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ABSTRACT

The Builard detachment fauit is a gently to steeply dipping normal fauit that flanks the
Harcuvar and Harquahala mountains of the Basin and Range province in west-central
Arizona. The stratigraphy of upper-piate Miocene conglomerates and the regional
distribution of upper- and lower-plate pre-Tertiary units indicate that upper-piate rocks were
disphcedabotﬂSOhntothenonhmwithmpectto the lower plate during middle to late
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Figure 1. Simpiified geologic map of McMutlen Vailey area. Sources of data inciude Aehrig and
Reynoids (1980), Reynolids (1982), Reynoids and Spencer (1984), and unpublished mapping by
S. J. Reynoids, S. M. Richard, and J. E. Spencer.
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INTRODUCTION

Current models for the origin of detachment
fauits' associated with metamorphic core com-
plexes can be divided into two groups: those
that envision the fauits as surfaces of major
transport (Wernicke, 1981; G. H. Davis, 1983;
G. A. Davis et al, 1983; Reynolds, 1985), and
those that consider the fauit surface to be an
exhumed brittle-ductile transition that has only
minor displacement (Rehrig and Reynoids,
1980; Miller et ai., 1983). In this paper, we
present evidence that the Bullard detachment
fauit of west-central Arizona accommodated
about 50 km of normal slip during midle to
late Tertary crustal extension.

The Builard detachment fault is a low- to
high-angie fault that flanks the northeast ends
of the Harcuvar and Harquahaia mountains
of west-centrai Anizona (Fig. 1; Rehrig and
Reynolds, 1980; Reynoids, 1982). The fauit
separates upper and lower piates that have
undergone dramaticaily different metamorphic,
structurai, and thermali histories. Rocks below
the fault generally consist of piutonic and high-
grade metamorphic rocks that have been com-
plexiy overprinted by Mesozoic and Cenozoic
metamorphism and ductile deformation. In
contrast, upper-plate rocks inciude highly tilted
and fauited middle Tertiary voicanic and sedi-
mentary rocks and Proterozoic metamorphic
and granitic rocks that have generaily escaped
significant Mesozoic and Cenozoic metamor-

‘Theterm“deuchmentfault"kmedbymand.in
our view, by many other geologists to describe a low-
angie normai fauit that formed at a low angie, has
signiﬁamdisplammmt.andisoisubmgiomlm
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phism and ductile deformation. Lower-plate
myionitic rocks have yielded K-Ar biotite ages
of 25 and 17 Ma (Shafiquilah et al., 1980;
Rehrig, 1982), whereas upper-plate, Creta-
ceous(?) granite yielded a Late Cretaceous K-Ar
biotite age (J. Kirkwood, 1977, oral commun.),
which indicates that the upper and lower plates
of the Bullard fauit had contrasting thermal his-
tories prior to mid-Miocene time. Although re-
gionally the fauit has a gentle northeast dip, it
dips 50°-70° to the southeast in the eastern
Harcuvar Mountains because of original irregu-
larities of the fault surface (megagrooves) or
warping during or after faulting.

GEOLOGY OF
LOWER-PLATE ROCKS

Rocks below the Builard fauit in the Har-
cuvar Mountains inciude Precambrian crystal-
line rocks and Upper Cretaceous to lower
Tertiary granitic rocks (Rehrig and Reynoids,
1980). The Harquahala Mountains also contain
extensiveexposumoftheserocktypabutare
further complicated by south- and southwest-
vergent thrusts that place Precambrian crystal-
line rocks over Precambrian, Paleozoic, and
Mesozoic rocks (Reynolds et ai., 1980; S. M.
Richard et al, mapping in progress). Rocks in
both ranges have been widely overprinted by a
Cretaceous regional metamorphic fabric and, in
Lheasternpmot’themnges,bya‘l‘eniary('l)
mylonitic fabric formed by top-to-the-northeast
shear. Foliation in the mylonitic rocks generaily.
dips moderately to gently off the flanks of the
range and defines broad, east-northeast—
trending antiforms.

The Litde Harquahaia and Granite Wash

mountains contain Mesozoic clastic and vol-
canic rocks that have been overridden along the
Hercules and subsidiary thrusts by a variety of
Precambrian, Paleozoic, and Mesozoic rocks
(Fig. 1; Reynolds et al., 1980, 1983). Lower-
plate Mesozoic rocks are only slightly cleaved
and metamorphosed away from the southwest-
vergent Hercules thrust but have been con-
verted into schists immediately below the
thrust, especially in the Granite Wash Moun-
tains. The thrust sheets and thrust-related met-
amorphic fabrics have been intruded by large
plutons of Upper Cretaceous granodiorite and
granite.

GEOLOGY OF
UPPER-PLATE ROCKS

Upper-plate rocks in the Harcuvar Moun-
tains inciude Precambrian crystailine rocks with
original Precambrian fabric that has been io-
cally overprinted by a southwest- to southeast-
dipping, mylonitic foliation of unknown age
and significance (Fig. 2; Reynolds and Spencer,
1984). The Precambrian rocks have been in-
truded by Cretaceous(?) and lower Tertiary(?)
granites and are depositionaily overlain bya
southwest- to south-dipping sequence of middle
Tertiary volcanic and sedimentary rocks. The
basal Tertiary unit, an arkosic conglomerate, is
overiain by trachytic ash-flow tuffs that yielded
a 24 Ma K-Ar biotite age {Brooks, 1984) and a
17 Ma K-Ar whole-rock age (Scarborough and
Wilt, 1979). The tuffs are overiain by a 600-m-
thick sequence of coarse congiomerate and sed-
imentary breccia that contains, from bottom to
top, the following clast types: (1) well-rounded
clasts of reddish quartzite exotic to the region;

Q) angular to subanguiar clasts of p
granite and Mesozoic clastic rocks, 2
lenses of sedimentary breccia and gr:
abreccia; and (3) angular to subangu
large as | m in diameter of Mesozoi
stone, conglomerate, and mudstone,

which are unmetamorphosed and un
a few clasts contain a weakly develo,
age. The top of the conglomerate cor
minor amounts of Mesozoic volcanic
is overlain by andesite flows, one of '
yielded a 16 Ma K-Ar whole-rock ag
borough and Wilt, 1979). .

DIRECTION AND MAGNITUL
OF TRANSPORT ON
THE BULLARD FAULT

Significant normal slip on the Buil:
suggested by contrasting lithologies ar
tural styles across the fauit. The fault )
rocks representative of differeat middi
crustal levels; it places upper-plate, hig
middle Tertiary voicanic and sedimen
over lower-piate, deeper-level granitic
mylonitic gneisses that have yieided m
Tertiary cooling ages.

For several well-documented detact
fauits, tilted upper-plate units strike pe
lartothelineoftransponanddipin a
tion opposite, or antithetic, to the direc
transport (Davis et al., 1980). If this ge
ization is true for the Builard fault, the;
southwest dip of upper-piate units refle
thetic rotation during northeast transpa
upper pate relative to the lower plate.
tematic change in attitude of upper-pla;
Tertiary units along Aguila Ridge (Fig.
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interpreted as a large-scale drag structure, also
indicates northeast transport of the upper plate
(Reynolds, 1982). In addition, refative north-
castward displacement of the upper plate is
supported by correlation of the Bullard fault
with the Whipple-Buckskin-Rawhide detach-
ment fauit, which, on the basis of various types
of evidence, aiso displaced upper-plate rocks
to the northeast relative to the lower plate
(Shackeiford, 1980; Davis et al., 1980).

Further evidence of major dispiacement is
contained in the upper-plate sequence of con-
glomerate and sedimentary breccia. Granitic
megabreccia in the congiomerate is composed
of porphyritic granite that is lithologicaily most
similar to granites that occur above the Her-
cules thrust in the Little Harquahala and west-
em Harquahala mountains (Fig. 1), but that is
completely dissimilar to any granites we have
mapped in the Harcuvar or eastern Harquahala
mountains. Correlation of the granite in the
megabreccia with granite in the Little Harqua-
hala Mountains is supported by Rb-Sr isatopic
analyses that are prohibitive of a Precambrian
age and suggestive of a Jurassic age for both
granites (P. E. Damon and M. Shafiquilah,

1985, written commun.). Conglomerate that
overiies the megabreccia contains large, anguiar
to subanguiar clasts of unmetamorphosed
Mesozoic clastic rocks that are not present in
cither the Harcuvar or the Harquahala moun-
wins. Regional mapping has reveaied that un-
metamorphosed Mesozoic clastic rocks are
present only in the Litle Harquahala Moun-
tains, western Granite Wash Mountains, and
ranges farther to the west. Correlative Mesozoic
sedimentary rocks occur in windows beneath
regional thrust sheets in the western and south-
emHarquahalaMounmins.bunheyhavebecn
strongly metamorphosed. Likewise, clasts of
unmetamorphosed Mesozoic voicanic rocks,
which are abundant near the top of the Mio-
cene conglomerate, have no source in the Har-
cuvar or eastern Harquahzla mountains, but
couid have been derived from Mesozoic vol-
canic rocks that underlie Mesozoic sedimentary
rocks in the Little Harquahaia Mountains. The
anguiar to subanguiar nature and large size of
the clasts argue against significant sedimentary
transport of the clasts prior to deposition.
Mesozoic clastic rocks in the Granite Wash
and Little Harquahala mountains contain less
chert grains and mudstone than some clasts in
the Miocene congiomerate, but they neverthe-
less represent the nearest exposed source of rel-
atvely unmetamorphosed Mesozoic rocks.

The strongest evidence for large-scale trans-
port is that the clast stratigraphy of the con-
glomerate appears to be the inverse of the
structural and sratigraphic stacking of the Little
Harquahala and Granite Wash mountains The
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stratigraphic succession in the Miocene con-
glomerate from granitic megabreccia to overly-
ing Mesozoic-clast congiomerate suggests that
granite overiay Mesozoic sedimentary rocks in
the source area. The presence of granite over
Mesozoic sedimentary rocks wouid be unusual
inmostgeologicsetﬁngsbmispredselywbatis
observed in the Little Harquahaia and Granite
Wash mountains where Mesozoic sedimentary
and volcanic rocks have been overridden by
granitic rocks along the Mesozoic Hercules
thrust. The upward increase in abundance of
clasts of Mesozoic volcanic rocks in the Mio-
cene conglomerate is interpreted as the resuit of
progressive erosional, and possibly tectonic, un-
roofing of volcanic rocks that underlie Meso-
zoic sedimentary rocks of the Little Harquahala
and Granite Wash mountains.

We interpret the present-day 50-km distance
between the conglomerate and the possible
source rocks to be the approximate amount of
transport on the Builard detachment fauit. The
closest lithologic match to the clasts of Meso-
zoic rocks actuaily occurs in Mesozoic sections
in the southern Plomosa Mountains, the next
range west of the Granite Wash Mounains, but
we do not, at present, infer that the fauit has
100 km of transport. 1t is unlikely that Meso-
zoic sedimentary rocks were onginaily part of

the highest thrust sheet in the Harquahala
Mountains, because the thrust sheet and its in-
ferred offset equivalents above the Builard fauit
are composed entirely of Precambrian and
Mesozoic crystalline rocks; Mesozoic and Pa-
leozoic sedimentary rocks are nowhere ob-
served in the upper plate of the Bullard fauit.

Distension of upper-plate rocks resuits in
progressively greater refative displacement on
the detachment fault in the direction of upper-
plate transport. Displacement on the Builard
fauit, therefore, probably increases to0 60 or 70
km beneathi distended upper-plate rocks identi-
fied in the subsurface northeast of the Harcuvar
Mountains (Otton, 1981, 1982).

IMPLICATIONS

Our data indicate that detachment fauits on
the flanks of core complexes do have significant
amounts of transport and were not formed as a
result of in situ crustai stretching of the lower
plate. The restriction of penetrative mylonitic
fabrics to the eastern Harcuvar and Harquahaia
mountains (Fig. 1) indicates that in situ ductile
distension of the lower piate, if it occurred,
couid not have caused more than about 15 km
dispiacement of the upper piate relative to the
lower piate. We therefore conciude that most,
if not ail, of the northeast dispiacement of
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upper-plate rocks relative to lower-plate rocks
occurred by transiation above the Bullard de-
tachment fauit.

Geologic mapping and regional geologic
relationships indicate that the Bullard fault does
not surface to the northeast, but instead projects
at depth beneath the edge of the Transition
Zone and toward the Colorado Plateau (Rebrig
and Reynolds, 1980; Lucchitta and Suneson,
1981; Otton, 1982; proprietary seismic reflec-
tion data). If the fauit has 50 km of transport
and a corresponding original minimum down-
dip extent of 50 km, then deeper segments of
the fault were almost certainly within the duc-
tile regime, even if the fauit had a very gende
original dip. Lower-plate mylonitic rocks
formed by top-to-the-northeast shear in the
easteramost Harcuvar and Harquahala moun-
tains would probably have been within the
ductile regime at the inception of fauiting and
therefore probably represent initial ductile de-
formation related to movement on the Bullard
fauit. An original northeast dip of the fault zone
is further supported by the restriction of middie
Tertiary cooling ages 10 the easternmost, and
therefore structuraily deepest, lower-plate rocks.
Our data thus reinforce those models thag in-
terpret mylonitic fabrics in core compiexes as
a ductile, deeper seated manifestation of low-
angie normal fauiting (G. H. Davis, 1983;

G. A. Davis et al, 1983; Reynoids, 1985). We
interpret lower-plate rocks exposed in the east-
emn Harcuvar and Harquahaia mountains as
having been at a depth of 10 to 20 km prior to
Tertiary extension, which, combined with the
50 km estimate of transport, requires an origi-
nal dip on the Builard fauit of about 10° to
20°.

Restoring 50 km of movement on the Bui-
lard fauit and correiative Whipple-Buckskin-
Rawhide fauit places the most northeasterly
exposed lower-plate rocks beneath the cities of
Bagdad, Congress, and Wickenburg, near the
edge of the Transiton Zone (Fig. 3). This im-
plies that the Harcuvar core compiex, with its
Mesozoic plutons, metamorphic fabrics, and
thrust faults, was drawn out from under the

Transition Zone, a region dominated in outcrop

by Precambrian rocks considered by most
geologists to have escaped significant Mesozoic
tectonism. Restoring Mesozoic thrust sheets of
the Harquahaia Mountains to a position under
the edge of the Transition Zone opens the pos-
sibility that a variety of rock types now ex-
posed in the Basin and Range province were
underthrust beneath the present-day Transition
Zone in the Mesozoic, only to be exhumed by
detachment fauiting during middle to late Ter-
tary crustal extension. Thrust-induced crustai
thickening in the Mesozoic could have accentu-
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ated the Mogollon Highlands of Harshbarger et
al. (1957), a Late Triassic to Eocene uplift that
is inferred to have occupied parts of the
present-day Transition Zone.
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