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SUBSIDENCE-FISSURES AND FAULTS

In Arizona

By H. Wesley Peirce

Introduction

Quietly, hundreds - perhaps thousands — of square miles of
Arizona’s land surface is being lowered by subsidence. Peripheral
fracturing in the form of earth fissures and cracks is relatively
widespread and common. These ongoing, somewhat insidious
phenomena have an important influence not only on
already-completed engineering  structures but on planning for
future land use. Implications for the future suggest an increasing
entanplement between Arizona’s population growth and areas
susceptible to subsidence and related hazards.

The Picacho—Casa Grande region of Pinal County is the most
intensively-investigated subsidence, fissure and “fault™ area in
Arizona, Laney, R, L. (U.S. Geological Survey}, Raymond, R. 1L
{U.S. Burecuu of Reclamation) and Winikka, C.C. (Arsizona
BPepartment of Transportation) developed and compiled two
important maps, with some {ext and survey profiles. These items,
published in 1978 (sec references), are available free of charge
from the Arizona Water Commission®*. This work impressively
demonstrates the magnilude of the problem as cvidenced in
Maricopa, Pinal and Pima Counties (Figure 1).

The U.S. Geological Survey has underfaken special studies
under the direction of geologisl Tom L. Holzer. Tom is studying
subsidence and fissuring throughout the southwest from Texas to
California, He is especially intercsted in: (1} controls and causal
factors that atiend the nine-mile-long Picacho fissure zone which
occutrs between the Picacho Basin and the Picacho Mountains on
the cast, and (2) learning the extent to which the prediction of
future fissuring in susceptible areas of the U.S, might be possible.

General Geologic Setting

The Basin and Range Province, constifuting the southwestern
half of Arizona, is characterized by broad—to--narrow valleys
that alternate with large- to.small mountain ranges. It is the
geologic setting of this province (where over 90% of Arizona’s
population resides) that i3 conducive to the processes of
subsidence, fissuring and “faulting” {Figure 1).

Benealh the valleys arc thick sequences of relatively —young,
soft sedimentary materials capable of storing large amounts of
groundwaier within a thousand feet of the surface, This water,
combined with rich soils and a long prowing season, is supportive
of extensive agricullural development (about 95% of Arizona’s
irrigated acreage is in Lhe southwestern half of the State),
However, the valleys or basins terminate laterally against the hard
rock ranges. This interface between valley and range constitules a
major peologic and  land-use  discontinuity that cannot be

*Arizona Water Comnission, 222 N, Cenfral Avenire, Phovnix, Arizona,

overemphasized (Vuich and Peirce, 1973).

Water can be viewed as a geologic material, a part of the
overall foundatlion inherited from the geologic continuum that
predates the coming of technological man. Under the surface, it is
called groundwalier, and it occupies pore spaces in sediments .-
soft sediments in the case of southern Arizona basins. If the water
is removed there is a natural fendency for the finer-grained, soft
sediment to become more compact, lo occupy less space. The
amount of compaction or shrinkage is controlled largely by the
volume of sediment dewatered by pumping.

Subsidence

Subsidence is a lowering of the earth’s surface caused by
processes acting below the land surface. Although subsidence is a
resull of the interaction of natural earth forces, it can also be
man-induced by the large-scale removal of underground fluids,
such as, petroleum or water.

Land level changes can be quantified only by rcpeatcd high
quality survey measurements at established points. Most likely
much af the subsidence in Arizona remains undocumenied due to
the absence of a nelwork of approprialely-placed survey stations
that can be periodically monitored. Fortunately, there are a few
adequately- surveyed and monitered regions in Arizona that can
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Figure 1, Subsidence.
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serve as important ‘case histories’, llusirating subsidence,

In Arizona, in the Basin and Range country, large quantities of
water are pumped from the ground. As an example, in 1977
alone, enough water was pumped to cover a football field with a
water column over 1,000 miles in height, Groundwaler is an
integral parlt of the natural loundation of the earth; when it is
removed in large quantities, dewalered earth materials may shrink
or compacl, thereby lowering the carth’s surface (Fig. 2B}, How
large might ihis effect be?

In the Picacho Basin, centered about the lown of Eloy, an area
of at least 120 square iles has subsided between 7.0 and 12.5
feet since 1952, The maximum average subsidence rale has been
calculated at 0.5 feet per year, lmportantly, the groundwater
decline in this region ranges from about 200 to just over 300 feet
for the period 1923-1977 (Laney and others, 1978}, Near
Stanfield, 12-15 miles west of Casa Grande, an area of about 7
square miles has subsided between 8,0 and 12.0 feef, with
groundwaler declines up to 450 fect,

These are the regions {thal represent the best known clevational
lowering of the land surface in Arizona. Away from this arca of
relatively-intense  monitoring, survey data rapidly decrease.
Because there is a direct relationship between water decline and
subsidence, decline data are essential for evaluating subsidence
potential. Apain, the actual demonstration of subsidence requires
repeated land-level surveys,

Information is skimpy for the larger Phoenix region.
Schumann (1974} documenis some subsidence and Laney and
others (1978) show important water decline data and the
positions of known fissures, Groundwater decline of up Lo 300
feet beneath portions of Scottsdale and the Arizona Canal suggest
# subsidence potentizl for this region. A potenlial for lissuring
also  exists where the dewatered sediments are interrupted
laterally atong the cast side of a north-south Camelback
Mountain-Tapago Buiies bedrock trend,

Recently, a lady from Pennsylvania, with a retiremenl house
under- construction in Arizona, contacted State officials about an
item that was printed in a Pennsylvania newspaper, The emphasis
of the article was that Arizona was “sinking”. Quite naturally she
wrote Lo learn more about what was going on thal mighi affect
her future here. lier new home is being constructed in the Sun
Cily area of Phoenix. Utilizing the available data, we note that
groundwaler decline bencaith Sun City and environs is between
200 and 300 feet. This alone 15 cnough to invoke a probability of
some subsidence. A close look at data suggestive of the subsurface
condition indicates g major northwest-trending irregularity,
probably 4 change from thick valley fill on the southwest to thin
valley fill and shaliow bedrock on the northeasi. This change
lakes place approximately beneath State Highway 93 from south
of Glendale northward te Sun City and bevond. A conservative
interpretation would sugeest that there Is some potential for
surface fissuring, Whether subsidence and/or fissuring will ever
beeome a serious problem in the Sun Cily region cannot be
presently determined.

Tucson's waler supply is exclusively from groundwaler, much
of which is pumped from within Lhe same valley as the city is
located, Groundwater decline hay passed 100 feet in some areas
and Is increasing with time, Officials concerned with this problem
consider that the City may be on the threshold of subsidence, A
cooperative program belween the City of Tucson and the U.S.
Geolopical Survey (s being initiated. Emphasis will be placed on:
{1} measuring water level trends, (2) placing compaction
recorders in sclecled wells, {3) remeasuring points of elevation
that wore accurately established in the past, and (4) adding new
leveling sfations, Here is a chance io studv the effects of
groundwater removal in a basin before it has undergone the
readjustment process, It has been sugpested elsewhere thal the
potential longer-range subsidence problem in Tucson could be
reduced by taking a4 larger percentage of watler from an
undeveloped bhasin to the west,
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Figure 2, Subsidance.

Fissures and “Faulfs™

Farth fissures, as used here refers to relatively-lengthy cracks
that develop at the surface in soft soils or sediments, An initial
crack, inconspicuous one day, may become a gaping fissure lhe
next, It is reported that the first fissure in the Picacho region was
observed on Sept. 12, 1927, after 4 heavy thunderstorm the
previous night {(Leonard, 1929). [ditially, this fissurc (not a part
of the present Picacho fissure zone) was about 1,200 fect in
tengih, At the time, this new phenomenon stimulated much
discussion and speculation as to s origin,

Tissures, thought to be related to water withdrawal, occur in
Cochise, Pinal and Maricopa counties, There are at least 15-fissure
areas in lhe lafter two counties, involving over 100 individual
(issures,

The Picacho fissure zone, about ¥ miles in length, has received
{he most attention and publicity, Holzer and others (1979)
sugpest that this zone is unigue in Arizona because it consisiently
reflects vertical offset ranging up to 1.5 feet, The west or valley
side is down relative to the east or mountain side, The sharp step
or scarp reflects a differcent kind of failure than the more
common pull-apart, or tension fissure, As a consequence of its
fault-like appearance, they refer to this feaiure as the Piercho
fault, However, Holzer and colleagues are quick to point oul that
this is not the kind of laull that produces earthquakes, Rather,
the ““fault’ occurred after 1961, as a result of groundwater
extraction combined with pooriy-understood subsurface controls.
The lack of documented earthguakes in this region since 1961
supporis their contention. Any claims to local seismicity are
believed to stem from mistaking atmospherically-induced shocks
(Peirce, 1975; Shakel, 1977; sce Dubois, ihis issue) for
carth-generated vibrations (Yerkes and Castle, 1976).

A recent nowspaper article, entitled, “Harthquake Fault Tine
at Picacho,” included the statement: “Geologists have discovered
a possibly-active earthgueke fault {ine (italics ours) caused by
proundwater pumping north of Tucson™ (Tucsen Citiven, Nov,
16, 1969} This terminology, while unfortunate, exemplifies the
difficulty of conveying scientific ideas to the public.

Continued on Fage &
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Symposium Offers New Insights Into Porphyry Copper Genesis

On April 3 through 6, 1979, the Society of Economic Geologists held a
major field conference on Tucson-area porphysy copper deposits, attended
by 198 peeple. The participants heard numerous talks, examined rocks at
two operating nines, and inspected surface exposures of cne potential
mine. The conference was well timed with respect to increased interest in
prophyry copper deposits {(and in increased copper and molybdenum
prices), Three days of the conference were spent in the field examining
prophyry copper geology in outcrop, and debating to what extent various
models of porphyry copper genesis cxplained the field observations. A
second symposium followed on April 9-10, eniitled, ““‘Exploration
Geochemistry in the Basin and Range Province”, sponsored by the
Association of Lxploration Geochemists.

John Guilbert, one of the principle organizers of the conference,
delivered the opening remarks. Problems addressed included zoning, fluid
mechanisms and sources, metal sources and distributions, solution
geochemistry, geothermometry, and peobarometry, sinicture and
structural control and areal-regional distribution and occurrence. Denis
Norton of the University of Arizona next discussed principles of the
convective fluid flow model, and its role in porphyry copper genesis. The
model, outlined in Figure 1, involves the lollowing: 1) emplacement of a
thermal encrgy source {magma) into cold brittle host rocks, 2) transport of
thermal and mechanical energy away from the pluton heat source into the
surrounding countryrock, 3) deformation of the cooling pluton or magma
and surrounding countryrocks in the form of fractures that increase rock
permeability, 4) Aow of hydrothermal fluids, which contain ore-forming
components, from soutce regions some distance away from the pluton heat
source, to depositional sites along recently-made fractures near the pluton
heat source, and 5) reactions between mineralized fluids and those in the
fracture walls te form hydrous-silicate alteration phases which are
accompanied by deposition of copper-lead-zine-bearing suifide minerals. [n
Figurc 1, the fluid-paths are envisioned as large sub-circular cells which
initiate in the wall rocks, flow toward, through and out the top of the
pluton heat source. Various combinations of alteration assemblages form,
and base metal-bearing sulfide minerals deposit along the path.

Spencer R. Titley of the University of Arizona next examined the
complex interplay in space and timc of various alteration types and styles
which accompanied porphyry copper mineralization. Titley pointed out
the increasing importance and role of time in alteration processes which
have traditionally relied on space-rclated zoning concepts, {the now classic
Lowell-Guilbert *light bulb” zening concepi, Figure 2). For cxample,
propylitic alteration, which was traditionally regarded as peripheral in the
Lowell-Guilbert model, may in fact be superimposed on a former
system-widc, early-biotitic alteration event. Similarly, the familiar phyliic

Wolcanics

.‘-' v MESOEWC

Figure 1, Symposivm. Schematic cross section of pluton-volcanic complex
in host rock analogous to Arizona-MNew Mexico porphyry copper province,
Arrows represent hydrothermal circuiation characteristic of permeable
pluton and host rock environment, modified after Bodnar {1978},

By Stanley B. Keith

or quartz-sericite-pyrite assemblage, traditionally regarded as an envelope
around the mineralized core of a porphyry system, also appears to be a
consistently-late phenomena, and is nof universally present in all porphyry
copper sulfide systems. The original, syninetrical alteration shells of the
Loweli-Guilbert concept may be severcly distorted or modified by rock
composition, solution composition and changes in rock permeability which
are Hme-related as wel as space-related.

Dick Beuane, alse from the University of Arizona, summarized the latest
results of fluid inclusion studies (mostly on quartz) from various
cross-cutting vein types at the Red Mountain, Copper Creck, Santa Rita
and Sierrita deposits, which are strafegically located at various elevations
within the profile of an idealized porphyry system (Figure 1), Results of
fluid inclusion data at Santa Rita, Sierrita and Copper Creek indicate
systematic changes in salinity and temperature of the hydrothermal fluid.
Specifically, cary fluids containing higher-dissolved salts, circulated
through cracks at high temperatures (800-400° C), Sulfide deposition was
not accompanied by formation of the hydrous silicate alteration phases
which enveloped these cracks, Later cross-cutiing fractures were penerally
filled by a low-salinity, intermediate-temperature solution, from which
copper-bearing sulfides were precipitated. At the Red Mountain deposit,
high in the idealized sulfide system on Figure 1, sulfides are associated with
later, lower temperature, hypersaling fluids which postdate earlicr, higher
temperature, low- salinity inclusions. All available temperature data from
Red ML indicate the fluids were cooler than 450° C. Interestingly,
sodinm-potassium ratios in the more saline fluid inclusions arc similar to
sodium-potassium ratios of nearby ignecus rock types.

The scale of observation shifted o a more regiona! flavor in the next
talk given by Tom L. Heidrick of Gulf Mineral Resources Company.
Heidrick detailed recent developnients in his ongoing, structural analysis
(much of which was in cooperation with William Rehrig of CONOCO
Minerais) of fracture systems in 73 to 50 m.y, plulons, fault-veins and vein
and dike swarms, The overwhclming structural theme which emerges from
24 of the 26 districts Heidrick studied is that dikes, veins and mineralized
dikes persistently occupy steeply-dipping fractures which strike EW to NE.
Mon-mincralized fractures consistently strike NW. Because fractures of the
same orientation are found regionally in 75 to 50 m.y. rocks, they reflect a
stress-ficld that has persisted for at least 25 m.y. If the dikes and veins fill
tensional cracks, the prophyiy province either was pervaded by wrench
tectonics or by differential vertical uplift and normal faulting at various
times within the 25 m.y. interval. Compressively-induced thrust faulting is
subordinate to the above two processes.

Fracture systems in “productive™ plutons have & definite tendency to
“hox-the-compass’™ more so than fractures in “non produective” plutons,
Continued aon Page 6
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Figure 2, Symposium. Schematic drawing of alteration zaning in a typical
porphyry ore deposit {from Lowell and Guilkert, 1870), Abbreviations are
as  follows: biot=hiotite; kspar=patassium feldspar; mag=magnetite;
anhy=anhydrite; kaol=kaolinite; chl=chlorite; epid =epidote; carh=
carbonate; adul=adularia; alb=albite; ser=sericite; qtz=quartz.
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SONIC BOOMS

Rattling windows, low, rumbling noiscs and sharp jolts were
reported to various government agencies, and lo focal news
media, between January and May, 1979, Over the past few years,
similar oceurrences have been observed in Tucson, and less
frequently, in Casa Grande, Phoenix, Green Valley and Tubac,
Arizona (Richard Wood, pers. comm.}. lnvestigation has revealed
that sonic booms, generated west of Tucson by high-speed
military aircraft have caused the shaking and noise.

Medinm Veloeity Remarks HReiference
{Ft{Scc)
Adr 1,146 af sea level, BO°F Wiggins, 1969
Adr 1,087 at 5,000 ft clev, 41°F  Wigging, 1969
Air 968 at 65,000 {t elev, 70°F Wiggins, 1969
Earth 18,690-21 980 Crust Geology Taday, 1973
Earih 26,250-27,880  Upper Mantle Geology Today, 1873

TABLE t Sonic Booms: Compressional Shaock Wave Velocitics

Seismograph Evidence

Shock waves travel at different speeds in different media:
Generally speaking, the denser the material, the faster the waves
travel. The earth {primarily solid) is much denser than the
atmosphere {a mixlure of gases). Thus shack wave speed is greater
in the ground than it is in air {see Table 1),

When the first report of trembling was received at the
Geological Survey Branch this year, a check of seismograph
records was made at the twao local earthquake recording stations
23 miles apart: the Santz Catalina Mountains and the
Arizona-Sonora Desert Muscum. Both stations had recorded a
shock wave. However, the wave arrived at the Desert Museum 109
seconds hefore it reached the Catalina station. Simple calculations
{Figure 1) demonstrate that the wave traveled through air,
climinating the possibility of earthquakes and mine blasts which
are both generated in the carth, Thus, an explanation of air shock
waves from the west was needed.

A likely cause for the airborne wave was formulated by
Richard Wood, Official-in-Charge at the U, 8. Weather Service
Office, Tucson, In 1975, he had noticed a strong correlation
between dates of “rattling and rumbling” calls and unusual
occurrences of the jet stream over southeast Arizona. Combined
evidence coliected independently by Shakel (1976}, Peirce
(1975}, local newspapers and military personnel supported
Woaod's theory. Supersonic {lights accur Monday-1'riday belween
0700 and 1600 over the Luke AFB gunnery range between Sells,
Ajo and Gila Bend (Wood, 1975; Shakel, 1976). Lvidently, sonic
boom shock waves may travel unusually great distances duc to a
rare set of circumstances related to almospheric phenomena.

What is a Sonic Boom?

A sonic boom s & sudden pressure disturbance in the air
created  when  an airplane cxceeds the speed of sound, A
supersonic alreraft cuts through the atmosphere so fast that the
air molecules in front of the jet do not have time to move oul of
its path smoathly. Rather, the air is forcefully displaced, causing
extreme Jocal compression and heating of the air molecules
{Shurcliff, 1970}, Two jolting shack waves are produced, close
together in the shape of nested cones; a compression wave {outer
cane) originates first at the nose of the plane and « collapse shock

By Susan M. DuBois

]

Sunntan Dasert Museo: Statlop =t

January 13, 375 [ e
PRI,
e -
o it e )
} 777 IS?W‘_‘_-“_"' Avxrival ‘ime Difference=
‘3:2?{1‘[5') Pis . oy e - ! 109 sec
_: TR
. e e i . . .
e — Ddstance Between Stations=
- 23 mi = 5,980 ftymi=
)

121 .440 ft

13, 190t

Veloeity of shook wave=
121,440 11104 sce=
1,114 ftfsee

ustrating sonic hoam wave arrivais
in Tucson vicinity on January 12, 1979, Shock wave velocity of 1,114
ft/sec was calocutated, Cumparison with Table 1 indicates that this value
falls within the range of soundwave air travel,
{inner cone} Torms second at the tail {Shurcliff, 1970; Wiggins,
1969). These ‘waves’ spread in alf directions at a rate equaling the
speed of sound - 760 mph at sea level, ranging to 650 mph at
65,000 ft where the air is less dense. The intensity of the sonic
boom and the distance over which it dissipates depends on several
parameters: altitude, weight, length, shape and speed of the
airplane; maneuvers such as climbing and diving; and atmospheric
conditions, Despite a common misconception, the wave front, or
boom, is continuously produced along the flight path, as long as
the aircraft is exceeding the speed of sound, Therefore, a 30 1o 40
mile-wide strip of land is usually subject to boom vibration along
the entire supersonic path. Generally, a sonic boom cannot be
heard or felt more than 30 or 40 miles from its source {40-60
miles for a Concorde jet), The intersection of the conical shock
wave front with the ground surface at any given instant forms a
parabola, along which the sonic boom is feard and feff
simultaneously,  Only  people situated along  this parabola
experience a loud bang accompanied by building vibration,
However, under speciat circumstances, the vibrations may be fell
beyond the usual distance of 30-40 miles from the aircraft source,

Figure 2, Sonfe Booms: March
22, 1979 infrared image taken
by the Geostationary Opcrational
Enviranmental Satellite {GOES)

approximately 22,000 miles.
Jet stream winds reached 200
krots {230 mph)aver the Tucson
ared, resulting in widespread,
jolting sonic booms  generated
by jet activity in the vicinity of
Sells, Arizona (55 mi SW of
Tucson!, Photo  courtesy  of
Richard Wood,
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Figure 3, Sonic Booms: Conceptual diagram of jat stream focusing effect on
sonic hooms in the Tucson area, Boom activity in Tucson requires that
1) Supersonic flights occur (generally, weekdays between 0700 and
1600 over Luke AFB gunnery range — see Woaods, 1975), 2} Jet stream

What is a et Stream?

A jet stream is a ribbon of fast-moving winds, commoniy
composed of cirrus clouds at an altitude of 30,800-35,000 ft in
winter and 35,000-40,000 ft in summer. In our hemisphere, there
are two jet streams: one in the mid-atitudes (30-50° N} and one
in the subtropics. Both jet streams vary in their orientation and
cxact location throughout the year, although thelr airflow is
always eastward. Between December and May, weather
conditions occasionally cause the mid-latitude stream to dip
down into northern Arizona. Likewise, the subtropical jet stream
sometimes swoops up from the south Pacific, across Baja,
California and into southern Arizona {(Figurc 2). On extremely
rare occasions, both jet streams merge over Arizona,

Jet Stream Influence on Senic Booms

Current theory (Richard Woods, pers. comm,) predicts that
the presence of the subtropical or combination jet stream over
the scuthern portion of Arizona serves to channel, or focus sonic
booms eastward over great distances. Most commonly, supersonic
flights over Luke AFB gunnery range {near Sells, Arizona)
produce booms felt in Tucson, when an east-west jet stream
orientation exists (Figure 2}, If the airflow trends more
northeasterly, south Phoenix might possibly experience a few
booms, although the greater distance from the gunnery range
decreases this jikelihood. An east-west orientation further south
may cause hoom effects in Green Valley and Tubac, if
transcontinental supersonic flights from a California AFB to
Texas coincidentally occur {Woaods, pers. comm.},

Figure 3 is a schematic diagram of the peculiar effects of sonic
booms in the Tucson area, governed by jet stream activity. When
the conical shock wave front, generated below the warmer jet
stream air, intersects the jet siream interface, Wood believes that
the bhoom waves are channeled into the Tucson area, jet-stream
wind specd and stratified temperatures within the air masses
affect the path and intensity of the booms hitting Tucson
buildings, Most itkely, z series of simple reflection and refraction
interactions combine to form a more complex arched pathway

lies over supersonic operations and the Tucson metropolitan area
{generally possible between Dacember and May}, and 3) et stream
wind speeds exceed 100 knats {116 mph}.

for the booms which reach Tucsen (Richard Seebass, pers.
comm.}. Geographical features surrounding the city enhance
sonic boom activity because waves ricochet from mountain faces
into town and vice versa, Wind speeds must reach 100 knots (115
mph) for western and southern portions of Tucson to feel sonic
boom effects, When jet stream air exceeds 150 knots {173 mph},
the whole city experiences vibrations, Heavy joits are felt above
175 knots {203 mph). Supersonic activity occurs over specific
intervals only {Shakel, 1976; Wood, 1975). Thus, a rare set of
circumstances must exist to praduce sonic boom effects at a
distance of 100 miles from the aircraft source.

Assuming that detection and recarding instruments are
functioning properly at both local seismograph stations, quick
distinction between air shocks and earth shocks is possible
through the coordinated efforts of Peter Kresan (Desert Museum
Geologist), Marc Sbar (U of A Seismologist) and his seismology
graduate students, and Susan DuBois {Geological Survey Branch
Geologist), The Catalina station seismographs are housed at the
Bureat of Geology and at the Department of Geosciences (U of
A). Further cooperation with Dick Wood {Tucson Weather
Service Office) will enable local scientists to advise the public and
the military when atmospheric conditions make sonic boom
effects probable in the metropolitan area,
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Subsidence continged

An interesting debate emerges: Because the Picacho feature
looks like a fault, but is not a source of earthguakes, should it be
called a fauit? In this case it is the Bureau’s intenlion to refrain
from the unqualified use of fault, 'l'o the exlent possible, we will
not consider as faulfs the various land slippages that might leave
scarps or steps attributed to processes not accompanied by
earthquakes. In the case of the Picacho phenomena, it is very
important to recognize the fact of vertical offset. It is important
because the damage potential to man-made structures is greater
than that associated with the more commonly-observed, “simpie™
tension or puli-apart fissures, Consequently, we will refer to the
FPicucho fault of Holzer and others as the Picache “fauit”. The
Picacho fissure or “fault” zone passes across I-10 and beneath the
bed of the Southern Pacific Railroad. Becausc ol this, periodic
repairs are made to both transportation arteries. Recent
resurfacing has, al Jeast temporarily, subducd the visible
(down-to-the-west) offset,

Additional work by Holzer (1978, subsequent to Holzer and
others, 1979) was designed {o investigate the nature of the
subsurface controls. Holzer speculated that a buried fault might
be cutting an older portion of the soft sediments — a fault that
does not reach the surface. Holzer's model suggests that this
preexistent fault influcnces groundwater—dewalering patlerns,
which In turn permit the siress build-up that is responsible for the
Picacho surface “fault’, This concepl is depicted in Figure 2 Bla).

Tissures, in general, are believed Lo form above certain buricd
hardrock irregularities that control soft sediment thicknesses
along basin margins (Fig 2 A{a). These irregularities (requently
can be delineated by appropriate geophysical techniques, Various
studies are underway in connection with alfernative aqueduct
alipnments for the delivery of Cenfral Arizona Praoject (CAP)
waler fo the Tucson area.

Subsidence and related phenomena are examples of cause and
effect in that an act of unbalancing begels an act of readjustment.
In this case a preal deal of geologic time was involved in
establishing the original condition of balance, whercas the
unbalancing and readjustment processes cccurred in less than one
generation of humankind., The act of unbalancing continues
unabated; therefore a logical conclusion is that readjustment must
folow,

Through FIELDNOTES, we will attcmpl to provide pertinent
new information about subsidence-related matters in Arizona as it
ariscs.
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Sympasium continued

Heidrick suggested this phenomena implied fracturc systems of lacal
derivation which were radially or concentrically superimposed on those of
more regional extent. The greater fracture abundance may represent the
dynaniic consequence of hydraulic  fracturing in the vicinity of
fluid-saturaled plutons, where fluid pressure in the pluton excecded the
pressure exerted on the system by overlying racks above the Muid-saturated
pluton. The higher fracturc density would correspondingly increase
permcability and allew greater amounts of base metal deposition per unit
volume.

The last tatk by Stan Keith, of the Burean of Geology and Mineral
Technology, was perhaps the broadest in scope. {n his view, porphyry
copper deposits are part of a mctallogenic spectrum that is sensitive to
chemistry of time-related igneous recks. This is supported by systematic
variations of metal ratios in economic sulfide systems with alkalinity
(sodium and potassium content) of fime-related igneous rocks. Sulfide
systems  associated with  time-related calcle magmas are zine and
copper-rich while those assoviuted with more alkalic rocks (particularly
potassic alkalic rocks} are more lead, molybdenum and gold rich (sec
Ficldnotes, v. 8 no, | 2, p. 12, Figore 6. Similar variation ol metal rutios
in igncous rocks at trace mctal concentration levels with the alkalinity of
those ipneous rocks also supports the ahove idea. Bocause alkalinity
(specifically  potassium  content) of an igneous rock suite can be
systematically related to subduction zone geometries, it follows that metals
may be similarly related Lo subduction-derived magmas,

The occurrence of the porphyry copper cluster in southeast Arizona,

according to Keith, was 4 forlunate coincidence invalving a number of

phenomena,  The phenomena  included: 1) pre-existing WNW o
EW-trending, decp-scated basement flaws of the Texas zone, 23 subduction,
3) increased convergence rates nearly 80 m.y. aga which induced flattening
of the underthrusting oceanic slab, 43 the shallowing slab produced
cale-alkalic copper-bearing magmatisim under {he region from 70 to S0 m.y.
age, 3) the incrcased strain rates and a changing stress-ficld caused the
Texas Zone flaws to move in left shear (see lieldnoies vol, 8, no. 1-2, p.
12, Figure 5B), and &} the left shcar movement created deep-scated
ENL-trending tensional zones that reached deep into the cartb’s upper
crust and facilitated upward passage of magmas and volatiles. wltimately
forming the porphyry copper deposits (Figure 4). Alonc, cach of the above
phenomena were necessary but not sufficient for the occurrence of the
praophyry copper cluster; in combination, however, they werc sufficient,
And, as a result, the region’s inhabitanis find themselves with a vital copper
resource, the largest in the world.

Fach of the introductary speakers emphasized different sels of working
hypotheses to cxplain areas highlighted in John Guilbert’s introduction.
With respect fo zoning, virfually all of the speakers stressed the emerging
wle of time in the aligration process. It is increasingly apparcnt that
phyllic alteration {quartz-sericite-pyrite} consislently postdales carlier

Povgrger tooper siber syslem > / Mieackan of ragicnal

Figure 3, Syrmposium, Plate tectonic setting of SE Arizana prophyry copper
deposits {76-60 muy. ago).
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potassic-propylitic assemblages of the landmark Lowell-Guilbert model
{Figure 2}. Norton and Beane would suggest that the phyllic alteration
occurs late in the cooling history of the suifide system when fluids
containing near surface groundwaters flooded the sulfide system. Keith, on
the other hand, would argue that the common, irregular distribution and
occasional absence of phyllic alteration may imply it is not necessarily a
consequence of porphyry copper mineralization, whereas potassic or
propylitic types are.

With respect to fluid sources and transport, all speakers agreed that
fracturing and permeability were of prime importance in localizing
economic amounts of sulfide mineralization. This stems from the
observation made by all of the ficid frip participants — that over 90% of
the sulfide mineralization ovcurs in cracks,  Norton,  Beane,  Titley
and  Heidrick, emphasized the vitul role plutans have to play as agents of
fracturing. Keith and Heidrick stressed the role that rcgional fracturing has
to play, and would agree with Norton and Beane that in the vicinity of
prophyry copper deposits, plutons and/or repional fracture intersections
enhance fracture density, increase permeability, and thereby, increase the
chance of a porphyty occurrence. Novton and Beane suggest fluid
circulation is the inevitable consequence of pluton emplacement, which
provides a heat source to convect fluids from the intruded wallrocks
laterally toward the pluton. For Norton 935% of the fluids and an
undetermined but large amount of metal ore are probably derived from the
surrounding wallrocks. Consequently, the hydrofherinal fluid which
deposited the mefals was presumed to be largely derived from
groundwaters of meteoric affinity. Keith would counter that much of the
fluid and metal is evolved from large calc-alkalic plutons at  depth,
and hence has a magmatic character. Overprint by mecteorically-derived
waters al metal depository sites high in the crust would obscure the former
magmatic character of the fluid.

The harren-verses-productive sulfide system problem — the problem of
why some sulfide systems are large copper producers and why other
superficially-similar ones are not also has different solutions. Norton and
Beane would submit that productivity may be related to permeability.
That is, productive systems presumably have a greater fracture density than
those in non-productive systems, If permeability is high, fluid circuiation
and perhaps fluid scavanging ability of metais from the fractured
countryrock is increased. Permeability is heavily influenced by the ability
of & pluton or regional tectonics to fracture rocks at the crucial time of
mineralization - the time of intrusion of a pleton heat source. Keith
debated that while fractures are crucial to provide open spaces for sulfides
to fill, the fluid which fills them containg a chemistry that is controlled by
chemical conditions in the source region of the fluid. Because of the
similarity of metal ratios in time-equivalent sulfide systems and igncous
rocks, Keith infers a pluton source region. Parphyry copper deposits are all
associated with calc-alkalic plutons while the so-called barren sysfems are
associated with more alkalic rocks and are distinetly more iead-zinc rich
relative to copper. For Keith the bulk metal content of the maore alkalic
magmas precluded porphyry copper development because the more alkalic
magmas simply did not contain enough copper.

These contrasting ideas permeated the field conference and indicaled
that prophyry coppers still defy a compietely-rational explanation. It is
interesting to see how much theory has evolved from the now classic
Lowell and Guilbert parphyry copper model of 1970, Undoubtedly, we
will have cven more hindsight ten vears from now. Certainly the nexl
decade will introduce other significant discoveries and hypotheses that will
force us to revise our current concepts of porphyry copper penesis,
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NOTICE

All unpatented mining claims tocated before October 21, 1976
must be recorded with the U.S5. Bureau of Land Management
1979 {Section 314 of P.L. 94-579: Federal
Land Policy and Management Act). Claims located after
Octoher 21,1976 must he recorded 90 days from date of location.
BLM address: Valley Center-Van Buren St. & Central, Phoenix,
Az. 85073 1261-3706).

by October 22,

Geotherma tnergy h Aizono

By Alice Campbell

The word “geothermal” is from two Greek words,
“ge(o}” meaning earth, and “therme” meaning hcat;
geothermal energy is simply the natural heat from the
deep interior of the earth. Arizona lacks such blatant
examples of geothermal energy as geysers, active
volcanoes or natural vents belching steam. Instead,
Arizona has a rather modest collection of moderately —
hot springs and wells, with abundant physical and
chemical evidence of enormeus amounts of necar-surface
usable  heat energy. About 14 million years ago,
southern Arizona started to break up, and areas like the
Tucson and Phocnix basins began to sink. The end result
of this crustal breakup is high heat flow.

The Geothermal Group of the Bureau of Gealogy &
Mineral Technology has published a preliminary map of
geothermal resources of Arizona, and is now collectin
detailed information on how this heat is distributed in
specific areas. Some of the areas under investigation
include the Safford — San Simon basin, the Willcox,
Tonopah, Hyder, Tucson and Phoenix basins, the Yuma
area, the Kingman area, and the Springerville—St. Johns
area (Although the Springerville—St. Johns area is on
the Colorado Plateau, volcanism in the area has been
repetitive for the past several million years, suggesting
that the area has a long-standing association with a very
deep-seated heat source}). The Geothermal Group has
been collecting data including detailed measurements of
well temperatures to help establish the rate of heat flow
in these different areas, water samples to find chemical
clues to the temperature and movement of water within
the basins, and existing data as background for these
studics. Upon recommendation of the Geothermal
Group, the Bureau of Reclamation is drilling heat-flow
holes in selected geothermal anomalies, beginning in

Springerville,
The results obtained so far from the various
investigations  indicate that Jarge volumes of

moderately—hot water (90 - 300°F) may be found at
great depth in practically all of the deep basins in
Arizona. Such waters could be used for heating and
cooling communities or large buildings, for agriculture
or food processing and for some industrial processes
such as pulp and paper processing. A high-temperature
reservoir possibly suitable for electric power generation
has been identified at Clifton. Others may exist about
10,000 feet bencath most of the deep basins. Right
now, these resources are unused, but existing
technology could be used to develop them.




Page 8

BUREAU OF GEOLOGY AND MINERAL TECHNOLOGY

june 1979

Mining and Mineral Resources Research Institute
By William H. Dresher

The Surface Mining Control and
Reclamation Act of 1977, z bill originally
authored by Congressman Morris XK.
Udatl, authorized the federal government
1o select qualified states, to implement
Mining and Mineral Resources Research
Institutes. The Sfate of Arizona wus one
of 22 states recently chosen to establish
such an institute. This selection was based
on the present mineral fresources
educational and research programs in
both the College of Mines and the Bureau
of Geology and Mineral Technology at
the University of Arizona, The Bureau is
a state agency and a Division of the
University,

The federal program is administered
by the United States Department of the
Interior and, by the choice of the
Secretary of the Interior, is assigned to
the Office of Surface Mine Reclamation
and Enforcement (OSM), a new agency
also created by PL 95-87.

The purpose of the Mining and Mineral
Resources Research Institute {(MMRRID
program, as prescribed by Title III of the
Act, is to cnable the state institutes to
conduct research, investigations,
demonstrations and experiments on
mining and mineral resources within the
Institute’s authoerized regions. In
addition, the Institute is responsible for
the training of mineral engineers and
scientists through the formal educational
programs of the College and the research
conducted under the auspices of the
Institute.

The initial appropriation to  the
Arizona MMRRI was $270,000, of which
$160,030 has been designated for use as
scholarships, graduate fellowships and
post doctoral fellowships., In addition,
$110,000 was designated for institutional
support. The Arizona MMRRI is
currently competing with the other
twenty-one institutes for $3 million in

federal funds which have been made
available for fiscal wear 1979 to
implement research projects in the
following areas: mineral, exploration,
extraction; processing; development;
technology; supply and  demand;
conservation and best use of available
supply; economic, legal and social
aspects; reclamation; and mineral research
and demonstration projects of
industry-wide application. The Arizena
MMRRI has submitted twenty-one
proposals totalling $977,907 to O8M,

The Arizona MMRRI is directed by
Dr. William H, Dresher who s also Dean
of the College of Mines and Director of
the Bureau of Geology and Mineral
Technology. The formalized
administrative units under the Arizona
MMRRI are thc following: the
Geological Survey Branch and the Mineral
Technology Branch of the Bureau; the
Department of Mining and Geological
Engineering, the Department of
Metallurgical Fngineering, the
Department of Chemical Enginecring of
the College; and the Mine Reclamation
Center.

The Mine Reclamation Center is a
newly-formed group established under
the Arizona MMRRI te plan, coordinate
and implement interdisciplinary research
in the arca of mineral land reclamation.
The University of Arizona units presently
cooperating in the operation of the
Center are: The College of Agriculture,
the Coilege of Architecture, the College
of Mines and the Office of Arid Lands
Studics. Each of these groups currently
has projects underway in the arca of the
technology of mined land reclamation.
Br. Fred S. Matter, of the College of
Architecture, is the chairman of the
interdisciplinary management cominittee
for the Center.

McDowell Map Series

The latest in a series of maps on the
McDowell Mountains  Arca is now
availabte from the Bureau of Geology.
Ground Water designates water reserves
{well datz and ground water conditions)
in & 50-sguare mile area northwest of
Scottsdaie. Material Resources includes
an evaluation of selected consolidated
and unconsolidated rocks and  their
possible uses. Other maps already
completed are Geology, Landforms, Land
Stopes and Caliche. Four additional maps
(Geologic  Hazards, E xcavation
Conditions, Waste  Disposal  and
Construction Conditions) are currentl
being prepared, The entire folio of 1
maps, scaled at 1:24,000, is expected to
be completed by the end of the vear.
“Environmental  Geology of  the
McDowell  Mountains  Area, Maricopa
County, Arizona” is a study conceived
and  prepared by  Arizona Statc
University in cooperation with the City
of Scottsdale, with drafting, editorial and
publication assistance from the Bureau of
Geology and Mineral Technology.

Maps are available for purchase from the
Bureau of Geology for $1.25 per map,
plus handling charge. The Geology and
Landforms Maps are being sold as a unit
for $2,50, The compicte set of maps will
sell for $10,00, Payment by check or
money order must accompany each
request;  cash  will be accepted for
over-the-counter orders,

[

PAYMENT BY CHECK OR MONEY ORDER
INCLUDHNG A HANDLING CHARGE OF TEN
PERCENT OF THE TOTAL AMOUNT OF THE
ORDER{25 ®MINIMUM) MUST ACCOMPANY
ALL PUBLICATION ORDERS.
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