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Remapping of the intramontane depression south of Kearny drained by Hackberry Wash
and Indian Camp Wash between the Ripsey Hill and Crozier Peak spurs of the Tortilla
Mountains was undertaken to reconcile differences in previous mapping, and to resolve
questions raised or left open by the previous mapping (Schmidt, 1971, 1989; Krieger,
1974a, 1974b; Cornwall and Krieger, 1975; Banks and Krieger, 1977; Keith, 1983;
Dickinson, 1987). The map area includes parts of the Kearny, Hayden, Winkelman, and
Crozier Peak 7-1/2 minute quadrangles (in clockwise order from their common join). The
improved mapping leads to revision of previous interpretations (Dickinson, 199 1, p. 6776) of the stratigraphic and structural relationships of tilted mid-Tertiary strata. Further
paleocurrent study of clast imbrication (Dickinson, 1991 , fig. 39) and more rigorous clast
counts in conglomerates are needed, however, to define more closely the mid-Tertiary
pattern of sediment dispersal into and within the map area now that overall structural
morphology and internal stratigraphy are better understood. Text that accompan ies the
map includes brief discussion of mid-Tertiary stratigraphy, an overview of key structural
features, and a reappraisal of the distribution and origin of rock-avalanche megabreccias
(Krieger, 1977) within the map area.

STRATAL RELATIONS
The following account of the local stratigraphy serves also as an expanded legend for the
geologic map (unit symbols in boldface; see appendix for thumbnail legend).

Pre-Mid-Tertiary Rocks
Mid-Tertiary strata of the map area unconformably overlie varied pre-Oligocene rocks
ranging in age from Precambrian basement to Laramide granitic intrusions (except for the
exposures of Tortilla Quartz Diorite near Hackberry Spring, Laramide intrusive rocks are
not delineated separately from the older units they locally intrude). Approximate contacts
between the following map units are adapted without field checking from Krieger (1974a,
1974b), Cornwall and Krieger (1975), and Banks and Krieger (1977), and shown by dotdash lines (see accompanying geologic map):
Yo - Middle Proterozoic (~ 1450-1420 Ma) Oracle Granite (porphyritic); crosscutting
diabase dikes (~ 1100 Ma), originally subhorizontal (Howard , 1991), not shown
separately; same as the unit termed "Oracle/Ruin Granite Suite" by Dickinson
(1991); exposures contiguous southward into type Oracle Granite, but separated
from type Ruin Granite to the north by a subregional screen of Pinal Schist

Vat - Middle Proterozoic Apache Group and Troy Quartzite, including diabase sills
Pzs - Paleozoic sedimentary strata (remnant preserved locally along Ripsey Hill spur of
Tortilla Mountains); includes Cambrian Abrigo Fm, Devonian Martin Fm, and
Mississippian Escabrosa Ls
Kwv - Upper Cretaceous (-75 Ma) Williamson Canyon Volcanics
Kgt - Upper Cretaceous (-70 Ma) Tortilla Quartz Diorite (actually granodiorite)
Mid-Tertiary Strata
Post-mid-Oligocene, pre-mid-Miocene strata of dominantly alluvial fan and braidplain
conglomeratic facies are assigned (after Dickinson , 1991) to two formational units with
their mutual contact near the Oligocene-Miocene time boundary (chronostratigraphy
imprecise) : (1) Oligocene Hackberry Wash facies of the Cloudburst Formation (Tch),
composed of redbeds of somber brownish coloration; (2) Miocene San Manuel Formation
(Tsm), of contrasting pale gray to buff hues. Age control is restricted to one isotopic age
from each unit (Dickinson and Shafiqullah, 1989): (1) whole-rock K-Ar of25.4 ± 0.6 Ma
for basaltic andesite from the local lens oflava (Tchv) mapped within Hackberry Wash
facies of Cloudburst Formation in upper Jim Thomas Wash (same or similar lens lower
along Jim Thomas Wash undated); (2) biotite K-Ar of20.1 ± 0.5 Ma for silicic ash-fall
tuff intercalated within San Manuel Formation along Jim Thomas Wash (sample site
indicated on map).

Hackberry Wash Facies (Cloudburst Formation)
The Hackberry Wash facies of the Cloudburst Formation is divided into two lithologic
members: (1) a heterogeneous lower member (Tch!) which includes (a) conglomerate
and monolithologic sedimentary breccia of fanglomerate aspect derived from local
sources in subjacent bedrock (dominantly Oracle Granite and Apache Group clasts),
(b) laminated fluvial sandstone of braided floodplain origin containing thin stringers
and lenticular channel fills (- 1 m thick) of conglomerate, (c) massive lacustrine
mudstone containing thin sandstone laminae (1-5 em thick) and intercalations (- I m
thick) of fluvial sandstone, (d) multiple lenses of rock-avalanche megabreccia (TellX ;
thinner bodies mapped as dotted key beds), and (e) a local lens of basaltic andesite lava
and flow-breccia (Tchv); (2) a more homogeneous but still varied upper member (Tchu)
composed dominantly of the sheetflood deposits of an aggradational alluvial fan or fans
including laminated sandstone, grain-supported conglomerate, and matrix-supported
debris-flow deposits (pebbly mudstone) interbedded with thin seams of red mudstone.
Southwest of Kearny, different lithologic components of the lower member are locally
mapped separately as gradationally conformable and locally intertonguing conglomerate
(Tchlc), sandstone (Tchls), and mudstone (Tchlm) submembers, but exposures to the
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north of the dashed lines with brackets are inadequate for continuation of intra-member
contacts any farther toward the Gila River (Tch mapped undivided farther north).
Clast types in the upper member (Tchu) are dominantly mafic volcanic rocks derived
from the Laramide (Upper Cretaceous) Williamson Canyon Volcanics, and limestone and
quartzite derived from Precambrian and Paleozoic sedimentary strata, with Precambrian
diabase and Laramide granitic clasts present more sparingly. Suitable sources for the
detritus are exposed in the Dripping Spring Mountains across the Gila River to the
northeast of the map area, and in The Tablelands along tectonic strike across the San
Pedro River to the east of the map area. Most imbrication in the upper member records
westerly flowing paleocurrents (Dickinson, 1991, fig. 39D) from a provenance lying in
the appropriate direction (across the San Pedro trough) from the map area. More local
sources also contributed to strata of the upper member onlapping the Crozier Peak spur of
the Tortilla Mountains where the lower member is absent.

San Manuel Formation
The San Manuel Formation is composed dominantly of granitic detritus derived from
Precambrian Oracle Granite, but also incorporates subordinate clast types derived from
Precambrian quartzite, Laramide igneous rocks, and other minor lithologies associated
with basement outcrops. Variable paleocurrent directions (Dickinson, 1991 , fig . 39C),
defined by typically weak imbrication, reflect a diffuse local provenance within the
Tortilla Mountains. Exposures of the San Manuel Formation along the Gila River at the
northern edge of the map area, and west of the San Pedro River along the eastern fringe
of the map area, form a part of undivided San Manuel Formation that is downfaulted,
with easterly to northeasterly tilts, along the western flank of the San Pedro trough.
Exposures of San Manuel Formation in the Jim Thomas syncline west of the Hackberry
fault, and in uplands farther southeast, are interpreted as a downfaulted succession once
contiguous, prior to offset across the Hackberry fault, with the San Manuel succession in
the San Pedro trough. Exposures of San Manuel Formation along the western fringe of
the map area are part of the upper member of the Ripsey Wash sequence (Tsmr) of the
San Manuel Formation (Dickinson, 1996) deposited in a half-graben adjacent to the
Ripsey fault. As the Ripsey fault cuts and offsets the Hackberry fault (Dickinson, 1996),
the upper member of the Ripsey Wash sequence is interpreted as younger than the San
Manuel succession of the Jim Thomas syncline.
Post-Mid-Tertiary Cover
Mid-Tertiary strata are overlain unconformably by conglomeratic strata of the midMiocene to mid-Pliocene Quiburis Formation (Tq), subhorizontal basin fill of the San
Pedro trough (Dickinson, 1998) exposed locally along the northern and eastern fringes of
the map area, and by floodplain alluvium (Qal) along the Gila River valley. The limits of
modern wash-floor alluvium along other stream courses, the extent of Quaternary stream
and pediment terrace cover, and the positions of local alluvial fans flanking the Gila
River floodplain are not shown on the accompanying geologic map, which highlights
relations of the mid-Tertiary strata. Notation is made on the map of a prominent terrace
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capped by ancestral river gravels beside the Gila River floodplain northwest of Kearny,
and widespread pediment terrace cover on benchlands just east of lower Hackberry Wash
masks outcrops of mid-Tertiary strata within a north-south belt approximately a kilometer
wide and 6 km long where no strikes and dips are plotted.
STRUCTURAL FEATURES
Systematic remapping of the intramontane structural depression drained by Hackberry
Wash and Indian Camp Wash, and the adjacent flanks of the Crozier Peak and Ripsey
Hill spurs of the Tortilla Mountains to the east and west, respectively, clarified the nature
ofa number of structural features that were previously perceived (Dickinson, 1991) either
incorrectly or incompletely: (1) patterns of onlap and overlap by time-transgressive midTertiary stratigraphic units; (2) the areal pattern offaulting along the western flank of the
Crozier Peak spur; (3) the position of the trace of the Hackberry fault; (4) the structural
geometry of the Jim Thomas syncline; (5) the faults and half-grabens of the Eagle Wash
area.
Mid-Te.·tiary Unconformities
The basal contacts of several mid-Tertiary stratigraphic units are either onlapping buttress
nonconformities, or surfaces that grade laterally from conformable to disconformable, or
from concordant to angular unconformities displaying stratal overlap.

Lower Member ofHackbeny Wash Facies (Clolldb1lrst Formation)
The basal contact of the lower member of the Hackberry Wash facies of the Cloudburst
Formation is a buttress unconformity with variable depositional relief on the flank of the
Ripsey Hill spur of the Tortilla Mountains. North of Hackberry Spring, the unconformity
overlaps the contact between Oracle Granite and Apache Group dipping subvertically. In
the headwaters of Jim Thomas Wash farther south, the basal contact overlaps subvertical
Paleozoic strata and Upper Cretaceous Williamson Canyon Volcanics as well. South of
Jim Thomas Wash in uplands lying west of the headwaters of Hackberry Wash, Krieger
(1974b) mapped a fault repeating the basal contact, but the conglomerate marking the
supposedly repeated section is actually basal conglomerate of the Williamson Canyon
Volcanics, and there is no fault repeat of the Hackberry Wash facies of the Cloudburst
Formation in that area.

Upper Member qf Hackbeny Wash Facies (Cloudburst Formation)
Southwest of Kearny, the upper member of the Hackberry Wash facies of the Cloudburst
Formation gradationally overlies lacustrine mudstone of the lower member, and coarsens
generally upward from sandstone-rich to conglomerate-rich strata inferred to have been
deposited by a progradational alluvial-fan system. Southward along Hackberry Wash,
however, the upper member oversteps the mudstone to rest successively on sandstone and
megabreccia of the lower member. The contact with the sandstone is gradational , but the
contact with megabreccia is probably disconformable, or even a slightly angular onlap,

4

although wash-floor alluvium along Hackberry Wash masks the contact for most of its
course (nor can a minor fault, parallel to Hackberry Wash, between the upper member
and the megabreccia be excluded from any outcrop relations) .
Eastward from Hackberry Wash, the upper member of the Hackberry Wash facies of the
Cloudburst Formation onlaps the locally faulted western flank of the Crozier Peak spur of
the Tortilla Mountains along a pronounced buttress unconformity that passes around the
northern end of the Crozier Peak spur to join the unconformity at the base of the thinner
(~ 1000 m vs ~2000 m), east-tilted succession of the Hackberry Wash facies of the
Cloudburst Formation exposed on the eastern flank of the Crozier Peak spur. Although
there is no age control for the Hackberry Wash facies of the Cloudburst Formation where
exposures surround the Crozier Peak spur, no lithologies that are characteristic of the
lower member are present, and all exposures are presumed to represent lateral equivalents
of the upper member along Hackberry Wash. The nature of the basal contact of the upper
member along the western flank of the Crozier Peak spur is compatible with depositional
onlap of a steep, fault-controlled slope. Monolithologic sedimentary breccias and debrisflow deposits of local provenance are prominent above the buttress unconformity, and
bedrock below the contact includes disrupted blocks and talus-like breccias suggestive of
displaced debris mantling a steep pre-depositional ground surface.

San Manuel Formation
The base of the San Manuel Formation as exposed beside the Gila River southeast of
Kearny is a conformable and gradational contact with lacustrine mudstone (~ 7 5 m thick)
forming the stratigraphic top of the Hackberry Wash facies of the Cloudburst Formation
(Dickinson, 1991). Farther southeast, however, along the eastern flank of the Crozier
Peak spur of the Tortilla Mountains, a sharp contact between conglomerates of the
Cloudburst and San Manuel formations suggests disconformity, and modest discordance
(angularity ~ 5 ° -10°) may be present. Southwest from the formational contact near the
Gila River, the base of San Manuel Formation passes into an angular unconformity, well
displayed in both limbs of the Jim Thomas syncline west of the Hackberry fault, which
overlaps previously tilted beds lower in the Hackberry Wash facies of the Cloudburst
Formation. The angular discordance at the contact ranges from typically 10°-15 ° in the
east limb of the syncline to typically 30°-50 °, and locally as great as 75 °, in the west limb
of the syncline. In the headwaters of Hackberry Wash and Eagle Wash near the southern
edge of the map area, the San Manuel Formation wholly oversteps the Hackberry Wash
facies of the Cloudburst Formation to rest nonconformably on Precambrian basement.

Quiburis Formation
Throughout the map area, the base of the post-mid -Miocene Quiburis Formation is an
angular unconformity displaying stratal discordance of 25 °_50 ° with Hackberry Wash
facies of Cloudburst Formation west of Kearny, and ~20 ° with San Manuel Formation
along the eastern flank of the Crozier Peak spur of the Tortilla Mountains.
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Hackben-y Wash Homocline
The dominant structure of the central part of the map area is an east-dipping homocline
of mid-Tertiary strata, which reach a thickness of - 2250 m across a central transect of the
homocline near Kearny. Homoclinal dips fan smoothly upward from as great as 75 °_85 °
at basal horizons of the lower member of the Hackberry Wash facies of the Cloudburst
Formation, just above the unconformity with Precambrian rocks, to an average dip of
25 °_30° that is attained - 1000 m below the top of the upper member of the Hackberry
Wash facies of the Cloudburst Formation, and is thereupon maintained upward into the
basal -250 m of the San Manuel Formation. In effect, the homocline is composed of two
structural tiers, a lower tier with fanning dips and an upper tier with uniform dip. The
average dip of the lower member (- 500 m thick) of the Hackberry Wash facies of the
Cloudburst Formation is -65° along its outcrop belt from the Gila River on the north to
Hackberry Spring on the south, and the average dip of the lower - 500 m of the overlying
upper member over the same span is 40 °-45°. The net mean direction of homoclinal tilt is
east-northeast.
Along the flank of the Ripsey Hill spur of the Tortilla Mountains, the Hackberry Wash
homocline rests unconformably on Precambrian basement overlain by vertically dipping
(east-facing) Apache Group that is locally preserved beneath the base of the mid-Tertiary
succession. The attitude of the Apache Group shows that Precambrian basement of the
Ripsey Hill spur within the Sultana crustal block (or tilted crustal panel) of Howard
(1991) has been rotated through - 90 °, with its east-west extent representing a pre-tilt
depth profile. Subparallelism of bedding in the Apache Group and basal horizons of the
mid-Tertiary homocline further indicate that tilting of the crustal profile accompanied or
followed mid-Tertiary sedimentation, which evidently began while the Apache Group
was still subhorizontal.
The fanning dips within the stratigraphically lowest 1000 m of the homocline imply that
approximately two-thirds of the total basement tilt occurred as syndepositional tilting of
the hanging wall of a growing half-graben controlled by a west-dipping listric normal
fault now unexposed beneath the gentler dipping upper 1250 m of the homocline which
apparently overstepped the buried fault system. The remainder (approximately one-third)
of the total basement tilt occurred during additional bodily tilt of the entire mid-Tertiary
homocline which probably accompanied faulting along the steep face of the Dripping
Spring Mountains outside the map area to the northeast. The fault system along the
Dripping Spring range front is buried beneath a buttress unconformity at the base of
the onlapping Quiburis Formation, but probable listric character is suggested by the
observation that dips in the San Manuel Formation decline to 10°-15 ° northeast of
Kearny (Dickinson, 1998).
South of Kearny, across a diffuse band lying 1.75 to 3.5 km southwest of the Gila River
floodplain, the Hackberry Wash homocline passes through an oblique monoclinal flexure
that markedly reduces dips in the lower structural tier of the homocline to an average of
_ 15°. The net effect is to form a gently dipping structural terrace that bridges between
Ripsey Hill and Crozier Peak spurs of the Tortilla Mountains. The significance of this
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structural geometry remains uncertain, but the monoclinal flexure probably implies that
offset on the buried fault system that controlled fanning dips in the lower structural tier
of the Hackberry Wash homocline declined to the southeast.
The Indian Camp and Dubois Ranch faults (new names) are steep normal faults (55 °_65 °
dips) along the western flank of the Crozier Peak spur of the Tortilla Mountains, and
were evidently superimposed on the Hackberry Wash homocline late in the structural
history of the map area. From the offset of the nonconformity beneath the onlapping
Hackberry Wash facies of the Cloudburst Formation, displacements across each of the
two faults are on the order of only 750 m, and displacements along both faults die out
northward into homoclinally dipping strata near the Gila River. The two young faults
may overprint segments of an older fault trend marking an accommodation or transfer
zone for extensional slip during earlier deformation .

C."ozier Peak Panel
The northwest flank of the basement-cored Crozier Peak spur of the Tortilla Mountains
may have been originally delineated by a transfer zone within a subregional system of
listric detachment faults that tilted the Ripsey Hill spur (Sultana panel) and a similar
structural panel forming the Crozier Peak spur. By this interpretation, the Ripsey Hill
and Crozier Peak spurs of the Tortilla Mountains are seen as two separate en echelon
structural panels initially rotated from sub horizontal to steeply dipping attitudes by
deformation associated with listric normal faulting . Continuation of panel tilts to the
presently observed subvertical attitudes can be ascribed to joint additional deformation
by further tilting of overlying mid-Tertiary homoclines .
To the south-southeast, the uniformly dipping upper structural tier of the Hackberry
Wash homodine continues along strike, with maintenance of typical dip, to the faultmodified western flank of the Crozier Peak spur of the Tortilla Mountains. Dips are
reduced to ~ 15° in beds of the Hackberry Wash facies of the Cloudburst Formation that
buried the plunging northern end of the Crozier Peak basement block beneath a timetransgressive buttress unconformity. Still farther south, in contiguous outcrops along
strike, dips increase again to an average of 40 ° (ranging irregularly from ~25 ° to ~ 55 °) in
the east-dipping homodine along the eastern flank of the Crozier Peak spur of the Tortilla
Mountains adjacent to the San Pedro trough . This dip is comparable to dips in the upper
part of the fanning-upward lower structural tier of the Hackberry homocline.
Remnants of the Apache Group resting unconformably on Precambrian basement of the
Crozier Peak basement block, and overlain unconformably by Cloudburst Formation, dip
60 °_90° eastward toward the San Pedro trough, indicating that the crustal panel forming
the Crozier Peak spur has been rotated to an extent closely comparable to the Sultana
panel forming the Ripsey Hill spur to the west. The angular discordance between bedding
in the Apache Group and in the overlying Cloudburst Formation averages ~ 30 °, implying
that the Crozier Peak basement block was tilted by approximately that amount prior to
onlap by strata of the Cloudburst Formation. Mid-Tertiary stratal relations to the east are
obscured by post-mid-Miocene basin fill of the Quiburis Formation, locally downfaulted
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against the Crozier Peak spur along the Smith Wash fault (Dickinson, 1998), but tilting of
the Crozier Peak basement panel was probably related to listric normal faulting, either
along the structural front of the Galiuro Mountains or associated with tiltblocks within
the San Pedro trough (Dickinson, 1998). The Galiuro range front and the intra-trough
tiltblocks lie respectively along tectonic strike from the structural front of the Dripping
Spring Mountains, and from postulated structures buried in the subsurface near Kearny.
A subsidiary strand of the listric normal fault system responsible for tilting the Crozier
Peak panel of the Tortilla Mountains may be represented by the Swim Hole fault (new
name), with a low-angle segment that repeats the Apache Group along the eastern flank
of the Crozier Peak spur but extending northward into a high-angle segment breaking the
northern end of the Crozier Peak spur. Structural relations along the eastern flank of the
Crozier Peak spur are further complicated by the Romero Wash fault (Krieger, 1974a),
which also repeats the Apache Group but is probably a tilted Laramide thrust aligned
with Laramide faults exposed farther south in rugged hills just north of Putnam Wash
(Dickinson, 1991).
Hackberry Fault
0

The Hackberry fault, with a net trend ofN30W and a dip of - 55 to the WSW, is the
major structure exposed in the central part of the map area. At its juncture with the
Ripsey fault on the northwest, the Hackberry fault is offset (down to the west) beneath
the compound Ripsey Wash half-graben (Dickinson, 1996), lying outside the map area
to the west. For 4 km southeast of the juncture with the Ripsey fault, the trace of the
Hackberry fault along and across the west fork of Hackberry Wash is well marked as
a contact between footwall granitic rocks and mid-Tertiary strata of the Jim Thomas
syncline in the hanging wall. Southward for the next 3 km of its course, across Jim
Thomas Wash and along the divide between Jim Thomas Wash and Hackberry Wash to
the confluence of Hackberry Wash and Eagle Wash, mid -Tertiary strata form both the
hanging wall and the footwall of the Hackberry fault, but the trace is well marked by a
consistent divergence of dip direction across the fault The position of the fault trace at
the confluence of Hackberry Wash and Eagle Wash is closely controlled by the outcrop
of an inselberg of the Hackberry Wash facies of the Cloudburst Formation separated from
the northern tip of a spur of San Manuel Formation by only a few meters of wash-floor
alluvium . For 4 km southeast of the confluence of Hackberry Wash with Eagle Wash, the
fault trace lies mainly beneath alluvium along Eagle Wash, but its position is closely
constrained by the contrasting geologic units exposed to either side of the fault until it
roots into Oracle Granite east of Eagle Wash.
Major offset in a normal sense across the Hackberry fault is constrained by exposures of
subvertical Apache Group on Ripsey Hill in the hanging wall and near Hackberry Spring
in the footwall. If displacements were oriented N60E (perpendicular to the fault trend)
and the surface dip of 55 is assumed for the fault surface, the horizontal displacement of
the Apache Group homocline was - 2.75 km, implying - 4 km of vertical throw and nearly
5 km of fault slip. Ifdisplacements were perpendicular to the local strike of the Apache
Group and to the subregional north-south trend of the tilted Sultana crustal panel , the
0
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inferred horizontal displacement is reduced to - 2 .5 km, with only - 1.75 km of vertical
throw and -3 km of net fault slip . If displacements were oriented at N30E, parallel to the
inferred transfer zone along the northwest flank of the tilted Crozier Peak crustal panel ,
inferred horizontal displacement is increased to - 3.5 km, with vertical throw - 2.5 km and
net fault slip in the range of 4.0-4.5 km. To conclude that the fault slipped 3.5-4.5 km,
with horizontal tectonic transport of2.5-3.5 km and vertical throw of2-4 km, seems
robust provided the fault surface is planar and maintains the dip observed at the surface
into the subsurface. If the fault is instead listric (Naruk et al. , 1986), vertical throw may
have been somewhat less but the measured horizontal displacement is still valid. The
displacement along the Hackberry fault is thus comparable to displacements along the
San Manuel fault, the Copper Butte fault, and similar major mid-Tertiary extensional
faults of the surrounding region.
Jim Thomas Syncline

Mid-Tertiary strata in the hanging wall of the Hackberry fault are folded into the doubly
plunging Jim Thomas syncline. The axial trace extends north-south for nearly J 0 km
along strike slightly oblique to the fault trace, and the fold axis plunges into the central
trough of the downbow for distances of - 2 km at each end of the structure. The fold has
been interpreted as a drag structure related to normal slip on the Hackberry fault (Naruk
et aI., 1986). At its southern end, the Jim Thomas syncline is coaxial with the plunging
Tecolote syncline (Howard and John, 1997), interpreted as a drape fold in Apache Group
related to a subsurface fault cutting underlying basement along a side ramp within in a
subregional detachment system. A fault bounding the Tecolote syncline on the southeast
is oriented approximately normal to the Hackberry fault, suggesting that development of
the Tecolote and Jim Thomas synclines within an extensional domain may reflect rampflat detachment geometry for the Hackberry fault. East of the southern end of the Jim
Thomas syncline, a plunging anticline in the hanging wall of the Hackberry fault near the
confluence of Hackberry Wash and Eagle Wash is aligned with the coaxial plunge of the
Tecolote syncline and southernmost Jim Thomas syncline, and appears to separate the
folded domain of the Jim Thomas syncline from the tilted homoclinal domain adjacent to
the Hackberry fault along Eagle Wash. Although the full structural significance of the
plunging anticline at the boundary between the two structural domains is unclear, its
development may also somehow reflect detachment kinematics at depth .
The internal geometry of the Jim Thomas syncline reveals several unusual stratal
relationshi ps:

(1) Strata of the San Manuel Formation in the trough of the syncline dip more gently
than strata of the subjacent Cloudburst Formation in the west limb of the syncline, but
more steeply than strata of the Cloudburst Formation in the east limb of the syncline. This
relationship indicates that the Cloudburst Formation was tilted eastward prior to folding,
and that the San Manuel Formation was deposited with angular unconformity over the
tilted beds, overlapping a homocline of the Cloudburst Formation from east to west. As
the stratal discordance at the contact between San Manuel Formation and Cloudburst
Formation is greater in the west limb (>30°) of the syncline than in the east limb « 15 °),
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the homocline of Cloudburst strata evidently displayed fanning-upward easterly dips
prior to deposition of the San Manuel Formation, and represents an updip projection of
equivalent strata that are present in the fanning-upward Hackberry Wash homocline in
the footwall of the Hackberry fault.
(2) Only the lower member of the Hackberry Wash facies of the Cloudburst Formation is
present in the west limb of the syncline, but most Cloudburst strata in the east limb lie
within the upper member. This stratigraphic distribution is expected from overlap of a
dipping homocline of Cloudburst Formation by San Manuel Formation, and observed
subparallelism of dip between the basal beds of the west limb of the syncline and the
unconformably underlying strata of the Apache Group is a simple repeat, by offset across
the Hackberry Wash fault, of the stratal succession at the base of the Hackberry Wash
homocline in the footwall of the fault. In exposures along Jim Thomas Wash, a lens of
lava (maximum thickness - 100 m) intercalated within the lower member is apparently
present in both limbs of the syncline (unless two lenses of lava are present at different
stratigraphic horizons), but the lava body in the east limb is overlain directly by San
Manuel Formation, whereas - 150-175 m of conglomeratic strata in the Cloudburst
Formation are present in the west limb between the lenticular lava body and the base
of the San Manuel Formation.
(3) The San Manuel Formation is approximately twice as thick in the east limb (325-525
m) of the Jim Thomas syncline as in the west limb (125-275 m). This stratal variation
apparently reflects time-transgressive onlap of San Manuel beds westward across the
unconformable surface of overlap above the Cloudburst Formation. The abundance of
matrix-supported debris-flow deposits in the San Manuel Formation of the Jim Thomas
syncline is uncharacteristic for San Manuel Formation elsewhere within the map area, but
is compatible with the concept of a coarse proximal facies that progressively onlapped a
tilted substratum of Cloudburst Formation overlying Precambrian basement exposed as a
sediment source at higher paleogeographic elevations to the west.

Eagle Wash Structures
The enigmatic plunging anticline east of the southern end of the Jim Thomas syncline
plunges into a gently inclined structural terrace of San Manuel Formation dipping gently
northward off Precambrian basement underlying an extensive plateau south of the map
area. To the northeast, the structural terrace rolls through a monoclinal flexure into a
homocline dipping northeast in half-graben fashion as the hanging wall of the southern
end of the Hackberry fault. To the southeast, the structural terrace is broken by the northsouth Lopez Ranch fault (new name), antithetic to the Hackberry fault, with a homocline
dipping southwest in half-graben fashion as the hanging wall of the Lopez Ranch fault.
The opposed dips of the Hackberry fault and the Lopez Ranch fault, and the gentle dips
of the adjacent homoclines of San Manuel Formation , apparently record reduction of
extensional deformation southward from the intramontane depression between Ripsey
Hill and Crozier Peak into the unbroken plateau extending southward from the map area.
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MEGABRECCIA BODIES
The two principal lenses of mega breccia in the lower member of the Hackberry Wash
facies of the Cloudburst Formation each extend for 3.0-3.5 km along strike and reach a
stratigraphic thickness of ~ 175 m in their central cores. Their internal lithology (Krieger,
1977) was not remapped, but brecciated monolithologic masses ofEscabrosa Limestone
and Martin Formation are most characteristic. Dickinson (1991) concluded erroneously
that the megabreccia was formed by landslides which stripped sedimentary cover from
Precambrian basement of the back-tilted dip slope of the Sultana crustal panel lying to
the west of the megabreccia outcrops. That hypothesis is implausible for several reasons:

(1) Our present understanding of megabreccia posits origin from rock avalanches that
travel 5-15 km before emplacement (Yarnold and Lombard, 1989; Yarnold, 1993),
making derivation from so close nearby unlikely.
(2) Relations along the nonconformity at the base of the lower member of the Hackberry
Wash facies of the Cloudburst Formation show clearly that the sedimentary cover had
already been stripped from Precambrian basement of the Sultana crustal panel well before
initiation of mega breccia deposition, and preclude derivation of the megabreccia bodies
from the Sultana crustal panel.
(3) The lithology of the megabreccia masses, including minor components derived from
Precambrian diabase, Precambrian and Cambrian sedimentary rocks, and Cretaceous
Williamson Canyon Volcanics (as well as dominant Escabrosa-Martin debris) suggests
sources on an ancestral faulted front of the Dripping Spring Mountains to the northeast of
Kearny, in which case megabreccia transport as rock avalanches can be interpreted as
precursor delivery of surficial material from the same provenance which later yielded
alluvial fans that prograded across Hackberry Wash from the east.
The lack of mega breccia bodies in the lower member of the Hackberrry Wash facies of
the Cloudburst Formation as exposed in the west limb of the Jim Thomas syncline is
compatible with lensing out of the megabreccia bodies updip (westward before tilting)
along the Hackberry Wash homocline in the structural position from which strata were
offset into the Jim Thomas syncline by movements along the Hackberry fault. Southward
onlap of exposures of the Tortilla Quartz Diorite by a megabreccia lens (dotted key bed)
is also compatible with derivation of the megabreccias from the northeast. Fluvial and
lacustrine strata below the megabreccia horizons can be viewed as initial sediment fill
along the topographic keel of a structural depression into and across which huge rock
avalanches traveled to emplace the megabreccia bodies, atop the sediment surface and
the flanking bedrock substratum alike, prior to progradation of alluvial fans from the
same provenance to form the overlying strata in the upper member of the Hackberry
Wash facies of the Cloudburst Formation.

II
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Appendix - Thumbnail Legend
Qal

Quaternary alluvium (Gila River floodplain)

Tq

Quiburis Formation

Tsm

San Manuel Formation
(Tsmr - Ripsey Wash sequence)

Tch

Hackberry Wash facies of Cloudburst Formation
Tchu upper member
Tchl

lower member
Tchlm - mudstone
Tchls - sandstone
Tchlc - conglomerate

Tchv

lens of lava (within lower member)

Tchx

thick lenses of mega breccia (within lower member)
[dotted lines denote thinner lenses as key beds]

Kgt

Tortilla Quartz Diorite

Kwv

Williamson Canyon Volcanics

Pzs

Paleozoic sedimentary formations

Vat

Apache Group and Troy Quartzite

Yo

Oracle Granite
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