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Overview
The Pirate fault is a basin-range normal fault that separates footwall bedrock of the
Santa Catalina Mountains on the east from downfaulted Neogene basin fill underlying Oro
Valley, which forms a sedimented corridor to the west between the Santa Catalina and
Tortolita Mountains (Pearthree and others, 1988). According to both McCullough (1963)
and Budden (1975), this basin-margin, range-front structure was first termed the Pirate
fault by Wallace (1954), although his own thesis makes no explicit claim for originating
the nomenclature. The trend of the fault is northeasterly at the foot of Pusch Ridge near
Tucson, but swings to nearly due north along the range front north of Catalina State Park.
In detail, the structure is a complex fault zone, with brecciation and complex fracturing of
varying intensity present for 100-200 m into footwall bedrock (Davis and others, 1994).
By contrast, offset basin fill forming the hanging wall is little deformed, at least at exposed
horizons. The contact between faulted basin fill and variably deformed bedrock is a thin
gouge seam, only 1-5 cm thick, that dips consistently at angles of 50-55 degrees beneath
Oro Valley. This contact is here inferred to be the main displacement surface of the Pirate
fault zone, and its trace is the feature plotted along the trend of the fault. Adjacent to the
gouge seam in the footwall is a cohesive sheet of compact fault breccia, composed of
crushed bedrock and typically 4 m thick (Davis and others, 1994).
Geologic relations of the Pirate fault are discussed below in succeeding sections on
(a) bedrock lithologic units exposed in the footwall east of the fault, (b) strata of the
hanging-wall block on the west side of the fault, (c) the geometry of the fault trace itself,
(d) the nature and magnitude of net fault displacement and (e) the inferred timing of
movement on the fault. On the latter point, there is no evidence for Quaternary activity
along the Pirate fault, which is not regarded here as a neotectonic feature with potential
seismic risk.

Footwall Bedrock
From north to south, three principal lithologic assemblages are present along the
western flank of the Santa Catalina Mountains in contact across the Pirate fault with the
basin fill of Oro Valley (Dickinson, 1991, 1994):
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(1) Precambrian Pinal Schist and unconformably overlying sedimentary strata of
the Precambrian Apache Group; the depositional contact of the Apache Group (exposed
farthest north) on the Pinal Schist is located where the Canada del Oro emerges from its
bedrock canyon into the terraced gravel benchlands of Oro Valley (Budden, 1975).
(2) The mid-Tertiary (ca. 26 Ma) Catalina pluton of biotite granite intrusive into
both the Pinal Schist on the north and granitic rocks of the Wilderness suite to the south;
extensive pediment re-entrants at the foot of the Santa Catalina Mountains are cut into
Catalina granite forming Samaniego Ridge on the western range front (McKittrick, 1988).
(3) Peraluminous two-mica granite and derivative mylonitic gneiss of the Eocene
Wilderness granite suite (ca. 45-50 Ma), forming the rugged spine of Pusch Ridge and
also underlying steep spurs that flank Romero Canyon above Catalina State Park; multiple
pediment levels are incised into bedrock at the base of Pusch Ridge (Woodward, 1990).
The contacts between these bedrock assemblages were not remapped in detail
during this project, but their positions have been established approximately by previous
mapping (Dickinson, 1987). The general locations of the different bedrock types along the
range front are significant for interpretations of source rocks for the syntectonic basin fill,
which was deposited west of the Pirate fault but is composed of detritus transported
across the fault from bedrock exposures to the east in the upthrown mountain block.
During this project, no attempt was made to map local alluvial fans or isolated patches of
pediment gravel resting from place to place on footwall bedrock.

Basin Fill
The syntectonic basin fill in fault contact with brecciated bedrock along the Pirate
fault is semi-consolidated gravel and sand composed entirely of detritus derived from the
adjacent upthrown block. Consequently, its lithology for most of the length of the Pirate
fault is granite-clast gravel and associated white to pale gray arkosic sand derived from
Catalina or Wilderness granite. Near the northern end of the fault, however, syntectonic
basin fill is composed of schist-clast gravel and dark gray sand derived from Pinal Schist,
which is exposed adjacent to the northernmost segment of the fault . The texture of the
typical "granite-wash" basin fill varies from grus-like sand to coarse boulder gravel with
megaclasts 1-5 m in diameter. Internal facies changes were not mapped for this project,
but coarse boulder or cobble gravel is the facies most commonly in contact with footwall
bedrock along the Pirate fault. Bedding in basin fill is inclined in varied directions, but
nowhere dips greater than approximately 5 degrees.
Quaternary dissection of Oro Valley by the Canada del Oro and its tributaries has
produced a series of nested or stepped benchlands and stream terraces cut into the basin
fill . The highest preserved bench is the Pleistocene Cordones surface (McFadden, 1978,
1981), which stands 125-150 m in elevation above the floors of the modern washes and
apparently represents the dissected surface of an alluvial fan built across the Pirate fault by
the ancestral Canada del Oro where it debouched from the upthrown mountain block into
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a then undissected intermontane basin. [McFadden (1978, 1981) initially used the spelling
"Cordonnes", adopted also by Dickinson (1991), but the spelling "Cordones" is preferred
here, after the topographic feature termed "The Cordones" on USGS topographic maps] .
Topographically lower benchlands and terraces were formed by erosion along the Canada
del Oro and its principal tributaries as they cut downward toward the level of the Santa
Cruz River where it exits the Tucson basin. The three lowest (youngest) and best
developed terraces are post-Sangamon, less than 100 ka in age (McFadden, 1978).
The present-day southward longitudinal drainage of Oro Valley, now running
subparallel to the Pirate fault, may owe its development to capture of the headwaters of
the Canada del Oro by headward erosion working up the length of Oro Valley from the
Santa Cruz River to the south. At the time the Pleistocene Cordones alluvial fan complex
was built by transverse drainage into Oro Valley across the Pirate fault, the drainage net
within the Oro Valley basin was evidently somewhat different. The general northwesterly
orientation of the headwaters of the Canada del Oro, which forms a barbed pattern with
respect to its lower course within Oro Valley, is strongly suggestive of stream capture.
Prior to its diversion along and subparallel to the course of the Pirate fault, the main stem
of the Canada del Oro may have followed a more northerly course into northern Oro
Valley and beyond. As there is no local geographic feature named "Pirate" in the vicinity
of the fault, Wallace (1954) may have drawn on this inferred drainage history of stream
capture, also called stream piracy, in naming the fault.
The successive erosional surfaces in Oro Valley are capped by varying thicknesses
of unconsolidated gravel of markedly heterogeneous composition reflecting derivation of
constituent clasts from the varied metamorphic and igneous lithologies exposed in the
headwaters of the Canada del Oro within the interior of the Santa Catalina Mountains
(McFadden, 1981). These surficial deposits mainly represent detritus that was in transit
along braided paleochannels but was stranded on paleosurfaces owing to successive
incision of the paleo landscape by the controlling streams. Although some stream terraces
may be inset fill terraces, most are strath terraces cut into the older basin fill (McKittrick,
1988). In their polymict clast composition, all the terrace and bench gravels contrast
markedly with the mainly monomict gravels of the older basin fill (McFadden, 1981),
which was derived entirely from proximal sources just across the basin-bounding Pirate
fault. During this project, however, no attempt was made to map the polymict younger
gravel caps separately from older syntectonic basin fill.

Fault Geometry
Segments of the Pirate fault have been shown at varying scales on selected local
maps (Wallace, 1954; Pashley, 1963, 1966; Davidson, 1973 ; Banks, 1976; Woodward,
1990; Bull and others, 1990), and the general course of the fault has been depicted on
several regional maps (Budden, 1975; Keith and others, 1980; Dickinson, 1987, 1991 ,
1992), but the fault trace is either incomplete or its position is partly inaccurate, or both,
on all previous maps. The accompanying plot of the main displacement surface (at the
bedrocklbasin-fill contact) is the first to show the full course of the Pirate fault at a
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consistent scale with as much accuracy as available outcrops permit. Unfortunately,
however, the intersections of the Pirate fault with the Mogul fault to the north and the
Catalina fault to the south are both masked by extensive Quaternary gravel deposits
(Dickinson, 1987, 1991 , 1992). Segments of the mapped fault trace are indicated on the
accompanying map by three line conventions as follows :
(1) Solid lines where exposures permit precise location of the fault trace on the
ground, within the limitations imposed by the scale of the map;
(2) dashed lines where soil mantle or colluvial cover, or discontinuous remnants of
pediment or terrace gravel caps, allow only approximate location of the fault trace;
(3) dotted lines where the fault trace is wholly masked for significant distances by
Quaternary gravels underlying gently dipping stream terraces or pediment surfaces.
The northern segment of the fault trace trends northerly (N5W to N20E), whereas
the southern segment of the fault trace trends northeasterly (N35-45E). The change in
strike is effected by curvature of the fault in the vicinity of Cargodera Canyon. Just south
of the change in fault trend, at Romero Canyon, a prominent splay fault that diverges
westward on a north-south trend from the master fault evidently experienced scissors
movement, with displacement dying out northward within basin fill . Offset along the splay
fault produced a tilted bedrock ramp on the downthrown side of the main fault. Movement
on the NE-trending southern segment of the Pirate fault was apparently shunted in part
along this splay fault for a short distance, perhaps a kilometer or so, as movement along
the master fault was relayed to its northern segment of more northerly trend. The point of
intersection of the splay fault with the master fault is marked in the footwall block by the
occurrence of a massive pod of resistant fault breccia, perhaps 125 m across at its thickest
node, forming a prominent topographic feature near the mouth of Romero Canyon that is
informally termed "Breccia Hill" (McCullough, 1963). Parts of this breccia mass may also
include disrupted talus breccias associated with the bedrock ramp controlled by the splay
fault.
The faulted contact between basin-fill strata and brecciated bedrock is well enough
exposed in six different localities to allow a consistent westward to northwestward dip of
50-55 degrees to be measured accurately in the field (see dip arrows rooted at fault trace
on accompanying map). Significantly steeper dips reported previously (Davidson, 1973;
Budden, 1975) are spurious in my view. There is no field evidence along the fault trace for
listric curvature of the fault, which appears to be a strictly planar structure at all exposed
levels. One of the dip localities was a transient bulldozer cut within the sand-and-gravel pit
that has been excavated just below Golder Dam, and allowed the position of the fault trace
to be accurately determined in the vicinity of the dam. This observation has special value
because there has been controversy in the past about the exact location of the fault at the
dam, and consequently about the flood hazard posed by the lake that existed temporarily
behind the dam before it was breached (Bull and others, 1990). The outcrop of the fault
surface in the bulldozer cut shows that the fault trace definitely passes beneath the dam
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site near the western edge of the breach that was made in the dam to obviate flood risk in
the event of possible dam failure.
There are no active fault scarps breaking the land surface along the fault trace,
although erosion has locally exhumed the footwall to form short fault-line scarps in two
localities (marked by hachure symbol on accompanying map). Elsewhere, the trace of the
fault is not marked by topographic relief, except where streams (most notably, Sutherland
Wash) have locally eroded preferentially along the fault zone for distances of as much as a
kilometer. In general, however, the fault trace traverses varied topography without
deviation, passing undeflected over spur ends and across ravines where the dominant
topographic grain is roughly normal to the fault trend. The steep relief at the range front is
not along the Pirate fault, but at the head of bedrock pediments incised into the footwall
block after faulting slowed or ceased.
Except at the bedrock ramp in the structural angle between the main fault and the
splay fault near the mouth of Romero Canyon, the Pirate fault everywhere forms the
contact between bedrock and basin fill . In my judgment, bedrock exposures previously
mapped on the downthrown side of the Pirate fault farther south (Banks, 1976) do not
actually exist in that structural position. Conversely, the concept that the Pirate fault is
broadly overlapped by Quaternary gravels of the prominent benchlands at the foot of
Pusch Ridge to the south of Alamo Canyon (Woodward, 1990) is also invalid in my view.
Although thin pediment gravel cover is present on erosional surfaces at several distinct
levels oflocal dissection (Woodward, 1990), the uphill extent of the benchland interfluves
coincides closely with the trace of the Pirate fault. Along that segment of the fault trace,
subdued outcrops and scattered float of compact, reddish to brownish fault breccia occur
at intervals near the uphill edges of all the most prominent gravel benches. Giant granite
blocks and boulders (1-10 m diameter) that occur on the benches are quite difficult to
understand in the context of post-tectonic pediment gravel (Bull and others, 1990). They
are interpreted instead here as clasts weathered out of underlying syntectonic basin fill,
which was beveled by pedimentation to form the gently dipping piedmont surface of the
benchlands. The slight positive relief of the gravel benches above stripped bedrock
pediment surfaces flanking Pusch Ridge may stem in part from the greater permeability of
the gravel deposits relative to bedrock, and the resulting paucity, on the gravel benches, of
surface drainages capable of eroding the coarse basin-fill gravels of the benchlands.
Fault Displacement
Geophysical analysis of gravity profiles crossing the Pirate fault indicates that the
depth of basin fill on the downthrown side of the fault is a minimum of 1500 m (Budden,
1975) and perhaps as much as 2500 m (K.N. Constenius, personal communication, 1994).
Different estimates are dependent upon the density contrast assumed between basin fill and
bedrock. As Samaniego Ridge on the western front of the Santa Catalina Mountains rises
approximately 1500 m above the faulted foot of the range, the indicated net vertical
displacement on the Pirate fault is at least 3-4 km. Given the prevailing dip of 50-55
degrees, inferred dip slip is thus no less than 4-5 km. The distribution of granite-clast and
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schist-clast gravels in basin-fill sediments north of Golder Dam implies that strike slip was
negligible.
The dogleg curvature of the Pirate fault, with northern and southern segments at
differing strikes, implies that either (a) slightly oblique slip, with a subordinate component
of strike slip, was characteristic of fault movements along one or both segments of the
fault, (b) longitudinal buckling occurred within the downthrown hanging-wall block during
faulting, or (c) longitudinal extension occurred within the upthrown footwall block during
faulting. The possibility of subsurface buckling cannot be tested well with available data,
but the general morphology of Oro Valley provides no hint that it may have occurred. In
bedrock of the footwall, the Romero Pass shear zone in the interior of the Santa Catalina
core complex strikes northwesterly toward the prominent curve in the trend of the Pirate
fault, and is oriented in a direction suitable to accommodate intra-footwall extensional
strain if pure dip slip proceeded along both segments of the Pirate fault. Unfortunately,
however, reconnaissance of lower Romero Canyon failed to reveal any clearcut evidence
for continuation of a discrete shear zone as far west as the Pirate fault at the range front.
McCullough (1963) noted, however, that a diffuse belt, almost 500 m wide, of distributive
but closely spaced jointing and fracturing does trend N60W from Romero Pass to intersect
the Pirate fault near "Breccia Hill". This "Romero Pass fracture zone" (in his usage) may
well have influenced the curvature of the Pirate fault, and also the striking development of
fault breccia at "Breccia Hill", in ways not yet fully understood.
If slip along the two dogleg segments of the Pirate fault proceeded without internal
deformation of either the footwall or the hanging-wall block, and both segments maintain
constant dips of 50-55 degrees, then the indicated direction of relative movement across
the fault is approximately N60-70W. If so, the resulting oblique slip had a component of
right-lateral strike slip along the northern segment of the fault, and ofleft-Iateral strike slip
along the southern segment. Development of the splay fault in the vicinity of the curved
linkage between the two segments of the fault may have been a response to the kinematics
of dogleg faulting.

Fault Timing
Fault movement occurred during the deposition of syntectonic basin fill but prior
to the deposition of the overlapping alluvial fans that constructed the Cordones surface
(McFadden, 1978, 1981), which is graded to the level of Falcon Divide at the head of Big
Wash [both these features are outside the map area; Big Wash, flowing down the central
part of Oro Valley, being a western tributary of the Canada del Oro] . Falcon Divide itself
represents a paleolandscape remnant capping the undissected basin fill that existed in Oro
Valley prior to the erosional cycle that produced multiple terrace levels standing at lower
elevations (Dickinson, 1991 , 1994). Dissection by headward erosion was presumably
initiated by integration of the Gila River drainage network into the head of the Gulf of
California late in Miocene or early in Pliocene time. The basin-fill sediments are generally
correlated with the post-mid-Miocene but pre-Pleistocene "Tinaja beds" of the Tucson
basin (Davidson, 1973 ; Anderson, 1987; Woodward, 1990), and the Cordones gravels at
the northern end of Oro Valley are considered to be correlative with the post-Pliocene but
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pre-mid-Pleistocene Fort Lowell Formation of the Tucson basin (after Budden, 1975;
McFadden, 1978). The thickness of surficial sediment correlated with the Fort Lowell
Formation in southern Oro Valley is only 25-75 m (Anderson, 1987). The nature of the
soil profile developed on the Cordones surface has been interpreted to confirm an age in
excess of a million years for the Pleistocene Cordones alluvial fans (McFadden, 1978,
1981 ).
Unfortunately, no radiometric ages are available for either the "Tinaja beds" or the
Fort Lowell Formation (Reynolds and others, 1986). Silicic volcanic rocks beneath "Tinaja
beds" in the subsurface of the Tucson basin have yielded a K-Ar age of 12 Ma (Damon
and others, 1984), which can be taken as a provisional maximum age for the syntectonic
basin fill of Oro Valley. Tectonic quiescence over much of southern Arizona since 6-8 Ma
(Menges and McFadden, 1981) suggests that the Pirate fault may have been inactive since
5-6 Ma (Woodward, 1990). Regional relationships thus suggest that the time of principal
fault movement was perhaps 6-12 Ma (Dickinson, 1994), entirely within late Miocene
time, although Pliocene activity cannot be wholly excluded with available data. From
regional relationships, however, post-faulting pedimentation along the range front east of
the Pirate fault was probably most active during the interval 2-6 Ma (Morrison, 1985),
spanning Pliocene time. The lack of any Pirate fault movements since at least 1-2 Ma is
generally supported by the absence of scarps or other evidence of displacements breaking
Quaternary deposits or surfaces. Consequently, there are no grounds to infer any seismic
hazard from the Pirate fault.

Acknowledgments
Discussions in the field with K.N. Constenius, G.H. Davis, E.R Force, and E.l
McCullough, Jr.were helpful to my mapping, and I I Dickinson was an effective field
assistant throughout the project. Comments by P.A. Pearthree and lE. Spencer improved
the clarity of the text.

References Cited
Anderson, S.R, 1987, Cenozoic stratigraphy and geologic history of the Tucson basin,
Pima County, Arizona: United States Geological Survey Water-Resources
Investigations Report 87-4190, 20 p.
Banks, N .G., 1976, Reconnaissance geologic map of the Mount Lemmon Quadrangle,
Arizona: United States Geological Survey Miscellaneous Field Studies Map
MF-747, scale 1:62,500.
Bull, W.B., McCullough, E .F., Jr., Kresan, P.L. , Woodward, lA., and Chase, C.G. , 1990,
Quaternary geology and geologic hazards near Canada del Oro, Tucson, Arizona,
in Gehrels, G.E., and Spencer, lE., eds., Geologic excursions through the
Sonoran Desert region, Arizona and Sonora: Arizona Geological Survey Special
Paper 7, p. 1-8.
Budden, RT. , 1975, The Tortolita-Santa Catalina Mountain complex [M.S. Thesis]:
Tucson, University of Arizona, 133 p.

7

Damon, P .E ., Lynch, D .I, and Shafiqullah, M., 1984, Cenozoic landscape development
in the Basin and Range Province of Arizona, in Smiley, T.L., Nations, ID., Pewe,
T.L. , and Schafer, IP., eds., Landscapes of Arizona: Lanham, Maryland,
University Press of America, p. 175-206.
Davidson, B.S. , 1973, Geohydrology and water resources of the Tucson basin, Arizona:
United States Geological Survey Water-Supply Paper 1939-E, p. EI-E81.
Davis, G.H. ,Bedford, IM.,Constenius, K.N., Johnson, lA., Kong, F. , Ornelas, R , Pecha,
M., and Rodriguez, E .P., 1994, Deep cataclastic counterparts of neotectonic faultrock architecture in the granite footwall of the Basin and Range Pirate fault,
southern Arizona: Geological Society of America Abstracts With Programs,
v. 26, p. A267-A268 .
Dickinson, W.R, 1987, General geologic map of Catalina core complex and San Pedro
trough: Arizona Geological Survey Miscellaneous Map Series MM-87-A, scale
1:62,500 [15 map sheets]
Dickinson, W.R , 1991 , Tectonic setting offaulted Tertiary strata associated with the
Catalina core complex in southern Arizona: Geological Society of America Special
Paper 264, 106 p.
Dickinson, W.R., 1992, Geologic map of Catalina core complex and San Pedro trough,
Pima, Pinal, Graham, and Cochise Counties, Arizona: Arizona Geological Survey
Contributed Map CM-92-C, scale 1: 125,000.
Dickinson, W.R , 1994, Geologic road log, Oracle Junction to Ray Mine, in Miller, M .,
ed , A geologic tour of the Ray copper deposit and the Kelvin copper prospect,
Pinal County, Arizona: Arizona Geological Society Spring Field Trip Guidebook,
p. 1-12.
Keith, S.B. , Reynolds, S.l, Damon, P .E., Shafiqullah, M., Livingston, D.E. , and Pushkar,
P .D., 1980, Evidence for multiple intrusion and deformation within the Santa
Catalina-Rincon-Tortolita crystalline complex, southeastern Arizona, in
Crittenden, M .D., Jr., Coney, P.I , and Davis, G.H. , eds., Cordilleran metamorphic
core complexes: Geological Society of America Memoir 153, p. 217-267.
McCullough, E.I, Jr. , 1963, A structural study of the Pusch Ridge-Romero Canyon area,
Santa Catalina Mountains, Arizona [Ph.D. Thesis]: Tucson, University of Arizona,
67 p.
McFadden, L.D., 1978, Soils of the Canada del Oro valley, southern Arizona [M.S.
Thesis]: Tucson, University of Arizona, 116 p.
McFadden, L.D., 1981, Quaternary evolution of the Canada del Oro valley, southeastern
Arizona: Arizona Geological Society Digest, v. 13, p. 13-19.
McKittrick, M .A. , 1988, Surficial geologic maps of the Tucson metropolitan area:
Arizona Geological Survey Open-File Report 88-18, 5 p. [12 map sheets]
Menges, C.M., and McFadden, L.D., 1981 , Evidence for a latest Miocene to Pliocene
transition from basin-range tectonic to post-tectonic landscape evolution in
southeastern Arizona: Arizona Geological Society Digest, v. 13, p. 151-160.
Morrison, R.B. , 1985, Pliocene/Quaternary geology, geomorphology, and tectonics of
Arizona, in Weide, D.L., ed , Soils and Quaternary geology of the southwestern
United States: Geological Society of America Special Paper 203 , p. 123-146.

8

Pashley, E .F., Jf., 1963, A reinterpretation of the anticlinal structure exposed in the
northwest face of Pusch Ridge, Santa Catalina Mountains, Arizona: Arizona
Geological Society Digest, v. 6, p. 49-53 .
Pashley, E.F. , Jf. , 1966, Structure and stratigraphy of the central, northern, and eastern
parts of the Tucson basin, Arizona [Ph. D. Dissertation] : Tucson, University of
Arizona, 273 p.
Pearthree, P .A, McKittrick, M.A, Jackson, G.W., and Demsey, K.A, 1988, Geologic
map of Quaternary and upper Tertiary deposits, Tucson 1 x 2 degree Quadrangle,
Arizona: Arizona Geological Survey Open-File Report 88-21 , scale 1:250,000.
Reynolds, S.J., Florence, F.P., Welty, lW., Roddy, M .S., Currier, D .A , Anderson, AV. ,
and Keith, S.B., 1986, Compilation of radiometric age determinations in Arizona:
Arizona Bureau of Geology and Mineral Technology, Geological Survey Branch,
Bulletin 197, 258 p.
Wallace, RM. , 1954, Structures at the northern end of the Santa Catalina Mountains,
Arizona [M.S. Thesis]: Tucson, University of Arizona, 45 p.
Woodward, lA. , 1990, The role oflithology and non-tectonic base-level change on the
development of three pediment levels, southwestern Santa Catalina Mountains,
Arizona [M.S. Thesis]: Tucson, University of Arizona, 30 p.

9

