
‘pamopy Jaem yowm ySnoaq (g1-g 0I104d)
ssed Ae3uUIM ST UMAYs YI0]P.0 6 AP UO
‘washs 1mey Aj[EA e Y1 Jo ydueIq
B U0 PAEBIO] SUOD IIpUId [[BWIS © SI I0O[
ASIEA E3 JO JU AP ledu Y00
0€:01 1y -punore Yool pue dois oy ased
pood e ST S[I ‘JJO sayer (IIp) peol IpiS
1S3\ S SO OMm] UBY) SSI} S B U] @
‘TNA pIOJysy woiy
qLIOU OMm) IO 9JUI ISITJ 3 UT I[qQISIA £[fensn
ale anng AuTPIOYS JO AJB] UIMNSBAYIIOU
91 OJUT IND SOUIAIOYS [BIUOZLIOR] "SOBYD
29MIqN[ JO ISISTOD YIO[0,0 €-7 I8 SUIRIUNO
Yoe[d JO 95eq 31 WOIJ PIEMINO PaIaNeds
sqouy Ayoo1 3uik[a103 “se3 A O] ‘N B
Jo 2sen a1 yrew Loy eyl s1sagdns jmomr
-uSie yinos-iprou JAYL -Aemydry sm Jo
159M 1sn[ 99BJINS UBJ 91 2A0GE ISU SQOUY
[eseq [e1sung JO UOISSIZINS B ‘(pIow AR
01 am ¢°Q SutEg (‘Poum [N pIOFSY

s ansoddo oFesyu 1mzwopo aoN) ¢

£-€ 281 ‘sapu zp ‘youvy
Y2310 aspuinyg 01 NN p1ojysy—J wawidag

$3qaind 4l . 98



!

uohupy sso|bauip -

Y(8€ZP ‘uolayS 'S uyof Aq o10yd) "A3][eA yiea(] [eluad dn yuou mIAA "§-f 0)0gq

_l julod uowuop

auldiyuYy punoH 4issaq
‘uky 1eddo)

PABAJS W33q Ay A3yl 315y wolj ylou
juol} ulTUNOW 3y; Jo 3seq Ayl o} Jsaype
s[aae1d uey pajuawad A[aje1apow ‘351807
‘praye
S3[W ¢°T Inoqe st auo Jayiout ‘Aajjea ag1 dn
o suej ut s3ajdiess Jejnuls 10§ yoepy aseq
St W1l 333} (¢-0Z INOQE JUOI} UlRIUNOW
3y spqiesed dress ayy -asepns sy Supyeanq
431y 1937 8-£ dreds Jjne) e pIw uej 9| e St
‘puod 1jes e £q juoly ureunow Y jsurede
P3pmoId st peol ayp a35ym lods B puokaq
sl ‘AL pIoJysy woyy sapw ¢ jnoqy
's1eak
PUESTIOY) M3] ISE] SY) JO SUONIPUOD onew
~1i> oy I13pun ystuiea Ssusp Niep & 9onp
-01d 03 pammbas aq few sieak Jo spuesnop
49] & 03 spaipuny sdey1ad ‘sased swos uf
‘lusuruonaus pue sjeusjew uodn Surpuadsp
‘alqenea AyS1y st ar 39adsns nq UONBWIO]
USIUIBA-1I3S3P JO 9)BJ 91 MOQE yonuw mouy
1.UOp 94\ "SMOJJ Juada1 Jsowr i £q paresayy
-q0 W33q seq pue 3uod i jo suxed paysiu
~Jea A[iaBay 210 pue I3pjo A ur paarasaid
153q SI 3] ‘mey ap Jo 11ed Tamo[ A sas5015
YoM [ren weipup Jo awred quie) ‘pio ap
10N "plo s1ef OQ] uey ss3] [qissod ‘mofy
JUIAI JSOW 3y} Sylew o> Iyl jo jed
TeNU3d IN0S ay3 ur aqo] ysikesd sy “sauoys
adepms ayi uo Juawdorsasp ysmurea umolq
30 92133p ur suoneuea £q paresipur se ‘srea
-1ur pajeredas £japim je su0d Iemonied
ST Jo sued pajepunur aAey SmoJ} JUAIAIFI(Y
'SIUOD SUQIp Paluid) 1$3q Al pue ‘smopy
SUQap £yo01 Jo mwoissasons ' Aq K[o81e[
YMq T33q 9aeY SUIRIUNO Yoelg Jo aseq
3y 3uoe sou0d JAO pue S;YY  -umolq
J1ep 01 AeI3 WOy ‘YSTUIBA 113SIP JO SIpeys
JWAIp  yum  seare  Aysied  Suikeidsip
aoepns Apapinoq ‘uassun ‘dadss & yum suod
[eIAR[[E SMIT] ® st peaye Apdanp pue Guory
UTeJUNOW 3y pIEmO} YoBq SIAIND PEOI I
TAL PIOJYSY JO uIou Samw ¢*/ noqy ¢
'sazod 119
unpm sjeIs£Io 1pes Jo yimord oy £q parerdy

-uisip 21e 431 asnedaq aoueseadde ndanap
® dojaaap s19pjnoq ay 213y AemySiy ag
J0 1sam sief} Alpes A 0) 950)> UMOP WO
&3y a1aym suej asa Jo swos jo sa03 El]
yotem ‘vofues ssejd-sutm 2y jo wpiou wsnf
PUE 1y ‘s1ap|noq pazis pood jo pasoduwios
pue ‘rendain ‘y3no1 arojaray are saoeyns
uej ayy -syudwdery a81e] pjaik yowym syso01
Jjeuoqied pue sstaufd ueuquessig jo dn
SPEWI S} JUOLJ UIEILNOW 3} JO YoBaI ST
‘saueInqu Iatempeay pasiad
=S1p Jo eare uado s st [moq o pue “uoly
utejunow oy ySnoxp n> 98103 pajrem
-daa)s moureu 2y s wals sy ‘urejunom
9 30 3007 9y 1k ue} I St ssejd aum oy
30 aseq 241 *(S-€ o104yd) TN PIOJYSY Jo
quou ssmu ¢ je passed pue 9 3e pagaeord
<de st ouo jo s dwrexa pood e pue ‘suok
-ued sse[3-oulm £q pazuaioereys £jesor are
sdiess yong -diess 1ney mygnof e ST sume)
“UNO Yd'[g JO 3B} 159M ST @
‘Bumas moj Ajfeorydeigodoy i Jo
9sMB23q 11359 SUIpUNOLINS 3 Jo Isow uelp
sweans pue sfunds £q ,parajem,, 1am3q
yonur st A3[eA eaq axe] aS1ef e joqiey
pinom 31 pue ‘saum [eranid w pip Ko se
Isn{ ‘suonoanp [je woiy £s[jeA Yiea( 0) UnI
P[OM SWE2NS ‘DRUNY SJOW 2134 )BUND
3@ JI “epeAaN Jo sued judselpe pue enuoy
-TieD waseaypnos ut eare a31ef v 10y dums
a8eureIp 2 st £3feA yiEaQg ‘UoneA3 1395
87— & QI “Ajpider paunioj usaq seq it jep
Ppue a1myesj Sunok K12A & ST v Sunesipur
‘gorssaxdap snp Jo Sunm sy s9dwos o
3lqe Wa3q 334 10U Sey 2IMIBU ‘So[UEDjOA puUE
Simawpas A1eMIS] Jo 1337 0OQ9 J3Yi0WE Jo
do wo 3unsar wmianjje Funof Jo 193] 000€
Se goniu se £q urejIapun a1e 00[3 AafEA
meaq oy jo sued ySnom woay Fmym
fedbund s st juawpss suoidas f1p oy
‘Tuaunpas £q Ioje] papaadans ‘Isjem st Sumy
[enIul 3@ seare pruny uf -3[qejieae Sunp
-Aue M wayy [y 01 3 ayg ‘suotssardap
Pasop sasidsop ays pue ‘wnnoea e sioyqe

$3Q1ND dNL o g8

XY



am Iajempeg 01 13O [eLIjeW Juy ysnw
plaik suiseq ofeureip 19 ul sydo1 Axen
-19] =i asmedaq sadofs apuad aaey suej uok
-ues wyo) pue 1addo) -urayy Sussodwod
(321S 3UO)S) SLQIP JO SSIUISIEOD A} SIAIJAL
£[3uons ssaudaals JAY] -PIPOId SI VLI
¥001paq 3@ YoIym plm 3sed 91 pue sure)
-unow 3y} UM a8eurelp Jo Bale Iyl yim
SaUIeA 9715 119G ], “(8-€ 0l0yd) [eymIe Jsom
-[e Xoo[ 03 se uuo} Ut }oapad pue mypnok
0S SWOS ‘SUE} [EIAR[[E 2AT} JOAO Ul PuE INO
S3uIms peol A Iajempeg 03 913 WOI
*s){201 A1ejuatx
-1pas pasoydiowejow ApEam ‘UBHqUIEdAI]
aye] jo pasodwrod st 3] -1auim ur paddes
-mous uajo ‘(6v0°‘11) Yead adossapal st
Y20[0,0 Q€ 11 8 Aunhys ap uQ -(uoiue)
Uiyjo)) Ue} 1X3u 3Y3 punoI O o sIumms
3t se urede piemisam spesy Aemydry oS
9uiod UOWIOJ WOI SIMUI /'§ INOqY @
*(9-¢ o0yd)
sajeromojdue] Oul INDd  SaWIAIOYS  AYE|
98y 2[qeUOSBal Ul ‘MOYs PIROYS JUI04 uow
-IOJA] piesmo) Ydeq Yoo[ ¥ “sjoaeid uej Aeid
w ySry 3297 67 noqe diess Jnej & £q mata
sip wory pamosqo Apied SI Ydop,0 7 e
‘oofue) 1addo) Jo INowW 3y} je O[S MO1
-Teu Y °SAUreIoys 3YE] P[O MYIBW Y20[3,0
0€:¥ ' Aqeadsa ‘saucs Yy aaoqe I ©
‘30e} UIEUNOW ) UO SIUT| [RIUOZLIOY YL
‘30RJINS S)1 UO YSMUEA JO $22133p JUAIIJNP
moj Jo sayated sey yowym jo auo ‘sauod
Suqop poysiuIeA 3yl 2Ie aseq UIERIUNOW
o1 18 JI0P,0 0€:P-0€:€ IV "siun asay
woamlaq  (3Me)) ANMUNUOISIP  [eINIONES
e Suneaipul ‘s)o01 uUeLIQWEAIJ I O
Apoanp Surddip sajerswojduos asa wt Jur
-1aKe] 935 0} 3]qE 3q |{IM NOA ‘IO INUNUOD
nok se y3u st 81 A ) (L€ o04d)
sayerswo[duod uoAue) iaddopy (A'm Q1)
QUa%0Nd o Jo spaq par pue ysumolq £q
urepaA0 are K3yl -ydeqapiny uokue) lad
-dop a1 Jo 2103 P ur sydoI sydiowejaw
uenquedald Ae1d aie isea ayy 0) 1wWOIJ urey

16 e S3AIND dI4L

-unow 3y} U] -punole Yoo pue uej uoiue)
1addopy Surdops Apuad ayp oyuo no W
60 ueyp ssof Surpawos e doig @
CLe
0j0yd) YSTuIeA 113s3p JOo S9I8ap U1
-np a sayned jusurmord Aeydsip oseq
sureluno\l Yoelg s surede sauod sUqap
oM [eraaas ‘uej uokue) raddo) 81 oy
PUNOIE S3M SAIND O} SUEBJS PEOI I AYM
Isn{ ‘Jurod UOULIOJA WO} SI[MU § INOQY @
*sstoud uenquiesald ApIes Jo spusw
-3e1j jo pasodwos are aray Aemeydiens
o Suore uwaas suey f1pmoq YL e
‘u23s K|1e3]d se jou ae sdigsuone[al
Teardojoad st Inq “yoeqapIimy e ose sI WO
UOULIOp “Iempeqg JO IOU YOoBQIPIM)
Jayjoue MIIA am pue ‘peaye uokue)) 1addo)
JO yInoul 33 JO YINOS I B WIS 153q e
sdmysuonefal [eImanys 3say] IdEMS I[NEY
Papiol Ajeutpnue 2y Surpapun  syoo1
UBLIqUEdIIJ 3 Jo pasodwod st yoeqaping
9L JuaAd snoauerodwNuod B A[[enuassd
Pa13pisuod ST U ‘s1ayio o) Juiprosoe ‘Suy
-pIo] a3 910j3q paimado Sunine; ‘suonejaid
-I3)ur Jwos o) Suip103dy "P[oO} A JO 210D
UBLUqUEd3Id 2yl Yim 0BIUOD Jnej ul aq
0} U22s are A3 ‘urewar sysodap Surkjrano
9y} JO SJUBUWIAX YA\ "S[IN} € JO [[3Ys o
0] 90oUB[qUIasaI Jwos Sey 31 3imed) owyderd
-odoy e sy ‘sitsodap Juikzaao o jeaowas e
-uorsoIa Aq pasodxa udaq sey yorym surdnue
Sudunid ®© Jo 2103 sy w1 o201 ueLIqUEdAIT
JO SSew ® Jo A[[eaiseq SISISUOD ] °2INJONIIS
221301033 ensnun ue sI yoeqapIN] Y
Y20P,0 Ot Inoge
1J®  pE3YE 1OBIUOD  AIEnIa] -UELIqUEdald
3} JB ST 2INJONUIS Ay JOo Isou Y] ‘Yaeq
-amun) uokuey) 1addoy ayl Jo quurf 1samyINOS
91 O} peayR PEIp YOO] M JUIY "ISINOD
JSEAIOU-YIIOU © UO Jno sunySiens peor og)
“Jui0d UOWIIOJA WOIJ SI[W '] INOqE U] @
“JUBNUI-I
julod UOULIOJ Y3 JO Peay 3 B suej [ean|
-[e ssoxse Sumno sjoidiess jmej jews Ioj

(6SPE ‘uolays S uyor Aq 010yqd) "YInos 01 mala ‘1uiog
uouloly putyaq sisodap ItIoWO[3uUT) FUIIOISIIJ P

'9-¢ ojoyd

-ut AjIuad ul o sauj[aicys IYE| |TIUOZHOH

paraad saka 1nof daay ‘(9-¢ oloyqd) eqns
-ummad jutod uountopy ay jo adofs yuou
spuew £jjeso] s[aaeid aloys-aye| pue uej
198unox -puryaq ase] urepunow yJiy oy
ssodwos YoM 3[qrew pue ‘ssioud siyos
uenquesa1d £J1es s 15%IU0d 1Ty Ul S|
peaye ydrens sjeiawoduey [e1sung JO sseuw
® JUIod UOULIOJy WOJ} 3fiWl ¢'() ‘Surciunow
Sl pIemo} Ydoeq S3AIND PEOI 3yl SY @

*s¥001 Arejuaw
-1pas pue odmesjoa Aienia] paojod ApysSiy
dJoW pue ‘snosusfowoy S$S3| JUEISISAL SSI
01 Kem 3A13 $Y001 URLIQWEIAIJ AAYM 13]E
-leyo pue aoueseadde ur aSueys e sjesaar
surejunow 3yl Jo 3sej ayj Juoje piemyiiou
joo[ ® Y3030 Z[ noqe 1y (‘Suipear 1213

P> -wopo piosar pue udis Ju0q UOWIOW Ay 1T

doig) -wasks inej |muory s ur sanxaid
-wod 0} BuMO ISB3 3yl 0] YdBq IS SI JUOI]
23ue1 Jyl U0 UCWION 1y -ssed ad[iqnf
W01} U235 I3I|1TI SUIDNUR PUNOH 13T
Ul 3103 UBHQUWEIAI Y1 JO PUd WISYHOU AR
S)yJew julod uowiol "(339] uo udss jrews
10} yoiem) 1uod uounroly yoeoidde om
1NN PIOJYSY woij syu 1 1y @
“Umop N3 01 sweans Suisnes sasefins uey
suadads yarym Supin premises £q pasned st
UOMNI3SSIP JTY] PATIISSIP AIT SIS} SUE] Jo
sized 1addn 2y 1e1y 935 ues nok “‘Asfiea ap
SSOIdT Y20[2,0 O[-0€:6 1T 15am unjoo] ¢
‘Sureunow )
wouj Julurelp s3sInod weans iy Aq pasid
-ut Ajdicys aje put 1jnty [EIUO1J SUIBJUNOR
¥orld i uo juswasow £q  (A[2Aneppr)

sIQIND 4L o 06



st 31 saseqd ur Inq ‘19em jo Kiddns ays yim
sofueys aoepns ued oy Jo IsoviRyd YL
va13y payrew Apemonied st AsjeA yieaqg
3O Sunin plemised i3 IsNeI3q SINDI0 SNIL
*SULRIUNON Yoe[g 3P Jo aseq 3y Sny o}
undaq sey Sie[} es 2yl JBy) AIBME 3W0d3q
£iqeqoid aaey nof “yurod UOULIO[N WOI}
ST G Paydeal aaey nof sum aip A4 o
*a0BHNS UEJ

jussaxd ayy uo 3soyy 03 paredwiod paqmisip
-Un w23q Juo] sARYy A3} JBY) SAIEIIPUT YIIgm
‘gSTuTeA MIS3p 1M PalaAocd Ajlaeay dre
ssepns paygydn 9f3us ® uo spaaeid ‘Fumas
Ie[iuis B Ul PuoAaq ofim v ‘siyijdn 3A1ssad
-ONs OM] )edIpUl ‘UoAued B JO ynow I
1e ‘dieds Jne] ® 9A0QE S[9A3] OM] I8 $IIE]
-INS Ue} JO SJUBUWIAI ‘OTUI IJYIOUE U] ¢
*25€} U}

-unow ayy Jo 11ed Jamoj 9 wo syd0[q 28ny
jo s[qun{ a3 w1} 3t 3zruSosa1 0} Iqe 2q

€6 e S3AIND dINL

fewl nox "apIfs Y501 ® JO WIIOJ Y3 UI 3S00]
u3yoiq sey juoaj urejunow dagys jo jJuswas
B JUI0J UOWIOW WO S TZI IV @
"dieas

3 10} uopelafaa JO SauR| ANeISTW 3,U0(]
*(Z1-z o0yd) uey uokue)) yedneuey jo yed
Iamo[ 9y ssolde Sumind Y090 [ Inoge
1e dieds ynej mof ‘Suoj ® Jo 3o pamopeys
Ayl 935 0) d|qe aq AeW NOX °3PIS ISIM
ay) uo suej jJo aseq aiy 01 A3[[ea 3P ssoIdE
Yoo ‘uoowayye Ae| ayy ur Juipaen J| ¢
‘ssaw e a1e A3y ‘Apfuerg ‘dn pamayd

Apeq a1e 3UOZ J[NEJ [RIUOI} AU UM SHI01
ayl ey 935 ued nok ‘griou Iayjiey Il B
0OS[e pue JUIod UOWION WOIy Sl [0 18
srdwexs 103 quoiy ureiunow syl saydeoidde
Aasopo KemySiy aiy aIsym SUE) usmisg ¢
*sy201 smd

-Ioweldw uenquiedald YSnol wolj paausp
suej £1opmoq ajow ‘13dasrs ‘19ySnol ssord

(Iype ‘uoldys 'S uyof Aq
ojoyd) uokue) U0 JO YUOU SWEIUNOJ Yoelg JO 9seq e suej viAn[[e [[ews ‘g-¢ ojond

O
o/

(1v7y ‘0N34S 'S uyof Aq ol0yd) “ISaM WO Pamala ‘Ydeqajum uokue) Jaddo)y -1 oponq

(UbtIqWDI3LY) ._.
8109 3J0Qajying

8U0) 51193 PaYSIUIDA

$0D4uoy }|np4 -
spag £ipi}ia] "uky uaddon

‘uk) Jaddo)
1 40 yinowy
32D4iNS UD4
peiino4 dn

SIAIND dNML o 6



(T61-AvLE

‘Aaing [e3130j03n g ‘M) 10] uEl oloyd 904 Ny 'S ‘n) I IIMO| 1B 3[eds ‘I3uI10d
WAL 13ddn premol yuou ‘A3[feA YieaQ [enusd jo ojoyd [edluaa spne-ydiy <g-¢ ojogd

yauoy 1)

L

Id amsiiqoz

Rl

S6 o

aspuing

D13y Auop -
%208 2A14Q SisuIy

430 an1Q SISty

$3AIND dI¥L

e
.“

z(-"t_t'i"-_' f'

o

./'-,rr

_. "uhg w00
di02§ ypdnpuoy

1340Mpog

L%30Qa|4in} 340MpDQ

Lupg "uA) yiDay

-OU JO Uej [elAn[{e Ue ssolde suels AemySiy
N0 13)eMpEg JO YLIOU S ¢ JnOqy @
"(6-¢ o10yd) ydoiq Aajep

We( Ay} pue }50[q surelunOp Yoelg i
Waamaq Suid] yo0[q 1ney Areipisqns © jo
wed ase sy osayy "pauwroyap A(ysy 1aiper
I ‘susodap Amejusunpas  parersosse jo
SIIMOWE 135S3] M SY201 dues|oA KIeniaf
Dpa1010> A1y81y jo A[a8xe; dn opew are fayy,
"SSEW SUTRIUNOJN Y2B[ UTew o) Jo jmoly
ul Juid] sy moj jo dnoaf e o sSuruuidaq
3@ st yowny a3pug [eimieN jo yuoN ¢
‘BaIE

ST P3I3A0D 3dU0 A[aIns JsOwfe yorym uon
-33s [0ZO3[Rd YOI oYl 3AOWaI 01 13PIO
UL 393} 000°ST 1583 1B 0) PIjUNOWe 3aey
Isnw uolsoid pue jjdn sane[nWND [E30
Y1 ‘Ised i oY Swnawos papoa Kidaap pue
payndn AjSuons usaq sey “sea A Uo y291)
9demIng @ pue 15Im o@ wo K3[eA qEsQg
o ‘swashs ney a8re] om1 usemioq Sm
-A1 *Jo0q surelunopy Yorig s 1y sreadde
M ‘seare juadelpe ur pasodxs spaq AIejusm
-Ipas o10zosed Jo 399 Jo spuesnoy Jo
SI JO MIM T ‘Y101 ol0zOsjed mis ul
o wmowe [ews AFwsudms v urejuos
SUIBIUNO YIe[g SYL 193] (QO‘CI Jo ssau
-Yor e BuneSai88e sydor Lrejuawipas pue a1
-UBdjOA £remIa} Jo pasodwod are surejunow
Y1 pIEMUIION I3y WOI} u3ds SI yoeq
-3} I3jempeq Jo mIla pood Y -uonem
-104 SAU(T SISNIY AIENIS] 3y Jo sYd0I KIey
-uounpas ur ueds 300J-0§ & ‘eSpug [eImieN
0} JeWwIM 3y SI S ¢'¢ Jnoqe ul ¢
'siisodap A1en

-13], 30 SUWAA0D AU} 3 JO JUBUWAI B
ST 1] “Y9BQ3[UN] Ayl JO 15215 Y1 uo Junsas
Ims sY>01 £1emIa] jo qouy {esuod s
© 9935 0] 3[qE 3q Aew nok %50[5,0 G :¢ Inoqe
01 8un{00] 3delNS IMEJ-)YOEQIRINI PapIO]
A[reundnUE 9 3r0qe Juik[ susodap A1enia L
9@ e 5201 palojod-IySI[ Ay Y0P Z
moqe je juaredde atow sawosaq Yoeqapim

91 JO 950U I SIMW 7 13A0 SPI U] @
*35e] ureIUNOW
31 w0 I3y [9A3] B3S INOQE 1B WIIS aze
sisodap snoazeafes £q pajuawas sjaaeId Jo
SIUBUWSY PEOI 33 JO ISB3 Isnl Paind0
SEl] S3UOIS JO WONRIINUISIP I|eS AqRISPISUCD
‘O[T ISIY Ayl WAL "YOeqIpIM) Jatempeg
J0 2100 URLqWEIAI A JO Juep 3sam
3uore miou srow am 13EMpEg Suneay o
(3urpeas 12wopo
aor  1empeq  3ujaedf d10jag)  ‘ipnos
3y 0} uey 3y fyjedadss ‘siardress ymey Lq
U2Y01q 21® I3jempeq JeSU SUE) JO Ssajeuns
YL "YHO0T I3YLIE] SMI] © 131399 Wass ST yoeq
-3juMm 9 JO 350U Y] “IME] [EIWOI} SuTE)
-Unoly yorlg 3 Aq Afeoipmiduof yj0 pasns
FOBRQIIN Ialempeq Y3 JO YuUeP 1Sam o
Sumota a1e am Aeimidnng ‘A[1eap azom
sdrysuonear 1apo pue saumparogs ap 33
T4 nof ‘ued 1jes a1y wo 10 Jjem nok n
*prOI 9 WoIy
PAINUSPI 3q 10UBEd £31 Inq “S[3A3] 153y 18
a1 S[aARIS JUIAIOUS WIOM-[[3M JO SjuRUWAI
JlBWS 193] OOE Inoqe A[uo sem pdap 1s1em
sy uaym sels 1a1e[ pue Jomop e Jussaidar
Isnw sysodap 953y ‘wnwiem je daap 1393
009 pood e sem Auep ayeq dUIg -aye[
Ieranid © Jo s[aA3] auraoys s yrew wa
JO 3WOos jsBd] 1Y 'JUOI} uUrRUNOW Y O}
Suuaype [aAr13 payuswas Jjo SuRUWAI amy
a1e (30vj UTRIUNOW A wo udts 2as5) 1yFioy
[°A3] ®2s Jnoqe e juoly a3uer ap Suop
Yuop -dois o1 ase[d poos e st Iempeg @
*JOB3I ST UI peor
aql Jo 1sea 1sml wass jom wieSe ST yImosd
e1skio-pes £q sueg Jo saor arp 18 s13pmoq
jo dnyeaiq syy -syoe1d mr ies jo uonezie:
-sA12 Aq sa8pa 11211 18 Mm018 01 wass sayerd
[euodfjod osayp ‘aremejsq oy Smssord
uoidurysep\ Jo Sunured [estssepy sy o1 sa0p3
2o oy oI Sunpswos Yool Aoyy -sa9pa
dn pswin yum 1a1owerp oy 199] G- Sjuam
-3eyj jeuodfjod ‘rejnSain o u2y01q uJo

SIAIND AL o pg



‘gouey Y991 orwWIng

0} UBJ Y921) 0BWIN JO 3JBHNS Y UMOP
pasc01d pue 0] Kemy3ry wo 3Jo[ wing oM
*DONBULIO Y291 99'WIn Y} Ul sajerowod
-mej axe udds spaq Ystwaard ‘paym Ajdodys
ap ‘wu] yaa1) ovewmy Sumpeoiddy o
‘1582

91 0] A[jRIpawm S[IY 9y} WO} PIALISP
SHQIp gsmumoiq Jo ysodsp ump e srpspun
913 Yorym uej Ya31) odewing 1931e] Ay
3o spaeid £e1d dn jydnoiq seq juswooeid
~SIp J[NeJ 91 ISNEBIIQ SIJBJINS UeJ O UO
950yl woIy JUANP Joof diess ay jo voej

L6 e SIAIND dNiL

oq) uf s[aeId o Jo SwWOS 'pEoI oY) Jo Ised
193] 001-0Z 9euns uey op Suryesrq ‘ydiy
199) £-z ‘diess jne} s mmnesq e ssed
0} ui8sq am ‘o[ $°( Joj Supuajxa pue 9XI
Auq sy woxy some £'g 1y (9)
Sp3q J3RID
dewmng ul nd yoms8 pafem daoys e dn
dAUup 9 Sunsarzut ue ‘wofue) usp[On St
X3 JAU( SISATY wolj sy ¢ A[ySnoy @
‘weans Suunides pue pamides
P qoq Jo swdar ayy ur safueyds s123J)0
pue smayed s3eurelp snojewoue saonpord
3 -wouswouayd [esi3oj0ad wownwos e st
ammydes weang -y9a1) soemng Suumydes

30 3813A 2 uo sem oo 1amon Sunjiom
Plempeay 1oy ‘Ajjeinjes paimnaso ARy
PINOM UOISI9AID 9P [nUn Swm Jo Iopew
e A[uo usaq aaey pinom N J2AIMOH  ‘ue}
SIf WO pUB ysep\ Y2a1) 2oBUINg Iamo| WX
s3uipfing 193101d 0) SUOP sem SIYY, “yd|no
im0y jo peay 2y oym sfeuresp Ha21n
VBWN] JO UOISIAID [BIGNIE JO 3jnsal
9 are uondassip pue Jmpoopy ayy Yoo
~13A0 ulod SOYSUqEZ S B SPESY Uym
WMo lamon £q pay st wey sy Csum
~UNOW 3y} Je3u 123 O Uy} 210w 01 suadasp
uej sy owr > ymsd pajem-feoniaa e
‘KemyBiy ot 30 159 *Surpooy] jo sansa38ns
e ‘pnw A1p jo susodap payoers Ajreuod
-flod mm panods Ajreso] pue ‘srapjnoq
331e] quam panop ‘pamoss ST 213y aoepns
e} 941 ‘uswaAed 91915005 Jo woRsas 100)
-001 ® pue udis di & 03 3wos am 11xXa sauq
SSpY woy squ 17 moqy (§)
"s105d

-so1d pue ssurm yeioq PaUOPUEQE PlO [IIM
P3UOp ' STIIY 3533 pue ‘Xeioq S[qrISpIS
~UO3 ULEJUOI SPaq 3SIY]L "PEOI YSEA| Y321
BN @ JJO JUIOJ SNYSUQRZ WOIJ U3dS
Ammmneaq are fayy 'ssauyonp  aefaigde
U1 333 000§ ‘s1afe oluedjos pue sjersword
~I0D Paje[earalul im spaq oye| Lips “jos
‘pa10102-1481] Jo Apsow Fupsisuos ‘uonewIo;
(Aw g-¢) suasorg e st yI1) adeuUIN,]
SYL ‘uox SUrRIUNON YJe[g o dn ayewr
a2y YoM Spaq Y1) IdBWING JO MaIlA
Pood e 193 am IX3 AL SIsTIY wosy sa[Tur
¢’ moqe pue ‘YooY woorysnjy ssed
‘aoen13] Afuepy jo juiod ap punos ap, ¢
“Jleseq [ersung ae

(390]9,0 11-01) 38uey JuTUreuEq 31 Jo aseq
3@ 18 Y201 Yde[q Syl (urod I3 aAu(]
SISRIY 32 3urpear 13)awopo Inok 3joN) °®
“Iajempeg

WoIy S3AU 9°Q[ INOQe UI SJWOD PEOI JPIS
1S90 'SUQ3p JMuedfoA [euswSel) yonw ure)
-uod susodap asa e 35339ns (aaym pue

=

‘Ae1d ‘umo1q ‘uda1f ‘opusae] ‘mealn ‘ag})
paAe|dsip s10[05 Jo fi1ouea je01d Y] -juoxy
UIelInoy Yoerg o Sursodwos sysor ap
U U335 3q UBd UOREOYRENS JUII[9X3 ‘PeoI
3PIS 159M TIM uondun( oy Jo jr0gs aMu €
PUE INEmpEg JO yuoU S3W (] Inoqy @
“A3]IeA peaq jo uonednaso uelpuy
Aprea L334 30 3315 a1 waaq aaey Aew )] (6
ojoyq) aenay Afuepy paes ainiesy pauLloj
23e| & osfe st jutod Suposafod sny jo doj epy
Appean ayy -sadops I3 wo saurdIoys Ixe]
JO SIedS [ejUOZLIOY JuTe] [edAdI pmoYs won
-oadsut 950y v -sureiumow 2 jo aseq o
18 J[eseq [e13ung JO STy }92[q O1 ¥I0p,0
1 38 PEaye jOo[ o[ IX3W 2 UNpIA @
"PUES UMO[q-pUIm JO Sunselq
a1 Aq painoas £jdaap SI3p[NOq JMUEIOA puTy
I nok 219y “powny iy onsoddo 98pu
3y Jo do ayy 01 Njem pue o 328 *sFay ok
239135 O} pasu e [33] nok J1 "waysAs 3mey £a
-TBA [eaq 2 o samjoer} Suofe juamwaserd
-SIp [eratel y3noim padojaasp sassams £q
dn padiem ajessurojSue; [ereung jo safpu
M0] oM} oIk pjouiml ST JO Isam Ismf
"UOREWIO] 9AU( SISRIY pue 9jerswojdue}
[eI3UNg 3 JO S)201 SMWEd[OA pue Arejuasm
-Ipas parojos A[ySty our > saysem mourem
R pue(peq paydassip ASiy & ySnoxyp peos
MW-5°6 ‘Aem-3u0 © ST AL SISTIY Jjommy
SAUQ SISIV ST s ¢z Joqioue ul @
‘I[es pijos jo sands pue saSpu
Surwioy sammgoery Suore uonezi[eis 1> pazr
~[e20] Jo pue wonnjos jo )anpoid ® ST Janer
Sl ved jres amd Appaneja: e jo 35BlINS
ydno1 A[awanxa o1 je Yoo| & nok EIN 18117
oM WS4 ¥ poumy (sjood yjes) asmon
JIOD S[AST o St Jnm ® weln ssof Ul @
‘ssauyioows pue adofs
apuad s 10 woseas jedisuud ap StosmL
¥201q Auq sismay A Juisodwos sysor
L1enis] ap wor psamsp [eusjew auy
Yanur suteluos uej s ‘aorpns st 10p A[jeao]
suols adie] ySnoyiry ‘adojs apusd £1qe1

SIaND dI¥L o 96



Figure 2. Interpretive tectonic map of pre—Cenozoic
Tocks showing major Mesozoic thrust plates, field
trip stops, and major Cenozoic strike-slip fault
zones. From structurally lowest to highest, the
thrust plates include: a, autochthonous and
parautochthonous rocks below the Keystone thrust and
equivalents; k, rocks between the Keystone and
Wheeler Pass thrusts and equivalents; w, rocks
between the Wheeler Pass and Clery thrusts and
equivalents; c, rocks between the Clery and Marble
Canyon thrusts and equivalents; m, rocks between the
Marble Canyon and White Top thrusts and equivalents;
b, rocks structurally below both the White Top and
Last Chance thrusts and equivalents: 1, rocks
structurally above the Last Chance thrust and
equivalents:; e, rocks structurally above the East
Sierran thrust system of Dunne (1986). Boundaries to
thrust plates are not necessarily thrust contacts,
and are often intruded out or overprinted by younger
faulting. Bold arrows show approximate line of
section used to construct Fig. 3. Arrow in Grapevine
Mountains shows 90-degree clockwise rotation about a
vertical axis apparently needed to restore
structures there. SDF, Southern Death Valley fault
zone: NFZ, Northern Death Valley-Furnace Creek fault
zone.

another 200 m.
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Figure 3. a) Palinspastic reconstruction of Mesozoic .
orogen along line of section in Fig. 2. Data

compiled from many sources. Shading as in Fig. 2.

see text for discussion. b) Same as in a), but

shaded according to current erosion levels in the

various ranges along the transect. Distance from Tin

Mountain (see Fig. 4) to central Pahrump Valley is

about 35 km in the reconstruction, but is currently

about 185 km, giving about 150 km of extension.



6l

10U Sy UOISOIY "SALRINGLI} S} PUR ISAR esofIewry sy} AQ pa1das
) AJOAISUIIX2 MoU ‘s}isodap s uj paplodal s| aye] 9] Jo £101s 3y L,
‘MO[}12A0
MIUIAS pPUR 3SII 0} [3A] J31eMm 33 Bursned pue uiseq ayj jo Ayoeded
PIoY 911 8uUISEaIDIP ‘193 pPaIpuny [eI2A9S JO SSAWYDIY] € 0} J00[} Uls
3} UO Paje[nuINdde JUSWIPas 3y [, ‘uiseq edoda], ay) ojul JUSWIPos
j0] ® 1yBno1q JI2ARy] esojreury 3y} ‘191em Yim Juofy ‘AemAue Mo[J1aA0
punoq sem 3ye[ Y} INq ‘S[2Ad] Iajem Juisu 3y} 0] PAINQLIIUOD 3Aey
1 SUOTIIPUO0D I3N9M 0} PIYS dNewli[d Y "suej relanje jo yred se aje|
anade Yorym ‘sajerawojdue] pajped ‘sjisodap Ajeaesd pajos Aprood
njeprjosuodun ysnoay) puueyd e nd L|pider mojjiaAo 3y [, ‘pua ynos
1% [iis s} Suimopjiano £q pajonilsapj[as aaey Aeur edoda], aye]
‘1234 13d 193] 9 Jnoqe jo ajel uorjeiodead Aep-juasaid
1 19pun azis s,edoda, JO 3ye[ e UeIUIRU JOU P[NOD esofIewly UID
I 3y} Jo a81eydSIp Y} Isnedaq Aepo) SI )} Uey} Jajsiouwl pue I3[00D
0} pey paisixa edoda], oyeT usym ajeull]d ay |, "981eydsIp §,19AL 9}
uswigne ‘uorounf A3[[eA Yiea( 1eau ‘Mopesjy Ysy uj sSuridg ‘epea
\ Jo surejunopy Suradg padded-mous uayjo ‘(193] §(‘¢1 1eau) A1jo[ 9y}
Aeme Iej Se U101] UIRD JOJEM SUIOG ‘Idjem saye| ay) Jo 1soul pajjddns
fe[ 2y} Jo asuedxa 9y} S} A}10] UeL] 2I0UI BIIE UR PIIIA0D YIIUM
21831 afeurelp eso8reury 3y [, ‘uiseq aye] e pajeald pua Yynos s,Adea
i1 ye s}isodap A[joaea8 ‘as1e0d uryim Sunnej a10j3q A3qreA edodsy, ays
inoayy B pamoyj Ajqewnsaid 1aAry esoSreury ay], ‘deap 199) 0¥
AO sem pue s3[iwt arenbs Gg Jnoqe paldA0d aye] Y[, “ede[d [erowayds
! Jou ‘Apoq I13jem juauemriad ‘umolq-|[n} e sem edoda], ayeT ISARY
o8reury 98e-0ua201s19[] 28.1e] A[PAlIe[31 3} JO SNUiULIS) 3] Je SuAT]
‘edoda], 23e] JUSIOUER JO I00]]
[} UIOI} SIUSWIIPaS aIe ISAY |, "SpPogaye] Papola ‘pauterd-oul) ‘9iym af|
IeJ [RUOIIRN A3[[RA YIEd(] JO JIDUI0D ISeIYINO0S 3} JO 3Sed SI[IW UIZop
‘sBuridg joH edo23], pue auoysoys punoxy ‘i aeaidde o} uay} 219y
am sueuiny ou A@jeunjiojun—ose sieak 000‘00s Inoqe [un adeds
ue| s A3[[eA Yiea( Jo Hed sem aye] B yons jey} sa1edipul 32UaPIA J180]
28 19 oye| anjq dasp ‘afie[ v pjoyaq pue aZpu e 15310 03} pasiidins
1 PINOM 1soul Inqg ‘A13uads fensnun ajeddnjue A3[[eA Yyiea( 01 SIONSIA

— VdOD31 VT INIIDNV —

S3YSY JIUeI[OA JO J0III[0D Y
il

L)
S

. ‘auoysoys

18 Uondassayut a1ayy yoeoudde nok se skemybiy yioq wous spagaye; PapolIa ayl ui spue)
"PEq ainjeluiw ulyim sjielap diydesbodoy aas ued noA ‘g/| ejuloyed) uo vc:o.ﬁmw\s
abuey buuds bunsay ays buisso sayse pue /Z| eiuiojied uo Uc:o.nctoc SSeq x3q| 4O
Y1iou sajw g 0) Z sadojs 3y puadsap noA se uiseq edoda) 3y} O smaia poob 1o} yorepp
‘8.1 EluIojeD UO sebap seq pue Agjlep yieaq usamiag pue /Z| eluioyed uo 1ayeg
pue A3|lep yieaq usamiaq Buiob uiseq edoda] ay) SSOI SIAeL) ".mu_wrh ONILLIID

|

'Dd023] 2y07-03)0d JO UONDNSUOD pUD Juaixy

\
!
7

fl

Buoysoys
/ SIH
uygng

YUON ‘paulWIBlapun si Asepunoq UloyLoN




‘peINqLISIp
pIM S1e sayse 3y} Jey) arsydsowre ay} ojul Y3y os 9sol jey} uwn
) Sk Ue pue elap[ed 3sny e pajealrd suondnid 33iyl asayy jo yoey
e 9y} peanpoid 1ey) 19juad 2Andnia ayj e s)oo1 uf (uodse se yons)
npoid Aedap 113y} pue (wnissejod se yons) SUWI[A JANOROIpRL
Inseawl AQ pauluLIa)ap are safy ‘Sunuudiaguyy [ed1wayd se umouy
»01d e “qUaU0D JuSWR(e-9del) s} SuizAjeue Aq pue uonisodwod [ed
J[eISUIW pUR [ED[WAYD SANDUNSIP S} AQ YSe YIed 10J 302IN0s 3y} Ysi|
1159 $1S180]03N) "PJO SIBIA UOI|[IW Z ISA0 I3[} B ‘SUOISMO][3A W01} yse
pry A113gap{dnH pue {(gg 9319uBla) Plo s1e34 00009 ‘eruIofIfe) ‘doysig
1samij)Iou sapiu ¢ ‘AsfreA Suo wouy yse doysig ‘plo sieak 000°029
I0]SMO[[9A UIOI] YSE }931)) BAET :aIe safe pue S2dIN0s 119y} pue s1ake]
1) 39S | "SNonunuod pue a1y} Arefnonted are ydrym jo 321y} ‘susod
> 9¥e] 9y} UIYIIM YSE DIUBD[OA JO SISKR] 9A[oM] ST }S3I}ul 18I JO

‘sgupjIom 13zopj[nq pue 3oy
eq 0 SIYDUI) Ysaj ISSUNOA YIm Wy} asnjuod 1,uo(] spagaxe[ ay3 ul
«dojs doa}s pue sinds auI0s U0 G Ul BNp-pueY SIYDUI] JO S9JRI] Jule]
)$ [[1IS URD NOA ‘DUOYSOYS W] YINOS SI[IUWI M3 1SA[] 3Y) UIYNM L7T Blu
oJI[e)) JO 1S9\ "PaIo[dxa suo18a1 3y Jo duo sem ‘ed0d3], e Sulpnjoul
3[A Y¥ea(] "SS9IONS YoNul JNOYJM ‘1SIMYINOG plLie 3Y] Ul Speul aIaMm
1sodap sjenjiu 10§ saydIeas aalsualxy aulf Alddns ajesu ay} 1dnuisip
n0d £jAnoR Jeoq-} Ueudn pue 4a1jddns remaid redpuid Ino usaq
ey 9[IY)) aSNedIq ‘Tep\ P[IOM 1S114 94} SBuLIMp S$3je]§ P Y} 10 [elL
Jeux D1897e4)s [eI13HD ' dwedaq ‘saAlso[dxs uf pasn ‘sajed}IN “yse djued

oyoyd uaspnuy ‘2

usRH— "aUOYSOYS JO YINOS
sapiu S ‘L1 Do)
JO 1S9 T40M PlioM
Suunp sjisodap a1p41u
J40J Youay padsosd
Snppupy ‘GI6I Jo 20DL]

-{0A pue ‘9d1uind ‘sajesjiu ‘sajeloq 10j spagaye| 3y} paydadsoid siaulpy
"SJU3POI SWOS pue ‘sjen{snul ‘SYjowuwIeu ‘sfaured ‘sasioy se yons sjew
-wreus [Issoj jo sureural asreds urejuod spaq edoda] 3sourraddn sy,
"(Z1 @11PUB1A) ysiuwreA 3501 jo Suijeod ylep e
YHm Juawased 119S3p © ULIO) STe]j U0 S[2ARIS Paqnisipul) "Wy} Sumyjseur
A[219[dwiod ‘spaqgaye| Sulf[1apun ojus papois sadojs daays umop sdaaxd
[3aei3 s1y3 ‘Aj{es0] AydeiSodo) pagase] pajdassIp Ay} UIYIIM SBSIUI pue
‘sa)Ing [ews ‘saipui jo sdoj Jef) oY) Suisodwiod siake] [paeis Surdojs A3
-uag se sded [aaei3 3saY) Jo sJuBRUWRI 23S ULd NOA Aepoj, ‘Spaqaye| 2y}
uo ded e SujuLioj ‘uiseq 2y} ojul papuaixa urese 2ouo [3aeiS jo spsodap
Tefjuis ‘pautelp aye] ayj 3duQ Asjjea edods] ayj ojur [(2aeis [elanje
Pa11IeD surejunow SUIPUNOLINS UICL) SWEAI)S ‘PIISIX axe| 9y} a10jog
"$92139p g S UydNnu se pajji} SPAq YHIMm sainjonays uonded
-uIod [[ews pajeald I00]j s,ulseq 3y} ul sanLe[NSaIl I9A0 SUI[119S [2D07]
"pIemul 92133p [ Inoqe siake] ayj pauoul ‘1saxdIy} a1e spsodap areym
‘I9]U3) s,Uiseq Y} pIemo} SJUSWIPIs 3y} Jo uoideduod 131esIx) a1y
pue 219y way} Ind Juawade[dsip [[ews jo sjnej ajSue-ysiy nq ‘pap|oj 10
P33[13 A][e21U0123] J0U 31 SPagaye] Y [, "YSe JIURD[OA JO SIake] Snodwnu
pue ‘ejn} snoared[ed ‘SUOISPUES ‘31e1dWIO[SUOD JUI[IIOYS SE [[9M Sk ‘pues
auy pue ‘JIs *Ae[d Jo soUOISpNW A[Urew aIe SJUSWIPIS JI0O-aye] YL
*$3I[[n8 JO s[fem
9Y3} Ul 193] 9E£Z ISEI] JE JO UWN[0D SAHE[NUIND B PINSLIUW dARY SISIIUD[OS
"uMowy J0u s SSaUNDIY} [10} 119y} Os ‘syisodap axe| ay) Jo aseq 3y} 01 1nd

oloyd uaspnuy ‘7 u3RH— PUNOLSYIDG Ul SJIE UNIQR(T "dUOYSOYS
40 finos sajuu £ Jnogp JZ[ DIUIOJIID) JO JSam Spaq pdod3L 24D pajoassiq

2



ojoyd uaspnuy

"Z U3BH- "2UOYSOYS DU
spaq pdod3] ayDT ul
2U0JSMO])2f WOY YSD
Y224 DADT PjO-4DaL
000029 ‘Pa¥iomai
£)25.p) Jo 124D]

J00J-9 D oju Jnd awoy
ySnou p 0} ApouIOOp ¥

sesuey| Ul JAISUIIX? a1e sjisoda( "spuim A1191som Buijreaaad jo asnedaq
)IEM]SES MI[(q S J93I)) RART ISOJA "UNS 3} Ul UIISIS A3y} 245 paxyeu
)} 0] USAD pue ‘ayiufew 9mod-us) € Jopun AJISed Way} 39S Ued NOA
ssej8 o1ued[oA Je3d Jo saporaed Aul) Jo Ajureul s1SISUOD YSe JIa1)) eAeT]
‘s10Ae] auojspnui edoda], axer] [ed1d4} ojul
yremdn sopeis 3 "sadojs Surpunosns woij aye| sy} ojul paysem Ajqe
qoid uore[NWINDDE YSE SIY] JO YINA "9DINOS S]] WOLJ SIfIW 059 pousodap
paq yse [[ej-IIe Ue I0j [ewiouqe SI 129} 9 JO SSaUXDIY] Y JJount adepns
£q SupIOMaI SaTRdIPUI YIIYM ‘pappaq Auiyl st ped 1addn oy 1nq ‘aals
-sew1 A[oAlje}a1 S1 19Ae| yse ay) Jo 1ied 1omof 9], "spaq BUIA[19A0 WO
UMOP PaYysem pnul pue urels Ay} Yyieauaq aym aind ‘yse }oai) eae]
S JJI[2 S1Y} JO 199] g [eseq dY L "SE61 Ui Jo uoissaida(] yea1n ayy guumnp
S9ARD 9S9Y} Ul PIAI[ pue pajeaedxo 9[doad sSI[OWIOH "SIARD 3ie 313U}
UOTYM U1 JJI[O [eDTIISA © 0} S[IW GZ'0 10] }I0] 391 9Y1 Uo peaye ydiens
aNURUOY) "S}I0j M 199} (0] U] "PIeMISIM SPUIXd POl [9ARIS ® ‘Iayeq
01 yInos pue £dj[eA Yyea( pue auoysoys o} yyiou Junuiod uBis peol
aS1Ie] € Ieau ‘auoysoYS JO UMo} Y] Jo 333 YInos ay) Je sAemysiy asay}
j0 uonpun{ 3y} ayisodd( Inojap [[euwss e Supyew Aq yse }Ia1) ear] 2y}
jo sainsodxa joadsui Afisea ued g/ pue Lg] BiUIOji[e) UO SId[PARIL],
‘siisodap (g 9113uBiA) AJuepy
aye pue X[uepy e a5e-feroe[s 9y} Uey} J9PJ0 YONul 91k 319y UI3s Spaq
edoda], aje syl ‘piodal [ed0] Y} Jo Alpifea 9y} ysiqeiss sdjpy pue
eyep onouSewosfed vdoda], e 2l YIM [[9M S1Ij ‘SJUSULINSEIUL IPIM
-plIOM £q PAYSIqRISS ‘SIeak UOI[[IW G'g 1Se] 3y} Iaao Ajrejod dnaugew

[]
]
1
1
! Spoagaxej
' edooa )|
yse
OUOISMO||B A
////_ H :\\ ///25///’
\\\7////
o) SIH
) Q/ z
sainsodxa v K 3
ysp 32249 50 ' = uliqng
DADT 3u0jsmojjaf YUON . "
ayj1 jo uonDI07 L
\
[
]
1
]
]
H o | aw,
s

JO S[es19431 Jo 1Ieyd Y ‘paYy draugeur s,yirea ayj jo Ajrejod ayj piodax
y2iym ‘sajdwes pagaye| uo syuswaInseaul dijouseuroared Ym JUSISISUOD
aIe S9jep 953y |, 'PIsodxa JouU 31e SPIq 1S9MO] Y} S ‘ISPO [[11S 3q P[Nod
1] ‘08e sI1eak uoj[[IuI ¢ }SeI] T’ 9DUSI]SIXD 03Ul dWIed pue ofe s1eak ()0('00S
noqe [un pajse| edoda, sye eyl s)so88ns uorie[nofed ajdwis e ‘sayse
SUOISMOI[9X OM] 3] MO[aq PUR 3A0(e SpPaq JO SSaUIDIY) PaInsesw ay}
pUe s31ep Yse 93iy] 3y} UdIM]3q paje[nuindde spagaye| YdIyMm Je sajel
duis() ‘03e s1ea4 (0009 ULl SS3] 0} OFR SILIA UOK[IUI Z URY) 10U woJj
Pa1sixa aaey isnuw ayef 9y} ‘sysodap ay) Jo wiooq 3y} dA0qe si yse
98pry A1129adnY ayj pue ‘spagaye| sourtaddn ayj jo doy iy MO[3q SI
yse j931) eae sy} aduig "edoda], aye] jo afe oy} 193delq d[@y saysy .



"31eldadde 0} [[e J0j uiseq edod3], 3y} Jo £10)s ay) sasodxa

AR BSOSIRUNY 3Y} ‘SPagaxe] 9y} Sunoassip Ag "s)2199s I19Y] [[e pa[eaAdl

A J0U daey A[urelsed pue uoifal A3[[eA yrea(] 1918218 ayj ur SUOIpUOD
Ue SjU3A? JnNoqe uopjeurIojul yonw loqrey sysodap edoda], ayey

'auiry 0] s19jya1 A§ojouoiy)

Jeydsoure 3y jo no A[30a11p punois ayy 03 joeq S9119s 181} ‘uoisojdxa

e Aq 11e 3y} 01Ul UMO]q ‘SLIGAP DIUeD[OA ST Rayda] ‘ASojouoaydoiyday

119} aArssaxduil ayy £q payuSip st siake[ yons Sunjep pue suiAmn

9P1 Jo anbiuysa3 3y |, *su0z1I0Y JoyIeu-aw ) [NJosn a1e Spaq ay L, ‘poyn
9P 2q Ued 92IN0s asoym s1dAe[ yse pajep A[qerjai azud sisido[oan

cioud uaspnuy 2 wapH- ‘§uo) sayoul pg s #DIS ‘2uoysoys 1pau L4upnb b u
pasodxg yso jo spag [pjuozioy pauriojapun uaamjaq Suid} ‘arpjs Adnos p uy
Aym Suroys NMws1as 10 Suipns £&q pa)Sal yso ¥224) pap7y Jo s13AD] pajiojuo)

213y UBY] yse JIUBD[OA JO Sa1nsodxa 19119q 995 ‘194D JI ‘wopjas
(M nox ‘sysodsp ioojj-axe] Adnos jo Budsif axenbyjres Ay asow
10 Surdwings Aq Ajqissod ‘pajnjoauos Axa1dwod aze sadeyd ug jel s1aAe|
uryl Auewr moys sjrem nd ay) ur sansodxa ysaiy ‘sAemuni j1odire uo
sjiids 1o dn dow 03 ‘ojdurexa 10j ‘winipaw Suiqiosqe ue se Ajrewd pasn
StU21ym “yse 10j 31d ayy sauu Ajjeuoisesso uonesado [RIDISWWOD Y
"yse Suimo|q Jo asnedaq puim Suons u1 31d 3y} pl1oAy "saka 1nok
Ul 3qejlojuwodun Jsow aJe pue upjs MoK 03 s1aype Aew sa[onred sse[s
[[BWS 3y, "yse jo syunyd Suijpuey iayje saka 1nok suigqni Jnoqe [njored
3q 0s]y 'sdoj 20ys IN0A 1240 ur Juis ued noA—sjrem 31d a3 jo woynoq
o] Jeau yse auy jo sysodap payup-puim ojur Suiddays proae ‘a[qissod
31 "1d uado ue 03 peos syy uo 19Y3e] 31q e pasdoud ‘yse a1oul 395 0,
‘Premisamyinos yse swos paddiym £jqeqoid Jeys suon
“B[[19s0 ad1e| Aq paziisioeieyd pue d1elId A[SNOLI0JOU S| YDIYM ‘Weai]s
1lapmne-ysiy ay) up 1ySned 108 u Y31y 0s 3501 RIIP[LD Y231)) BAR] ay)
Lodj uwnjos yse ayj yeyy ajejnoads sjdoad suiog {RINJUBA 1B Spaq auLl
-BW Uy pue sjisodap axe| 119s9p Auew uj s3sIxXa 1 1YM ‘eluiojije) ura
“UINOS Ui 1S9MyInos safiui ()0 se yonu se dn pus yse 3291) BART] PIP MOy
‘YUPp Ap123s02 siypy Supapisuo) ) q ‘UOBUIYSEA JBIU S[RLIBRUI [RIDIJINS
uf papi0da1 A[Jusdal a19m pue ‘iddyssissiy se jsea 1ej se umouy aie



Geological Society of America
Special Paper 333
1999

Kingston Range detachment fault, southeastern
Death Valley region, California: Relation to Tertiary deposits
and reconstruction of initial dip

T. Kenneth Fowler, Jr.*
Department of Earth Sciences, University of Southern California, Los Angeles, California 90089-0740
J. P. Calzia
U.S. Geological Survey, 345 Middlefield Road, Menlo Park, California 94025

ABSTRACT

The Kingston Range detachment fault, the northern part of the Kingston
Range-Halloran Hills detachment fault system, dips gently southwest and places
highly extended Middle and Late Proterozoic Pahrump Group, Late Proterozoic and
Cambrian miogeoclinal deposits, and middle Miocene Resting Springs Formation
over relatively unextended Early Proterozoic gneiss, folded miogeoclinal deposits, and
Resting Springs Formation. Rocks in the upper plate of the detachment fault are cut
by numerous northwest-trending planar and listric normal faults and northeast-
trending tear faults, and were transported as much as 6 km to the southwest. South of
the Kingston Range, a correlative detachment fault cuts a 13.4-Ma hypabyssal sill. In
the Kingston Range, the detachment faults cuts 16.0-Ma clastic and lacustrine car-
bonate rocks of the lower Resting Springs Formation and unconformably overlying
<13.3- to 12.5(?)-Ma volcanic and sedimentary rocks of the upper Resting Springs
Formation. Upper plate faults and, possibly, the detachment fault itself, are cut by the
12.4-Ma granite of Kingston Peak. These relations indicate that the Kingston Range
detachment fault formed between 13.4 and 12.4 Ma.

Syn- and pretectonic strata in the upper and lower plates of the Kingston Range
detachment fault now dip 32° + 3°NE, indicating that the fault has been tilted. Limited
paleomagnetic data suggest that the granite of Kingston Peak is tilted 15°NE. When
middle Miocene and disconformably underlying rocks are restored to their original
orientation, the fault/bedding cutoff angle with upper and lower plate rocks indicates
that the average initial fault dip was 38° + 9°SW between the earth’s surface and a
depth of 4 km. Tilting of the detachment fault entailed rotation of a structural block
consisting of the Kingston Range and Mesquite Mountains. Tilting occurred after, and
probably also during, detachment fault displacement. We suggest that tilting resulted
from flexural isostatic uplift of the detachment fault lower-plate, with a possible con-
tribution from rotation above a structurally-deeper detachment fault.
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EXPLANATION

GRANITE OF KINGSTON PEAK (MIOCENE)

RESTING SPRINGS FORMATION (MIOCENE)

MIOGEQOCLINAL ROCKS SOAMBRIAN AND
LATE PROTEROZOIC)

- NOONDAY DOLOMITE (PRECAMBRIAN)
PAHRUMP GROUP (PRECAMBRIAN)
GNEISS (PRECAMBRIAN)

KINGSTON RANGE DETACHMENT FAULT
LOW-ANGLE NORMAL FAULT
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Figure 4A, Simplified geologic cross section of the northeastern Kingston Range. Symbols same as in
Figure 3. Representative dips of lower plate Tertiary strata have been projected approximately 500 m
onto the line of section (indicated below open arrow). Solid line with dots above is marker horizon in the
Johnnie Formation. Dashed lines in lower plate are form lines showing geometry of folds. WPT = Win-
ters Pass thrust fault; KDF = Kingston Range detachment fault. 4B, Structural reconstruction of north-
castern Kingston Range immediately prior to inception of Miocene detachment faulting. See text for

constraints.
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data of Jones (1983).



Third Day
Introduction

Return to the northern part of the Clark
Mountain thrust complex, north of Interstate 15.
Having established the Mesozoic tectonic framework of
the complex yesterday, we now focus on Cenozoic
extensional modifications of it, We have recognized
four examples of such modifications:

(1) extensional faulting in the west-central
Mescal Range (stop 2-7 and Fig. 13);

(2) normal faulting, down to the west, within
the base of the Keaney/Mollusk Mine thrust plate from
the powerline road north of Clark Mountains (stop 3-3
and Fig. 9) to the northern Mescal Range;

(3) low-angle detachment faulting near the base
of the same plate near Mesquite Pass, 3-4 miles north
of stop 3-2 (Fig. 9); Mesquite Pass and Winters Pass
plate rocks above this detachment have been extended
along southeast-dipping normal faults during an
episode of probable Cenozoic extension unrelated to
(2) above; and

(4) major low-angle detachment faulting in the
eastern Kingston Range and at structurally high
levels of the Mesquite Mountains (between the
Kingston Range and Clark Mountains); this domain of
southwest-directed extension (relative to lower-plate
rocks) constitutes the southeastern breakaway margin
of a major, probably composite, late Tertiary
extensional province that extends as far to the west
as the Sierra Nevada (Fig. 3).

Of the four examples of Cenozoic extension, only
(4) appears at this time to have regional
implications. The trace of a major west-dipping,
low-angle normal fault, the Kingston Range
detachment, is present in the northeastern Kingston
Range (Burchfiel, Hodges, and Walker, in prep.).
Most of the range consists of complexly faulted,
east~ and northeast-tilted Precambrian, Cambrian, and
upper Cenozoic strata (Figs. 14, 15). The Kingston
Range detachment (Fig. 3) separates a region to the
east and south, including the Mesquite and Clark
Mountains, that has been little affected by Cenozic
extension, from a region (as far to the west as the
Sierra Nevada) that has been strongly affected by
such extension. For this reason, the Kingston Range
detachment forms the eastern breakaway zone for the
extended regions to the west (Burchfiel and others,
1983). South of the Kingston Range, the continuous
trace of the Kingston Range detachment is largely
covered by young alluvium, but it probably lies just
west of the Mesquite Range close to Cima Road.
Isolated blocks of upper Precambrian, Cambrian, and

Mile

Figure 14. Cross-section through the Mesquite Pass thrust plate, hill south of powerline
road {cf. Fig. 9), illustrating involvement of basement crystalline rocks in the thrust
helt. Geologic relationships are explained at stop 3-1. Rock units (oldest first):
Precambrian gneisses (Pcgn); Noonday Dolomite (Pen); Johnnie Formation (Pej); Sterling

Quartzite (Pes); OQuaternary alluvium (0al).
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Cenozoic rocks that rest on the detachment fault in
the western Mesquite Mountains are erosional klippen
of its hanging wall (stop 3-4, Fig. 15). The
detachment fault is locally exposed beneath these
klippen and dips only an average of 3 degrees to the
southwest, the direction of relative upper-plate
displacement along it.

Upper Precambrian and Cambrian rocks are folded
along northwest-trending axes in the footwall of the
Kingston Range detachment (Figs. 15, 16). The folds
are overturned to the northeast and are well exposed
in the eastern foothills of the Kingston Range.

These folds are on strike with similar folds in the
Mesquite Mountains to the southeast that are in the
hanging wall of the Mesozoic Winters Pass thrust. We
suggest that these folds formed during an early
episode of northeast-directed thrusting along the
Winters Pass thrust. Because the older rocks were
folded by Mesozoic deformation it is difficult to
assess how much of their tilting within the upper
plate of the Kingston Range detachment occurred
during Cenozoic rotation. Upper Cenozoic strata rest
unconformably on folded Cambrian rocks at one
locality on the northeast slope of the Kingston Range
in the footwall of the detachment. They dip 10 to 20
degrees northeastward, suggesting some Cenozoic
rotation of the footwall rocks. It is not clear,
however, whether this rotation is related to
detachment faulting or to warping along the
?ortheaitern flank of the Mesquite Pass antiform

Fig. 9).

Rotation of upper-plate rocks above the Kingston
Range detachment is clearly recorded by tilted upper
Cenozoic strata. Conglomerate, sandstone, lacustrine
1imestone, and volcanic rocks dip 30 to 35 degrees
northeastward into the detachment fault in the
easternmost part of the hanging wall. In some fault
blocks in the central part of the Kingston Range they
dip vertically into Precambrian crystalline rocks of
the lower plate.

The geometry of upper-plate faulting is very
complex and consists of numerous, closely spaced,
southwest-dipping, planar and listric normal faults
and associated northeast-striking tear or transfer
faults. Some of the normal faults have clearly been
rotated into shallower dips. Many of the faults are
strongly curved in plan view and, presumably, in
cross section. This suggests that some of the
hanging wall faults are spoon-shaped. Extensional
duplexes can be seen locally in erosional windows.
The matching of hanging-wall to footwall cutoffs of
the northeast-dipping Noonday Dolomite indicates that
the easternmost and lowest fault of the detachment
complex has about 3 to 4 km of displacement (stop
3-6).

The Noonday Dolomite rests unconformably on
crystalline metamorphic and igneous rocks in the
footwall of the Kingston Range detachment with only
thin (a few tens of meters), intervening local
deposits that may be equivalent to the upper
Precambrian Pahrump Group. However, the hanging wall
contains a thick sequence (several kilometers) of
Pahrump Group rocks below the Noonday Dolomite. The
dolomite rests unconformably on rocks of the Pahrump
Group and progressively rests toward the north on
older Pahrump units until it lies across crystalline

2km

NORTHEAST KINGSTON RANGE

EINGSTON RANGE DETACHMENT

NORTHWEST MESQUITE MOUNTAINS

Figure 15. Cross-sections through the northeast Kingston Range and the northwest Mesquite
Mountains that illustrate the shallow dip and upper-plate structure of the Kingston Range
detachment fault. The locations of sections AA' and BR' are shown on Figures 16 and 9
respectively. Unit designations not explained for previous figures are: Xm = Precambrian
metamorphic rocks; Yp = Precambrian Pahrump Group; Znj = Precambrian Noonday Dolomite and
Johnnie Formation. The patterned unit at A, section AA', is the Miocene Kingston pluton.
The heavy dashed 1ine near the bottom of section RB' is the Mesozoic Winters Pass thrust
fault.
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Figure 16, Simplified geologic map of the northeastern Kingston Range (cf. Fig. 4) showing
1ocation of the Kingston Range detachment fault and its upper-plate structure. The
unlaheled patterned unit at the southwestern corner of the figure is the iliocene pluton.
Abhreviated designations for rock units have been explained in previous figures.
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basement rocks in the northern Kingston Range. These
relations indicate that the Pahrump Group was faulted
and tilted prior to deposition of the Noonday
Dolomite. It also suggests that the Kingston Range
detachment fault either reactivated or followed
closely the old eastern boundary fault of the Pahrump
Group.

Volcanic rocks from two localities in the
hanging wall of the detachment have been dated at
12.5 and 12.1 Ma (J. Spencer, person communication to
BCB, 1983; P. G. Tilke, personal communication to
BCB, 1985). These volcanic rocks were clearly
deposited prior to the onset of detachment faulting.
The large Miocene Kingston Range pluton (12 to 13 Ma,
Armstrong, 1970) is intruded into Precambrian strata
of the Kingston Range, but whether the pluton is
older or younger than the detachment faulting is not
yet known. Paleomagnetic data indicate that the
pluton has been rotated (dones, 1983), but it is not
clear whether this rotation is the result of
detachment faulting or post-detachment strike-slip
faulting. At present there is no good upper age
limit to displacements on the Kingston Range
detachment.

Fieldtrig Stops

Return to Cima Road and drjve north along it
from Interstate 15, Turn east on the powerline road
approximately 9 miles north of the freeway.

Stop 3-1 (optional) Style of deformation in Mesquite
Pass thrust plate (Fig. 14)

In the westernmost hill south of the powerline
road are exposures of several thrust slices that
characterize the structural style in the lower part
of the Mesquite Pass thrust plate (Fig. 14). At this
view stop, look south toward the hill and the three
thrust-bounded slices within it. At the base of the
hill is a tectonic slice containing, in normal
sequence, the upper Precambrian Johnnie Formation and
the middle and lower parts of the Stirling Quartzite.
An important feature of this lowermost slice is its
lack of internal folding. Above it is a slice of
very thin, essentially unfolded Noonday Dolomite seen
as the prominent brown ledge near the middle of the
slope. Eastward, this second slice also contains
Johnnie Formation rocks Separated from the Noonday by
a minor(?) thrust; the Noonday rocks are cut out to
the east. Rocks in the third, highest slice belong
to a complete sequence from Precambrian crystalline
rocks to the Zabriskie Quartzite. The style of this
slice is very different from the other two, because
its rocks are highly folded, The folds are
overturned to the east, exhibit a well-developed
axial plane cleavage, and are truncated by the thrust
fault at the base of the slice. Precambrian
crystalline rocks appear in the cores of the
westernmost folds and, 1ike the sedimentary rocks
ahove them, also possess an axjal plane cleavage.

The Noonday Dolomite, which directly overlies the
basement rocks, has heen squeezed into the cores of
folds and is tectonically thinned or missing along
their flanks farther to the south.
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Stop 3-2 Contact between the Mesquite Pass and
Keaney thrust plates

Stop and look northward from the intersection_of
the powerline road and the Mesquite Pass road leading
north. The contact between the Mesquite Pass and
Keaney thrust plates is c¢learly evident in the
southern Mesquite Mountains across the hroad open
valley. Rrownish, upper Precambrian clastic rocks in
the Mesquite Pass thrust plate (Stirling Quartzite,
Johnnie Formation) form the large, dark hill to the
west of a small valley along the Mesquite Pass
thrust. The well-bedded black, gray, and white
carbonate rocks east of the valley 1ie in the Keaney
thrust plate and include the Bonanza King, Sultan,
and Monte Cristo formations. Northeast-striking,
southeast-dipping, high-angle faults in this plate
lie in the hanging wall of a Cenozoic detachment
fault. The low-angle fault §s located just helow the
Keaney thrust in Bright Angel shales and carbonates,
but it cannot he seen from this stop.

Continue driving east on the powerline road.
Turn right, approximately one mile past stop 3-2,
onto a dirt road that leads southward, This road
lies variably within and below the hasal portion of
the Keaney thrust plate. Drive through a complicated
footwall zone of Mesozoic parautochthonous thrust
slices in Tapeats Sandstone and Bright Angel Shale
before stopping near the hase of the plate )
approximately 1.35 miles south of the powerline
road.

Stop 3-3 Low-angle Cenozoic norma?l faults, basal
Keaney plate

The Keaney thrust fault juxtaposes Camhrian
carhonate rocks over older units (Precambrian
basement, Tapeats Sandstone, Rright Angel Shale) from
the Mesquite Pass area (cf. stop 3-2) southward to
Mohawk Hi11 (stop 2-1). We believe that this is the
consequence of the uplift and erosion of a
Cambrian-Jurassic cratonal section from the northern
wall of the South fault (stop 2-2), prior to
emplacement of the Keaney/Mollusk Mine thrust plate
across the lowest part of this section; the complete
cratonal section is still preserved south of that
fault (stop 2-3). Sharp (1984) was the first to
recognize that the thrust zone at the hase of the
Keaney/ Mollusk Mine plate has been overprinted hy
down-to-the-west normal faulting of Cenozoic age.
His studies in the Colosseum Mine area, 1 mile south
of this stop, estahlished that a zoned, mineralized
aureole around a Cretaceous granitic stock had heen
downdropped approximately 1500 feet,

At this stop we examine a shallow-dipping zone
of hrittle faults that is presumably of Cenozoic age
and normal fault displacement. The fault zone is
exposed in several prospect pits and small mine
workings ahove and west of the dirt road. Copper
mineralization typical of the normal fault zone
(malachite, azurite) is seen in these workings, as is
the characteristic presence of sheared fluorite,

Just below one of the prospect pits we will contrast
the brittle Cenozoic deformation with an exposure of
the Keaney thrust. This sharp, foliated thrust
contact separates upper-plate Ronanza King carbonates
from lower-plate Bright Angel(?) carhonates., The
foliated nature of this contact, in contrast to the
hrittle fault seen at stop 2-1, may indicate that
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lower-plate rocks in this area had a considerably
higher temperature due to nearby igneous intrusion
(Colosseum Mine area) than in areas farther south.
Our remapping of the Keaney thrust in areas to the
south indicate that the base of the Keaney plate is
now locally defined by a shallow-dipping (<35°)
normal fault or faults. This relationship is perhaps
best seen in the bulldozed pit of the Pacific
Fluorite Mine west of the Colosseum Mine.

. Return to Cima Road and turn right (north) along
it. Stop approximately 3 miles north of the
northeast-trending side road to Winters Pass.

Stop 3-4 (optional) Complexity of slicing belew
Winters Pass thrust plate

At this stop we will walk through upper Stirling
Quartzite in the Mesquite Pass thrust plate, and
climb upward across several thin tectonic slices of
Noonday and Stirling rocks below the Winters Pass
plate. Mylonitic gneisses at the base of the plate
have the shallow dipping mylonitic foliation and
southwest-plunging stretching lineation seen at stops
2-6 and 2-8, The hlack layers in some of the
mylonitic gneisses at the top of the hill are not
mylonitic in origin, but are composed of magnetite.

To the north are klippen in the
northeast-southwest-trending train of klippen above
the shallow (3°) southwest-dipping Kingston Range
detachment (Fig. 15). Cambrian strata dip eastward
into the detachment surface and are repeated again
and again by southwest-dipping upper-plate normal
faults (one of which can be pointed out from this
Tocality). Massive Bonanza King rocks overlie
Carrara Formation in the nearest klippe. The major
dark gray ridge west of Cima Road, surrounded by
alluvium, is composed largely of tilted Bonanza King
carbonates, but a thick, tilted Tertiary section of
sedimentary and volcanic rocks lies concordantly
above it.

It is clear from this stop that the Kingston
Range detachment fault developed across crystalline
rocks in the Winters Pass plate in this area. It did
not reactivate the Winters Pass thrust fault which
Ties only a hundred meters or so below the detachment
fault in this area. The close parallelism of the
Cenozoic detachment fault and the subhorizontal older
thrust fault throughout the northern Mesquite
Mountains should dispel arguments by some geologists
that low-angle detachment faults cannot have a
primary, shallow-dipping geometry. The 2 to 3
degrees southwest dip of the Kingston Range
detachment fault in this area, across a distance of
at least 15 km, must be very close to the original
dip of the detachment fault in this, its breakaway
area,

Continue driving north on Cima Road. Turn right
(eastward) onto a dirt road not far south of the
white talc tailings in the Kingston Range. Stop 3-5
and 3-6 are along this road.
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Stops 3-5, 3-6 View stops of Kingston Range
detachment fault relations as seen from the road
hetween the eastern Kingston Range and the northern
Mesquite Mountains (Figs. 15, 16).

Upon reaching Mesquite Valley, turn right
(south) and drive to the well-graded road between the
settlement of Sandy, in the valley, and Winters Pass
in the Mesquite Mountains, Turn right (west) and
drive into Winters Pass.

Stop 3-7 MWinters Pass thrust fault, Winters Pass
area

The Winters Pass road follows the trace, mostly
concealed, of the Winters Pass thrust fault, The
northeast strike of the fault here is due to its
position on the northwest-plunging nose of a large
Cenozoic(?) antiform (Mesquite Pass antiform) that
warps all three major thrust plates in the area. The
Winters Pass plate northwest of the road consists of
a well-exposed, northeast-dipping, miogeoclinal
section approximately 3200 m in thickness. This
section extends from crystalline hasement into the
Cambrian Bonanza King Formation. The basal unit of
the section, the Noonday Nolomite, rests
unconformably on Precambrian gneiss and granitic
rocks. Llocally, a thin (several m) basal
conglomerate is developed on the irregular erosion
surface beneath the Noonday. The contact is only
Tocally and mildly deformed, in marked contrast to
the highly deformed contact discussed at stop 3-1. A
thick sequence of generally brownish clastic rocks
overlies the Noonday Molomite (including Johnnie,
Stirling, Wood Canyon, Zabriskie, and lower Carrara
formations). The thin Zabriskie Ouatzite is strongly
small folded. Several ledges of thick grey
limestone, some containing numerous algal structures
(Gervinella sp.) are interbedded in the lower Carrara
Formatjon with greenish phyllitic shales. We have
seen one such limestone (highly deformed) in the
overturned syncline below the Pachalka thrust plate
(stop 2-8).

Southeast of the road in Winters Pass is a small
exposure of the Precambrian and Cambrian clastic
sequence that lies above the Winters Pass thrust;
this is the only segment of the thrust in Winters
Pass that is not huried beneath alluvium. If time
permits, we will walk to an exposure of the foliated
thrust contact. The footwall of the thrust here is a
section of overturned Bonanza King Formation. The
hinge of the overturned synclinal fold: trends
northeast-southwest, parallel to the trace of the
thrust fault. Several thin, tectonic slices of
orange-weathering silty carbonates of the upper
Carrara Formation lie exposed below the Winters Pass
thrust, but the Carrara beds are not in §tratigraphic
continuity with the overturned Bonanza King carbonate
rocks.

Stop 3-8 (optional)
and klippe

Kingston Range detachment fault

Time permitting, we will drive southeastward on
the Winters Pass road to Winters Pass at the summit
of the small grade. From here we can look hack down
along the obvious trace of the Winters Pass thrust.
The prominent isolated gray hill on the skyline to
the northwest is largely underlain hy Ronanza King
carbonate strata dipping 20 to 40 degrees
northeastward. The hill is the most northeasterly of
the klippen above the Kingston Range detachment
fault, here seen as the planar, shallow-dipping (2 to
3 degrees) contact between upper-plate carbonate
rocks and Precambrian gneisses which form the Yow
rolling terrane surrounding the hill,
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INTRODUCTION

The Mojave Desert region is one of the geologically most
diverse and complex regions of the southwestern North
American Cordillera. We define the Mojave Desert as that area
between the Garlock fault to the north, the San Andreas fault to
the southwest, and the Colorado River to the east (Fig. 1). The
Mojave block is that part of the Mojave Desert that lies west of
the southern extension of the Death Valley fault zone (Glazner,
1990). This definition is primarily tectonic in scope.

This area forms the southwesternmost extent of
Precambrian continental North America and lies at the present
plate edge formed by the San Andreas fault. Because the
western part of North America has faced an oceanic plate since
late Precambrian time (Burchfiel and Davis, 1972), the Mojave
Desert and environs have seen active tectonism over much of
the Phanerozoic. This leading edge position has resulted in
superposition of most continental tectonic styles and regimes in
the Mojave Desert over the last 600 million years.

It has been a long-term goal of the authors to decipher this
history of superposition. The tectonic history of the Mojave
Desert divides rather nicely into Cenozoic events overprinting
Paleozoic and Mesozoic tectonism. Unraveling this story
necessarily involves using both young and old markers to
understand the strain significance of various deformational
events. We hope, in our process of reconstruction, that this is
done in an iterative rather than circular manner. Below we
discuss important tectonic, magmatic, and depositional events
that have affected the Mojave Desert. This is followed by a

120° 1e 112

120° 116° 112*

Fig. 1. Location of the Mojave block. Also shown are several
important faults that are either observed (solid lines) or inferred
(dashed lines). Black blobs are outcrops of Pelona, Rand, and
Orocopia schists.

road log for a field trip that works backward in time, undoing
successive tectonic events.
SUMMARY OF GEOLOGIC HISTORY
Geologic Setting
Rocks of Precambrian to late Cenozoic age are exposed
across the Mojave Desert (Fig. 2). Precambrian basement rocks
are generally either ~1700 Ma or ~1400 Ma (Anderson et al., i
press), and are widely distributed across the Mojave Desert
(Martin and Walker, 1992; Anderson et al,, in press).
Precambrian rocks of other ages, such as ca. 1.1 Ga diabase
sills, are present as well, but are of relatively minor exposure.
Upper Precambrian to Lower Permian miogeoclinal to cratona
strata overlie the basement rocks (Fig. 2; Burchfiel and Davis,
1972, 1975; Martin and Walker, 1992; Stewart and Poole, 1975)
The miogeoclinal/cratonal strata generally have southwest- to
south-trending facies patterns. Deposits related to the
Devonian-Mississippian Antler Orogeny are not present in an:
of the Mojave miogeoclinal/cratonal sections (Walker, 1988).
Paleozoic rocks of eugeoclinal affinity (e.g., continental
slope and rise deposits) are present in the northern Mojave
Desert from the Alvord Mountain area to Pilot Knob Valley,
and across the Garlock Fault in the El Paso Mountains (Fig. 2
Burchfiel and Davis, 1975). There is a facies mismatch,
therefore, across the central Mojave Desert, with eugeoclinal
rocks to the north and west and miogeoclinal/cratonal rocks .
the south and east. As we will see below, the region of
mismatch has been a site of repeated tectonic activity.
Mesozoic strata consist of Early Triassic marine
sedimentary rocks and Middle(?) Triassic to Late Jurassic
volcanic and epiclastic strata (Schermer, 1993; Walker, 1987,
1988). In addition, the Jurassic-Cretaceous magmatic arc
crosses the Mojave Desert (Fig. 2; Barton et al., 1988; Kistler,
1974). Facies and magmatic patterns in Mesozoic strata
generally follow northwest trends across the Mojave Desert
region (Burchfiel and Davis, 1981; Hamilton, 1969; Hamilton
and Myers, 1966; Walker, 1987, 1988), indicating that the
continental margin had a northwest to north trend during th
time. Orientation of the continental margin probably change«
in Late Paleozoic time due to truncation of the continental
margin accompanied by late-stage contractional deformation
and igneous activity (Burchfiel and Davis, 1981; Davis et al.,
1978; Walker, 1988).

Paleogene rocks are not known from the Mojave Desert,
whereas Neogene to Recent rocks are widely exposed. Most
Neogene sections include earliest Miocene (or possibly latest
Oligocene) volcanic rocks overlain by lower to middle Mioce
sedimentary, volcanic and epiclastic sections. These rocks we
deposited in basins formed by extensional faulting in and
around areas of metamorphic core complex development.
Extensional activity began at about 23 Ma from areas arounc
the Colorado River into the central Mojave Desert (Dokka,
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(Carr et al,, 1984).

Late Permian deformation and magmatism are recorded in
ranges in the western Mojave Desert, with the best-understood
ages known from El Paso Mountains and the Victorville area.
In the El Paso Mountains, Upper Permian volcanic and
volcaniclastic rocks as young as ~260 Ma are deformed by
west-vergent folds and faults and cut by plutons as old as 247
Ma (Carr et al., 1984; Walker, unpublished; Miller et al,, in
review). In the Victorville area, rocks as young as Mississippian
are deformed and intruded by a pluton dated at 242 Ma
(Miller, 1981; Walker, 1988; Miller et al., in review). Rocks
inferred to be Pennsylvanian/Permian continental borderland
sediments in the Shadow Mountains are capped with undated
arc-derived strata similar to those present in the El Paso
Mountains (Martin and Walker, 1991; Martin, 1992).

From this evidence, it seems that eugeoclinal strata of the
northern Mojave were juxtaposed against miogeoclinal/cratonal
strata to the south by latest Permian time. The igneous activity
present in these areas, but absent elsewhere in the southern
Cordillera, serves to stitch these sequences together, as do Early
Triassic rocks (Walker, 1987, 1988).

The mechanism of juxtaposition has been controversial.
Left-lateral, strike-slip truncation of the continental margin and
some portion of the craton has been proposed for the western
Mojave Desert for late Paleozoic time (Davis et al., 1978; Stone
and Stevens, 1988; Walker, 1988). Alternatively, extreme
telescoping along a preexisting continental margin has been
considered as the mechanism of juxtaposition (Poole, 1974;
Snow, 1992). We prefer the former mechanism and timing for
several reasons: 1) late Paleozoic shortening in the Mojave
Desert is west-directed rather than east-directed as proposed
for the Death Valley area; 2) Late Permian igneous activity in
the western Mojave Desert probably indicates that this area
shifted into a leading tectonic position during late Paleozoic
time; and 3) isotopic data for Permian plutons in the
eugeoclinal sections lack evidence for involvement of ancient
continental crust which would be necessary for the telescoping
model (Miller et al., in review). Hence, we interpret truncation
of the western margin of the Mojave Desert and associated
juxtaposition of miogeoclinal and eugeoclinal sections to be the
first major event to modify the region.

Triassic to Middle Jurassic: Overlap and Arc Initiation

Shallow marine to nonmarine sedimentation across much
of the region returned during Triassic time. Lower Triassic
rocks consist of calcareous shales, limestone, and local
conglomerate and sandstone, and their metamorphic
equivalents. Facies patterns for these rocks trend northwest
(Walker, 1987, 1988). Early Triassic plutonic rocks are also
locally present (see above). The lower Triassic rocks rest
paraconformably to unconformably on upper Paleozoic rocks in
the eastern Mojave and unconformably on deformed Paleozoic
rocks and Permo-Triassic plutons in the western Mojave Desert.

There are no dated Middle Triassic to Middle Jurassic (ca.
230 to 175 Ma) stratified rocks in the Mojave Desert. Early
Triassic sequences give way upward into quartzose rocks
which are overlain by volcanic and volcaniclastic strata. These
volcanic rocks were interpreted by Walker (1987, 1988) to be
Middle Triassic in age and to indicate that the area was the site
of a magmatic arc of that age. Where dated, however, these
rocks consistently yield Middle Jurassic ages (Busby-Spera,
1988; Graubard et al., 1988).

Triassic plutonic rocks are present in the central and
southwestern Mojave Desert and surrounding areas (Miller,

1978; Barton et al., 1988; Barth et al., 1990; Miller et al,, in
review). These plutons range in age from 245 Ma to about 22
Ma and have been interpreted to represent early magmatic
activity in the Cordilleran arc (Barth et al., 1990). Similar age
plutonic rocks are exposed northward into the Death Valley
area and into the Walker Lane region (Dilles and Wright, 19¢
Snow et al., 1991).

No deformational events have been identified in the
Mojave block as Triassic to Early Jurassic in age. To the east,
deformation in the Clark Mountains, previously considered t
be pre-200 Ma (Burchfiel and Davis, 1971, 1981, 1988) is now
considered to be Late Jurassic in age (Walker et al,,
unpublished data). Other structures, such as a fault in the
Cowhole Mountains (Burchfiel and Davis, 1981), are not
definitively dated. Although structures in the region may tu
out to be Middle Triassic to Early Jurassic age, none have ye
been clearly identified.

Early and Middle Jurassic: Plutons and Volcanic Rocks

Middle Jurassic (175 to 165 Ma) magmatic arc activity a
associated sedimentation are widespread in the Mojave Dest
Rocks of the lower Sidewinder volcanic series are exposed fi
the Victorville area to the Cady Mountains and consist of
intermediate to felsic volcanic rocks with intercalated quartz
sandstone (Schermer and Busby, in press). This sequence is
dominated by intracaldera sections >4 km thick and local
exposures of thin (~1 km) sections. The age of these rocks is
constrained by a ~170 Ma date at the base of the sequence
(U-Pb zircon; Graubard et al,, 1988) and ages of around 166
in the upper part of the lower series (Schermer, Mattinson, :
Busby, unpublished data). Similar age rocks, grouped with |
Delfonte Volcanics whose type section is in the Mescal Rang
(see below), are present in the Cowhole Mountains
(Busby-Spera et al,, 1987). Possibly coeval rocks are also pre
in the Soda Mountains (Grose, 1959), Cronese Hills area
(Walker et al,, 1990b), Providence Mountains (Hazzard, 195
and New York Mountains (Burchfiel and Davis, 1977). Vole
rocks are commonly associated with quartzose sedimentary
rocks in these areas. Walker (1987, 1988) interpreted the
quartzose sedimentary rocks at the base of the volcanic
sequences to be Middle Triassic in age, but it appears that :
age assignment of Middle Jurassic is more consistent with
known ages and regional stratigraphic relations (Marzolf, 1'
Older volcanic rocks are exposed to the east in southern
Arizona, with some sequences dating back into the Early
Jurassic (Tosdal et al., 1989). These older sequences seem to
absent, however, across most of the Mojave Desert.

Middle Jurassic plutons are also common throughout t
region. A significant fraction of the Jurassic plutons in the
region cluster with ages of 155 to 170 Ma (Karish et al, 196
Walker et al., 1990b; Miller et al., in review). The plutons fc
the southern continuation of the Sierran batholith into the
Mojave Desert. This belt continues southeastward into
southeast California and Arizona.

Middle to Late Jurassic: Extension and Shortening

The structural development of the Jurassic arc is comp
and of both contractional and extensional character. Norm:
faults cut the Lower Sidewinder volcanic series, resulting i
about 15% north-south extension across the area where the
Lower Sidewinder section is exposed (Schermer, 1993). Tin
of extensional activity is constrained to be between ca. 166
the end of Sidewinder volcanism, and 150 Ma, the age of «
which crosscut the extensional faults (Schermer, 1993).
Busby-Spera (1988) interpreted the Lower Sidewinder seri¢
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Figure 2. Geologic map of the Mojave Desert. Modified, based on our work, from Dibblee (1968a) and other sources.

1989; Walker et al., 1990a). Starting in late Miocene time, the

Mojave Desert was transected by northwest-striking,

right-lateral strike-slip faults with local areas of east-striking,
left-lateral strike-slip faults (Garfunkel, 1974; Dokka and
Travis, 1990). Cumulative slip on these faults has been small.
This deformation was accompanied by contractional faulting
and folding across most of the region (Bartley et al., 1990).

Late Paleozoic: Truncation of the Margin

Major changes occurred in the tectonic setting and
continental margin of the western Cordillera in late Paleozoic
time. The Mojave Desert was dramatically affected by these
changes because it went from an inboard tectonic position in
middle Paleozoic time to a plate-margin position in latest
Paleozoic time. Stratigraphic sequences across much of the
region record Pennsylvanian to middle Permian platform
sedimentation conformable with older miogeoclinal/cratonal
strata. This pattern is broken for sections in the western Death
Valley area and into the central and northeastern Mojave
Desert (Martin and Walker, 1991; Walker and Wardlaw, 1989)
where Pennsylvanian to middle Permian rocks consist of
turbidites and other deep water strata apparently deposited in
a continental borderland setting (Stone and Stevens, 1988;

Walker, 1988). Mojave eugeoclinal sections, which were part of

the Antler belt of Nevada and eastern California during
Mississippian time, also show evidence for similar active basin
formation in Pennsylvanian and especially Early Permian time

50 Kilometers
30 Miles
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Pliocene to Quaternary Deposits

Miocene Sedimentary Rocks (Undifferentiated, Including
Paleogene Goler Formation in the El Paso Mountains)

Miocene Pickhandle Group Rocks
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have been deposited in an arc-graben depression that ran the
length of the Early and Middle Jurassic arc. Little direct
evidence for graben structures is present and the Sidewinder
sequence in the Mojave Desert owes its preserved thickness
largely to caldera activity (Schermer, 1993). Hence, extensional
deformation is post-extrusion rather than synextrusion, and
occurred during the interval 166 to 150 Ma.

Regional contractional deformation is present to the north
of the Sidewinder exposure belt. Deformation is typified by
mylonitic shear zones, thrusts faults, and probable thrusts that
verge to the east and southeast (Boettcher and Walker, 1993;
Davis and Burchfiel, 1973; Miller et al., 1991; Stephens et al.,
1993; Walker et al., 1990b). The shear zones and thrusts
generally place Jurassic plutonic rocks over Mesozoic
sedimentary and volcanic strata. Hence, the zones place
structurally lower rocks over structurally higher ones.
Deformational fabrics developed under prograde metamorphic
conditions to greenschist or amphibolite facies (Boettcher and
Walker, 1993; Walker et al,, 1990b; Miller et al., 1991). Timing
relations for this contractile event are best bracketed in the
Cronese Hills area. Prekinematic plutonic rocks are dated at 166
+ 3 Ma and postkinematic granite is dated at 155 + 1 Ma,
giving a possible age range of 169 to 154 Ma (Walker et al.,
1990b). Timing relations in other areas are consistent with this
age, and are bracketed between ca. 170 to 148 Ma (Boettcher
and Walker, 1993; Miller et al,, 1991; Stephens et al., 1993).
Walker et al. (1990b) considered this deformational belt to be
continuous with the east Sierran thrust belt exposed north of
the Garlock fault.

Reconciling the evidence for essentially coeval
contractional and extensional deformation across this region
(bracketed between 169 and 154 Ma, and 166 and 150 Ma,
respectively) is crucial to understanding the late Middle
Jurassic development of the area. Perhaps one of the most
critical relations is that exposed from the Iron Mountain area
southward to the northern part of Silver Mountain (Stops 8 and
9). At Iron Mountain, rocks equivalent to the Lower Sidewinder
volcanic series were deformed under greenschist facies
metamorphic conditions during an episode of contractional
deformation (Boettcher and Walker, 1993). The deformational
fabrics are cut by a 151 + 10 Ma pluton. Lower Sidewinder
rocks at Silver Mountain, only about 10 to 15 km to the
southwest of Iron Mountain, are affected only by extensional
deformation. Hence, it is clear that Lower Sidewinder strata
experienced both the contractional and extensional events, and
that these events may not be completely isolated in areal
extent.

As described above, Permo-Triassic plutonic rocks that
intrude the eugeoclinal sections show no evidence for the
involvement of Precambrian continental crust. Middle Jurassic
plutons (as old as 175 Ma), on the other hand, have Pb, Sr, and
Nd isotope ratios and zircon systematics that show strong
involvement of Precambrian crust in their genesis (Miller and
Glazner, 1994a; Miller et al., in review). This indicates that
stacking of eugeoclinal rocks onto miogeaclinal rocks and their
Proterozoic basement may have occurred between Early
Triassic and Middle Jurassic time (235 to 175 Ma). No structural
features in the Mojave Desert have yet been associated with
this time period. In the east Sierran thrust system to the north,
there is abundant evidence for some pre-180 Ma deformation
(Dunne, 1986; Dunne et al, 1978). If these structures continue
into the Mojave, they have since been obliterated by later
deformation and plutonism.

Late Jurassic: Independence Dike Swarm

The late Middle to early Late Jurassic deformation was
followed by limited plutonism and volcanism of Late Jurassic
age. Late Jurassic granitoids are exposed in the Cronese Hills,
at Iron Mountain, and in the Shadow Mountains (Boettcher and
Walker, 1993; Walker et al., 1990b). Other such granitoids, if
present, await identification.

The most widespread Late Jurassic igneous rocks are those
related to the Independence dike swarm (IDS). The IDS consists
of a suite of norlh-normwest-slriking, mafic to felsic dikes that
run from the eastern wall of the Sierra Nevada southward into
the Eagle Mountains of the Eastern Transverse Ranges (Chen
and Moore, 1979; James, 1989). These dikes commonly have a
quoted age of 148 Ma. Similar NNW striking dikes at Cronese
Mountain are dated at 152 + 1 Ma (Walker, unpublished data)
and at Black Mountain at about 150 Ma (Schermer, 1993).
Hence, some age range is implied for these rocks. Coeval mafic
plutons are locally exposed in the Shadow Mountains,
Goldstone area, and probably at Iron Mountain. The IDS
apparently fed lava flows of the Upper Sidewinder volcanic
series (Karish et al., 1987; Schermer and Busby, in press).

Cretaceous Arc

Regionally voluminous plutonism and important
deformation occurred across the Mojave Desert during
Cretaceous time. Cretaceous plutonic rocks are common in the
western and eastern parts of the Mojave Desert and are
scattered across the rest of the region. These rocks are typically
alkali feldspar and muscovite-garnet granites (Miller and
Glazner, in prep.) and differ significantly from the more
tonalitic Cretaceous rocks of the southern Sierra Nevada
(Saleeby et al., 1987; Ross, 1989). Most of the dated Cretaceous
rocks are Late Cretaceous in age. Cretaceous volcanic rocks are
only locally exposed in the eastern Mojave Desert where they
are preserved beneath thrust faults. As in the Sierra Nevada,
earliest Cretaceous (145-125 Ma) plutons are scarce to absent
(Glazner, 1991).

Cretaceous deformation is present across the Mojave
Desert. Mylonitic shear zones of latest Jurassic to Cretaceous
age are exposed from Ord Mountain to Tiefort Mountain . The
zones strike north-south at Ord Mountain and have a
shallowly-plunging lineation (Karish, 1983). At Iron Mountain
these zones are steep and strike northeast, again with a shallow
lineation. Shear sense indicators yield both dextral and sinistral
results, with dextral being somewhat more common. These
shear zones are present in rocks as young as Cretaceous biotite
granite and are crosscut by 83 Ma dikes (Boettcher and Walker,
1993). At Tiefort Mountain, similar steep shear zones cut a ~105
Ma pluton but are intruded by ~82 Ma dikes (Stephens,
Schermer, and Walker, unpublished data). In addition,
Sidewinder rocks are folded about northwest-trending, upright
folds.

High grade metamorphic rocks and migmatites of
Cretaceous age are exposed from the Buttes to the Fremont
Peak area, where mineral assemblages record temperatures up
to 650°C and pressures on the order of 6 kb (Fletcher,
unpublished data). Monazite and zircon from leucosomes of
synkinematic migmatite in the Buttes yield ages around 95 Ma
(Martin and Fletcher, unpublished data), and zircon from
synkinematic garnet-muscovite granite at Fremont Peak gives
an age of 98 Ma (Miller et al,, 1992). Hence, deformation and
high-grade metamorphism occurred in the area during eatly

Late Cretaceous time.
The Rand thrust is exposed in the northwestern part of the
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Fig. 3. Tectonic map of the central Mojave metamorphic
core complex (CMMCC). The zone of ductile deformation is
largely coextensive with outcrops of the Waterman Hills
granite. HH = Hinkley Hills; WH = Waterman Hills; MR =
Mitchel Range; CM = Calico Mountains; LM = Lane
Mountain; MH = Mud Hills; GH = Gravel Hills; FP =
Fremont Peak; B = Buttes; IM = Iron Mountain; SAF = San
Andreas fault; GE = Garlock fault. Modified from Fletcher
and Bartley (in press).

Mojave Desert . This thrust places North America miogeoclinal
and related rocks (the Johannesburg Gneiss) over the Rand
Schist, a complex of Mesozoic forearc strata. The timing of this
structure is best estimated as late Cretaceous. The Rand Schist
is cut by a postkinematic pluton dated at 79 + 1 Ma (Silver and
Nourse, 1986). The hanging wall of the thrust contains the
Buttes Cretaceous migmatite complex (95 Ma). Hence, we
interpret the thrusting to have preceded the postkinematic
pluton, but postdated migmatization in the hanging wall in the
adjacent Butte/Fremont Peak area.
Early Tertiary: Quiescence and Cooling

The early Tertiary was a time of quiescence in the Mojave
block. No rocks younger than Late Cretaceous and older than
late Oligocene have been identified, although Eocene and
Oligocene sedimentary rocks are known north of the Garlock
fault. This indicates that the region was a highland undergoing
external drainage (Hewett, 1954; Nilsen, 1977). Hewett
estimated uplift of over 4 km, based on the thickness of
pre-Mesozoic strata outside the block and their absence within.
Coney and Reynolds (1977) proposed that the lack of
magmatism in spite of active subduction was a result of rapid,
flat subduction, with analogy to part of the Andean margin
today, and Damon (1979) proposed that uplift resulted from
subduction of progressively younger lithosphere.

Late Oligocene to Early Miocene: Magmatism,
Extension, and Sedimentation

The Oligocene-Miocene boundary marked a dramatic
return of magmatism and tectonism to the Mojave block. At
about 22-24 Ma, volcanic rocks were erupted along an
east-rending belt that stretched from the westernmost Mojave
Desert inland to the Whipple Mountains and beyond (Glazner,
1990; Glazner and Bartley, 1984). The onset of magmatism was
accompanied by the onset of extensional faulting, as both swept
northwestward out of Arizona in concert with the Mendocino

triple junction (Glazner and Bartley, 1984). Isotopic ages
indicate that volcanism began abruptly across this belt at about
23 + 1 Ma (Glazner, 1990; Glazner and Bartley, 1984).
Magmatism was accompanied in the central Mojave Desert by
locally intense but areally restricted extension.

Volcanism, which locally produced piles up to several km
thick, was a combination of intermediate, Cascade-type
calc-alkaline magmatism and bimodal accumulations of high-Ti,
mildly alkaline basalts and basaltic andesites with silicic tuffs
(Glazner, 1981; Glazner, 1990). Isotopic data indicate that
magmatism involved significant recycling of preexisting crust;
for example, ¥Sr/%Sr ratios correlate positively with both SiO,
and distance inland (Glazner and O'Neil, 1989). The areal
correlation probably reflects both an eastward increase in the
proportion of Proterozoic rocks in the crust, as well as changes
in the underlying mantle lithosphere. New data (Keith et al,
1994; Miller and Glazner, 1994b) indicate that rocks from the
north-central Mojave Desert, where eugeoclinal strata are
exposed, have uniformly low ¥Sr/%Sr and high €y, consistent
with derivation from oceanic lithosphere.

Near Barstow, magmatism and intense crustal extension
were synchronous. The oldest volcanic rocks) are about 23-24
Ma, as is the synkinematic Waterman Hills granite pluton in
the footwall of the Waterman Hills detachment fault (Fig. 3).
Extensional basin development and accumulation of the
Pickhandle Formation began about the same time (Fillmore and
Walker, 1993a,b; Walker and Fillmore, 1993; Bartley and
Glazner, in prep.). Field observations from the central Mojave
metamorphic core complex indicate that magmatism and
mylonitic deformation were closely linked. Mylonitization is
intense near synkinematic plutons and dikes (see Stops 1 and
3), and weak to absent elsewhere. The most intensely extended
rocks (as indicated by extreme distension and tilting of
upper-plate rocks) are only found in the area from the Mitchel
Range to the Buttes, roughly coincident with the areal extent of
the Waterman Hills granite.

The areal extent of extension is a topic of some
controversy. Dokka (1989) and Tennyson (1989) proposed that
much of the Mojave Desert, including virtually all of the
western ("Edwards terrane”) and most of the eastern ("Daggett
terrane”) Mojave block, was extended in the Miocene. However,
as we show below (see Road log), much of the area included in
these regions was unaffected by extension and the dominant
form of deformation was actually crustal shortening. For
example, in the Kramer Hills, Dokka (1989) proposed that steep
Miocene strata reflect tilting above a shallow detachment fault,
but field studies (Bartley et al., 1990; Dibblee, 1967a; Linn, 1992)
demonstrate that the strata and their basal nonconformity are
tightly folded, as are strata in surrounding ranges. There is no
structural or stratigraphic evidence for-Miocene extension in
the western Mojave Desert.

In the eastern Mojave block, many ranges included in the
“Daggett terrane” are essentially undeformed (Glazner and
Bartley, 1990). Closer to Barstow, modest amounts of extension
are expressed by homoclinally tilted strata in the Newberry anc
Cady Mountains (Dokka, 1986; Glazner, 1988), but the
aggregate extension in these areas is likely to be small (a few
km or less), and field relations in the Rodman Mountains
indicate that homoclinal tilting there may be a result of
transpression (Dibblee, 1990; Sanner, 1985; Bartley and Glazner,
in prep.). We conclude that significant extension in the Mojave
Desert was restricted to the area northwest of Barstow.
Extension was probably accommodated laterally by a variety o
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addition, many of the units sampled were affected by intense
noncylindrical folding which makes standard structural
corrections inadequate (Bartley et al., 1990). Thus, further work
is needed to sort out the inferred rotations. Data from Wells
and Hillhouse (1989) indicate no rotation in much of the
Mojave block since eruption of the 18.5¢£0.2 Ma Peach Springs
tuff.

Dokka (1989) proposed, on the basis of these data, that
extension in the Mojave Desert originally occurred with the
hanging wall moving to the north, and that the current
northeast orientation of extension vectors resulted from
clockwise rotation. We view this as unlikely for several
reasons, including the consistent orientation of many structural
markers (e.g., Independence dike swarm and Late Cretaceous

i . Cennzoic strike-slip falt . q .
R, Tt cennt P Lo mogeoctiual ‘}x"m s f:hkes), the parallelism of t-he p‘resent ext_ensnon vector to those
Upper Trisssic(D-Juramic g Permian-Trisssic contractle bet in much of the rest of California and Arizona (Bartley and
valcanic rocks . . 0 .
\\h&mmwm : \‘Phwlw Glazner, 1991), and the observation that vertical-axis rotations

in the Colorado River extensional corridor are commonly

i i fault blocks (Well
Fig. 4. Map showing pre-Tertiary structural and stratigraphic :f‘s: l::fl: ;:: st: elgggfmg aliofinormaliauliiblosksy(Wells

features that are offset along the Mojave Valley fault (MVF), an . ] g ] :
inferred transfer fault that bounds the CMMCC on the south. Middle M'?fi:::;‘::;i;“‘;:;t:}:::;‘:‘"' Faulting,
From Martin et al. (1995) Following early Miocene extension, which was over by
Peach Springs tuff time (18.5 Ma), the central Mojave Desert
transfer mechanisms (Fig. 4; Bartley and Glazner, 1991; Glazner  was the site of fluviolacustrine deposition of the lower Barstow

et al,, 1992; Martin et al.,, 1993). Formation, upper Tropico group, and upper Hector Formation.
Large-scale extension (tens of km) near Barstow caused a The Barstow Formation sits in angular unconformity upon

significant rearrangement of pre-Cenozoic structure and Pickhandle strata in the Mud Hills (Dibblee, 1968a), and

stratigraphy. Glazner et al. (1989) showed that removing this records quieter deposition and less volcanism. A similar

extension greatly simplifies the geology of the Mojave Desert; transition is recorded at Alvord Mountain to the east, where
for example, removing extension aligns the Independence dike the Barstow Formation overlies deformed lower Miocene Clews
swarm and many other pre-Cenozoic markers (Glazner et al,, Formation strata that were deposited in a hanging-wall basin
1989; Martin et al., 1993).
Sedimentary rocks deposited
during extension vary greatly
depending on their position
relative to the extensional basin.
Fillmore et al. (in review) show
that three main basin types were
present: (1) the intrarift
Pickhandle basin, which received
a thick section of coarse clastic
and volcanic detritus; (2) the
extrarift Tropico basin, which lay
to the southwest and probably
formed by flexure of the footwall
during extension; and (3)
intra-hanging wall basins to the
east, including the Clews basin at
Alvord Mountain and the Hector
basin in the Cady Mountains.
Various paleomagnetic
studies have produced a
confusing array of possible
Miocene vertical-axis rotations,
with studies in adjoining areas
commonly giving contradictory
results (Ross et al., 1989;
Valentine et al., 1993). These

studies are typically forced to i
rely on single stratigraphic units,  Fig. 5. Interpretive tectonic map of the area around Barstow, emphasizing late Neogene

where secular variation may not  contractional and strike-slip faults. Based in part on relations described in Bartley et al. (1990)
be adequately averaged. In and Bartley et al. (1992). Note the abundance of contractional structures, many of which are

currently active; these continue to the northwest.




1994 GS.A. CORDILLERAN SECTION GUIDEBOOK

TRIP 1

GEOLOGICAL INVESTIGATIONS OF AN ACTIVE MARGIN

(Fillmore et al., in review). We attribute this sedimentation to
filling of extensional and flexural basins, coupled with thermal
subsidence.

Volcanism continued its northward migration. Volcanism
at the latitude of Barstow shut off about 18 Ma, although some
of the undated silicic plugs around Barstow could be younger.
Post-18 Ma volcanism was concentrated in the northern Mojave
Desert, northwest of Barstow (Burke et al,, 1982), on the China
Lake and Fort Irwin military bases (Schermer, in prep.), and in
the Lanfair Valley area (Turner and Glazner, 1991). This
volcanism is more clearly bimodal than that east of Barstow
(Keith et al., 1994; Schermer, L. Keith, and Glazner, in prep.),
sits nonconformably on pre-Tertiary basement, and was not
affected by extension.

Southeast of Barstow, volcanism resumed after a hiatus of
10-20 Ma as isolated alkali basalt cinder cones and lava flows
(Wise, 1969). These lavas sit in angular unconformity on tilted
early Miocene strata. K/Ar dating indicates that most of these
volcanic rocks were erupted within the last 10 Ma (Glazner and
Farmer, 1993). They bear little relationship to current structure
in the region, and some were erupted through areas
undergoing active crustal shortening (Glazner and Bartley, in
press).

The dominant post-early Miocene deformation comprises
strike-slip faulting and related transpression (Bartley et al.,
1990). Although it is commonly assumed that strike-slip
faulting began when the Gulf of California opened, 4-5 Ma ago,
there is evidence that it began at least locally in the early
Miocene (Bartley et al.,, 1990). Transpressional structures are
ubiquitous across the Mojave block, and are superimposed on
extended rocks in the eastern part of the area.

Transpression and strike-slip faulting have shaped much of
the present-day topography of the Mojave block (Fig. 5). This
view is in sharp contrast to that of Dokka and Travis (1990),
who proposed that much of the topography is controlled by
transtension, which led to several large pull-apart basins. We
see several problems with their interpretation, the most
important of which is that many of the basins that they
consider to be pull-aparts are bounded by or contain
contractional structures. Specific examples of this include: (1)
the Mojave River valley south of the Calico Mountains, which
is bounded by steep dextral-reverse faults which carry the
mountains out over the valley (see Stop 4); (2) valleys in the
southern Mojave block, east of the San Bernardino Mountains,
where Dibblee (1967b, 1968b) mapped contractional structures
in Quaternary alluvium; and (3) Coyote Lake basin, northeast
of Barstow, where Meek (1990) showed that the basin is being
contracted. We thus reject the pull-apart interpretation of
Dokka and Travis (1990) and note instead that contraction
caused by transpressional faulting has produced much of the
current topography in the region.
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National Science Foundation grants (EAR) 8219032, 8817076,
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the Petroleum Research Fund, administered by the American
Chemical Society, to AFG and JDW; and by the UNC
University Research Council and the KU Endowment. Other
student support was provided by the Geological Society of
America and Sigma Xi research funds, the KU Geology
Association fund, a Shell Graduate Fellowship to MWM, and
the UNC Martin-McCarthy fund.




Waterman Hills (north of Barstow) Field Trip Stop

About 1980, geologists began to recognize areas of very large crustal extension, one
expression of which was the development of low-dip normal faults called extensional
detachment (or just detachment) faults. Where large (>10 km) slip occurred on these
detachments, removal of the hanging wall led to resultant isostatic upbowing of the
footwalls. As a consequence, we commonly observe in such areas a domal footwall of
high-grade metamorphic footwall rocks structurally (separated by the detachment)
overlain by (1) thin, extensionally deformed (brecciated to shattered) remnants of
hanging wall rocks, and (2) sedimentary rocks deposited in local basins formed during
the extensional process. This entire assemblage of structures and rocks have come to

be called metamorphic core complexes.

Metamorphic core complexes and other signs of great extension were recognized in the
early 1980's in the Las Vegas Valley, Death Valley and Colorado River areas. These are
all considered expressions of the Basin-and-Range orogeny. Geologists working in the
Mojave Desert were initially puzzled as to why so little apparent Basin-and-Range
extension occurred in that region, considering all the extension that had occurred to
the north, northeast, and southeast. Roy Dokka (a CSUN alumnus) was among the
first to recognize evidence of detachment faults in the Mojave, based on his work in
the Newberry Mountains in the mid-1980's. He and his students have continued their
research on the Mojave region. Another group of researchers led by Allen Glazner at
the University of North Carolina began studying the late Cenozoic evolution of the
central Mojave Desert about the same time as Dokka et al. Their interpretations agree
with and build upon Roy's work in some instances but are in direct conflict with
other aspects of his extensional models. In recent years the two research groups have
“butted heads" on a number of occasions at meetings and in published research

articles.

Our stop north of Bastow is located in a metamorphic core complex underlying the
Waterman Hills and surrounding areas. This complex has come to be called the
Central Mojave Metamorphic Core Complex by many workers. Interpretations of this
complex indicate that 50 £10 km of ENE-directed extension occurred ~19 to 21 Ma,
resulting in elevation of a thoroughly metamorphosed footwall of midcrustal rocks

being elevated to the surface.

Points of interest that will be discussed at this stop include:

* The geology of the core complex
* How early Miocene sedimentary formations in the region have been interpreted as

being influence by this extensional event.
* How the present distribution of pre-Cenozoic rock units and structures across the
Mojave might be explained by the location and kinematics of this core complex.

: ®
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Figure 15 (on this and facing page). Sequential devel-
opment of Waterman Hills detachment and Mud Hills
area (see Fig. 1 for location). Pali i -

R. V. Ingersoll and Others Mud Hills, Mojave Desert, California

23 Ma

tion is a1 true scale, with right side (north) held fixed.
Some thin units (c.g.., distal Tms) are omitted because
of scale. Topography and geologic cross section of
study area in Mud Hills in modern cross section (bot-
tom right) are well ined (e.g., cross sections of
Fig. 11); other aspects of reconstruction are specula-
tive, but consistemt with all observations and data.
Arched detachment fault after Walker et al (1990).
Two right-slip vertical faults are shown for modern
cross section. after Dibblee (1967, fig. 35). Ages are
interpolated b i} ined times. Exten-
sion may have begun carlier than shown in upper left
(e.g.. Fillmore and Walker, this volume): 21 Ma is lat-
est possible time in Mud Hills ares. Symbols: gd =
M ic granodiorite; Tj = Jackh Fm.Tp=
Pickhandle F jon; Tmp = plutonicl breccia of
Mud Hills Formation; Tmt = rhyolite-twfY breccia of
Mud Hills Formation; Tms = sandstone of Mud Hills
Formation: Tbo = Owl Canyon Conglomerate Mem-
ber of B Fe ion; Tb = other bers of
Barstow Formation; Tr = rhyolite of Watesman Hills:
Tw = sedimentary strata of Waterman Hills: Q = Qua-
ternary units. Long-dashed lines indicate mylonitic
gneiss of Jower plate of Waterman Hills detachment.
Short-dashed lines indicate inferred eroded detach-
ment fault
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Eastern California Shear Zone. Most syntheses dealing with the

evolution of the Pacific-North American transform boundary have
emphasized the part played by the San Andreas fauk system and
subparalle] faults to the west (Fig. 6), even though the existence of
similar late Cenozoic faults in the Mojave Desert and east of the Sierra
Nevada has been well established [e.g., Longwell, 1960; Dibblee, 1961;
Burchfiel and Stewart, 1966; Hamilton and Myers, 1966; Hill and
Troxel, 1966]. Recent studies by Dokka and Travis [1990ab)] were
initiated to better understand the kinematic development of NW-
striking right slip faults of the Mojave Desert Block and theirrole in the
tectonic framework of southern California (Fig. 7). Previously, most
tectonic models for southern California have treated the entire Mojave
Desert Block as the site of distributed simple shear (i.e., homogeneous
strain) during post-middle Miocene time [Garfunkel, 1974; Carter et al,,
1987). In contrast, analysis of the region indicates that strain is

regionally heterogeneous and is partitioned into six domains that are

separated by major strike-slip faults and extensional zones [Dokka and
Travis, 1990a]). Tectonic rotation of these domains as well as their
internal deformation by strike-slip faulting have occurred as the result
of broadly distributed regional right shear; sixty-five km of total right
slip is reckoned to have occurred along faults of the southern half of the
province. This broad network of faults, along with kinematically and
temporally similar strike-slip faults of the Death Valley region (Furnace
Creck and Southern Death Valley fault zones) and intervening exten-
sional zones, constitute a regional, throughgoing zone of right shear
named by Dokka and Travis [1990ab), the Eastern California shear zone
(ECSZ). This zone of intracontinental shear likely continues to the
north where it may include the Walker Lane belt of western Nevada
(Fig. 6).

Regional and local dated cross-cutting relations constrain the time
of onset of right shear across the ECSZ. At the regional scale, all late
Cenozoic strike-slip faults of the central and eastern Mojave cut and

fully displace ~20 Ma elements of the early Miocene Mojave Exten-
sional Belt [Dokka, 1983, 1989ab). Locally, the best evidence for the
age of initiation of an individual fault in the central Mojave can be seen
in the Calico Mountains-Mud Hills area along the Calico-Blackwater
fault [Dokka, 1989a). Here, the youngest dated rock that is displaced
the full amount (10 km) is a 13.410.2 Ma tff from near the top of the
Barstow Formation [MacFadden et al, 1990). The Garlock fault
(northern boundary of the Mojave Desert Block) was initiated near 10
Ma[Burbank and Whistler, 1987) and is truncated atits extreme eastern
end by faults of the ECSZ (southemn Death Valley fault zone [Davis and
Burchfiel, 1973; Plescia and Henyey, 1982]). Age relations described
by Stewart {1983] in the adjacent Death Valley region imply that
faulting in that part of the ECSZ may have begun as recently as late
Miocene (~6 Ma). Palcomagnetic data from rocks south of the Pinto
Mountain fault in the adjacent eastem Transverse Ranges suggest that
regional deformation there and, by inference, deformation of the
Mojave Desert Block began aficr ~10 Ma [Carter et al., 1987). Based
on the rclationships presented above, we conclude that the ECSZ
became active no earlier than 20 Ma and no later than 6 Ma. An
initiation time between ~10 Ma and 6 Ma (late Miocene) is considered

to be most likely.
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