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MID-TERTIARY DETACHMENT TECTONICS AT
MESQUITE MOUNTAIN, WEST-CENTRAL ARIZONA

James H. Knapp

ABSTRACT
Mesquite Mountain, situated on the Colorado River Indian Reservation of westcentral Arizona, records a continuous progression of deformational styles characterized
by older, penetrative, ductile fabrics to younger, more localized, brittle structures in the
footwall of the regional Whipple-Buckskin-Rawhide detachment system. Rock types
consist primarily of deformed migmatitic gneiss, herein termed the Mesquite Gneiss, and
minor amounts of deformed intrusive and metasedimentary rocks. Eight phases of
deformation are recognized, beginning with D1 development of gneissic compositional
layering and intrafolial folding associated with in situ partial melting and injection of the
Mesquite Gneiss in Late Cretaceous time. A variably developed, mylonitic fabric (D2 )
clearly postdates migmatization, and marks the earliest manifestation of extension.
Penetrative mylonitization was associated with development of the Mesquite Mountain
(D3) and Agency (D4) fault zones, wherein deformed metasedimentary rocks of Paleozoic
and/or Mesozoic age are enveloped within mylonitic basement gneisses. High-angle,
oblique-normal, ductile faulting was synchronous with development of the Agency fault
zone, marking a change to more localized ductile shear. Subsequent phases of faulting
were characterized by a transition to brecciation and chloritic alteration along low-angle
faults (Ds), followed by three generations of high-angle, brittle faults (D6 -D8 ).
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Movement on the Mesquite Wash Hills fault (D), along the eastern flank of Mesquite
Mountain, partly postdates deposition of the upper Miocene to lower Pliocene Bouse
Formation, and constitutes some of the youngest faulting documented in the lower
Colorado River region. A lower age limit on deformation at Mesquite Mountain is
provided by U-Pb zircon dating of migmatization in the Mesquite Gneiss at -67 Ma,
demonstrating that all succeeding fabrics and structures are Tertiary in age. Recognition
of strictly Tertiary-age mylonitic fabrics in pre-Tertiary crystalline rocks of the western
Arizona extensional terrain contrasts markedly with occurrences of Mesozoic fabrics
reported from surrounding ranges.
Deformation at Mesquite Mountain originated in the footwall of the WhippleBuckskin-Rawhide detachment system. Both gneissic and mylonitic foliation are
presently southwest-dipping; mylonitic lineation plunges consistently to the southwest.

Shear indicators in mylonitic rocks indicate a predominant top-to-the-northeast
asymmetry, consistent with Tertiary mylonitic fabrics observed in the Whipple and
Buckskin Mountains to the north and northeast. The Mesquite Mountain and Agency
fault zones represent features associated with incisement of the footwall of the detachment
system. Envelopment of Phanerozoic metasedimentary rocks within these Tertiary-age
structures resulted from localization of shear within the less competent carbonate
lithologies. Although these supracrustal rocks were first carried to depth below Mesozoic
crystalline thrust nappes of the Maria fold and thrust belt, reactivation of these thrusts was
clearly not the primary mechanism for accommodation of large extensional strain. The
continuous progression from penetrative, ductile deformation to more localized, brittle
faulting records a successively more shallow crustal setting for footwall deformation, and
provides a genetic link between mid- and upper-crustal deformation within the detachment
system. Seismic reflection data (Hauser et al., 1987) indicate that Mesquite Mountain is
presently in the hanging wall of a splay of the detachment, implying that large-scale
incisement of crustal blocks has occurred during the development of the WhippleBuckskin-Rawhide detachment system.

INTRODUCTION
The lower Colorado River region of western Arizona and southeastern California
contains some of the most spectacularly displayed examples of metamorphic core
complexes in the western United States Cordillera. Extensive work within this region
18

during the past decade has greatly increased our understanding of continental extensional
tectonics; however, many details of the evolution of detachment fault* terrains remain
unresolved. Primary among these are the nature and timing of mylonitization (and
general deformation of the lower plate) in relation to detachment faulting.
Several studies (e.g., Davis et al., 1980; Davis and Lister, 1988) have argued that
mid-crustal mylonite zones exposed in the lower Colorado River extensional corridor
were kinematically inactive during detachment faulting. Other workers (Rehrig and
Reynolds, 1980; Davis, 1983; Reynolds and Spencer, 1985) envision mylonitization to
be synchronous with and integrally related to development of the detachment fault.
Structural relations at Mesquite Mountain reveal a continuous progression from
ductile, penetrative fabrics to brittle, detachment-related faulting, and imply that midcrustal mylonites are genetically related to detachment faulting at upper-crustal levels. In
addition, ductile deformation at depth, characterized by zones of distributed shear,
appears to pass into splays of the detachment as lower-plate gneisses are successively
incorporated into the hanging wall by "incisement" (after Davis and Lister, 1980).
Despite pre-existing zones of weakness in the crust produced by deep-seated Mesozoic
thrust faults, accommodation of large magnitudes of extensional strain took place along
newly generated structures rather than through reactivation of thrust faults.

LOCATION AND GEOLOGIC SETTING
Mesquite Mountain, situated in the Colorado River Trough of west-central
Arizona, lies within the southern Basin and Range province of southeastern California
and southwestern Arizona. Surrounding mountain ranges include the Whipple and
Buckskin Mountains to the north, the Plomosa Mountains to the east, the Moon
Mountains to the south, and the Big Maria and Riverside Mountains to the west (Fig.
1.1). The region is characterized by generally elongate mountain ranges surrounded by
broad alluvial valleys, with sparse vegetation and excellent exposure typical of the
Mojave-Sonoran Desert. Bedrock exposures reveal a complex geologic history for this
region that involved repeated episodes of deformation, metamorphism, and igneous
activity.

Two major tectonic regimes are presently recognized: (1) a Mesozoic

*Use of the term "detachment fault" here follows that of numerous workers in the lower Colorado River
extensional terrain (e.g. Davis and Lister, 1988; Reynolds and Spencer, 1985), and refers to a low-angle
fault which has significant displacement and is of subregional to regional extent.
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compressional regime, characterized by thrusting, large-scale folding, greenschist to
amphibolite facies metamorphism, and calc-alkaline magmatism (e.g. Reynolds et al.,
1986, 1988), and (2) a Cenozoic extensional regime that involved profound crustal
extension, normal faulting, basin formation, greenschist facies metamorphism, and
bimodal magmatism (e.g. Davis et al., 1980).
Crystalline basement rocks are extensively involved in Mesozoic-age deformation
along a 250-km segment of the Cordilleran thrust belt called the Maria fold and thrust
belt. Large-scale crustal extension occurred in late-Oligocene to mid-Miocene time in the
Whipple-Buckskin-Rawhide area immediately to the north and northeast of Mesquite
Mountain.
Western Arizona and adjoining areas of southeastern California were the locus of
large-scale crustal extension in mid-Tertiary time. Large regions of mid-crustal crystalline
rocks were exposed as a result of major northeast-southwest-directed extension within the
regional Whipple-Buckskin-Rawhide detachment system. Deformation in the footwall of
the detachment was characterized by penetrative, ductile deformation, whereas extension
in the hanging wall was largely accommodated through displacement and rotation along
high-angle normal fault systems. The detachment fault itself is today represented as an
irregular, domal surface in several mountain ranges, including the Whipple, Buckskin,
Rawhide, and Harcuvar Mountains.
Rock types exposed at Mesquite Mountain consist primarily of polydeformed
migmatitic gneiss (the Mesquite Gneiss), minor amounts of deformed intrusive and
metasedimentary rocks, and the post-tectonic upper Miocene to Pliocene Bouse
Formation. A sequence of eight deformational events is recorded at Mesquite Mountain,
documenting a progressively more shallow crustal setting for deformation of these rocks
since burial during Mesozoic compressional deformation.
PREVIOUS WORK
Previous work within the mountains of the Colorado River Indian Reservation
has been limited. Ross (1923) may have been the first to describe geologic features on
the Reservation. He made note of the "lake deposits of the Colorado River Indian
Reservation" in a survey of groundwater resources of the area. Wilson et al. (1969)
showed only very general geologic relations on the state geologic map, indicating the
presence of Mesozoic metamorphic rocks at Mesquite Mountain. Metzger (1968) and
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Metzger et al. (1973) developed early ideas on the significance of the Bouse Formation,
and included exposures along the western flank of Mesquite Mountain as a reference
section for the Bouse Formation. More recently, Buising (1986, 1988) has conducted
studies on the Bouse Formation, including the exposures at Mesquite Mountain. The
present study constitutes the first thorough description of the rocks and structures at
Mesquite Mountain, and relates these features to evolution of footwall deformation in the
regional Whipple-Buckskin-Rawhide detachment terrain.

PHYSIOGRAPHY
Mesquite Mountain consists of an elongate, north-northeast-trending, low-lying
ridge with two small outliers, situated within the Colorado River Indian Reservation,
about 15 km south of Parker, Arizona (Fig. 1.1; Plate 1-1). Elevations are low within the
Colorado River area, but topography is rugged, and slopes can be steep. Agency Peak,
at 1797 feet (548 m), is the highest point in the area, and the surrounding flood plain of
the Colorado River is at an elevation of ~350 ft (107 m). Bouse Wash forms the northern
boundary of Mesquite Mountain, and the Colorado River flood plain forms its western
boundary. A number of informal names have been introduced for convenience in
identifying geologic features of the Mesquite Mountain area. These informal geographic
terms are introduced here, and identified on Figure 1.2. Mesquite Hill is the name given
to the small outlier to the southwest of Mesquite Mountain proper. The Mesquite Wash
Hills form the low-lying topography on the east side of Mesquite Mountain and are
separated from the main mountain by the Mesquite Wash Hills fault. Several references
are made to peak 1625', located at the south end of Mesquite Mountain. Migmatite Wash
is the northwest-trending wash along the southwestern side of peak 1625', and is the
informal type locality of the Mesquite Gneiss.

DESCRIPTION OF ROCK UNITS
Rock types exposed at Mesquite Mountain consist largely of polyphase,
migmatitic gneiss, herein referred to as the Mesquite Gneiss, and minor amounts of
deformed intrusive and metasedimentary rocks. Two generations of basic to intermediate
dikes are present: porphyritic tonalite dikes were intruded during mylonitization, whereas
quartz diorite to diabase dikes post-date all fabrics and structures in the crystalline rocks.
All bedrock exposures are mantled by deposits of the late Miocene to early Pliocene
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Bouse Formation and overlying gravels of the Colorado River depositional system. The
age of units exposed at Mesquite Mountain ranges from Precambrian to Recent; however
this record is incomplete. Multiple phases of deformation, greenschist to loweramphibolite facies metamorphism, and lack of radiometric age control make reliable
interpretation of absolute ages of most rock types difficult. Relative ages of lithologies
are deduced from field relations. Detailed descriptions of the units are categorized by
metamorphic, sedimentary, and igneous rock types. Within each of these divisions, units
are discussed in order of decreasing relative age.
METAMORPHIC ROCKS
Metamorphic rocks at Mesquite Mountain are divided into rocks of the Mesquite
Gneiss migmatite complex, and metasedimentary rocks which occur within the Mesquite
Mountain and Agency fault zones. These metamorphic rocks predominate the exposed
bedrock at Mesquite Mountain, and record at least two phases of metamorphism: an older
amphibolite facies event associated with Mesozoic thrust faulting, and a younger,
retrograde, greenschist facies event which occurred in conjunction with Tertiary
mylonitization and detachment faulting.
MESQUITE GNEISS (King)
The Mesquite Gneiss constitutes the major rock type exposed at Mesquite
Mountain, and consists of a well-developed and extensively deformed migmatite
complex. Good exposures are found throughout the area, but the unit was first
recognized and described from exposures in Migmatite Wash (Fig. 1.2). Compositional
layering within the Mesquite Gneiss is defined by thin (< 2 mm) to thick (15-20 cm),
fine- to coarse-grained, leucosomatic segregations of quartz + potassium feldspar +
plagioclase + biotite + muscovite alternating with melanosomatic layers which contain the
assemblage quartz + plagioclase + biotite _±hornblende (Fig. 11.3). Bands of mediumto coarse-grained amphibolite (hornblende + plagioclase ± epidote + chlorite) comprise up
to 10-15 volume percent of the gneiss. Metamorphic fabrics in these amphibolites are
characterized by an aligned mineral lineation defined by dynamically recrystallized
hornblende. Development of gneissic layering was associated with amphibolite facies
metamorphism and extensive granitic injection. Abundant, medium- to coarse-grained,
10-150 cm thick sills of biotite-bearing granite intrude the Mesquite Gneiss both
concordantly and discordantly with respect to the compositional layering. Minor amounts
of mylonitic augen gneiss occur within the Mesquite Gneiss, making up 1-2% of the unit.
22

These augen gneisses occur as relatively coherent bodies, up to several hundred meters in
length, that are distributed irregularly within the remainder of the gneiss. The Mesquite
Gneiss contains complex internal structures that include intrafolial isoclinal folds and
disharmonic, micro- to macro-scale folds (Fig. 1.4). Despite the extensive deformation,
the compositional layering dips relatively consistently (40-75° ) west- to southwest.
METASEDIMENTARY ROCKS (ms)
A series of highly deformed and metamorphosed sedimentary rocks, including
marble, quartzite, and calc-silicate rock, is exposed at Mesquite Mountain. Occurrence of
these lithologies is restricted to the Mesquite Mountain and Agency fault zones, and to a
complex structural zone at the south end of Mesquite Mountain where the Mesquite
Mountain fault zone has been disrupted by later high-angle and low-angle faults. These
metasedimentary rocks are characterized by complex internal deformation and, where
exposed, they are consistently in sheared contact with the surrounding Mesquite Gneiss
and granitic rocks. A total of five different lithologies are recognized: (1) micaceous,
calcite marble, (2) cherty, calcite marble, (3) banded calc-silicate rock, (4) quartzite, and
(5) coarse-grained, dolomitic marble. The stratigraphic ordering and relative ages of
these lithologies is uncertain. These lithologic units occur as thin, fault-bounded slivers
within the Mesquite Mountain and Agency fault zones; at the scale of the map (1:24,000),
these units cannot be represented individually. All lithologies of this metasedimentary
sequence are included on the geologic map and cross sections under the unit "mns"(Plates
1-1, 1-2), which consists roughly of 50% micaceous calcite marble, 35% banded calcsilicate rock, 10% cherty calcite marble, and 5% quartzite and dolomitic marble.
Orange Micaceous Calcite Marble
By far the most distinctive and common lithology of the metasedimentary rocks of
the Mesquite Mountain and Agency fault zones consists of a conspicuous, orangeweathering, micaceous calcite marble. Exposures of this unit are resistant, roughweathering ledges of foliated marble which vary in structural thickness from < 1 to > 20
m. Contacts with the surrounding gneiss are everywhere sheared, and contacts with
other metasedimentary units are sheared but may in part reflect an original stratigraphic
ordering. This marble unit typically is in contact with the banded calc-silicate unit and the
cherty calcite marble.
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This unit outcrops as either one- to five-meter thick, discontinuous slivers, or as
large, resistant ledges up to 20 m thick, of orange- to light brown-weathering, massive,
medium- to coarse-grained, muscovite-rich marble which is tan to greenish brown on a
fresh surface. Abundant clots of medium- to coarse-grained tremolite, forming resistant
irregular knobs, are typical in the coarser grained portions of the unit.

Cherty Calcite Marble
Numerous exposures of deformed, cherty calcite marble occur within the
Mesquite Mountain and Agency Fault Zones, typically as thin (<2 m), discontinuous
lenses. Contacts with surrounding units are invariably sheared and typically parallel a
penetrative foliation within the marble. This marble occurs as 0.5-2 meter-thick,
irregular, resistant ledges of bluish grey- to greyish brown-weathering, cherty marble
which is light green to grey with black streaks on a fresh surface. The weathered surface
is characterized by resistant, medium to coarse grains of quartz, feldspar, tremolite, and
diopside in a recessive matrix of fine- to very fine-grained calcite. Irregular clots and
lenses of dark brown- to black-weathering chert and quartz-rich silty material form
resistant knobs which vary from 1-30 cm in diameter.
In thin section, this unit contains the minerals calcite + quartz + tremolite +
diopside + potassium feldspar + plagioclase ± muscovite. All phases (except calcite)
occur as rounded, medium to coarse grains floating in a fine- to very fine-grained matrix
of calcite. Many grains are fractured, and tremolite and diopside, which are not in
textural equilibrium with the surrounding phases, show reaction along cleavage planes to
very fine-grained sericite(?) + calcite(?). A well-developed foliation is defined by trains
of broken and smeared calcite grains in the matrix, resembling a ductile flow foliation,
and the alignment of the long axes of many porphyroclast grains. This foliation is folded
around small-scale intrafolial folds, and floating isoclinal fold hinges are commonly
preserved within the chert bands.
Banded Calc-silicate

Rocks

A significant portion of the metasedimentary sequence in the Mesquite Mountain
and Agency fault zones consists of a distinctive interval of banded calc-silicate rocks.
Exposures of this unit form resistant cliffs and ledges of brownish green-weathering,
banded rocks which display intrafolial folding and complex internal structure. These
rocks contain the mineralogy quartz + potassium feldspar + biotite + calcite + chlorite ±+
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epidote, and probably were derived from interbedded calcareous sandstone and siltstone.
Correlation of these rocks with known stratigraphy is made difficult by the lack of
primary features in the rock, and the degree of metamorphism and deformation recorded
in the unit. This unit was not studied in detail, and is deserving of more careful study in
order to clarify stratigraphic and structural relations with the surrounding units of the
metasedimentary rocks.

Quartzite
Pure, milky-white quartzite is locally present at Mesquite Mountain. The most
significant exposure consists of a rubbly outcrop of massive, blocky-weathering quartzite
at the base of the western flank of peak 1625' at the south end of Mesquite Mountain.
Structural thickness of this unit is less than 3 m. Contacts with surrounding units are
obscured by slope wash and talus, but exposures of Mesquite Gneiss are present below
the quartzite, and the contact between the quartzite and the underlying gneiss is inferred to
be a fault. The upper contact of the quartzite is not exposed, but is likewise inferred to be
a fault, based on the projection of structurally higher, west-dipping, low-angle faults to
the east which carry mylonitic gneiss and metasedimentary rocks in their hanging walls.
The quartzite consists of a reddish brown- to orange-weathering, massive,
medium- to fine-grained, blocky quartzite which is milky-white to grey on a fresh
surface. The rock is almost exclusively quartz with <1% fine-grained white mica and
opaque oxides. While the quartzite has been extensively recrystallized, relict, individual,
rounded grains and faint, continuous, planar laminations indicate this unit is of
sedimentary origin, and not a metaigneous rock.

Stratigraphic Correlation
Stratigraphic correlation of this collection of metasedimentary units with known
stratigraphy from surrounding regions in southeastern California and western Arizona
remains unclear. Carbonate rocks of this type are unknown within the Proterozoic
basement of this region, which consists predominantly of high-grade gneisses and
intrusive rocks similar to the Mesquite Gneiss (e.g. Thomas et al., 1988; Orell, 1988;
Podruski, 1979). Correlation, based on lithologic similarity, with units of the Paleozoic
cratonal section (Grand Canyon affinmity)
seems a likely possibility; however, unit by unit
correlation cannot be made with certainty based on present data. Intact Paleozoic cratonal
stratigraphy is present in surrounding ranges to the southeast (Southern Plomosa
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Mountains: Miller, 1970; Miller and McKee, 1971), south (Northern Dome Rock
Mountains: Yeats, 1985) southwest (Big Maria Mountains: Hamilton, 1982) and west
(Riverside Mountains: Carr and Dickey, 1980). While known occurrences of lower
Mesozoic rocks in western Arizona (Reynolds, et al., 1987) would preclude such a
predominance of carbonate rock within the section, the lithologies exposed at Mesquite
Mountain bear a resemblance to a newly-described, lower Mesozoic section in the Moon
Mountains directly to the south of Mesquite Mountain (Knapp, in prep.). Given the
considerable disruption of the section, both Paleozoic and Mesozoic lithologies may be
represented.
Stratigraphic correlation of the cherty calcite marble with units from surrounding
areas in western Arizona and southeastern California is made difficult by the extent of
metamorphism (diopside grade) and intense deformation recorded in the rock, and the
lack of a demonstrably intact stratigraphic sequence. Based on compositional features
alone, a tentative correlation is made with the Permian Kaibab Limestone, however the
unit could correspond to a more cherty interval within Mississippian carbonate rocks of
the Paleozoic platformal sequence (P. Stone, pers. comm.), or to part of an as yet poorly
understood lower Mesozoic sequence of clastic and carbonate rocks exposed in
surrounding areas (Reynolds et al., 1987; Knapp, in prep.).
The pure quartzite unit is most likely correlative with one of three identified
quartzite units within the Phanerozoic section of western Arizona: the Cambrian Tapeats
Sandstone, the Permian Coconino Sandstone, or the Jurassic Aztec Sandstone.
Alternatively, this quartzite may be related to minor quartzite intervals which have been
described within the lower Mesozoic section (Triassic Vampire Formation) from
surrounding areas in Arizona (Reynolds et al., 1987; Marshak and Vander Meulen, in
press; Knapp, in prep). Lack of stratigraphic association with other lithologies and lack
of distinctive primary features make a more precise correlation of this quartzite unit
impossible.
A similar sequence of mylonitic metasedimentary and metaigneous rocks is
present in the Battleship Peak area of the southwestern-most Buckskin Mountains, about
40 km east of Mesquite Mountain. Marshak and Vander Meulen (in press) interpreted the
protoliths of these rocks to be Mesozoic and Paleozoic in age. The deformed
metasedimentary rocks consist of (1) white mylonitic quartzite, (2) micaceous and/or
feldspathic mylonitic quartzite, (3) various marbles, (4) calc-silicate rock, and (5) quartzepidote-feldspar schist. This sequence of lithologies outcrops over several square
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kilometers, has a structural thickness of up to 800 m, and lies along a sheared contact
with underlying mylonitic basement. Exposures of the Buckskin-Rawhide detachment
fault structurally above this package of metasedimentary rocks indicates it is situated
within the lower plate of the main detachment.
SEDIMENTARY

ROCKS

Unmetamorphosed sedimentary rocks and sediments at Mesquite Mountain are
restricted to deposits of (1) the upper Miocene to Pliocene Bouse Formation and (2) the
Colorado River drainage system. These rocks and sediments were deposited subsequent
to most deformation and record a period of tectonic quiescence in the region from Late
Miocene time to Recent.

BOUSE FORMATION
Deposits of the upper Miocene to lower Pliocene Bouse Formation mantle
bedrock exposures throughout the study area. The Bouse Formation was first described
by Metzger (1968) on the basis of (1) a 767-foot type section from a well in Parker
Valley, and (2) two reference sections, one of which is located along the western flank of
Mesquite Mountain (SW1/4 sec. 26 and SE1/4 sec. 27, T. 8 N., R. 20 W., Gila and Salt
River baseline and meridian). The Bouse Formation is named for Bouse Wash which
trends roughly east-west along the northern edge of Mesquite Mountain
Metzger (1968) identified three units within the Bouse Formation: (1) a basal
limestone, (2) interbedded clay, silt and sand (which comprises most of the formation),
and (3) a distinctive tufa deposit that mantles topography and is thought to have formed at
or near the water surface throughout Bouse Formation deposition. Recent work by
Buising (1986, 1987) shows the Bouse Formation to be interfingered with conglomerate
and sandstone of the underlying Osborne Wash association. The Bouse Formation is
overlain by and interfingers with conglomerates interpreted as ancestral Colorado River
gravels (Buising, 1987).

ALLUVIUM
Rocks mapped as alluvium consist predominantly of unconsolidated gravels and
sand associated with the modern drainage system of the Colorado River and its
tributaries, including Bouse Wash. These deposits include alluvium, colluvium, talus,
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dune sand, and flood plain deposits of the Colorado River. No attempt has been made in
the present study to distinguish these various Quaternary deposits on the geologic map.

IGNEOUS ROCKS
The volume of igneous rocks exposed at Mesquite Mountain (exclusive of granitic
dikes and sills included with the Mesquite Gneiss) is relatively minor, and limited to
intrusive rock types. These rocks range in composition from biotite granite to mafic
intrusive dikes, and they are all of latest Cretaceous or Tertiary age. Three generations of
intrusive activity are evident from the relation of these intrusive units to development of
fabrics in the country rocks. Biotite granite bodies pre-date most or all of the mylonitic
deformation, intermediate dikes appear to by syn-kinematic, and mafic to intermediate
dikes are clearly post-tectonic.
BIOTITE GRANITE
Small, isolated bodies of biotite-bearing granite are distributed within the
Mesquite Gneiss. These granites consist of coarse- to fine-grained, hypidiomorphic
granular, tan to orange-weathering granite with the igneous assemblage quartz +
potassium feldspar + plagioclase + biotite + muscovite + Fe-oxides. Accessory phases
include zircon, sphene, and apatite, and alteration phases include chlorite and fine-grained
white mica.
The largest of these granite bodies, at the south end of Mesquite Mountain,
contains several large (10-15 m) blocks of the Mesquite Gneiss migmatite, indicating that
intrusion of these granitic bodies post-dated development of the migmatite. Deformation
within these granites varies from ultramylonitization to undeformed granite. The age of
these granites is inferred to be latest Cretaceous to earliest Tertiary, based on the similarity
to variably foliated, biotite granite sills in the Mesquite Gneiss which have been dated as
Late Cretaceous.
GRANITIC PEGMATITE
Often present in association with metasedimentary rocks in the Mesquite Mountain
fault zone are irregular pods of white- to light grey-weathering, very coarse-grained,
granitic pegmatite. These rocks consist exclusively of large, angular potassium feldspar
and quartz crystals in a matrix of finer-grained quartz and potassium feldspar. Based on
their texture, these rocks are clearly of igneous origin, and were deformed along with the
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metasedimentary rocks within the Mesquite Mountain fault zone. No direct connection of
these rocks can be made with surrounding intrusive units, since they are found only
within the Mesquite Mountain fault zone. The highly evolved composition suggests these
pegmatites represent late-stage fluids from an intrusive body, and may be related to biotite
granite which intrudes the Mesquite Gneiss. Age constraints can only be inferred from
the fact that these pegmatites intrude the Mesozoic(?) metasediments of the MMFZ, and
are deformed along with them in the fault zone. They may represent igneous activity
which was associated with development of the Mesquite Mountain fault zone.
TONALITE DIKES
A series of porphyritic tonalite dikes (too small to be shown on the geologic map)
are irregularly distributed within the Mesquite Mountain area. These dikes are typically 2
to 5 m in thickness, and are continuous over the scale of individual fault blocks. The
primary mineralogy consists of plagioclase and quartz phenocrysts floating in a fine- to
very fine-grained, equigranular groundmass of feldspar and quartz. Primary textures
have been considerably obscured: phenocrysts are rounded and broken, and the
groundmass shows clear evidence of thin shear bands of crushed, cryptocrystalline
material. Dike margins do not typically show evidence of deformation, and dikes crosscut both gneissic and mylonitic foliation in country rocks of the Mesquite Gneiss and
biotite granite.

INTERMEDIATE DIKE ROCKS
Exposed only locally at the very southern end of Mesquite Mountain (too small to
be shown on the geologic map) are several small intrusive dikes, two to three meters
thick, which intrude the surrounding Mesquite Gneiss and granitic bodies. These dikes,
which strike north to northeast and dip vertically, consist of brown-weathering, quartzand feldspar-rich porphyry which contains abundant phenocrystic biotite. The rock is
dark grey on a fresh surface with a mottled appearance that results from 3-5 mm, chalkywhite feldspar phenocrysts.
Near contacts with the country rocks, these dikes have a primary(?) foliation
parallel to the contact, but otherwise show little evidence of fabric development or
deformation. These dikes clearly cut all other fabrics and contacts within the crystalline
gneiss, but their age relation to dikes of basaltic(?) composition exposed along the
southeast flank of Mesquite Mountain is unclear. Based on the phenocryst assemblage
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plagioclase + quartz + biotite + hornblende(?) in a groundmass of fine- to very finegrained quartz and feldspar, this rock is inferred to be of intermediate (andesitic to dacitic)
composition.

DIABASE DIKES
Several northwest-trending, mafic dikes occur along the southeastern flank of
Mesquite Mountain. These small dikes are 1 to 2 m thick, continuous for about half a
kilometer, and are not found elsewhere at Mesquite Mountain The dikes have a seriate
texture from large elongate (up to 2 mm) plagioclase grains to a variably sized
groundmass of interlocking felty plagioclase. Large grains exhibit optical zoning.
Pyroxene is also present as large, relict grains which have been highly altered to chlorite.
Opaque oxides make up less than one percent of the rock.
These mafic dikes are significant in that they cut all fabrics and structures within
the crystalline rocks. These rocks are probably related to mafic volcanic rocks of
Miocene age known from the detachment terrain in the Whipple and Buckskin Mountains.
Attempts to obtain a conventional K-Ar age for these rocks have failed due to the high
calcium carbonate content of the rock as an alteration product.

DESCRIPTION OF STRUCTURES AND FABRICS
Structures and fabrics at Mesquite Mountain record a continuous progression
from ductile, penetrative fabrics to more localized, brittle faulting. A total of eight
deformational events are recognized, documenting the structural evolution of the
crystalline basement at Mesquite Mountain since Late Cretaceous time. The relative
timing of the development of these structural and fabric elements has been determined
largely on the basis of cross-cutting relationships in the field. The sequence of structural
events is described here in temporal order, beginning with the oldest recognizable fabric
in the Mesquite Gneiss. Standard structural abbreviations (Turner and Weiss, 1963) are
used to denote deformational phases (D), planar fabric elements (S), linear fabric
elements (L), and fold phases (F). Where the relation of one fabric or structural element
to another remains equivocal, a separate number has been assigned. Fabric elements are
summarized on equal area stereonet plots (Figs. 1.5-1.9), and are statistically contoured
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for 3% of the data per 1% area. Mean vectors are determined for the data sets and the 2a
cone of confidence is reported.
For the purpose of structural analysis, the Mesquite Mountain area can be divided
into six structural domains as follows: (1) Mesquite Hill, (2) the south end, (3) the
western flank, (4) the eastern flank, (5) the Mesquite Wash Hills, and (6) the north end.
Boundaries of these structural domains are indicated in Figure 1.2. The south end
(domain 2) is characterized by a series of klippen bounded by low-angle faults. The
western flank comprises the extensive exposure of Mesquite Gneiss to the west of the
northeast-southwest-trending ridgeline of the mountain (which includes Agency Peak),
while the eastern flank is bounded by the ridge crest to the west and the Mesquite Wash
Hills fault to the east. The Mesquite Wash Hills make up the low-lying exposures to the
east of the Mesquite Wash Hills fault. The north end constitutes the northern two
kilometers of Mesquite Mountain.

GNEISSIC LAYERING IN THE MESOUITE GNEISS (D1)
The earliest fabric element at Mesquite Mountain consists of compositional
layering (S1) within the Mesquite Gneiss. Evidence for relict, primary lithologic layering
(So) within the migmatite is lacking, although the compositional layering now present
may in part reflect original stratification within the sedimentary protolith of the gneiss.
Gneissic layering is defined by alternating leucosomatic and mesosomatic bands which
vary from several centimeters to one or two meters in thickness (Figs. 1.3 and 1.4).
Layering is continuous for tens to hundreds of meters, but is typically contorted internally
Development of this layering was associated with amphibolite facies
metamorphism and extensive granitic injection. A stereonet plot of poles to gneissic

by folding.

foliation (n=77) in the Mesquite Gneiss (Fig. 1.5), reveals a predominant southwest to
northwest dip, with a roughly bimodal distribution. Contouring of these data indicate a
mean vector with a length of 0.641 oriented N84E 59, corresponding to an average
attitude of gneissic foliation of N6W 41SW.
At least three styles of folds are developed within the migmatite, and are
interpreted as F1 structures. Intrafolial, isoclinal folds (Fla) are ubiquitous within the
gneiss, and are folded by later tight-to-open (50°-80° ) (Flb) and open (Flc) folds. Many
Fla structures are preserved only as rootless isoclinal folds. Both Flb and Flc folds
typically indicate a top-to-the-northeast asymmetry when viewed down plunge. Most of
this folding appears to be synchronous with development of the migmatite. Figure 1.10
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shows an example of this evidence, where a thin, granitic band defines part of the folded
compositional layering, but truncates contiguous layering only 20 cm away. Despite the
abundance of folding and transposition of layering within the gneiss complex, the
compositional layering (S1) exhibits a very consistent west to southwest dip of 20° to 65°.
DUCTILE FABRICS IN THE MESOUITE GNEISS (D2a
Mylonitic fabrics within the Mesquite Gneiss and associated granitic rocks are
variably developed, and represent either temporally distinct deformational events or a
single, progressive event. All mylonitic fabrics (S2, S3 , and S4 ) are characterized by a
well-developed, mylonitic foliation (defined by oriented micas and flattened potassium
feldspar and quartz grains), and stretched mineral lineation (defined by smeared quartz
grains, aligned mica trains, and trails of crushed potassium feldspar). This fabric is most
prominent near exposures of the Mesquite Mountain and Agency fault zones, but is also
well developed within distributed zones of shear in the main body of Mesquite Gneiss.
For the purpose of description, these fabrics are treated separately where they can be
differentiated, but given the similarity of all mylonitic fabrics in the Mesquite Mountain
area, it is difficult to distinguish separate generations in the absence of an associated
structure. The stretched-mineral lineation is invariably present where the mylonitic fabric
exists, and as such, attitudes which bear a lineation symbol on the geologic map (Plate 11) indicate a mylonitic fabric.

A locally intense, mylonitic foliation (S2 ) and associated stretched mineral
lineation (L2 ) is developed heterogeneously within the Mesquite Gneiss. In general,
discrete mylonitic shear zones are not recognized. Rather, the mylonitic fabric is
gradational over distances of tens of meters from zones of intense shear to areas of
unmylonitized gneiss. The orientation of the mylonitic fabric is very consistent, with a
moderate southwestward dip. These mylonitic fabrics are always found to cross-cut and
therefore post-date, the gneissic layering in the Mesquite Gneiss. In addition, biotite
granites which intrude the Mesquite Gneiss bear this mylonitic fabric and are never seen
to post-date mylonitization.

MESOUITE MOUNTAIN FAULT ZONE (D3)
The Mesquite Mountain fault zone (MMFZ) is exposed at low elevations along the
western flank of Mesquite Mountain (domains 2, 3, and 6), and consists of an irregular,
discontinuous band of highly deformed metasedimentary rocks which are enveloped
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within the crystalline rocks of the Mesquite Gneiss (Plate 1-1; Figs. 1.2 and 1.11).
Despite the discontinuous nature of the MMFZ, expressions of this structure are present
along the entire length of the western flank of Mesquite Mountain. The fault zone is
folded, but has a general eastward dip, and projects beneath Mesquite Mountain (Plate 12). Structural thickness of the MMFZ varies from < 1 to > 20 m, with abrupt variations
in thickness along the trace of the fault zone. Numerous exposures of the MMFZ are
marked only by the presence of thin tectonic slivers of metasedimentary rocks within
mylonitic rocks of the Mesquite Gneiss. Where these distinctive metasedimentary rocks
are absent, the MMFZ can be difficult to recognize.
Boundaries of the MMFZ are commonly characterized by a concordant, 20-50
cm-thick mylonite zone. An earlier mylonitic fabric (S2) developed within the Mesquite
Gneiss is clearly truncated in numerous places by the MMFZ and its associated mylonitic
foliation (S3 ) (Fig. 1.12). For this reason, the MMFZ is interpreted as a D3 structure.
Both upper and lower bounding surfaces of the MMFZ locally truncate gneissic (S1) and
mylonitic (S2) foliation within the Mesquite Gneiss, however, at some localitites, the
MMFZ and its associated mylonitic fabric parallel pre-existing fabrics in the Mesquite
Gneiss. S3 fabrics at the fault zone boundaries are typically ultramylonitic, with a
pronounced south-southwest-plunging, stretched mineral lineation (L3 ). Angular
discordance of the S3 fabric with the earlier S2 mylonites is locally as much as 30-40°
(Fig. 1.12).
Sedimentary rocks of Paleozoic and/or Mesozoic age have been ductilely
deformed and metamorphosed at mid- to upper-greenschist facies conditions within the
Mesquite Mountain Fault Zone. These rocks, consisting primarily of marble and calcsilicate rock, possess a transposition foliation (S3 ) which is consistently concordant with
the fault zone boundaries and associated mylonitic fabrics in the gneiss (Fig. 1.12).
Within cherty portions of the marbles, rootless isoclines (F3 ) defined by folded chert
bands are common. Lenses of isoclinally folded, mylonitic gneiss and syn-tectonic
granitic pegmatite occur within the metasedimentary band of the MMFZ. Along the
western flank of peak 1625, mylonitic gneiss from the Mesquite Gneiss occupies the core
of a large-amplitude (200 m), recumbent, isoclinal fold defined by metasedimentary rocks
within the MMFZ. In other exposures, pods of mylonitic gneiss define rootless isoclinal
folds within the metasedimentary rocks of the MMFZ (Fig. 1.13). These relationships
suggest that lenses of the Mesquite Gneiss near the fault zone boundaries were entrained
within the fault zone during ductile shearing.
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Metamorphic assemblages associated with the S3 fabric in the metasedimentary
rocks of the MMFZ consist of quartz + calcite + biotite + chlorite + epidote in calc-silicate
rocks, and calcite + quartz + dolomite ± muscovite in calcite marbles. These assemblages
are grown in the foliation, which is defined primarily by thin compositional banding and
aligned minerals. In the cherty calcite marble, this metamorphic assemblage and fabric
overprints a previous amphibolite facies (diopside-grade) metamorphism. This earlier
metamorphic assemblage probably developed during thrust burial and amphibolite facies
metamorphism of the sedimentary protolith of these rocks.
The magnitude of displacement on the Mesquite Mountain fault zone can only be
treated in a speculative manner. No piercing points, stratigraphy, or lithologic variation
within the Mesquite Gneiss can be correlated across the fault zone. The fabrics developed
both within and near the fault zone are indicative of extremely high magnitudes of shear
strain, but how this translates into net displacement across the zone is unclear. It is
probably safe to infer that displacement is of the order of several hundreds of meters to
tens of kilometers, in a zone of relatively localized shear. The sense of displacement on
the MMFZ is indicated by shear sense in mylonitic rocks associated with the fault zone.
Asymmetric porphyroclasts, S-C fabrics, and sygmoidal quartz bands define a
predominant top-to-the-northeast shear sense for mylonites associated with the MMFZ.

AGENCY FAULT ZONE (D4)
The Agency fault zone outcrops as a relatively continuous structure along the
lower, eastern flank of Mesquite Mountain (Plate 1-1; domains 4 and 6, Fig. 1.2), and
consists of a gently- to moderately- west-dipping zone, 3-15 m thick, of highly sheared
gneiss and lenses of deformed metasedimentary rock. The exposed extent of the fault
zone consists of a three-kilometer segment, but the structure is inferred to continue along
strike to both the north and south in the subsurface. A concordant mylonitic fabric is
associated with the Agency fault zone, with a stretched mineral lineation oriented ~S30W,
plunging 10-15° , similar to mylonitic foliation and lineation within other areas of the
Mesquite Gneiss.
The geometry of the Agency fault zone, as determined by structural contouring,
describes a domal surface consisting of three segments (Plate 1-1; Fig. 1.14). The
middle segment, -1.5 km long, strikes N10-35E, with westward dips from 30-45° . To
the north, the fault zone dip shallows and wraps around to a more northeasterly strike,
coincident with the disappearance of high-angle faults in its hanging wall (Plate 1-1).
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Along the southern segment, exposed for about 0.5 km, the dip of the fault zone again
shallows (15-20 ° ) and curves around toward a strike which is due north. The Agency
fault zone differs from the analogous Mesquite Mountain fault zone in four principal
respects: (1) it is a relatively regular, continuous structure, (2) it does not exhibit the high
degree of folding of the fault surface that the MMFZ does, (3) mylonitic fabrics
developed along the fault zone are not as intense as those seen on the MMFZ, and (4)
where exposed, the Agency fault zone dips antithetically (west) to the MMFZ. On this
basis, the Agency fault zone is distinguished as a separate, younger structure from the
Mesquite Mountain fault zone, despite the similarity in structural style and kinematic
history. If the Agency fault zone is a younger structure, the projection of the fault zone to
the west implies it truncates the MMFZ at depth beneath Mesquite Mountain (Plate 1-2).
Metasedimentary rocks incorporated within the Agency fault zone consist
predominantly of orange, micaceous calcite marble; minor amounts of cherty, grey marble
and quartzite are also present. The largest lenses of these metasedimentary rocks are
indicated on the geologic map (Plate 1-1) and are exaggerated for clarity on the geologic
cross sections (Plate 1-2). These metasedimentary rocks possess a well-developed
foliation, but generally lack a discernible mineral lineation. Mylonitic gneiss within the
Agency fault zone is typically altered to a bright red color which marks the trace of the
fault zone along segments where metasedimentary rocks are absent. In places, these fault
zone rocks exhibit cavernous weathering and brecciation, suggesting that movement on
the Agency fault zone spanned a spectrum of rheological conditions.
Fabrics associated with the Agency fault zone (S4)truncate both gneissic (S1) and
mylonitic (S2) fabrics within the Mesquite Gneiss, similar to the Mesquite Mountain fault
zone on the west flank of Mesquite Mountain. This relationship is seen both above and
below the fault zone, and like the MMFZ, the Agency fault zone is in places concordant
with pre-existing fabrics in the Mesquite Gneiss. Mesoscale folds in gneissic layering in
the footwall of the Agency fault zone appear to have a top-to-the-southwest asymmetry
when viewed down plunge. On the south wall of Pitchfork Canyon (domain 4), gneissic
layering is folded in a large-amplitude (> 40 m), upright fold which plunges roughly
S30W in the footwall of the Agency fault zone.
The sense of displacement on the Agency fault zone is inferred from kinematic
indicators in mylonitic gneiss associated with the fault zone. A predominant top-to-thenortheast sense of displacement is indicated by all kinematic indicators. The magnitude of
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displacement on this structure is not well constrained but is inferred to be of the order of
hundreds of meters to kilometers.
The contorted and discontinuous geometry of the Mesquite Mountain fault zone
has resulted, in part, from meso- to macroscale folding subsequent to movement within
the fault zone. These folds are particularly evident in exposures of the MMFZ in the
western flank (domain 3) of Mesquite Mountain. Fold axes plunge gently to moderately
to the south-southwest, and fold the MMFZ along with the surrounding crystalline rocks.
Both outcrop and map scale folds of the MMFZ are essentially parallel to mylonitic
lineation. Since folding of the MMFZ must have post-dated movement on the fault zone,
these folds are assigned to an F4 phase of folding, and are interpreted as the result of
deformation in the hanging wall of the Agency fault zone.
The orientation of all mylonitic fabrics is very consistent, with a moderate
southwestward dip. Poles to mylonitic foliation (S2 , S3 , and S4 ) within both the
Mesquite Gneiss and mylonitic fault zones (Fig. 1.6; n=116) define a mean vector (length
= 0.838) of N56E 50, with a 2a confidence cone of five degrees. This mean pole
orientation corresponds to an averaged strike and dip of N34W 40SW for mylonitic
foliation at Mesquite Mountain. A stereonet plot of mylonitic stretching lineation (L2 , L3 ,
and L4 ) associated with the mylonitic foliation (Fig. 1.7; n=1 16) shows a very tight
clustering of the data about a south-southwest plunge. Data are distributed about a mean
vector (length = 0.814) of S18W 42, with a 2a confidence cone of six degrees. The
angular distance between these mean vectors for mylonitic lineation and poles to mylonitic
foliation is 82° , signifying that in a general sense, shear in the mylonites was dominated
by dip slip.
A combined plot of gneissic (S1) and mylonitic (S2 through S4 ) foliation (Fig.
1.8; n=193) emphasizes the general coincidence in orientation of the these two styles of
fabrics: the angular separation of the mean vectors for these two data sets is only 18
degrees. This relationship suggests that (1) the direction of the maximum elongation (3)
was oriented essentially within the plane of the compositional layering of the basement
complex during the development of ductile fabrics, and (2) either little appreciable rotation
of the strain axes occurred during progressive mylonitization, or earlier phases of the
mylonitic fabric were subsequentlyrotated into parallelism during continued shear.
The consistency in orientation of both mylonitic foliation and lineation (for all
generations of these fabric elements), despite evidence for cross-cutting relations of
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mylonitic fabrics is striking. Two possible interpretations can be offered for the
correspondence in fabric orientations: (1) all pre-existing mylonitic fabrics were rotated
into parallelism with the youngest and most intense fabric, or (2) all fabrics developed
during the same progressive event associated with Tertiary extensional deformation.
Since no clear evidence for a relict mylonitic fabric which pre-dates Tertiary
mylonitization has been documented at Mesquite Mountain, the latter scenario is
preferred.
DUCTILE HIGH-ANGLE FAULTS
A series of moderate- to steeply-dipping ductile faults occurs along the eastern
flank of Mesquite Mountain within the crystalline rocks of the Mesquite Gneiss (Plate 11). At least five of these faults were recognized, all having a similar orientation (N5065E, 40-60SE; Fig. 1.9), planar geometry, and spacing (20-30 m). These faults truncate
both gneissic and mylonitic foliation within the Mesquite Gneiss, and are characterized by
penetrative, mylonitic zones, 0.1-1 m thick, developed along the faults (Fig 1.15). Folds
developed in both the hanging walls and footwalls of these faults exhibit a very ductile
style, and indicate an apparent normal sense of displacement. Orientation of fold axes
(S15-20W) for these folds are essentially parallel to mylonitic lineation (S10-15W)
developed within the fault-related mylonites, implying an oblique-normal, northeastsouthwest sense of displacement on this set of structures.
Although the intersection is not well exposed, the ductile high-angle faults appear
to sole into the Agency fault zone low on the eastern flank of Mesquite Mountain. Given
the similarity in ductile style of deformation and kinematic sense, this interpretation seems
reasonable. Since no noticeable shallowing of the high-angle faults is seen down dip,
they may actually be truncated by the Agency fault zone. An interpretation of
synchronous movement is preferred, and these faults are designated part of the D4
deformation.
The high-angle faults are most pronounced over the central, domal segment of the
Agency fault zone, and are oriented roughly parallel to the transport direction (northeast)
inferred from mylonitic lineation and fold axis orientations associated with the faults. As
such, they do not conform to the expected geometry and orientation of faults associated
with extension in an ENE-WSW direction. Walker et al. (1986) argue that orientation of
normal faults need not be directly related to extension direction. One explanation for
these ductile high-angle faults is that they represent accommodation structures within the
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hanging wall of the Agency fault zone related to topography on the fault surface (Fig
1.14). They appear to have been active synchronously with the Agency fault zone, and
are best developed over a domal high in the footwall of the fault zone.

LOW-ANGLE FAULTS (D5)
A series of klippen of intensely mylonitized gneiss, bounded by low angle faults,
is exposed at the south end (domain 2) of Mesquite Mountain (Plates 1-1 and 1-2). These
faults place variably sheared but typically mylonitic Mesquite Gneiss, and lesser amounts
of deformed, metasedimentary and fine-grained, silicic intrusive rocks in the hanging
wall against relatively unmylonitized Mesquite Gneiss in the footwall (Fig. 1.16). Small
(2-4 m), isolated lenses of sheared metasedimentary rocks (usually micaceous calcite
marble) occur along the contact. These low-angle faults strike generally north-northwest
to northwest, with gentle southwesterly dips of 10-35° . Structural contouring of the fault
surfaces suggests they deviate from smooth, curviplanar surfaces, particularly in the case
of the large klippe which caps peak 1625'. Variations in dip on this fault surface range
from 20-60 ° over short distances, and are perhaps due to folding which post-dated
movement on the fault.

This system of faults displays a spectrum of fabrics, ranging from penetrative
mylonitic foliation to extreme brecciation. Mylonitic fabrics are concordant with the fault
contacts, and exhibit a well-developed stretched mineral lineation These faults and their
associated fabrics clearly truncate both mylonitic foliation in the hanging wall and gneissic
foliation in the footwall.
Sense of movement on these faults is indicated by shear-sense indicators within
the mylonites (asymmetric porphyroclasts, mica fish, sygmoidal quartz ribbons) which
demonstrate a consistent top-to-the-northeast sense of shear. The magnitude of
displacement on these faults is unconstrained. Relatively high shear strains are indicated
by the degree of mylonitization associated with the faults, but no reliable piercing points
can be identified within the Mesquite Gneiss crystalline terrain. A minimum of 200-300
m of offset is suggested for the klippe on peak 1625', which truncates the folded
Mesquite Mountain fault zone in the footwall, and the MMFZ does not appear in the
hanging wall in the direction of transport.
Relative timing of movement on this set of faults is constrained by the fact that
they cut the folded Mesquite Mountain fault zone (evident along the southwest flank of
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peak 1625'), but are cut by northwest-striking, high-angle faults. While these klippen do
not presently define a single, continuous surface, reconstruction of movement on the
northwest-striking faults could reconstruct them as a single fault surface. The range of
structural fabrics developed on these faults (mylonites to cataclasites) suggests they were
active over a range of physical conditions within the crust. This observation is consistent
with the relative timing of these structures between conditions of extreme mylonitization
on the Mesquite Mountain fault zone and brittle faulting on high-angle faults. Absolute
timing of movement on the set of low-angle faults is inferred to be mid-Tertiary (late
Oligocene or early Miocene), and associated with the development of the WhippleBuckskin-Rawhide detachment system.
HIGH-ANGLE BRITTLE FAULTS (D6 & D7)
Two families of steeply-dipping to vertical faults (D6 and D7 ) dissect the range
and disrupt the continuity of all pre-existing structures. Recognition of these faults is
based on (1) abrupt, linear breaks in topography, (2) discontinuities in the Mesquite
Mountain and Agency fault zones and in gneissic banding within the Mesquite Gneiss,
and (3) brecciation and disruption of the gneiss along the trace of these faults. Exposures
of the actual fault surfaces are not common, but do exist.
One set of these faults is oriented N40-60W, with dips varying between ~70 °
northeast to ~70 ° southwest (Plates 1-1 and 1-2). Five faults are recognized within this
group, and are identified as D6 structures. The relative sense of displacement on these
faults is unknown, because the original configuration of structural and lithologic features
truncated by the faults is unconstrained. An apparent right-lateral sense of offset for these
structures is suggested by the northwest extension of bedrock exposures along the
southwest side of the large fault through the center of Mesquite Mountain. Given the
relative consistency in attitude of the gneissic and mylonitic foliation in the Mesquite
Gneiss, it would appear that no appreciable rotation has taken place between adjacent fault
blocks. The general continuity of rock types and structures preserved from one fault
block to another suggests that offsets on these faults are not great, and probably less than
2-3 km for any individual fault.
Given their brittle character, the timing of movement on these D6 faults is
constrained to post-date development of ductile fabrics and structures within the Mesquite
Gneiss. Basal tufa deposits of the Bouse Formation overlap these fault surfaces,
indicating that movement had ceased by the time of Bouse deposition in the late Miocene.
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Miller and McKee (1971) described northwest-trending, right-slip faults in the southern
Plomosa Mountains, to the southeast of Mesquite Mountain, with post mid-Miocene
displacement of about 3-5 km. Middle to late Miocene right-slip faults of western
Arizona, which show no evidence of activity since Pliocene time, may be part of an
ancestral San Andreas fault system, implying westward migration of the locus of rightlateral slip along the North American plate margin in the late Tertiary.

A single, N50E-striking, vertical fault (D7) occurs along the southeastern flank of
Mesquite Mountain, and clearly truncates D6 structures. This fault is similarly identified
by a geomorphologic depression, and disruption of the bedrock along the trace of the
fault. An apparent left-lateral sense of displacement is suggested by the en echelon
pattern of two low, elongate, northeast-trending ridges of crystalline gneiss to the
southeast of the fault. The relative timing of movement on this northeast-striking fault
can be fairly well constrained: it truncates the family of northwest-striking high-angle
faults, and is cut by a series of basaltic dikes along the southeast side of Mesquite
Mountain (Plate 1-1). Both the movement on the fault and intrusion of the basaltic dikes
across the fault are constrained to predate Bouse deposition in late Miocene time.
Northeast-trending, high-angle faults of Tertiary age are uncommon in western Arizona.

MESOUITE WASH HILLS FAULT (D8)
The Mesquite Wash Hills fault (MWHF) is exposed for approximately 2 km of its
length and forms the western boundary of the Mesquite Wash Hills (Plate 1-1). The fault
is marked by both surface outcrop and geomorphologic expression within the stream
drainages and gravel pediments of the low-lying area between the Mesquite Wash Hills
and Mesquite Mountain proper. This structure is the youngest recognized at Mesquite
Mountain, and is designated the D8 deformation.
The MWHF is oriented N25-30E, dips 82-90 ° to the southeast, and juxtaposes
highly brecciated mylonitic rocks of the Mesquite Gneiss in the hanging wall (to the
southeast of the fault) against unconsolidated gravels which overlie the Bouse Formation
(to the northwest of the fault) (Fig. 1.17). Brecciation of the gneisses within ~100 m of
the main trace of the fault has produced angular gneissic clasts (up to small boulder size)
in a matrix of angular pebble-sized clasts. This fault breccia exhibits cavernous
weathering which marks much of the trace of the fault. Several other minor strands of the
fault occur to the east within the bedrock gneisses, but disruption and brecciation decrease
away from the main fault trace and generally die out laterally within 100 m of the fault.
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The trace of the MWHF is evident on areal photographs as a lineament in alluvial
gravels which continues along a more northerly strike (NIOE)north of the Mesquite Wash
Hills. Several minor gullies are abruptly truncated along this northern trace of the fault,
which projects beyond the north end of Mesquite Mountain and into Bouse Wash. The
change in strike in the MWHF is expressed in the topography by a discernible bend at the
termination of exposures in the Mesquite Wash Hills to the east of the fault. Thus, the
total length of the surface expression of the fault is approximately 4 km, along the eastern
flank of Mesquite Mountain
A 5-20 cm-thick microbreccia is developed on the fault surface, and consists of
small, angular to rounded grains of feldspar and lithic fragments in a well-indurated
matrix of fine-grained rock powder (Fig. 1.17). No kinematic indicators are evident on
the fault surface, and no convincing correlation of units can be made across the fault, but
apparent offsets of minor stream drainages suggest primarily left-lateral displacement.
The magnitude of displacement on the Mesquite Wash Hills fault is largely unconstrained,
but probably on the order of hundreds of meters to several kilometers.
The age of movement on the MWHF is poorly defined. Brecciation of the
mylonitic gneisses clearly post-dates all other fabrics recorded in these rocks. At its most
southwesterly exposure, the MWHF apparently truncates the Agency fault zone (Plate 11), and given the contrast in deformational styles between these two structures, the
MWHF is arguably younger. Thus, a lower age limit for movement on the MWHF
system is inferred to be after mylonitic deformation of the crystalline gneiss, and
movement on the Agency fault zone. Gravels in the footwall (or northeast side) of the
MWHF overlie the Bouse Formation, and must be either correlative with or younger than
Colorado River gravels of Pliocene age (Buising, 1987). Offset of minor stream
drainages along the MWHF suggests that some displacement on the Mesquite Wash Hills
fault is Quaternary, and provides evidence for some of the youngest faulting yet
documented in the Colorado River Trough region. Activity on the Mesquite Wash Hills
fault may thus be bracketed between cessation of movement on the Agency fault zone
(mid-Miocene) and Recent, but may be characterized by several periods of movement.
Other faults with post-Bouse Formation movement include the northwest-trending
Havasu Springs fault, located along the southeastern end of Lake Havasu to the north
(Davis et al., 1980).
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The sequence, style, and timing of structural events documented at Mesquite
Mountain shed new light on the development of the Whipple-Buckskin-Rawhide
detachment system. Discussed below are factors relating to the timing and significance of
the structural development at Mesquite Mountain.
AGE OF DEFORMATION
The relative timing of structures and fabrics at Mesquite Mountain requires a
Tertiary (or possibly very latest Cretaceous) age for the development of these features.
Based on U-Pb zircon dating of biotite granite from the Mesquite Gneiss, an age of 67.2
+ 1.4 Ma is implied for the development of this migmatite complex (Knapp and Walker,
in prep.). The age of mylonitic fabrics within the lower Colorado River extensional
corridor is controversial. Numerous workers have proposed either a Mesozoic or
Tertiary age for formation of mylonites in this geologically complex terrain. Howard and
John (1987) argue for a Late Cretaceous age for mylonites formed in Cretaceous plutons
in both the Chemeheuvi and Iron Mountains of southeastern California. Mesozoic
structures with associated ductile fabrics are now well-documented from the Maria fold
and thrust belt (Reynolds et al., 1986, and Richard, 1988).
The age of mylonitic deformation at Mesquite Mountain is constrained to be
younger than 67 Ma based on U-Pb zircon dating of a biotite-granite sill from the
Mesquite Gneiss (Knapp and Walker, in prep.). A number of observations corroborate a
Tertiary age for mylonitic deformation at Mesquite Mountain, including (1) the style of
the mylonitic fabrics, (2) the coincident orientation of mylonitic foliation and lineation
from all mylonites, (3) evidence for a Mesozoic, amphibolite-grade metamorphism in the
metasedimentary rocks which predates mylonitization in the Mesquite Mountain and
Agency fault zones.
Reynolds et al. (1988) review the distinctions between Mesozoic to early Tertiary
metamorphic fabrics and Tertiary mylonitic fabrics in western Arizona. Fabrics produced
during Mesozoic and early Tertiary prograde metamorphism are generally schistose rather
than mylonitic. Tertiary mylonitic fabrics, in contrast, are more strongly lineated, less
schistose (except where ultramylonitic), and characterized by ubiquitous crystal-plastic
deformation of quartz. As discussed earlier, all mylonitic fabrics at Mesquite Mountain
exhibit a strong stretching lineation and textures indicative of crystal-plastic flow of quartz
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and brittle behavior of potassium feldspar, rather than neomineralization. Thus, fabrics at
Mesquite Mountain more closely resemble Tertiary mylonitic fabrics than metamorphic
fabrics associated with Mesozoic deformation.
The relative age of this mylonitic fabric is constrained by two factors: first, it
overprints all fabrics associated with development of the Mesquite Gneiss, and second,
the conditions of temperature, pressure, and strain rate implied by the two styles of

deformation (migmatiztion versus mylonitization) are considerably different.
Mylonitization was characterized by crystal-plasticity, low- to mid-greenschist facies
metamorphism, and accommodation of high strain, at relatively low temperatures judging
from the purely brittle behavior of potassium feldspar. Migmatization and development
of the Mesquite Gneiss, on the other hand, was associated with amphibolite facies
metamorphism, in situ partial melting, and dynamic recrystallization. Given these
factors, it seems unlikely that deformation associated with these different fabrics was
closely spaced in time.
Conditions of mylonitization in the Mesquite Gneiss are reflected in microtextural
features observed in thin section. Quartz consistently exhibits crystal-plastic behavior,
and occurs as thin, elongate ribbons, or as domains of polygonally-recrystallized grains.
Potassium feldspar typically occurs as angular to rounded porphyroclasts which show
varying degrees of fracturing, but no obvious evidence of recrystallization or crystalplastic behavior. Epidote appears to pre-date development of the mylonitic fabric, and
forms trains of crushed grains along shear planes. Micas (mostly biotite) are sheared and
bent, and often show extensive alteration. Secondary mineralization associated with
mylonitization was limited primarily to fine-grained white mica and chlorite, indicating
greenschist facies conditions.
Temperatures and pressures associated with mylonitic deformation are difficult to
constrain. Rheological properties of the constituent minerals are dependent on both
temperature and strain rate in the low temperature plasticity and power law creep regimes
(e.g., Schmid, 1982). Conditions were apparently not suitable for dislocation creep to

predominate in potassium feldspar. Independent evidence for temperatures of
mylonitization in the Mesquite Mountain area comes from 4 0 Ar/3 9 Ar data (Knapp and
Heizler, 1988b and in prep.). Hornblendes (Tc-500°C) from amphibolites in the
Mesquite Gneiss yield Late Cretaceous ages, and show no evidence of Tertiary argon
loss. Biotites (Tc-30 0 °C) show closure to argon diffusion at around 30-33 Ma, and
potassium feldspar (Tc150-200°C) has a minimum apparent age of -22 Ma.. These data
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suggest that temperatures did not exceed ~300 ° C since mid-Oligocene time, and had
cooled below 150° C by the early Miocene, for the structural levels exposed at Mesquite
Mountain. A temperature range of 150-300° C seems probable for formation of these
mylonites, and is consistent with the observed microtextures.
The general sequence of structural events at Mesquite Mountain is characterized
by a progression from penetrative, ductile deformation to successively more brittle,
localized deformation. The succession of mylonitic fabrics may be related to distinct
episodes of deformation, or alternatively, may be expressions of a progressive, noncoaxial deformation. No distinction between these two models can be made on the basis
of present data.

INCISEMENT OF DETACHMENT FOOTWALL
The significance of the Mesquite Mountain and Agency fault zones is best
explained in terms of splays along lateral ramps within the footwall of the WhippleBuckskin-Rawhide detachment system. Mesquite Mountain is situated directly on trend
with the elongate "corrugations" in the detachment surface defined by the morphology of
the Buckskin and Rawhide Mountains. In the case of the Agency fault zone, evidence for
this ramp geometry is provided by the series of high-angle ductile faults which formed
synchronously with the fault zone into which they sole. These faults are oriented
essentially parallel to the extension direction for the detachment terrain, and kinematic
indicators for these faults indicate they had a strongly oblique motion, in the direction of
tectonic transport during extension. The present geometry of these faults, dipping ~60° to
the southeast, suggests they are in the orientation in which they developed. Also implied
by these relations is that the Agency fault zone is likely true to its original geometry and
orientation, which forms a west-dipping, doubly-arched surface (Fig. 1.14).
The presence of Tertiary mylonitic fabrics throughout the hanging wall of both the
Mesquite Mountain and Agency fault zones is indicative of incisement tectonics, as
described by Davis and Lister (1988). Originally, the entire Mesquite Mountain block
would have been situated in the lower plate of the detachment during the initial stages of
mylonitization. During continued displacement on the detachment, pieces of the footwall
were incorporated into the hanging wall. Exactly when this incisement occurred is
uncertain, but mylonitic fabrics on the high-angle ductile faults in the hanging wall of the
Agency fault zone suggest that incisement took place during the waning stages of ductile
conditions. (i.e., the Mesquite Mountain block had reached a crustal level during its
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ascent in the footwall where it was behaving with a rheology which was transitional from
crystal-plastic to brittle.)
Within this scenario, the Mesquite Mountain and Agency fault zones are seen as
similar structures, but are separated in time. Folding of the Mesquite Mountain fault zone
took place after the structure became kinematically inactive and was being transported in
the hanging wall of the Agency fault zone. Irregularities in the footwall to the Agency
fault zone were responsible for inhomogeneous shear across this structure. These
inferences have several implications: (1) that extensional strain in the detachment system
was partitioned along numerous fault zones or strands of the major detachment fault, (2)
that initiation of these strands took place under conditions where penetrative strain was
becoming rheologically unfavorable, and (3) that large-scale irregularities in the fault
zones (i.e., corrugations) were a primary feature, and not simply a function of postdetachment warping.
The style of deformation exhibited by isoclinal folding of the Mesquite Mountain
fault zone in the hanging wall of the Agency fault zone may be analogous to
microstructural features described by Lister and Snoke (1984), wherein C planes in S-C
mylonites are folded during development of very high shear strains. With rotational
simple shear, features originally oriented within the extensional field will pass into the
shortening field. It is unclear whether such a deformation mechanism is plausible at the
scale observed for the MMFZ, but high-strain and ductile folding of this structure
subsequent to (or during the latter stages of) its formation clearly has occurred.

REGIONAL RELATIONS
Metamorphosed and deformed supracrustal rocks, of Paleozoic and Mesozoic
age, in the footwall of the Whipple-Buckskin-Rawhide detachment system are known
from several localities in west central Arizona. Marshak and Vander Meulen (in press)
describe a sequence of metasedimentary and metaigneous rocks from the Battleship Peak
area of the southern Buckskin Mountains. These metasedimentary rocks were deformed
in a complex shear zone associated with Tertiary extension. Marshak and Vander Meulen
(in press) documented several stages of deformation characterized by (1) development of
mylonitic foliation and intrafolial isoclinal folds, (2) asymmetric, recumbent to inclined
folds, and (3) development of ductile faults, kink folds, and brittle fractures and faults.
Despite intense shearing and development of mylonitic fabrics along much of the
exposure of the contact of these metasedimentary rocks, the deformed metasediments
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locally discordantly truncate mylonitic fabrics within the underlying deformed basement,
with no intervening extensive zone of shear. These workers interpreted the contact to be
an unconformity at the base of the Paleozoic sequence. There is no evidence at Mesquite
Mountain, however, that the original basement/cover contact is preserved. In addition,
crystalline rocks bound the metasedimentary package from above at Mesquite Mountain,
unlike the sequence in the Battleship Peak area of the Buckskin Mountains.
Rocks which are lithologically and structurally similar to the metasedimentary
rocks of Mesquite Mountain are also known from the Rawhide Mountains (Shackleford,
1980) and the easternmost Buckskin Mountains (field trip with Bruce Bryant). In the
Ives Wash area of the eastern Buckskin Mountains, mylonitic metasedimentary layers that
consist of orange, calcite marble, quartzite, and calc-silicate rocks, are 4-5 m thick and
laterally continuous for distances greater than 1 km. Tertiary mylonitic fabrics are very
strongly developed here, and lenses of mylonitic gneiss are isoclinally folded within the
metasedimentary rocks, in a fashion similar to the Mesquite Mountain fault zone. These
areas are greater than 60 km distant from exposures at Mesquite Mountain, in the
direction of tectonic transport of the detachment system.
Exposures in the northern Plomosa Mountains reveal a highly deformed sequence

of metamorphosed sedimentary rocks beneath the Plomosa detachment fault.
Scarborough and Meader (1983) described these units as part of a discontinuous, 0-50 mthick zone, directly beneath the Plomosa detachment, which consists of tectonically
interleaved lenses of carbonate, quartzite, and gneissic basement.

These workers

interpreted the metasedimentary rocks to be of Paleozoic protoliths, and inferred that
normal movement on the Plomosa detachment fault was primarily a case of reactivation of
an earlier thrust fault. The occurrence of the ductilely deformed metasedimentary rocks
between the brittle detachment fault (above) and relatively unmylonitized gneissic
basement (below) contrasts with exposures both at Mesquite Mountain and in the
Buckskin Mountains.
These examples serve to illustrate several important points about the significance
of the Mesquite Mountain and Agency fault zones exposed at Mesquite Mountain. Rocks
of similar lithology, degree and style of deformation, and grade of metamorphism are
extensively distributed within the footwall gneisses of the detachment systems. An area
spanning >3,000 km 2 is represented by the distribution of these rocks, comprising a
significant portion of the exposed extent of the footwall to the Whipple-BuckskinRawhide detachment. These ductilely deformed metasedimentary rocks occur in a
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number of different structural settings: (1) enveloped within mylonitic crystalline
gneisses (Mesquite Mountain, eastern Buckskin Mountains), (2) situated above mylonitic
gneisses but directly below a detachment fault (western Buckskin Mountains), and (3)
present above unmylonitized Precambrian gneiss and below a detachment fault (northern
Plomosa Mountains).
At Mesquite Mountain, the age of the Mesquite Mountain and Agency fault zones
is constrained to be Tertiary, and demonstrates that envelopment of the metasedimentary
rocks along these structures was related to extensional tectonism. Marshak and Vander
Meulen (in press) make a similar argument for the rocks of the Battleship Peak area, and
in the eastern Buckskin Mountains, all rocks, including metasedimentary slivers and
gneissic basement, are strongly transposed in the Tertiary mylonitic fabric (B. Bryant,
pers. comm.). These relations emphasize that (1) the present configuration of the
metasedimentary rocks is primarily a Tertiary feature, (2) reactivation of thrust faults (or
pre-existing crustal weaknesses) was not the primary means for accommodation of
extensional strain, and (3) these rocks probably provided a competence contrast with the
basement gneisses, such that high shear strain was localized in the carbonate and
metasedimentary rocks once they were entrained along the Tertiary structures.

CONTINUOUS PROGRESSION OF DEFORMATIONAL STYLE
Spencer (1984, 1985) develops cogent arguments about the effect of isostatic
response of the crust during development of the detachment system. The time scales
(tens to hundreds of thousands of years) for local isostatic readjustment of the crust are
relatively short in comparison with those which characterized the development of the
detachment system (Davis et al., 1980). Several studies now attribute large wavelength
(5-20 km) irregularities and doming of detachment faults to such isostatic effects (Davis
and Lister, 1988; Spencer and Reynolds, 1988; Wernicke and Axen, 1988). The
presence of isostatic modification of the original geometry of the structures in the
Mesquite Mountain area cannot be excluded, however it appears that many of the
structural features maintain their original relative geometric relations on the scale of
exposures at Mesquite Mountain.

NON-COINCIDENCE OF TERTIARY AND MESOZOIC STRUCTURES
Numerous thrust structures of the Maria fold and thrust belt are known from the
region of west-central Arizona (Reynolds et al., 1986). These Mesozoic structures
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initially carried Paleozoic and Mesozoic supracrustal rocks to considerable depths beneath
crystalline thrust sheets, at greenschist to amphibolite facies conditions of metamorphism.
As a result of later Tertiary extension within the detachment terrain, these structures were
significantly modified. An important point, however, is that extension was not a matter
of reactivation of these pre-existing planes of weakness. Many thrust structures of the
Maria fold and thrust belt, although folded and dissected, remain with intact Mesozoic
fabrics and metamorphic assemblages. In addition, evidence from the Mesquite
Mountains area indicates that large amounts of extension were accommodated on
structures such as the Mesquite Mountain and Agency fault zones, which are clearly of
Tertiary age. These structures entrained metasedimentary rocks, which had previously
been buried, as they intersected the older thrust faults.

CONCLUSIONS
The rocks and structures of the Mesquite Mountain area in west-central Arizona
record a complex history of deformation in the footwall of the regional WhippleBuckskin-Rawhide detachment system. The continuous progression of deformational
styles from penetrative, ductile deformation to more localized, brittle faulting reflects a
successively more shallow crustal setting for deformation in the footwall of the
detachment system, and provides a genetic link between ductile and brittle structures.
These structures and mylonitic fabrics are demonstrably Tertiary in age, based on the Late
Cretaceous age of migmatization of the Mesquite Gneiss, and show a consistent top-tothe-northeast sense of shear. The Mesquite Mountain and Agency fault zones, which
envelop deformed metasedimentary rocks within the gneissic basement, are interpreted as
structures associated with incisement of the footwall to the detachment during the
evolution of this regional extensional system. This process appears to have operated on
the scale of large crustal blocks, because the mylonitic rocks of Mesquite Mountain
clearly originated in the footwall, but now the entire mountain is situated in the hanging
wall of a detachment splay, based on recent seismic data (Hauser et al., 1987). Tertiary
extension is clearly superimposed on Mesozoic structures of the Maria fold and thrust belt
of west-central Arizona, but reactivation of these thrust structures was not the main
mechanism for accommodation of extension in the detachment terrain. Instead, new
structures developed in response to extensional stress, and high strain was localized
within less competent lithologies as they were entrained within these new structures.
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FIGURE CAPTIONS

Plate 1-1: Geologic map of Mesquite Mountain, Colorado River Indian Reservation,
original scale 1:24,000 (xerox reduced version).
Plate 1-2: Geologic cross sections of Mesquite Mountain, scale 1:24,000, no vertical
exaggeration.
Figure 1.1: Location map of Mesquite Mountain in the Mojave-Sonoran Desert area of
southeastern California and western Arizona. Other mountain ranges referred to
in text are indicated on map. Area of Figure 1.2 indicated by box with heavy line.
Figure 1.2: Structural domains at Mesquite Mountain, and informal names of geographic
features.
Figure 1.3: Migmatitic fabric of Mesquite Gneiss, showing no evidence for overprinting
of mylonitic fabric. Located in Cat-claw Canyon, but representative of Mesquite
Gneiss where unaffected by later deformation.
Figure 1.4: Nature of contorted compositional layering and complex, disharmonic fold
patterns within Mesquite Gneiss. Range of scales at which felsic segregation has
occurred is evident. Lens cap for scale.
Figure 1.5: Equal-area stereonet and contour plot of poles to gneissic foliation (S1) in
Mesquite Gneiss, n=77. Contour interval is 3%/1% area. Mean vector has a
length of 0.641, with an orientation N84E 59. Mean length is too low to calculate
concentration factor by the approximate method.
Figure 1.6: Summary equal-area stereonet and contour plot of poles to mylonitic foliation
(S2, S3, and S4 ) at Mesquite Mountain, n=116. Contour interval is 3%I/1%area.
Mean vector has a length of 0.838, with an orientation N56E 50. Concentration
factor is 6.8, and 2o confidence cone is 5 degrees.
Figure 1.7: Summary equal-area stereonet and contour plot of mylonitic lineation (L2 ,
L 3 , and L4) at Mesquite Mountain, n=116. Contour interval is 3%/1% area.
Mean vector has a length of 0.814, with an orientation of S18W 42.
Concentration factor is 5.4, and 2c confidence cone is 6 degrees.
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Figure 1.8: Summary equal-area stereonet plot of poles to gneissic (S1) and mylonitic
foliation (S2 , S3, and S4), showing the general coincidence on orientation of these
two fabric types (n=193). Open boxes represent gneissic foliation (S1) and solid
circles represent mylonitic foliation (S2 , S3, and S4 ).
Figure 1.9: Stereonet plot of attitudes of ductile high-angle faults in hanging wall of
Agency fault zone along eastern side of Mesquite Mountain. Faults strike N5065E, and dip 40-60SE.
Figure 1.10: Evidence for syntectonic migmatization of Mesquite Gneiss. Thin granitic
band across center of photo is folded with compositional layering at right of
photo, but truncates similar, contiguous layering in center of photo.
Figure 1.11: Typical exposure of Mesquite Mountain fault zone, consisting of 3-7 m
band of metasedimentary rock (undulatory, resistant ledge across center of photo)
enveloped within crystalline rocks of Mesquite Gneiss. Fault zone is bounded
both above and below by discontinuous envelope of concordant mylonitic gneiss.
Note discordance of MMFZ with both locally-developed, earlier mylonitic fabric
(left of center) and with compositional layering within the Mesquite Gneiss.
Width of view is about 150 m. Area of Figure 1 is just to left of center.
Figure 1.12: Close-up view of Mesquite Mountain fault zone, showing truncation of
earlier mylonitic fabric developed in Mesquite Gneiss (right), by 0.5-1 m thick
mylonite (dark band) developed parallel to fault zone boundary. Transposed
compositional layering in banded calc-silicate unit (upper left) within fault zone is
also parallel to fault zone boundaries.
Figure 1.13: Mesquite Mountain fault zone (MMFZ) as exposed along central portion of
western flank of Mesquite Mountain. MMFZ is about 15 m thick and cuts
diagonally across photo from upper left to lower right. Hinge of mesoscale
isoclinal fold (right of center) of mylonitic Mesquite Gneiss is floating in orange,
micaceous marble within fault zone.
Figure 1.14: Idealized geometry of Agency fault zone, showing elongate, domal
morphology of the fault surface below Agency Peak, east side of Mesquite
Mountain.
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Figure 1.15: Ductile high-angle faults and associated drag fold structures within
Mesquite Gneiss, hanging wall to Agency fault zone, east flank of Mesquite
Mountain. Sense of shear on folds in both hanging wall and footwall imply
normal sense of displacement. Mylonitic lineation in the fault zone trends S1015W 25, and fold axes are oriented S15-20W 10-25, implying an oblique-normal
sense of displacement.
Figure 1.16: Klippe of intensely mylonitized gneiss (dark cap at top of hill), bounded by
gently NW-dipping fault. Footwall to fault consists of relatively unmylonitized
Mesquite Gneiss (upper right of center; note compositional layering) and biotitebearing granite (base of hill). View is toward west-northwest across Migmatite
Wash at southern end of Mesquite Mountain; relief exposed is -100 m.
Figure 1.17: Close up of Mesquite Wash Hills fault, oriented N26E 82SE, showing
brecciation and cavernous weathering of basement gneisses near fault. Note thin
(10-15 cm) microbreccia veneer (just above center) developed on fault surface.
Orientation of fault gives apparent reverse sense of offset. Bush at top of photo is
-1 m high.
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Figure 1.1
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SUMMARY OF POLES TO FOLIATION
IN MESQUITE GNEISS

GNEISSIC FOLIATION

(n=77)

MYLONITIC FOLIATION

Figure 1.8
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(n=116)

DUCTILE HIGH-ANGLE FAULTS,
EAST SIDE OF MESQUITE MTN.

Figure 1.9
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NE

AGENCY PEAK

Figure 1.14

71

