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ABSTRACT 

Stratigraphy and Structure of the Late Precambrian - Early Cambrian Clastic 

Metasediment ary Rocks of the Baldwin Lake Area, San Bernardino Mountains, 

California 

David L. Tyler 

The San Bernardino Mountains are the easternmost range of the Transverse 

Ranges of southern California, Precambrian crystalline rocks, and Late 

Precambrian and Paleozoic metasedimentary rocks are exposed in several 

roof pendants in the Mesozoic plutonic rocks which comprise the bulk of the 

range. The Late Precambrian - Early Cambrian clastic shelf sequence in 

chronologic order includes 1) the white quartzite of the Stirling Quartzite 

Equivalent; 2) the gray quartzite and phyllite of the Wood Canyon Formation; 

3) the vitreous white Zabriskie Quartzite; and 4) carbonate ahd schist of the 

Carrara Formation. These rocks probably constitute a part of the initial 

deposits along the eastern margin of the Cordilleran miogeosyncline. Middle 

Cambrian to Permian shelf carbonates overlay the clastic sequence. 

The Precambrian crystalline rocks and the sedimentary rocks were deformed 

and metamorphosed to upper greenschist (biotite) grade, probably in Late 

Masozoic time. The rocks are folded into a northeast-vergent overturned 

anticline which is overridden by a somewhat later thrust of similar vergenz. 

Dominantly post-tectonic acid and intermediate plutons of the Mesozoic Sierran 

magmatic arc intrude the metamorphic rocks. 



Right-lateral strike-slip faults and gravity slides of Cenozoic age 

modify the Mesozoic structure. These features are related to the final 

uplift of the San Bernardino Mountains. 
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INTRODUCTION 

Purpose 

Late Precambrian and Early Paleozoic clastic rocks have been mapped 

in reconnaissance in the San Bernardino Mountains (Dibblee, 1964a, 1964b, 

1967a, 1967b), but only recently have workers attempted to correlate them 

with the well known sequences in the Mojave Desert-Death Valley portion 

of the southern part of the Cordilleran miogeosyncline (Stewart and Poole, 

1975). The primary objectives of this study were to map the Late Precambrian 

and Early Paleozoic rocks of the Chicopee Canyon area, establish a stratigra¬ 

phic sequence, and to make correlations with well known sections farther north 

and east. In so doing, a western data point for early Paleozoic paleogeography 

could be established. 

In the Clark Mountains of the eastern Mojave Desert, Mesozoic age structures 

begin to cross-cut Paleozoic paleogeographic elements and Precambrian 

crystalline basement is involved in the thrust faulting (Burchfiel and Davis, 

1971, 1972). A second objective of this study was to determine the nature 

and extent of basement involvement in the Mesozoic structure of the San 

Bernardino Mountains. Dating of the deformation in the area is also an 

important aspect of the study. 

Location and Geography 

The San Bernardino Mountains are the eastern part of the Transverse 

Ranges of California, and compose the central part of the southern boundary 

of the Mojave Desert. The area studied lies to the north and east of Baldwin 

Lake, in the northern part of the San Bernardino National Forest (Figure 1). 
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California State Highway 18 passes through the area and many dirt roads 

lead off from the highway* The dirt roads are generally in good condition 

as they are maintained by the U.S. Forest Service* 

The San Bernardino Mountains are a single large upfaulted block (Dibblee, 

1971). Terrain within the eastern part of the range is gently rolling at higher 

elevations, and has steep slope leading down to the adjacent lowlands both to 

the north and south. Elevations in the map area range from about 5000 feet on 

the north scarp of the range to 8227 feet at the top of Gold Mountain. 

The climate of this area is mild and dry. Daytime temperatures are 80 F 

to 90 F in the summer and 20 F to 40 F in the winter, and most of the precipi¬ 

tation comes as winter snowfall. The great relief of the area results in a 

floral zonation. Lower areas have a very dry climate and are characterized 

by cactus, creosote, and Juniper, whereas the higher areas support forests of 

large conifers. 

Previous Work 

The map area makes up a very small part of the area mapped by Vaughan 

(1922), the first published work on the area. His map covered the entire 

eastern part of the San Bernardino Mountains at a scale of 1:125,000. Guillou 

(1953) remapped almost the entire area of the present study at a scale of 

1:24,000. Dibbleefs (1964a) Lucerne Valley 15' quadrangle is the latest and 

most accurate of the three published maps covering the study area. 

Most recently, Stewart and Poole (1975) have described and correlated 

the Late Precambrian and Early Paleozoic rocks of the map area with those of 

the Death Valley area farther north. They did not, however, do any mapping 

in the area. 
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Present Study 

Mapping for the present study was done on a topographic map enlarged 

to 1:27,300 from the U.S. Geological Survey Lucerne Valley 151 quadrangle. 

The mapping was completed during five weeks in May and June of 1974. Some 

stratigraphic sections were measured with a Jacobs staff. Other thicknesses 

were estimated graphically from the map. Petrographic studies were carried 

out on representative samples of each of the map units. 
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STRATIGRAPHY 

Introduction 

An incomplete succession of rocks ranging in age from Precambrian 

to Recent crop out in the study area. The lithostratigraphic units may 

be placed in four major groups: 1) Precambrian gneiss; 2) Late Precambrian 

and Early Cambrian clastic rocks; 3) Paleozoic carbonate rocks; and 4) Recent 

surficial deposits. This study treats the first two groups in some detail, 

but the carbonate rocks and surficial deposits are only briefly described. 

The Mesozoic intrusive rocks of the area are discussed in another chapter. 

Precambrian Gneiss 

The stratigraphic basement in the Baldwin Lake area, the Baldwin Gneiss 

(Guillou, 1953) is a gneiss complex which crops out primarily in a low ridge 

to the east of Baldwin Lake, with two other small outcrops to the northwest 

of Chicopee jpanyon (Plate 1). The complex consists dominantly of augen gneiss, 

with subordinate amounts of banded gneiss and schist, dated at 1750 + 15 my 

(Silver, 19 71). 

The gneiss is composed primarily of flesh-colored K-feldspar which, along 

with varying amounts of quartz, occurs as augen, up to 5cm in their longest 

dimension. Muscovite, biotite, quartz and accessories make up the dark matrix. 

K-feldspar grains show varying degrees of alteration to sericite and both 

K-feldspar and quartz have been strained. 
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Two foliations are present in the augen gneiss. The primary 

foliation is expressed as an alignment of augen and is well developed 

wherever the augen gneiss is seen. A second foliation, only locally 

developed, is expressed as a mica alignment in the matrix. The two 

foliations in general intersect at a small angle. 

A pink and black banded gneiss is also present and contains relatively 

more quartz and less K-feldspar and mica than the augen gneiss. The banded 

appearance results from the segregation of quartz + K-feldspar and biotite 

+ muscovite into layers 3 to 15 mm thick parallel to the primary foliation. 

Feldspar grains are up to 1 mm in diameter, with other minerals being 

generally smaller. Quartz is strained and shows a sutured texture. A 

single foliation is expressed in the orientation of the alternating light 

and dark bands and in the preferred orientation of the micas parallel to 

the bands. 

Gray schist is interlayered with other rock types and consists 

primarily of coarse-grained biotite and muscovite with subordinate amounts 

of quartz and feldspar. Foliation, infrequently folded, is expressed by 

a mica alignment. The strained quartz and feldspar show an interlocking 

texture. 

Quartz and pegmatite pods are found in all members of the complex. 

They are considered Precambrian in age because they are not found cutting 

any of the Paleozoic rocks. 
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Late Precambrian and Early Cambrian Clastic Rocks 

General Statement 

Rocks mapped by Dibblee (1964a) as Saragossa Quartzite are here 

correlated with the Late Precambrian and Early Cambrian clastic sequence 

of the Mojave Desert-Death Valley region. The four formations to which 

these rocks have been reassigned are the Upper Precambrian Stirling 

Quartzite, the Upper Precambrian-Lower Cambrian Wood Canyon Formation, 

the Lower Cambrian Zabriskie Quartzite, and the Lower and Middle 

Cambrian Carrara Formation. A composite columnar section is presented 

in Figure 2. These correlations, first recognized by Stewart and Poole 

(1975), are based largely on the fact that this clastic sequence occupies 

a stratigraphic position above Precambrian gneiss and below a thick 

sequence of carbonate rocks known locally to be of Paleozoic age 

(Hollenbaugh, 1970). Details of the correlations are presented elsewhere. 

Stirling Quartzite Equivalent 

The lowest sedimentary unit in the Baldwin Lake area is a thick, 

pure quartzite here considered correlative with the Upper Precambrian 

Stirling Quartzite. This formation corresponds to the lower white 

quartzite of the Saragossa Quartzite (Dibblee, 1964a). The Stirling 

forms the major part of Gold Mountain, and also crops out in Chicopee 

Canyon and on the ridge east of Baldwin Lake. 

The exposed section on Gold Mountain is thought to be the lower 

part of the Stirling; it is in excess of 1500 feet thick. To the south 

this unit rests unconformably on the basement with a locally developed 
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Figure 2. Composite columnar section of Late Precambrian and Cambrian 
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basal conglomerate (R. McJunkin, pers. comm., 1975), but the basal 

contact is exposed in only a single outcrop in the Baldwin Lake area. 

The rocks are remarkably uniform lithologically throughout the 

entire Gold Mountain section and consist of thickly bedded, fine-grained, 

tan—weathering, well sorted white quartzite. No mesoscopic sedimentary 

structures are present. The rocks are compositionally mature, con¬ 

sisting of quartz grains and only a few percent mica and an occasional 

feldspar grain. Similar rocks occur on the ridge east of Baldwin Lake. 

The upper part of the Stirling crops out in Chicopee Canyon and 

areas to the northwest. Units correlative with the D- and E- members 

of the Stirling (see Stewart, 1970) have been recognized. The D- 

member correlative is about 200 feet thick and consists of laminated, 

tan-weathering, fine-grained calcite marble interbedded with minor 

white, thin-bedded, fine to medium-grained quartzite. A lustrous, 

light greenish-gray, fine-grained schist composed of muscovite, quartz 

and minor biotite and hematite is also locally exposed in the D- 

member correlative. The unit considered correlative with the E- member 

is a white to pink, tan-weathering quartzite approximately 300 feet 

thick with beds from a few inches to 3 feet thick. The quartzite is 

compositionally similar to that on Gold Mountain, with the exception 

of occasional hematite and slightly more pink feldspar. Beds of fine- and 

medium- to coarse-grained well sorted quartzite are intercalated, with 

occasional quartz pebble conglomerates occurring in channels. The 
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conglomerates become more common near the top of the formation. Tabular 

planar cross-beds and both current and oscillation ripple marks are 

present near the contact with the overlying Wood Canyon Formation, 

The Stirling-Wood Canyon contact is gradational over about 50 feet. 

The quartzite becomes more micaceous upwards, with cross-bed sets 

increasing in abundance but decreasing in size, Beds also become 

thinner upward, especially close to the contact. 

Wood Canyon Formation 

The Upper Precambrian-Lower Cambrian Wood Canyon Formation crops 

out most extensively in Chicopee Canyon with minor exposures along 

the ridge to the east of Baldwin Lake. As defined here, the Wood 

Canyon corresponds to the phyllitic part of the Saragossa Quartzite 

(Dibblee, 1964a) and conformably overlies the Stirling Equivalent. 

Because the contact is gradational, a fairly persistent black 

argillite present in the transition zone was chosen as the base 

of the Wood Canyon Formation for mapping purposes. Where this argillite 

was not exposed, the contact was drawn on the color change from the 

lighter Stirling to the darker Wood Canyon. Stewart and Poole (1975) 

have placed this contact lower in the transitional zone. 

The Wood Canyon is a 415 foot thick sequence of interbedded, 

unfossiliferous, dark-gray quartzite and phyllites. Grading up from 

the Stirling, the quartzite becomes darker and more abundantly cross- 

bedded. A persistent argillite unit marks the first appearance of 

argillaceous sediment in the section. Interbeds of phyllite begin 
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to appear above the argillite, finally becoming dominant over quartzite 

near the top. Overall, quartzite comprises more than 2/3 of the total 

thickness of the formation. 

The quartzite of the Wood Canyon is light to dark-gray due to its 

compositional immaturity. It contains as much as 15% biotite, 5% 

muscovite and 5% plagioclase feldspar. In its lower parts, the 

quartzite is medium to coarse-grained, but this quickly gives way 

upward to moderately sorted fine- to very fine-grained quartzite. 

Individual quartzite beds range from a few inches to 5 feet thick. 

The quartzite is extensively cross-bedded in both trough and planar 

sets, and channels are abundant in the lower and middle parts of the 

formation. The channels are of two types; 1) conglomeratic lenses, 

and 2) much less common, very fine sand and silt filled channels in 

coarser sand. 

Phyllite in the Wood Canyon is dark gray to gray-green, containing 

roughly equal parts of fine-grained mica and fine sand to silt sized 

quartz grains. The micas are concentrated in bands parallel to bedding. 

Phyllite beds range from 2 to 6 inches in thickness, often within a 

single bed. 

Zabriskie Quartzite 

Lower Cambrian Zabriskie Quartzite is exposed in Chicopee Canyon 

and on the ridge east of Baldwin Lake. This formation is the upper part 

of the Saragossa Quartzite of Dibblee (1964a) . Although the contact 

with the underlying Wood Canyon is faulted in places, a conformable 

contact is present on the west side of Chicopee Canyon. 
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The Zabriskie consist of a white, fine to medium-grained, moderately 

to well sorted, vitreous quartzite. Iron staining is common on fracture 

surfaces. Its thickness varies from about 100 feet to a maximum of 

165 feet, measured east of Baldwin Lake, Compositionally, the formation 

is an orthoquartzite, containing up to 97% quartz. Bedding is rarely 

seen and the formation generally crops out as massive ledges, Rip-up 

clasts from the underlying Wood Canyon occur at the base, and Scolithus 

tubes are locally abundant in the lower 50 feet. Although correctly 

identified by Stewart and Poole (1975), the Scolithus tubes were erroneously 

identified as stretched pebbles by Guillou (1953). 

Although it was not mapped, Zabriskie Quartzite was recognized on 

Delamar Mountain 6 miles west of the area of study. Except for more 

identifiable bedding, these rocks appear identical to those in Chicopee 

Canyon. 

Carrara Formation 

Interbedded schists, calc-silicate rocks, and marbles, here assigned 

to the Lower and Middle Cambrian Carrara Formation, are exposed along 

virtually the entire length of the ridge east of Baldwin Lake. They 

were mapped by Dibblee (1964a) as part of the Furnace Limestone. Although 

both its upper and lower contacts are sheared, the formation is considered 

to be in its proper stratigraphic position. Similar rocks were recognized 

in float on Delamar Mountain. They appear to occupy the same stratigraphic 

position as the Carrara but they were not mapped. 

¥ 
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These rocks represent an original sequence of interbedded shale, 

calcareous shale, and limestone. They are now fine to coarse-grained 

gray schist, green calc-silicate hornfels, platy quartzose marble, and 

coarse-grained, gray and white banded calcite marble. The Carrara 

has a maximum thickness of 530 feet, with marble beds up to 80 feet 

thick, but internal deformation makes it unlikely that this represents 

the original sedimentary thickness• No fossils or original sedimentary 

characteristics are preserved and the planar surfaces are foliation. 

Depositional Environment 

The Upper Precanibrian-Lower Cambrian clastic rocks show abundant 

evidence of shallow water deposition. Cross-bedding, ripple-marks, 

channels, trace fossils and rip-up clasts are common, all indicating 

a shallow water origin. The generally large grain size and high maturity 

also indicates a near shore, high-energy environment. 

The depositional history appears to be a transgressive-regressive 

-transgressive megacycle. Rapid transgression across a Precambrian 

erosion surface was responsible for deposition of the basal part of 

the Stirling Equivalent. Repeated minor transgression and regression 

are required to build up the great thickness of mature quartzite, but 

regression must be dominant in the shoaling toward the end of Stirling 

time. Shoaling is suggested by the increased abundance of trough cross¬ 

bedding and especially the presence of current and oscillation ripple 

marks at the top of the Stirling. 
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Maximum regression occurred during Wood Canyon time. The 

intercalation of cross-bedded and channeled sands with shales and 

silts, combined with the lack of fossils, could represent a fluvial 

environment, although the presence of marine fossils in similar sections 

elsewhere make a tidal flat environment more likely. Subaerial 

exposure is certain in at least the upper part, indicated by the 

presence of coherent rip-up clasts of Wood Canyon shale in the basal 

Zabriskie. 

The rip-up clasts in the Zabriskie Quartzite indicate another rapid 

transgression. The Zabriskie is an orthoquartzite, or sheet quartz 

arenite. Similar deposits have been interpreted as transgressive 

sheets, perhaps reworked from an earlier beach or dune field (Pettijohn, 

Potter, and Siever, 1972). Transgression continued into Carrara time 

resulting in the deposition of fine-grained clastic and carbonate 

rocks. Sea level probably stabilized by Middle Cambrian time when 

Bonanza King deposition began the thick accumulation of largely inter¬ 

tidal carbonates (Gans, 1970). 

Regional Correlations and Depositional Setting 

Because of the metamorphism in the sedimentary rocks of the San 

Bernardino Mountains, and the attendant rarity of fossils, correlation 

of formations was made on the basis of lithologic similarities and 

stratigraphic sequence. Formation names established in the Southern 

Great Basin have been used. 
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According to Stewart (1970, p. 29) the Stirling Quartzite "is a 

cliff-forming unit composed of light-colored quartzite, in part 

conglomeratic . . • The Stirling is contrasted . . . with the overlying, 

darker colored, siltier Wood Canyon Formation ..." Although only two 

of the five members were recognized, it is felt that the general aspect 

of the lowest formation and its stratigraphic position justify its 

designation as a Stirling Quartzite Equivalent. 

Strata here assigned to the Wood Canyon Formation are considered 

to represent the middle member of the formation. Stewart (1970, p. 43-45) 

describes the middle member as composed of "conspicuously cross-stratified" 

sandstone and quartzite, conglomerate and conglomeratic quartzite, and 

minor amounts of silts tone. Bed thicknesses and the fining-upward seen 

in the study area are also reported by Stewart for the middle member of 

the Wood Canyon. 

S eolith us tubes and the extreme compositional maturity of the 

quartzite above the Wood Canyon makes its designation as Zabriskie 

Quartzite certain. Stewart (1970) reports these features, along with 

a general lack of stratification and fine to medium grain-size, as 

characteristic of the Zabriskie Quartzite. 

Interbedded shales, silts, silty carbonates, and carbonates of the 

Carrara Formation separate the Zabriskie from Cambrian carbonates in 

southern Nevada and southeastern California (Stewart, 1970). Although 

no sedimentary features are preserved in the schists and marbles overlying 

the Zabriskie, similarity in presumed original lithology and stratigraphic 

position allow the assignment of these rocks to the Carrara Formation with 

confidence 
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This sequence constitutes a part of the initial deposits of the 

Cordilleran miogeosyncline. Figure 3 illustrates the thinning of this 

sequence to the southeast, toward the craton. In attempting regional 

correlations, only the Stirling Equivalent, Wood Canyon, and Zabriskie 

formations were used* The Carrara was not included because of a lack of 

data from other areas and its internal deformation and resultant unreliable 

thickness• 

Stewart and Poole (1975) have correlated the San Bernardino Mountains 

section with the 1100 foot thick section in the Providence Mountains 

(Hazzard, 1954; Stewart, 1970)* In doing so, however, they disregarded 

the 1500 foot thick section of Stirling Equivalent exposed on Gold Mountain, 

Inclusion of this part of the Stirling gives a total thickness of 2500+ feet 

for the Stirling through Zabriskie section in the San Bernardino Mountains 

and makes the correlation of Stewart and Poole (1975) less likely. Taking 

this thick Stirling into account, and comparing thicknesses of Wood Canyon, 

these rocks are probably better correlated with rocks in the Clark Mountains 

(Figure 3). The exposed thickness of Stirling through Zabriskie in the 

Winters Pass thrust plate of the Clark Mountains is over 2400 feet, of which 

1940 feet is Stirling Quartzite (Burchfiel and Davis, 1971). 

The reported presence of a Johnnie Formation equivalent in the San 

Bernardino Mountains (Stewart and Poole, 1975) cannot be confirmed by this 

writer. If it is absent, as it appears to be, a problem arises with this 

correlation because a significant thickness of Johnnie Formation underlies the 
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Stirling in the Clark Mountains. The lower part of what is mapped here 

as Stirling Quartzite Equivalent may be correlative with the Johnnie 

Formation elsewhere, but this would require a facies change not known 

anywhere in the Cordilleran miogeosyncline. Nevertheless, it is felt 

that the great thickness of Stirling in the San Bernardino Mountains is 

significant, and similar thicknesses are found in the Clark Mountains. 

This correlation places the San Bernardino Mountains section 

near the eastern margin of the Cordilleran miogeosyncline and allows the 

extension of the area of known géosynclinal deposits to the San Andreas 

Fault as proposed by Stewart and Poole (1975) (Figure 4, 5). 

Middle Cambrian and Later Paleozoic Carbonate Rocks 

General Statement 

An unknown thickness of Paleozoic carbonate rocks overlies the 

Upper Precambrian-Lower Cambrian clastic sequence in the San Bernardino 

Mountains. These rocks have yielded rare fossils as young as Pennsylvanian 

(Hollenbaugh, 1968), but the detailed stratigraphy has not yet been worked 

out. Therefore, only the Middle and Upper Cambrian Bonanza King Formation 

has been mapped separately. The remainder of these rocks have been grouped 

together as undifferentiated Paleozoic Marbles. 

Bonanza King Formation 

Marbles lying directly above the Carrara Formation were previously 

assigned to the Mississippian Furnace Limestone (Vaughan, 1922; Dibblee, 

1964) , but are here reassigned to the Middle and Upper Cambrian Bonanza 
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Figure 4. Selected isopachs for the total Johnnie Formation through 
Zabriskie Quartzite section, the Wood Canyon Formation, 
and the Zabriskie Quartzite. The Stirling Quartzite is not 
included here because its anomalous thickness in the San 
Bernardino Mountains yields a trend which is not at present 
understood. This may be the result of as yet unrecognized 
structural complications, or the Stirling of the San 
Bernardino Mountains, as mapped, may contain Johnnie Formation 
of a facies not previously recognized in the Cordilleran 
miogeosyncline, thereby increasing the apparent thickness of 
the Stirling Quartzite Equivalent. 



Figure 5. Late Precambrian-Paleozoic depositional setting of the 
Baldwin Lake area. Areas of outcrop of Cordilleran mio- 
geosynclinal deposits of Paleozoic age in California 
shown by stippled pattern (for data for Nevada, see 
Stewart,’ 19). Wood Canyon Formation isopachs" from 
Stewart, 1970. 600 km of right-lateral offset along 
the San Andreas Fault has been restored, (after 
Burchfiel and Davis, 1972) 
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King Formation on the basis of stratigraphic position. These rocks crop 

out along the ridge east of Baldwin Lake. 

The Bonanza King is a blue-gray and white banded calcite marble. 

It is a fine-to very coarse-grained, unfossiliferous marble, and contains 

up to 20% micas and quartz. Thin beds of orange weathering siliceous 

hornfels are present at several stratigraphic levels. They represent 

silty limestone beds that are characteristic in the lower parts of the 

Bonanza King Formation elsewhere (Hazzard, 1937; Gans, 1974). There are 

no sedimentary characters preserved and the banding probably represents 

bedding transposed into the foliation. 

The Bonanza King was recognized on Delamar Mountain. There it is 

a gray and white banded crystalline marble lying stratigraphically above 

what appears to be the Carrara Formation. 

Paleozoic Marbles, Undifferentiated 

Rocks classed here as undifferentiated Paleozoic marbles are those 

parts of the Furnace Limestone (Dibblee, 1964a) which are isolated by 

intrusion or faulting from the known part of the section. These include 

roof pendants and xenoliths exposed around the periphery of the map area. 

These rocks are gray, blue, black, and white finely to coarsely crystalline 

calcite and dolomite marbles. Locally, these rocks have yielded Mississippian 

and Pennsylvanian fossils (Hollenbaugh, 1970), but it is unlikely, due to 

stratigraphic relations, that the entire sequence is Mississippian and 

Pennsylvanian. Instead, these rocks probably represent the carbonate bank 
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sequence present in the Death Valley-Majave Desert area and include 

formations from the Middle and Upper Bonanza King Formation through the 

Pennsylvanian Permian Bird Spring Formation (Stewart and Poole, 1975). 

Cenozoic Surficial Deposits 

General Statement 

Cenozoic surficial deposits were not mapped in detail. Wherever 

possible, they were grouped into a single unit in the interest of 

simplicity. Only landslides were mapped separately. 

Landslide Debris 

Two landslides are present in the area of study. They are small 

masses occurring on the west side of Chicopee Canyon. The rubble in 

these masses consists of angular pebbles, cobbles, and boulders of 

various quartzite formations that crop out upslope. 

Alluvium 

Several different types of alluvial deposits were grouped into 

a single unit. No attempt was made to map the different alluvial types 

separately. They include surficial sediments of clay- to boulder-size 

of various origins. Playa clays, fanglomerate, older fanglomerate, 

colluvium, and both older and younger alluvium are included. 
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INTRUSIVE ROCKS 

General Statement 

The intrusive rocks exposed in the study area are granitic igneous 

rocks of several different types. These include, in order of decreasing 

age, aplitic quartz monzonite, granite porphyry, quartz diorite, and 

quartz monzonite. For the purposes of this study, the large bodies of 

granitic rock surrounding the Upper Precambrian and Paleozoic meta¬ 

sedimentary rocks are mapped as undifferentiated granites. Only those 

quartz monzonite intrusions which are contained within the metasedimentary 

rocks are mapped separately. Intrusive rocks have been assigned a Mesozoic 

age on the basis of radiometric age data reported by Armstrong and Suppe 

(1973). These rocks probably represent a part of the Mesozoic Sierran 

magmatic arc, which is present throughout the western and central Mojave 

Desert. 

Undifferentiated Granites 

The undifferentiated granites include aplitic quartz monzonite, 

granite porphyry, quartz diorite, and quartz monzonite. Because the 

quartz monzonite is mapped separately in places, it will be described 

under a separate heading. The aplitic quartz monzonite and granite 

porphyry were not examined in detail and descriptions of these rocks are 

taken from Dibblee (1964a). 

The aplitic quartz monzonite is buff-colored, massive, very fine¬ 

grained, and iron staining is common on fractures. It consists dominantly 

of quartz and approximately equal amounts of potash feldspar and plagioclase, 

with minor amounts of mica and accessories. A few small plagioclase 

phenocrysts are present. 



19 

The granite porphyry is gray, massive, and shows iron staining on 

fracture surfaces. Phenocrysts, up to 5mm long, comprise as much 

as half the rock and are composed of perthitic potash feldspar, plagioclase, 

quartz, and biotite. The groundmass is aplitic, composed primarily of 

potash feldspar and quartz. 

The quartz diorite is gray, massive, equigranular, medium-grained, 

and composed of 40 to 50 percent plagioclase ( An4o) , 10 to 20 percent 

potash feldspar, 10 to 20 percent quartz, and 10 to 20 percent biotite. 

Muscovite, sphene, and magnetite are present as accessories, and chlorite 

occurs as an alteration product of biotite. In thin section, quartz 

shows undulatory extinction, and feldspar grains are often broken or 

crushed and occasionally embayed. 

A sample of the quartz diorite was recently dated by conventional 

K/Ar methods by J. Edwards of Rice University. An apparent biotite age 

of 66.4 + 3.4 my for this sample confirms the Mesozoic age assigned to 

the plut on. 

Quartz Mbnzonite 

Quartz monzonite was mapped in three small bodies to the north and 

east of Baldwin Lake where it intrudes Cambrian metasedimentary rocks. 

It is also probably intrusive into all of the other igneous rocks. 

The quartz monzonite is gray-white, buff-weathering, massive, 

equigranular, and medium-to coarse-grained. Quartz comprises 15 to 20 

percent of the rock, biotite and muscovite about 10 percent, and the 
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remainder of the rock is composed of potash feldspar and plagioclase 

(AII^Q) in roughly equal amounts. The rock sometimes shows a crude 

foliation in thin section which is expressed by the preferred orienta¬ 

tion of plagioclase and mica. Quartz frequently exhibits undulatory 

extinction and sutured grain boundaries. 

A whole rock K/Ar age of 67.4+5.0 my was obtained by J. Edwards 

on the quartz monzonite plug exposed 450m north of the northwest comer 

of Sec. 31, T.3N, R.2E. (Plate 1). Similar K/Ar ages reported by Armstrong 

and Suppe (1973) for biotite separates from the quartz monzonite from other 

parts of the San Bernardino Mountains make a late Cretaceous age for 

the quartz monzonite probable. 
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METAMOKPHISM 

General Statement 

All of the basement and Paleozoic sedimentary rocks of the study 

area have undergone at least one episode of Mesozoic regional metamorphism. 

Although this metamorphism was interpreted by Richmond (1960) as strictly 

a thermal event, because it is probably associated in time, as well as 

space, with the intrusive event, the widespread development of foliation 

requires dynamic metamorphism for its formation. 

The Mesozoic metamorphism is associated with the development of the 

structure presently exposed in the Precambrian and Paleozoic roof pendants. 

At least one earlier metamorphic event, probably Precambrian in age, 

affected the Precambrian basement rocks prior to metamorphism of the Late 

Precambrian and Paleozoic sedimentary rocks. 

Precambrian Metamorphism 

Precambrian metamorphism resulted in a well developed foliation 

and thorough recrystallization of the basement rocks. Foliation is 

marked by the alignment of augen in the augen gneiss, and by the 

preferred orientation of micas and other elongate minerals in the banded 

gneiss and schist. 

Feldspar and quartz generally show a sutured texture in thin 

section. This texture is best developed along quartz-quartz grain boun¬ 

daries, and poorly developed along feldspar-feldspar grain boundaries. 

Quartz and, to a lesser extent, feldspar display undulatory extinction, 

indicating post-crystallization strain. 
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The augen gneiss has been interpreted by Silver (1971) as a meta¬ 

morphosed porphyritic granite, so that its mineralogy (potash feldspar + 

quartz + biotite + muscovite) is probably largely relict and not useful 

in determining the facies of metamorphism since no potash feldspar occurs 

in the matrix. However, a similar mineral paragenesis in the banded 

gneiss, which may represent metamorphosed quartzo-feldspathic sediments, 

probably indicates metamorphism at amphibolite grade (Williams, et al, 

1954; Turner, 1968). This facies assignment is tenuous, but in the absence 

of a critical mineral paragenesis a more confident assignment cannot 

be made. 

The 1750 + 15 my U/Pb date reported by Silver (1971) for the Baldwin 

gneiss was obtained on the augen gneiss. It is unknown at this time 

whether this date represents the time of intrusion of the granite 

protolith or the true age of metamorphism. 

Mesozoic Metamorphism 

The pre-Cenozoic rocks of the study area were affected to varying 

degrees by a regional metamorphic event of presumed Mesozoic age. Several 

lines of evidence indicates that the metamorphism was genetically related 

to the deformation of the Paleozoic sedimentary rocks. 

Thorough recrystallization of the Paleozoic rocks is the most striking 

characteristic of this metamorphic event. The Upper Precambrian-Lower 

Cambrian quartzites show a sutured texture in thin section. The only 



relict grains visible are those which appear to have been coated by an 

opaque oxide prior to metamorphism. The phyllosilicates present in the 

quartzites are muscovite and biotite, and muscovite, biotite, and chlorite 

are common constituents of the marbles. Originally shaley rocks are now 

composed of micas, albite and quartz, and rocks which represent original 

shaley carbonates or calcareous shales now contain epidote, actinolite, and 

albite. These mineral assemblages are characteristic of metamorphism at 

upper greenschist (biotite) grade (Williams et al, 1954; Turner, 1968). 

The mineralogical composition of the bulk of the Paleozoic rocks 

(i.e. quartzites and marbles) prevents the widespread development of 

foliation, although some preferred orientation of elongate quartz is 

occasionally present in the quartzites. The shaley rocks, however, which 

include the phyllitic parts of the Wood Canyon Formation and the schists 

of the Carrara Formation, show a well developed foliation. In the Wood 

Canyon, foliation is expressed as slaty cleavage, while it is a good 
* 

schistosity, with oriented micas, in the Carrara. This foliation is 

axial-plan to folds in the Paleozoic rocks, and it is largely on this 

relation that the deformation and metamorphism are interpreted as genetically 

related. 

The Mesozoic intrusive rocks show some evidence of metamorphism, 

although the intrusive rocks have not been strongly recrystallized. 

In the quartz diorite, fledspars are often broken or crushed and both 
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feldspars and quartz show undulatory extinction. Although these strain 

features could be attributed to intrusion of the quartz diorite as a 

crystal mush, evidence from the quartz monzonite leads the writer to 

believe that these are indeed metamorphic features. 

The small quartz monzonite plug which intrudes the Carrara Formation 

450m north of the northwest corner of Sec. 31, T.3N, R.2E. (Plate 1) 

contains quartz with undulatory extinction and scattered sutured grain 

boundaries. More compelling evidence of metamorphism, however, is the 

presence of a crude foliation in the intrusive body, produced by the 

preferred orientation of micas and plagioclase subparallel to the 

schistosity in the surrounding Carrara Formation. 

The effect of the Mesozoic metamorphic event on the Precambrian 

basement, although clearly discernible, remains problematical. The 

basement rocks have undergone retrogression, evidenced by the growth 

of sericite in potash feldspar and newly crystallized biotite in 

the matrix of the augen gneiss, but the foliation associated with this 

event is only locally developed. 

Mesozoic foliation in the basement rocks is produced by the preferred 

orientation of newly crystallized biotite in the augen gneiss. A 

secondary foliation would be expected in the finer-grained banded gneiss 

and the basement schist, but this is not observed, perhaps because of 

their mineralogy (both contain significant amounts of quartz). The 

sporadic development of Mesozoic foliation in the augen gneiss presents 
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a problem because a more widespread development of foliation might be 

expected. Either biotite recrystallized only locally and therefore 

developed only local foliation, or the low-angle of intersection of the 

Mesozoic foliation with the Precambrian foliation makes the Mesozoic 

foliation difficult to see. Similar response of basement rocks to 

retrogression is present in the Norwegian Caledonides (J. Hakkinen, 

oral comm. 1975). 
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STRUCTURE 

General Statement 

Structures of Mesozoic and Cenozoic age occur in rocks exposed 

in the Gold Mountain-Baldwin Lake area. The Mesozoic structures were 

thoroughly studied in this investigation, whereas the Cenozoic structures 

were considered in less detail. 

Mesozoic structures include folds and thrust faults that are 

presumed to be related to late stages in the development of the Cordilleran 

orogenic belt. Cenozoic structures, including high-angle faults and 

gravity slides, modify and complicate Mesozoic structures. 

Mesozoic Structure 

The dominant structural feature of the Gold Mountain-Baldwin Lake 

area is a large, northwest-trending, doubly plunging north-eastward 

overturned anticline. Stirling Quartzite Equivalent is exposed in the 

core of the fold in Chicopee Canyon, and the overturned limb is more or 

less continously exposed along the ridge east of Baldwin Lake from the mouth 

of Chicopee Canyon to the southeastern corner of the map area (Plate 1) . 

This fold is overturned to the northeast, with dips on the 

overturned limb as low as 20°, approximately equal to those on the 

upright limb. Its axis, as determined from the intersection of bedding 

planes and axial plane foliation and bedding-plane crenulations, has a 
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bearing of approximately N70°W. Recumbent isoclines found in schist 

of the Carrara Formation show the same sense of overturning, but axes 

were not measurable because of poor outcrop. A single fold in schist of 

the basement complex has an axis approximately parallel to that of the 

large fold. 

The fold is complicated by a number of faults in the hinge area, 

especially west of Chicopee Canyon. Because of the poor outcrop in the 

area, the fault surfaces are not exposed and their orientation is poorly 

known. Nevertheless, dip slip motion in both the normal and reverse 

sense can be deduced from the juxtaposition of stratigraphic units 

(Plate 1; section C-C*). 

The complex system of faults to the west of Chicopee Canyon appears 

to develop as splays from a single fault, trending southeast from Chicopee 

Canyon within the overturned fold limb, and places Precambrian basement in 

contact with units as young as middle Cambrian. The great stratigraphic 

throw on the faults in the west requires that the single eastern fault 

have a similarly large displacement. Because of the small amount of 

stratigraphic throw in the cast, the eastern fault must be approximately 

parallel to stratigraphic units. Parallelism of the faults with stratigraphic 

units, location near the fold hinge, and the imbricate geometry present 

in the fault system west of Chicopee Canyon are characteristic of thrust 

faults. However, as noted above, many of these faults show normal-slip 

rather than reverse-slip displacement. 
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Although a mechanical explanation of this complex fault system is 

impossible at this time, a speculative sequence of events leading to its 

development is presented. As the fold developed it was broken by 

imbricate thrust faults through the fold hinge. This accounts for the 

slice of basement that structurally overlies higher stratigraphic units 

such as Zabriskie Quartzite, which in turn overlies Bonanza King Formation, 

At some later time, some of these thrust surfaces must have been reactivated 

as normal-slip faults, ultimately producing the juxtaposition of units 

now present. 

Similar reactivation of thrust surfaces has been reported by Beutner 

(1972) and Drewes (1964). In these cases, the f,backsliding,f (Beutner, 

1972) occurs along shallowly emplaced thrusts long after the tectonic 

regime responsible for their emplacement ceased activity. In the present 

case, however, the folding and thrusting took place under conditions of 

biotite-grade metamorphism, and the backsliding apparently took place prior 

to the end of the compressive event. This makes the simple gravity reacti¬ 

vation of the thrust surfaces envisioned by Beutner (1972) impossible in 

this case, and a more complex genesis is necessary. 

That compressive deformation was not completed at the time of the 

apparent backsliding is demonstrated by the presence of a thrust plate, with 

exotic slices along its sole, which overrode the fold and apparently covered 

the older fault system. Transport on this thrust was apparently toward the 

north-north-east. The upper plate, composed of Precambrian basement and 

Stirling Quartzite Equivalent, forms the bulk of Gold Mountain and much of 

the ridge east of Baldwin Lake. 
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The thrust fault is considered to be younger than the fold on the 

basis of several lines of evidence; 1) the thrust surface cuts obliquely 

across the fold, 2) sedimentary strike in the thrust plate rocks is oblique 

to that in the folded rocks, and 3) the thrust covers faults inferred to 

be related to the folding. Nevertheless, the thrust has similar vergenz 

to the fold and is therefore presumed to result from the same compressive 

event. 

In the western part of the study area, the thrust rests on the upright 

limb of the fold, with a slice of Carrara Formation beneath the Stirling 

Quartzite Equivalent that forms the upper plate at that point (Plate 2, 

section A-A1), Following the thrust to the east, however, it cuts down 

into the fold, so that in the eastern part of the map area the upper plate, 

composed here of Precambrian basement, rests on the overturned limb of 

the fold with a slice of Stirling between the two plates (Plate 2, section 

B-Bf). If the fold and the thrust fault were formed contemporaneously 

a more parallel relationship between the fold and the thrust might be 

expected. 

Although bedding in the Stirling of the upper plate appears to be 

parallel to the thrust fault, the inferred depositional contact between 

basement and Stirling in the upper plate trends at a moderate angle to 

the thrust contact. This depositional contact is covered in the study 

area by the alluvium of Baldwin Lake, but Dibblee (1964a) has mapped it 

just outside the area, trending into Baldwin Lake from the southeast. 
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Thrusting normal to the thrust contact is a tenuous assumption, but the 

contact is never directly observed and recumbent isoclines in the Carrara, 

which fold the Mesozoic foliation and are probably related to thrusting, 

are not well enough exposed to allow the measurement of axes. If 

thrusting is normal to the fault trace, the thrust fault cuts obliquely 

through the rock units. 

The angular relationship between the basement-sediment contact and 

the thrust contact in the upper plate is similar to that reported by 

Burchfiel and Davis (1971) in the Winters Pass thrust plate of the Clark 

Mountains. In both cases, the thrust surfaces have ignored stratigraphic 

control and cut down across stratigraphic units to involve basement, 

behavior atypical of thrusting of a similar age in the Sevier belt farther 

north (Armstrong, 1968). Burchfiel and Davis (1971) have suggested that 

this change in the style of deformation is related to the cross-cutting 

relationship between the Paleozoic géosynclinal trends and Mesozoic 

magmatism. As the area under study is located within the magmatic arc, 

similar relations can also be expected to hold here. 

Whether the thrust plate actually covers the earlier fault system is 

unclear. What appears to be the master fault of the earlier system that 

cuts the fold can be traced a mile southeast from the mouth of Chicopee 

Canyon, beyond which point it is not exposed near a thrust slice of 

Stirling Quartzite Equivalent. It is possible that the fault continues 

through this slice and cannot be seen because of the monotonous and poorly 
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exposed quartzite. In that case, what has been referred to as the 

earlier fault system could be the latest structural event of the Mesozoic 

deformation. However, the absence of any obvious offset of the thrust 

contact by this fault leads to the conclusion that it is covered by the 

basement-Stirling thrust plate and therefore earlier. 

All of the Mesozoic structures are intruded by dominantly quartz 

monzonitic plutons which, on the basis of their cross-cutting relationship 

to the structure,are considered post-tectonic. These plutons are not 

entirely post-tectonic, however, because one small body is crudely 

foliated (see p. 24) indicating that it was involved in the deformation. 

Other quartz monzonite plutons show no deformational effects. Thus, 

intrusion of the quartz monzonite probably began as deformation was waning 

and continued after deformation ended. 

The relationship of the plutons to the structure permits the 

placement of an upper limit on the age of deformation. The deformation 

must have been completed by approximately 70 my ago, when the bulk of 

the quartz monzonite plutons were emplaced. Rocks as young as Permian are 

probably involved in the deformation in adjacent areas (Hollenbaugh, 1968) 

and this is at present the only stratigraphic data providing a lower limit 

on the age of deformation. It can therefore only be said for certain 

that deformation was Mesozoic in age. 



32 

A speculative deformational history can now be developed. Compression 

along a northeast-southwest axis began in the area at some time in the 

Mesozoic Era, resulting in northeast-vergent folding with small scale 

thrusting through the anticlinal hinge. Following this thrusting, the 

compressive stresses must have been temporarily relaxed allowing the 

apparent backsliding along thrust surfaces. Compression was subsequently 

resumed, this time along a more northerly axis, resulting in the emplace¬ 

ment of another thrust plate. Compression finally ceased as quartz 

monzonite plutons began to intrude the terrane about 70 my ago. 

Cenozoic Structure 

Northwest-striking high-angle faults of probable strike slip 

displacement and small-scale gravity slides comprise the post batholithic 

structure in the study area. Because the quartz monzonite plutons are 

probably Late Cretaceous in age, it is assumed that these younger 

structures are Cenozoic in age. 

Although relations between faulting and sliding indicate that the 

latest movement along the Helendale Fault (Plate 1) post-dates the 

sliding, it is interpreted that relief produced by the Helendale Fault 

is responsible for causing major gravity sliding and that the initiation 

of strike-slip faulting is therefore older. The juxtaposition of bedrock 

and alluvium and the presence of a fault scarp indicate that the fault is 

probably still active. 



33 

In the study area, only the dip-slip component of movement on the 

Helendale Fault is obvious, with the southwest side up relative to the 

northeast side. Dibblee (1964a, 1967c), however interpreted the fault as 

a right-slip fault. Hollenbaugh (1968) and Garfunkel (1974) have demon¬ 

strated right-slip movement on the Helendale Fault and related it to a system 

of parallel faults in the Mojave Desert. Movement on this fault system is 

interpreted by Garfunkel (1974) as causing the late Cenozoic distortion of 

the Mojave Desert crustal block and the bending of the San Andreas Fault 

which in turn is responsible for the late Cenozoic uplift of the San Bernardino 

Mountains (Dibblee, 1971; Garfunkel, 1974). 

Small-scale gravity slides are present on the east side of Chicopee 

Canyon and on the east side of the ridge east of Baldwin Lake. In 

Chicopee Canyon, the slide mass is a small coherent body of Stirling 

Quartzite Equivalent which has slid onto Wood Canyon Formation. The 

slide surface is covered by soil but, because bedding lies at a high 

angle to the inferred slide surface, it is assumed that sliding was 

controlled by joint or fracture surfaces. 

Two other small bodies interpreted as gravity-slide masses are 

present in sec. 31 and 32, T.3N. R.2E. (Plate 1). They are composed 

of Stirling derived from the thrust slice beneath the basement thrust and 

they overlie quartz monzonite. The slide surface is exposed in a 

roadcut along the eastern edge of the southernmost body. The slide 

surface consists of approximately two feet of white gouge separating 

shattered Stirling above from deeply weathered quartz monzonite below. 

The direction of sliding appears to be northeast, perpendicular to the 

trend of the ridge on which they occur. The steep eastern side of this 

ridge is interpreted to be the fault scarp of the Helendale Fault, which 
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cuts the larger slide mass on its northeastern side. Displacement on 

the Helendale Fault probably produced the relief that initiated sliding. 

The slide surface could be mistaken for a Mesozoic thrust on which 

the slice of Stirling was originally emplaced. Interpreting this surface 

as a thrust would create several problems which are not easily solved. 

First, it would indicate intimate involvement of the quartz monzonite 

in the deformation in spite of abundant evidence to the contrary. Second, 

the Mesozoic deformation took place under conditions of upper greenschist 

facies metamorphism, which would require fairly deep-seated emplacement of 

the thrust and a mylonitic thrust surface. Instead, the surfaces in 

question are of the type present in thrust faults emplaced at or near the 

earth's surface. 

Cenozoic structural development can be briefly summarized in the 

following sequence: oblique-slip movement along the Helendale Fault caused 

uplift of the ridge now forming the eastern shore of Baldwin Lake; uplift, 

continuing to the present, produced instability of quartzite on the top of 

the ridge, causing it to slide to the northeast. 

Tectonic Setting 

During deposition of the Late Precambrian-Early Cambrian clastic 

sediments of the San Bernardino Mountains the study area was part of 

the stable shelf of the eastern part of the Cordilleran miogeosyncline. 

Such an environment might be better described as an Atlantic-type, 

or passive, continental margin. Following an inferred Permo-Triassic 
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truncation of the southern part of this continental margin (Hamilton, 1969; 

Burchfiel and Davis, 1972), eastward underthrusting of an oceanic plate 

initiated the development of the Sierran Andean-type magmatic arc at a high 

angle to depositional trends in the geosyncline. It was in the area of 

intersection of these two elements that the Mesozoic structure of the 

Baldwin Lake area developed (Figure 6) . Intrusion of arc magmas probably 

provided the heat for metamorphism and permitted the ductile behavior of 

the basement required for folding. At the same time, compressive stresses 

produced by the underthrusting oceanic plate caused deformation and folia¬ 

tion of the ductile rocks. Structures of the map area thus represent 

yielding of ductile crustal rocks within the magmatic arc. 

Distortion of the Mojave Desert crustal block (Garfunkel, 1974) 

in response to movement along the San Andreas Fault and the Garlock Fault, 

which acts as a transform structure (Davis and Burchfiel, 1973) is responsible 

for the Cenozoic structure of the study area. The Helendale Fault accommodated 

part of the distortion of the Mojave block, which is responsible for bending 

the San Andreas Fault in the area of the Transverse Ranges. It is this 

bending of the San Andreas which is ultimately responsible for the uplift 

of the San Bernardino Mountains and their present structural configuration. 



Paleozoic 

Eugeosyncline 

Figure 6. Regional tectonic setting of Baldwin Lake area in late 
Mesozoic time, (after Burchfiel and Davis, 1972) 
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CONCLUSIONS 

Detailed mapping of the Late Precambrian-Early Cambrian clastic 

metasedimentary rocks of the Baldwin Lake area has yielded new data, 

both general and specific, which may prove useful in unravelling the 

development of the Cordilleran orogenic belt in this area. These 

are outlined below. 

1) Clastic formations defined in the Mojave Desert-Death Valley 

region are mappable in this area. It is inferred that the same is 

true of the carbonate rocks lying stratigraphically above these elastics, 

although such mapping has not yet been attempted. 

2) The Late Precambrian-Early Cambrian clastic rocks were deposited 

in a stable shelf environment near the eastern margin of the Cordilleran 

miogeosyncline. They are correlative with rocks in the Winters Pass 

thrust plate of the Clark Mountains, although the Johnnie Formation, 

which underlies Stirling Quartzite in the Clark Mountains, was either 

not deposited in the San Bernardino Mountains or it is of a different 

facies and included in the Stirling Quartzite Equivalent. 

3) Apparently long-lived compression during Mesozoic time deformed 

the Late Precambrian and Paleozoic rocks in two stages. The first stage 

produced a northeast-vergent anticline that was broken by a thrust fault 

along its axial surface. The second stage produced northeast directed 

thrust faults of Precambrian basement and Late Precambrian metasedimentary 

rocks. An interval between these two deformational stages is marked by an 

apparent relaxation of compression allowing backsliding along the earlier 

thrust surfaces. 
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4) Biotite-grade metamorphism was contemporaneous with deformation. 

Although the greatest volume of granitic rocks exposed in the study area 

is post-tectonic, it is probable that the earlier igneous rocks were involved 

in the deformation. It is therefore concluded that deformation, metamor¬ 

phism, and intrusion in a Mesozoic magmatic arc are temporally and genetically 

related. 

5) Lateral-slip faulting, related to the distortion of the Mojave 

Desert crustal block, and gravity sliding of Cenozoic age modify the 

Mesozoic structure. 
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