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ABSTRACT 

The Johnnie Formation is subdivided into five dis¬ 

tinct members that are mapped areally for the first time 

in order to decipher the structurally complex geology with¬ 

in a portion of the Northwest Spring Mountains. Distinctive 

quartzite and dolomite beds serve as boundaries between the 

members. The sediments of the Johnnie Formation and over- 

lying Stirling Quartzite were deposited in a nearshore 

environment in the Cordilleran miogeosyncline which per¬ 

sisted during most of the Paleozoic Era in this part of the 

Basin and Range Province. 

Folding and thrusting during the late Mesozoic Laramide 

Orogeny are responsible for the complex local and regional 

structural relationships. Two large recumbent folds and 

related smaller folds represent the earliest effects of 

deformation; this period of intense folding was accompanied 

by the development of the Johnnie Thrust, a regional thrust 

fault which is probably located near the base of the Johnnie 

Formation, above which the overlying beds have been displaced 

several miles to the southeast. This interpretation is dif¬ 

ferent from that of T.B. Nolan (1929) who originally described 

the Johnnie Thrust as occurring at the contact between the 

Stirling Quartzite and Johnnie Formation. Later or syn¬ 

chronous deformation by right-lateral displacement along the 

Las Vegas Valley Shear Zone is reflected in the change of 

trend of cleavage and fold axes in the recumbent folds. Gentle 



folding unaffected by movement on the shear zone followed. 

Present deformation is probably continuing along 

normal faults which have been active since early Tertiary 

time. This faulting is responsible for the steep topo¬ 

graphy that has triggered a significant gravity slide in¬ 

volving a large block of Stirling Quartzite which rests 

with stratigraphic and structural discordance on the lower 

Johnnie Formation. 



INTRODUCTION 

LOCATION 

During the summer of 1963, a detailed field study was 

undertaken and a geologic map (Plate l) prepared of an area 

in the northwestern part of the Spring Mountains in southern 

Nevada. This area is located approximately seventy miles 

northwest of Las Vegas; south of U.S. Highway 95, east of 

the Amargosa Desert, and, for the most part, within the 

boundaries of T.l6 S. and R.53 E. (Figure l). It occupies 

the southeastern corner of the Specter Range Quadrangle 

and parts of the adjacent Mercury and Mt. Stirling Quad¬ 

rangles. 

PURPOSE 

Three problems of regional importance were investigated 

during this study. 

1. The Precambrian Johnnie Formation has been described 

previously from several areas in Nevada and California, but 

subdivision of the formation into members that can be used 

for areal mapping has not been demonstrated. Such sub¬ 

division was required for the purpose of interpreting the 

structural complexities of the map area. 

2. Two interpretations of the relationship between 

the Johnnie Formation and the overlying Stirling Quartzite 

have been proposed. Nolan (1929) suggested from his 
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reconnaissance of the Northwest Spring Mountains that a 

thrust fault was present between these two formations 

which he named the Johnnie Thrust. He believed that the 

younger Stirling Quartzite was thrust over the older 

Johnnie Formation. Furthermore he felt that this bedding 

plane thrust could be connected with a thrust located 

at Wheeler Pass to the east where older rocks have been 

thrust over younger rocks. The Johnnie Thrust has been 

cited in the literature (King, i960) as a typical example 

of a low angle bedding plane thrust fault. Burchfiel 

(personal communication) found little evidence for a major 

thrust fault occurring at this horizon and suggested the 

Stirling-Johnnie contact is conformable. A correct 

interpretation is necessary before the regional structure 

can be properly understood. 

3. The map area lies south of the Las Vegas Valley 

Shear Zone, a regional zone of right-lateral strike slip 

displacement. Many structures east of the map area are 

related to the shear zone, but the structural details along 

the westward extension of the shear zone are largely un¬ 

known and need to be investigated. 

PREVIOUS WORK 

Previous work within the area mapped has been limited 

to a few investigations on a regional scale. The earliest 
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Figure I Generalized map showing location and topographic 
elements of area studied. 



Figure 2 Index mop showing location of Specter Range 

Quadrangle and localities mentioned in the text. 
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work was done by T.H. Nolan (1924) and only recently has 

detailed work been done in adjacent areas by Burchfiel 

(1964) and Vincelette (1964). 
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STRATIGRAPHY 

GENERAL 

The stratigraphy of the Specter Range Quadrangle, which 

includes part of the Northwest Spring Mountains, has recently 

been described in detail by Burchfiel (1964). The reader is 

referred to this publication for a complete discussion of 

the stratigraphy since such treatment is not the purpose 

here. Rather only those formations related to the specific 

problems outlined above are described. The formations 

include more than 6,500 feet of Precambrian clastic and 

carbonate rocks, the oldest rocks exposed in the Northwest 

Spring Mountains, that have been divided into the Johnnie 

Formation and the overlying Stirling Quartzite (Plate 2). 

JOHNNIE FORMATION 

The Johnnie Formation consists of at least 4,500 feet 

of alternating beds of sandstone, siltstone, quartzite and 

dolomite. The total thickness of the Johnnie cannot be 

determined because the base of the formation is not exposed 

in the Spring Mountains or adjacent areas. Burchfiel (1961) 

subdivided the formation into twentyrtwo distinct units on 

the basis of a section he measured in section 33* T.l6s., 

R.53 E. and sections 3 and 4, T.17 S., R.53 E (Plate l). 

During the course of the mapping, however, it was found 
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that individual siltstone units could not be distinguished 

from one another in structurally complex areas. Thus for 

mapping purposes it was necessary to use distinctive quartz¬ 

ite and dolomite units to subdivide the Johnnie into areally 

recognizable members. Most of these distinctive units 

occur in the upper half of the Johnnie, and as a result 

the Johnnie had to be mapped in many places as undif¬ 

ferentiated lower Johnnie Formation (Ju). Fortunately the 

exposures of the lower Johnnie are rare in the map area, 

the most notable occurring in section 33 mentioned above. 

Five members with distinctive lithologic boundaries can be 

recognized and mapped despite structural complications. 

These have been designated (Plate 2) as J-l through J-5 

and are shown with the respective units subdivided by 

Burchfiel which they include. 

J-l Member 

The upper member of the Johnnie Formation consists of 

more than 650 feet of varied-colored siltstone and sand¬ 

stone. These rocks grade upward from a distinctive dark 

brown, generally dolomitic medium-grained sandstone to 

green, purple and tan, often phyllitic, micaceous siltstones. 

The tan and green' siltstones are predominant. The litho¬ 

logy of J-l varies only in the content of dolomite in the 

brown sandstone beds and the local occurrence of purple 
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siltstone. Variation in the thickness of J-l is generally 

due to deformation rather than depositional processes, al¬ 

though in some outcrops, notably in sections 9 and 10 of 

T.17 S., R.53 E., local thinning seems to be due to a 

stratigraphic unconformity. In outcrop, the J-l Member 

generally forms slopes, often scree-covered, beneath re¬ 

sistant ledges of the overlying Stirling Quartzite, The 

base of J-l is drawn at the upper surface of the highly 

distinctive dolomite of the J-2 Member. 

J-2 Member 

The J-2 Member consists of a single bed of yellow to 

cream-colored oolitic dolomite that despite its thinness 

(5-10 feet) is remarkably persistent and particularly use¬ 

ful in mapping. The distinctive appearance of this rock is 

due to the small (.5-1*0 mm.), abundant, spherical to sub- 

spherical ooliths which are now completely dolomitized. 

Weathering causes the ooliths to stand out in relief as well 

as the characteristic cross-hatched solution etchings along 

fractures in the rock. In some exposures the presence of 

silt-sized material gives the rock an orange color. In out¬ 

crop the J-2 Member forms a resistant ledge in the middle 

of the slopes which develop on the less competent sandstone 

and siltstone immediately above and below. J-2 is un¬ 

doubtedly the most easily recognized member within the Johnnie 
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Formation. Exposures of a rock similar to J-2 and at about 

the same stratigraphic position have been described in the 

Nopah Range (Figure 2) by Hazzard (1937) and in the Desert 

Range (Figure 2) by Longwell (Burchfiel, personal communica¬ 

tion) . 

J-3 Member 

The J-3 Member is represented by a massive sequence, 

more than 900 feet thick, of quartzite, siltstone and dolo¬ 

mite. The top of this member is marked by a varied-colored 

siltstone just below the yellow oolitic dolomite of J-2; 

the base of the member is marked by a distinctive light gray 

quartzite more than 350 feet thick in the middle of which 

there is a thin bed of green sandstone. A distinctive dark 

brown dolomitic sandstone ten to twenty feet thick is 

generally present a short distance below the green sandstone. 

With the exception of a gray to olive dolomite almost 100 

feet thick in the middle of this member, the quartzite and 

siltstone that comprise the remaining part of the J-3 Member 

are not in themselves especially distinctive. Topographical¬ 

ly, the quartzite of the J-3 Member forms alternating ledges 

between the slope-forming siltstone units. 

J-4 Member 

The J-4 Member consists of 300 feet of siltstone, fine¬ 

grained sandstone and dolomite. The dolomite bed which forms 
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the base of J-4 is the most distinctive unit of this member. 

It is moderately thick (60 feet), cherty, and weathers blue- 

gray. The stringers and irregular patches of dark chert 

distinguish this dolomite from the dolomite in J-3. The 

orange to reddish-brown siltstone and sandstone which over- 

lie the dolomite resemble the rocks in the lower Johnnie 

J-5 Member. The presence of the thick basal quartzite of 

J-3 and the basal dolomite of J-4, however, generally pre¬ 

vent confusion of these rocks for units in the J-5 Member. 

J-5 Member 

Despite efforts to subdivide the lower half of the 

Johnnie Formation into mappable units, it was eventually 

necessary to group more than 2,500 feet of siltstone and 

sandstone beds into a single member. Although this member 

'Contains a few moderately thick white and purple quartzite 

beds and rare dolomite beds, these are not sufficiently 

diagnostic to subdivide the lower Johnnie into members. As 

mentioned above, the siltstones and sandstones of J-5 are 

generally red to brown, occasionally gray to green, mica¬ 

ceous, thick to thinly bedded, and where bedding is in¬ 

distinct, the rocks are massive. 

STIRLING QUARTZITE 

In contrast to the underlying Johnnie Formation, the 

Stirling Quartzite is rather homogeneous and forms resistant 

ledges and caps many peaks in the map area. The quartzite 
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is cross-bedded, occasionally conglomeratic, arid generally 

pinkish-red due to detrital hematite, although gray colors 

are not uncomwon. The total thickness of the Stirling as 

meaaured by Nolan (1929) a few miles to the south is 3J?©§ 

feet, although in the map area less than a thousand feet 

are exposed. Lenses of red and green siltstone, and more 

rarely dolomite bedB occur in the Stirling. Some siltstone 

beds near the base of the formation could be interpreted as 

tongues’ belonging to the Johnnie. Because the Stirling is 

competent and homogeneous, structural details are simple but 

difficult to determine. The significance of the Stirling to 

this study is the nature of its contact with the Johnnie. 

WOOD CANYON FORMATION 

The Wood Canyon Formation is represented by almost 2,300 

feet (Nolan, 1929) of quartzite interbedded with siltstone, 

shale and dolomite. The lower part of the Wood Canyon is 

thought to be Upper Preoambrian in age due to the absence of 

fossilBi the upper half is assigned a Lower Cambrian age on 

the basis of trllobites found by Nolan (1929) and HaZzard 

(1937). The Wood Canyon is quite similar In appearance to 

outcrops of the Stirling further south (Burohfiel, personal 

communication). However, the greater thickness of siltstone 

beds and the presence of green Siltstone throughout the forma 

tlon are distinct from the Stirling Where siltstoneS are 

present as local lenses and green siltstone is known to occur 
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only very locally at the base of the formation. Exposures 

of the Wood Canyon within the map area are confined to a 

graben in which the formation has been faulted down against 

the Stirling and Johnnie. 

STRUCTURAL GEOLOGY 

REGIONAL SETTING 

The map area is situated in the Basin and Range Province. 

The rocks exposed in the eastern part of the Province once 

occupied a portion of the Cordilleran miogeosyncline that was 

marginal to the continental land mass to the east (Nolan, 

19^3)• The miogeosyncline persisted from late Precambrian 

through Permian and possibly through Triassic time (Eardley, 

19^-7) • During the Cretaceous Period the miogeosynclinal 

rocks were thrust toward the east-southeast during the 

Laramide Orogeny. Subsequent normal faulting took place in 

Middle Tertiary time and is probably still active. These 

faults are generally responsible for broad topographic features 

and form the eastern, western and northern boundaries of the 

map area. The eastern and western boundary faults are natural 

boundaries beyond which outcrops are almost non-existent. 

The northern boundary of the map area is a major fault of 

perhaps 7*000 feet displacement along which Lower Paleozoic 

carbonates have been faulted down against the Wood Canyon 

Formation, Stirling Quartzite, and Johnnie Formation. 
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GENERAL 

For convenience the discussion of the structural geology 

of the map area will be divided into six sections, each 

treating a distinct structural element. The structural 

elements, bounded by major faults separating one element from 

another, are listed below; the location in the map area of 

the elements are shown in figure 3. 

1. broad anticline 

2. Wood Canyon graben 

3. overturned syncline 

4. Stirling fault block 

5. overturned anticline 

6. fold limb 

Broad anticline (structural element l) 

The westernmost structural element of the map area is a 

broad anticline which has been cut by several major faults, 

most of which strike north-south parallel to the dominant 

structural grain of the whole area (Figure 3 and Plate l). 

The anticlinal axis trends north-south and plunges ten degrees 

to the north. The fold axis is covered by the Quaternary 

deposits in sections 23 and 36, T.l6 S., R.52 E. west of the 

peaks capped by Stirling that dips east, and east of the 

westernmost outcrops of middle Johnnie which topographically 

appear as inselbergs in the Recent alluvium. Most of the 

attitudes of the Johnnie are related to this broad anticline; 



broad anticline 
Wood Canyon graben 
overturned syncline 
Stirling fault block 
overturned anticline 
fold limb 

Figure 3 Generalized map showing structural elements 
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however, In sections 1 and 6, T.17 S., R. 52 E. along the 

southern border of the map area, numerous small folds, some 

of which are overturned to the west, are present in the 

Johnnie. 

A major normal fault forms the eastern border of the 

broad anticline and represents the western boundary of a 

graben (structural element 2). Along this fault, which dips 

70 degrees to the east, the Wood Canyon Formation on the 

east side has been faulted down 3*000 feet against the Stirling 

Quartzite. The border fault is apparently displaced by a 

northwest striking fault because the Stirling-Wood Canyon 

contact in section 30, T.l6 E., R.53 E., is offset almost 

a mile to the east on the northeast side. The offsetting 

fault strikes northwest into the large fault of 7*000 feet 

displacement which, as has been mentioned, forms the north 

border of the map area. 

Wood Canyon graben (structural element 2) 

Rocks belonging to the Wood Canyon Formation form a graben 

in the central part of the map area and are faulted against 

Stirling Quartzite on the west side and against Johnnie Forma¬ 

tion and Stirling Quartzite on the east side. The Wood 

Canyon Formation does not crop out anywhere else in the map 

area. The north-south-trending graben is a long narrow 

feature with rather salient border faults. The western fault 

as discussed above has been offset, but the eastern fault, 
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which dips west about 70 degrees and along which probably 

3,300 feet of displacement has taken place, is more or less 

continuous with associated parallel fault slices. The Wood 

Canyon is folded into a north-plunging syncline in the 

northern part of the graben. South of the offsetting fault, 

the graben becomes narrower and the Wood Canyon is more 

tightly folded, again into a syncline; however, in this 

area the syncline apparently plunges south (Plate l). The 

folding of the Wood Canyon may have taken place at the same 

time the broad anticline developed to the west but prior to 

the graben. Folding of the southern portion of the syncline, 

however, has been accentuated due to drag along the border 

faults. 

Fold limb (structural element 6) 

Directly east of the Wood Canyon graben, the Johnnie 

Formation and the Stirling Quartzite crop out. To the north 

the Wood Canyon is faulted against Stirling which dips general¬ 

ly fifteen to thirty degrees to the northwest. Exposures of 

the Johnnie show increased deformation to the south along the 

western border fault, and several major faults cut the 

Johnnie and many small folds are present in which individual 

beds are overturned to both the east and west. It is thought 

that this structural element is the fold limb of a syncline 

which undoubtedly lay east of the broad anticline, structural 

element 1, to the west prior to the development of the Wood 
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Canyon graben which has made this simple picture more complex. 

In fact the synclinal structure noted in the graben itself 

may also be a part of the same fold. 

Overturned syncline (structural element 3) 

The major structural element in the southeastern part 

of the map area is an overturned syncline whose axis trends 

northeastward (N.17 E.) and plunges about 13 degrees in the 

same direction. The axial surface of the fold dips north¬ 

west and is almost recumbent (Figure 4, Section A-A1). In 

the vicinity of Jaybird Spring, in the extreme southeast 

corner of the map area (Plate l), there is little evidence 

of the syncline. Here the Johnnie underlies the Stirling in 

beds which dip almost uniformly to the northeast. However, 

as one proceeds northwest from the spring, the section be¬ 

gins to dip gently southeast, exposing successively older 

beds. The topography slopes northwest away from Jaybird 

Spring also causing older beds to be exposed toward the north¬ 

west. The elevation drops almost two thousand feet in this 

direction over a distance of five miles. The gentle south¬ 

east dip becomes steeper along this northwest traverse, over¬ 

turning in the middle and lower part of the Johnnie section. 

Overturning is visible in the more distinctive quartzite and 

dolomite beds in the middle Johnnie. In fact the overturning 

of the cherty dolomite bed at the base of J-4 can be seen from 

U.S. Highway 95 several miles to the east. The syncline is 
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complicated by numerous minor folds and faults that offset 

the axis and position of the overturned limb. Furthermore, 

the axis of the syncline shows a definite curvature of about 

15 degrees to the east from southwest to northeast across 

structural element- 3. The strike of the fracture cleavage 

within the silty beds of the lower Johnnie (J-5) shows an 

even more pronounced curvature to the east, ranging from 

about ten degrees east of north to practically east-west in 

the northeast part of the syncline. 

Normal faults bound the syncline on the east and west. 

The western boundary fault dips very steeply to the west, and 

strikes N.15 E. Displacement along this fault is a minimum 

of 3*000 feet west side down, based on the juxtaposition of 

the J-l and J-5 Members along the eastern edge of section 28, 

.T.l6 S., R.53 E. The eastern boundary fault strikes 

slightly west of north and probably dips 70 degrees to the 

east, although this measurement was made on an associated 

parallel fault slice and not the major fault which lies 

further east beneath the Recent alluvium. The displacement 

. along this fault is not known precisely but probably amounts 

to at least 4,000 feet east side down. Alluvium covers the 

downthrown blocks on both sides of the overturned syncline, 

although there are a few outcrops of upper Johnnie in these 

blocks, particularly to.the east where the rocks are right 

side up and essentially unfolded. Resting on this sequence 
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of Johnnie is the Stirling Quartzite. The overturned 

syncline continues south beyond the map area and disappears 

north below a structurally anomalous block of Stirling 

Quartzite, structural element 4. 

Stirling fault block (structural element 4) 

Without doubt, the most problematic feature in the area 

studied is a large block of Stirling Quartzite that lies 

directly north of the overturned limb of the syncline 

(Figure 3 and Plate l). This Stirling has apparently not 

responded in the same way as the Johnnie to the intense de¬ 

formation that folded the Johnnie immediately to the south. 

In fact the Stirling exposed along the southern edge of the 

fault block lies with subhorizontal contact on vertical to 

overturned rocks structurally and apparently lithologically 

continuous with the lower Johnnie in the recumbent syncline 

immediately to the south. There is no evidence for any 

structural discontinuity between the lower Johnnie exposed 

in the overturned limb of the syncline and the Johnnie rocks 

below the Stirling. Furthermore, although just below the 

Stirling there are a few outcrops of brown sand similar to 

a bed in the J-l Member, most of the rocks below the Stirling 

are quite similar in appearance, cleavage and attitude to 

the rocks of the J-5 Member in the adjacent recumbent synclina 

Thus the possibility that this Johnnie exposed in the fault 

block might be a highly cleaved, distorted version of the J-l 



-17- 

Member is slight, and the relationship of the Stirling Quartz¬ 

ite and the Johnnie Formation along the southern edge of 

the fault block is probably due to a significant structural 

displacement. However, less than a mile to the north, 

along the northern edge of the fault block, the Stirling 

rests concordantly on upper Johnnie which is essentially 

flat-lying. There are no lower Johnnie rocks beneath the 

Stirling here. Whatever explanation forwarded for the present 

position of the fault block must explain both the discordant 

and concordant contact. The interpretation favored, to be 

discussed more fully below, is that the Stirling Quartzite 

has been thrust or slid over the highly folded lower Johnnie 

J-5 Member carrying along with it pieces of the upper 

Johnnie which are preserved sporadically to the south of 

the fault block and more completely to the north. 

Overturned anticline (structural element 5) 

The last major structural feature is an anticline that is 

overturned toward the southeast and is separated from the 

Stirling fault block (structural element 4) by a fault of 

large displacement. The'axis of the anticline trends about 

N.30 E. and plunges ten degrees in the same direction. The 

overturned anticline is probably antithetic to the syncline 

to the south, because the axial surface, as in the overturned 

syncline, dips approximately 40 degrees to the northwest 

(see section B-B', Figure 4b>). 
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The overturned anticline is bounded on the east and 

west sides by normal faults that strike approximately north- 

south. The eastern fault is a continuation of the fault 

which forms the east boundary of the Stirling fault block 

and the overturned syncline to the south. The western 

border fault is probably not a continuation of the fault 

which bounds the overturned syncline to the west, because 

the latter fault seems to disappear beneath the Stirling fault 

block. The displacement on the western border fault of the 

anticline is probably several thousand feet on the basis of 

the structural discordance, discussed below, between the 

rocks on either side of the fault. The two border faults 

converge to the nopth and end against an east-west fault that 

has Juxtaposed lower Paleozoic carbonates against the 

Precambrian Johnnie and Stirling and forms the northern 

boundary of the map area. 

Traversing structural element 5 from north to south the 

Johnnie rocks first become older down to the thick-bedded, 

cherty, blue-gray dolomite at the base of J-4 which is 

vertical to slightly overturned. Continuing farther south 

the rocks become younger and the Johnnie Formation dips north¬ 

west and is overturned. The southern part of the overturned 

anticline is a critical and structurally complex area. The 

youngest definitely overturned rocks of the Johnnie to the south 

are the quartzite beds of the J-3 Member which lie 700 feet 
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from the top of the Johnnie section. The J-2 Member, the 

oolite, apparently underlies J-3, although it crops out in 

discontinuous patches with no consistent dip and in dis- 

harmonic folds along the southwestern boundary of the over¬ 

turned anticline. These small folds are related to the 

major fault which forms the southwestern boundary of 

structural element 5. 

South of the southern boundary fault lie exposures of 

J-i and J-2 Members of the upper Johnnie Formation, but here 

the rocks appear to be right side up and when followed to 

the east pass upward with apparent conformity into the over- 

lying Stirling of structural element 4; which in turn over- 

lies the intensely folded lower Johnnie of structural element 

3 on its south side. How the upper unfolded Johnnie members, 

lying beneath the Stirling fault block to the north, change 

to the intensely folded lower members in the overturned 

syncline to the south is an all-important question in the 

interpretation of the relationship between the anticline and 

the fault block, and the fault block and the syncline. 

INTERPRETATION 

STRUCTURAL RELATIONSHIPS IN THE MAP AREA 

The broad anticline recognized in the western part of 

the map area (structural element 1) is only part of a much 

broader anticline recognized by Burchfiel (1961) farther to 

the west. Both the larger and smaller folds are known to 
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con tinue to the north and south of the map area. Two normal 

faults have cut the eastern limb of the smaller anticline 

forming a graben of Wood Canyon rocks. The northern part 

of the Wood Canyon, In the widest part of the graben, shows 

only gentle open folds and the more intense folding of the 

Wood Canyon in the narrower portion of the graben to the 

south is due to drag along the normal faults and cannot be 

related to the intense folding described in the Johnnie 

Formation farther east. Furthermore, the exposures of the 

upper Johnnie and Stirling immediately east of the graben 

(structural element 6) seem to be structurally related to 

the western anticline (structural element l) rather than to 

the more intense folds seen to the east in elements 3 and 5* 

Directly east of structural element 6 is a long narrow 

valley partly filled with Recent alluvium, which lies between 

the outcrops of Johnnie- and Stirling along the eastern side 

of the graben to the west and the highly folded Johnnie to 

the east. The valley marks an important fault because the 

axis of the overturned anticline (structural element 5) trends 

obliquely southwest into the valley and is not present west 

of the valley in element 6. Prior to the development of this 

fault, the fold limb (structural element 6) was once probab¬ 

ly part of the gently folded northern portion of the over¬ 

turned anticline. Farther south, in section 33, T.17 S., 

R.53 E., the overturned syncline, structural element 3, 

is faulted against the broadly folded Johnnie of element 6 
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to the west. Clearly at one time there must have been a 

complementary anticline to the west of the syncllne that was 

probably the continuation of the overturned anticline of 

structural element 5- Possible evidence for this over¬ 

turned anticline can be found in the southwest corner of 

section 33 in structural element 6 where a small anticlinal 

nose is overturned to the southeast. It seems likely on 

the basis of both the direct and indirect evidence cited 

above that at least two faults separate the broad folded 

area from the recumbently folded area to the east, and that 

part of a major overturned anticline has been cut out by 

this fault. 

The overturned anticline, structural element 5* was 

probably once continuous with the overturned syncline, 

structural element 3# to the south. The Stirling fault block 

which separates the two folds covers only a small area be¬ 

tween the two folds in proportion to the amplitude of the 

folds themselves; thus it probably does not cover one or more 

additional folds. Furthermore, there is a great deal of 

similarity between the two overturned folds in their structural 

trends, stratigraphic position of overturning, amplitude and 

general form. Most overturned folds require a geometric 

complement; certainly the two folds are complementary and 

were most likely continuous at one time. Since the upper 

Johnnie is overturned to the north of the Stirling fault block 
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and the lower Johnnie is overturned to the south, It is clear 

that a fault of large displacement must separate the two 

folds, with the north side down at least 4,000 feet relative 

to the south side. The location of this fault is probably 

under the Stirling fault block. 

The interpretation of how the Stirling fault block came 

to rest on both the lower and upper Johnnie depends upon 

establishing whether the overturned folds to the north and 

south were at one time continuous. By demonstrating this 

continuity, the mechanism by which the Stirling can be placed 

over the Johnnie in itB present position is greatly restricted. 

It is important to note that a steep normal fault could not 

place the Stirling in its present .position since the Johnnie- 

Stirling contact along the. southern edge of the fault block 

is sub-horizontal. If thrusting is responsible, then younger 

beds must have been thrust down onto older rocks.. There is 

no evidence for this thrust except at this one place. A 

more probable explanation is that the Stirling and a little 

of J-l Member of the Johnnie have reached their present 

position as a result of gravity sliding. Gravity sliding of 

large blocks has been recognized in many parts of the Basin 

and Range Province where the slide blocks are probably re¬ 

lated to Tertiary normal faulting that produced strong 

vertical uplift and the potential for gravity sliding to occur. 

The closest exposures of Stirling Quartzite to the fault block 
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that could represent a potential source for the slide block 

lie less than three miles to the south and nearly two 

thousand five hundred feet higher in elevation. Thus, the 

potential is certainly present. Gravity sliding would ex¬ 

plain the fact that Stirling rests on both lower folded and 

upper unfolded rocks of the Johnnie Formation (Figure 4b). 

The interpretation favored here is that the conformable 

contact between the Johnnie and Stirling along the northern 

boundary of the Stirling fault block represents a part of the 

upper Johnnie section (J-l Member) that was carried along 

with the Stirling. Only fragments of this upper Johnnie are 

preserved along the southern edge of the fault block where 

the Stirling Quartzite rests discordantly on the overturned 

lower Johnnie. The plane along which the block slid was 

probably oblique to the bedding and little or no Johnnie was 

carried under the southern part of the Stirling. The uplift 

responsible for the slide may have been caused by the normal 

fault which presumably dips gently to the north and lies 

between the two overturned folds. The magnitude of this 

displacement may be estimated by restoring the southernmost 

exposure of oolite in the overturned anticline to a position 

coincident with its northernmost exposure in the overturned 

syncline to the south. The displacement is on the order of 

two to three miles, north side down. The fault along which 

this movement has taken place is probably a continuation of 
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the large fault which forms the western boundary of the 

overturned syncline in sections 33 and 28, T.17 S.* R.53 E., 

and which appears to pass beneath the Stirling fault block. 

This explanation for the relationship between the three 

structural elements is preferred as it fits the most facts 

with a minimum of geometric juggling. 

RELATIONSHIPS OP LOCAL AND REGIONAL STRUCTURAL GEOLOGY 

JOHNNIE - STIRLING CONTACT 

One of the specific purposes of this study is to es¬ 

tablish whether a tectonic contact is present between the 

Stirling Quartzite and the Johnnie Formation. During re¬ 

connaissance mapping in the Northwest Spring Mountains, 

Nolan (1929) found evidence that a low angle thrust fault 

was located at the base of the Stirling Quartzite, thrusting 

the younger Stirling over the older Johnnie. Furthermore, 

he felt that this fault was the bedding plane or decollement 

thrust for the Wheeler Pass thrust to the south. The 

Wheeler Pass thrust has faulted PreCambrian and Cambrian 

sedimentary rocks over rocks of Pennsylvanian age; a 

vertical displacement of 13*000 to 15*000 feet (Figure 4c). 

King (i960) cites the Johnnie-Wheeler Pass thrust fault as 

a type example of a low angle thrust fault. 

Nolan estimated that at least six miles of lateral 

movement has taken place along the Johnnie thrust in the 

area of the present study. One of his lines of evidence for 
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the thrust as well as the amount of lateral displacement 

is based on a tectonic discordance at the base of the 

Stirling. The discordance described by Nolan is angular 

in the reverse sense, because bedding in the Stirling dips 

at a low angle into the underlying horizontal Johnnie. 

This relationship was attributed by Nolan to the truncation 

of the quartzite beds during thrusting. His estimation of 

the lateral displacement along the thrust was made by re¬ 

storing the truncated beds to the nearest exposures of 

Stirling which would correspond to the material sheared 

off beneath the thrust. There are, however, objections to 

this line of evidence for possible movement. First, Nolan's 

observation of the truncation of the quartzite beds was not 

recognized anywhere in the area of this study. One might 

expect that a tectonic truncation would be present else¬ 

where if Nolan's estimate of six miles displacement along 

the sheared-off surface is correct. If such shearing off 

does indeed exist, it seems doubtful that it would occur in 

the competent quartzite rather than in the underlying silty 

and shaly rocks of the Johnnie. In fact the demonstration 

of angular discordance does not necessarily imply tectonism 

because the attitude of these beds could be due to original¬ 

ly inclined depositional surfaces. 

A second line of evidence for the thrust recognized by 

Nolan was a layer of white quartzite, twenty to eighty feet 
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thick, that commonly lies at the base of the Stirling. Nolan 

felt that this layer represents recrystallized Stirling 

Quartzite that lies above the Johnnie thrust. A series of 

thin sections taken by him perpendicular to the bedding 

through this unit did in fact reveal the following transition 

a white basal quartzite free of strain shadows and in¬ 

clusions; overlain by a strained brecciated quartzite; in 

turn overlain by a normal quartzite. 

In regard to this evidence, it cannot be denied that 

brecciation and recrystallization are present in the basal 

quartzite and that these features are due to movement 

between the Johnnie and Stirling. It is, however, an alto¬ 

gether different matter to demonstrate that these changes 

are due solely to thrusting on a large scale. Small scale 

slip along the contact could produce identical brecciation 

and recrystallization. Certainly flexural slip must have 

taken place between these formations during the intense 

folding seen in the Johnnie, because the massive- quartzite 

of the Stirling and the dominantly silty rocks of the Johnnie 

would behave differently during such folding and disharmonic 

structures would develop. Another explanation for some 

brecciation is that in many places brecciated quartzite 

appears to be related to normal faults. Also noteworthy is 

that Nolan's white recrystallized quartzite is not present 

above all Stirling-Johnnie contacts. If this recrystallized 
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rock is related to thrusting, it is difficult to explain its 

absence in some places. It may be mentioned that the rather 

distinct character of the lower white quartzite may in fact 

be due to originally inherited features, because a sedimentary 

basal white quartzite is found in sections 25 and 36, 

T.l6 S., R.52 E. At least it is difficult to attribute the 

entire thickness of the white quartzite to recrystallization. 

On the basis of the objections discussed above, Nolan's 

proof of a thrust occurring between the Johnnie and Stirling 

is by no means conclusive. Additional evidence presented 

below makes the thrust not only further suspect, but rather 

unlikely. 

Probably the most compelling argument against the 

existence of the thrust at the position assigned by Nolan 

is the presence of a number of apparently conformable con¬ 

tacts and a conglomerate containing inclusions of siltstone 

clasts in the basal Stirling identical to siltstone directly 

underlying the conglomerate in the Johnnie. Conformable 

contacts can be seen between the two formations just east 

of the Amargosa Desert in sections 25 and 36, T.l6 S., 

R.52 E., and in the northwest corner of section 10, T.16 S., 

R.53 E., south of U.S. Highway 95. At the latter locality pink 

hematite-bearing Stirling Quartzite rests directly on a 

purple siltstone of Unit J-l and there is no basal white 

quartzite in the Stirling. The quartzite contains angular 
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clasts of the purple silt only a foot or so above the 

Johnnie. Clearly if this quartzite were thrust over this 

Johnnie from several miles away, it would be too fortuitous 

for it to contain clasts identical to the rock below. 

The presence of large folds in the Johnnie beneath the 

Stirling is difficult to explain if the Johnnie thrust is a 

major thrust fault. As described by Nolan (1929) and King 

(i960) the Johnnie thrust has more or less followed the 

bedding surface of the upper Johnnie as a decollement 

surface. The rather constant distance of the thin oolitic 

dolomite (J-2) below the Stirling supports this idea. 

However, geometrically such a movement must somewhere be 

attended by shortening of the upper block; and mechanically 

such movement requires that the lower block remain stationary 

or at least essentially undistorted. The fact that the 

Johnnie is folded on a large scale and thus considerably 

shortened almost precludes the idea that a bedding plane thrusb 

of several miles horizontal displacement could have taken 

place above the folds, because the large folds in the Johnnie 

would have involved the Stirling Quartzite, folding the 

potential thrust plane. Small-scale horizontal displacement 

could have occurred if the Stirling mass itself were shortened 

more than the Johnnie; an argument which becomes somewhat 

doubtful because the Stirling is mainly flat-lying. 

On the basis of the objections and evidence presented 
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above, there is little proof for a thrust between the Johnnie 

and Stirling. There is in fact important evidence in favor 

of a conformable relationship between the two formations. 

First, the contact is conformable in a few places. These 

outcrops are rare because in most places slip has occurred 

along the contact due to the different response of the in¬ 

competent and competent rocks during folding. Second, 

cobbles of the upper Johnnie can be found in a conglomerate 

in the lower Stirling. The cobbles are lithologically 

identical to the rocks in the upper Johnnie that directly 

underlie the conglomerate. Third, many features of the con¬ 

tact which at first hand suggest an unconformable relationship, 

such as the angular discordance noted by Nolan, could be 

attributed to depositional processes. 

The stratigraphic and lithologic relationship of the 

Stirling and Johnnie sediments and the probability of their 

conformable contact is suggested by a reconstruction of the 

geologic setting during deposition. Many facts favor a 

shoreline depositional environment of the sediments. Certainly 

a littoral origin of the Stirling is implied by the well- 

washed quartzite, the coarse grain size and conglomeratic 

constituents, and the presence of interbedded carbonate and 

siltstone. The dolomite and green and purple siltstones of 

the upper Johnnie probably represent stagnant water, fluvial 

and interbedded marine deposits. Reduction in stagnant 
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waters of a restricted basin similar to present-day back- 

shore swamps is implied by the ferrous sulphides found in 

the green siltstones. Deposition of the Stirling Quartzite 

probably took place in a littoral environment that was 

dominant over a vast region. The littoral environment ap¬ 

parently encroached over the Johnnie sediments deposited from 

backwater and fluvial environments. Such a transgression, 

which would account for Nolan's angular discordance, would be 

expected because it is known from the great thickness of the 

late Precambrian and Lower Cambrian sediments in this part 

of the Basin and Range Province that this area was unstable 

and generally subsiding during the time of the Johnnie and 

Stirling deposition. It might be mentioned here that it is 

somewhat astonishing that a shoreline deposit could reach 

the proportions of the thick and remarkably extensive Stirling 

Quartzite. Presumably the vertical and lateral extent of 

the deposits is due to the persistence of the littoral zone 

over a broad subsiding area. Apparently the supply of quartz- 

rich sediment kept pace with subsidence, preventing the 

development of deep water conditions. 

Evidence presented here is strongly opposed to the 

presence of the Johnnie thrust at the base of the Stirling 

Quartzite. The questions naturally arise as to whether a 

decollement thrust is necessary and if it is, at what strati¬ 

graphic level does it occur, The structure in the Spring 
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Mountains to the southeast strongly suggests a decollement 

structure for the four major thrust faults present there 

(Burchfiel, personal communication). Certainly the displace¬ 

ment of the Wheeler Pass thrust is such that it must continue 

for some distance to the northwest in the direction from 

which it has moved, including the area of this study. The 

most probable location of the continuation of the Wheeler 

Pass thrust is stratigraphically lower than the position as¬ 

signed by Nolan. Because no evidence for the thrust can be 

seen anywhere in the Johnnie section of the map area, it 

seems likely that the thrust lies somewhere below the intense¬ 

ly folded rocks of the lower Johnnie. It is interesting to 

speculate from the intensely contorted siltstones and shales 

of the upper J-5 Member of the Johnnie exposed in the core 

of the overturned anticline in the northwest corner of 

section 22, T.l6 S., R.53 E., that the thrust may not be far 

below, because anticlinal cores overlying surfaces of shear 

are commonly the site of complex flowing and deformation. 

• RELATIONSHIP OF LOCAL STRUCTURES OF THE LAS VEGAS 

VALLEY. SHEAR ZONE 

The last specific problem related to this study involves 

the relationship of the trends of local structural features 

to the Las Vegas Valley Shear Zone which passes to the north 

of the map area (Plate 3)- This shear zone has been mapped 

by Longwell (i960) who established its position from the 
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Spotted Range southeast to Lake Mead, Longwell suggests 

that the Las Vegas Valley Shear Zone may extend considerably 

farther northwest into the Walker Lane shear zone which ex¬ 

tends northwest-southeast for hundreds of miles across 

Nevada (Locke, Billingsley, Mayo, 19^0). According to 

Longwell, twenty-five miles of right-lateral movement have 

taken place along this zone. With regard to this sense of 

shear, the area of this study probably moved northwest 

relative to the southeast movement of the rocks on the north 

side of the shear zone. Trends of cleavage in the intensely 

folded Johnnie in the overturned folds as well as the trends 

of some of the folds themselves strongly suggests a relation 

to the movement on the Las Vegas Valley Shear Zone (Plate 3). 

The fold axes and the cleavage show a pronounced curvature 

to the east as one traces their trend to the north; this 

curvature is interpreted as drag and is consistent with a 

right-lateral sense of movement suggested for the shear zone. 

It may be noted that in general the structures in elements 

1, 2, and 6, west of the central fault valley of the map area, 

trend northwest and appear unaffected by movement in the 

shear zone. This suggests that the open folding is later than 

the movement in the shear zone, and consequently later than 

the intense folding seen in the Johnnie east of the valley. 
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SUMMARY AND CONCLUSIONS 

Several thousand feet of Precambrian rocks that were 

probably deposited in nearshore and littoral environments 

crop out in the area. These rocks show considerable litho¬ 

logic variation and stratigraphic repetition which is re¬ 

lated to the instability of their depositional basin. 

The relationship between the Johnnie Formation and the 

Stirling Quartzite is conformable. The tectonic aspect of 

the contact can be explained by: 

1. differential movement during the deformation of the 

rocks by folding, thrusting, and normal faulting. 

2. brecciation during faulting and folding. 

3. transgression of the Stirling over the Johnnie 

during deposition. 

The interpretation of the structurally anomalous 

Stirling Quartzite fault block which separates the two 

major overturned folds in the eastern part of the map area 

is critical in determining the relationship between this 

block and the two folds. The position of the Stirling.block 

can be attributed to gravity sliding from the topographically 

higher area to the south. The relief which initiated the 

slide resulted from large-scale Tertiary normal faulting. 

The overturned syncline and overturned anticline were once 

a continuous fold system. 

Regional structural evidence suggests the presence of 
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a thrust fault in the map area which is a continuation of 

the Wheeler Pass thrust to the south. However, the position 

of this fault as determined by Nolan seems doubtful. The 

thrust is probably located a short distance below the 

lowest exposures of the J-5 Member in the map area. 

Effects from movement along the Las Vegas Valley Shear 

Zone are reflected in some of the local structural trends. 

The pronounced curvature of the overturned fold axes and 

cleavage in the eastern part of the map area supports a 

right-lateral sense of shear along this zone. 

An abrupt increase in the degree of deformation takes 

place across the central valley in the map area. The effects 

of movement along the Las Vegas Valley Shear Zone are only 

present in the more deformed rocks to the east suggesting 

that a period of broad warping occurred in the map area 

following folding, thrusting, and drag in the shear zone. 
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