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GEOPHYSICAL LINEAMENTS OF ARIZONA 

L .  K.  Lepley 

ABSTRACT 

Photo1 ineaments seen on s a t e l l i t e  images a re  
usually expressions of deep crustal  ruptures. 
However, photolineaments a r e  omnipresent and an 
independent expression of regional discont inui t ies  
i s  needed to  help rank the photolineaments. 
l ished gravity and magnetic contour maps of Arizona 
were analyzed t o  produce a s ingle  geophysical l ine-  
ament map to  indicate  trends of regional basement 
s t ruc tures .  T h i s  map shows tha t  the southwestern 
quarter of Arizona i s  dominated by a NNW-ENE ortho- 
gonal system whereas the remainder of the s t a t e  i s  
gridded by a NW-NE system. North-south systems a r e  
present throughout the s t a t e ,  a s  a r e  EW lineaments. 
Arizona is  transected by the W N W  Texas Strand, b u t  
other shorter  systems t r e n d i n g  i n  the "Texas" d i rec t -  
ion a r e  found throughout the s t a t e  south of the Strand. 

The  major lineament systems a s  seen on Landsat, 
gravi ty ,  and magnetic maps cor re la te  reasonably well 
w i t h  known geothermal manifestations. Many other 
systems a r e  Precambrian, Paleozoic, and/or Mesozoic 
i n  age b u t  appear to  control the locat ion of Quater- 
nary vol canic sys terns. 

Pub- 

- 

I .  INTRODUCTION 

Regional 1 ineaments, whether seen on sate1 1 i t e  photographs, topographic 
maps, o r  contours of gravi ty  or  magnetic anomalies, have one t h i n g  i n  common: 
they a r e  more closely related to  basement s t ruc ture  than to  surface geology. In 
the search for  new geothermal resources, we need to  define deep crustal ruptures 
t h a t  provide conduits fo r  magmatic intrusions and ver t ical  water movement. Bound- 
a r i e s  of .continental subplates showing r e l a t i v e  motion w i t h i n  the past three m i l -  
l i o n  years and the tracks of "Rot spots" a r e  good prospect zones. 
the Geysers Known Geothermal Resource (KGR) i s  on the 3 mill ion year t race  of the 
Mendocino transform intersect ion w i t h  the San Andreas system. 
Cerro Prieto KGRs a r e  on spreading centers and the Yellowstone KGR i s  on a hot 

For example, 

The Salton Sea - 
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spot plume. 
track and the act ively spreading Rio Grande Rift. 

A photolineament map of Arizona was constructed from Landsat images a t  
1 :1,000,000 scale (Lepley 1977) and a lineament map of Arizona a t  1:500,000 
sca le  was interpreted from Skylab photographs (Lepley 1978). However, f racture  
zones and other lineaments a r e  pervasive on s a t e l l i t e  photographs and an inde- 
pendent data source i s  needed t o  h e l p  separate out the fundamental crustal  
ruptures marking plate  boundaries and mantle discont inui t ies .  The 1 :1,000,000 
scale  magnetic and gravity contour maps of Arizona (Aiken 1975; Aiken ,  Schmidt, 
and Sumner 1975; West and Sumner 1973; Sauck and Sumner 1975) a r e  especially 
well suited for  this purpose. 

The magnetic and gravity anomaly contour maps listed above were analyzed - 
i n  combination t o  produce the Geophysical Lineament Map (Fig. 1 ) .  The Geophy- 
sical Lineament Systems Map ( F i g .  2 )  was derived from the Geophysical Lineament 
Map. Figures 1 and 2 were constructed for  t he i r  use w i t h  the two s a t e l l i t e  
photo1 ineament maps t o  del ineate  major zones of Quaternary crustal  ruptures 
associated w i t h  known geothermal manifest actions (report  i n  preparation: Lepley 
1978). 

The Valles Caldera i s  a t  the intersection of a possible hot spot 

I I .  BACKGROUND 

Sauck (1972), i n  his analysis of the f i rs t  statewide Arizona aeromagnetic 
map, noted tha t  regional magnetic lineaments cut across Basin and Range structure 
and a r e  usually not related t o  mapped surface geology. He noted tha t  the magnet- 
i c  1 ineaments do, however, delineate known Precambrian basement s t ructures  on the 
Plateau. Sauck's analysis of his magnetic 1 ineaments will be discussed below 
under Results. West (1972) separated the Basin and Range province from the 
Plateau province on the presence or  absence of deep al luvial  basin f i l l  defined 
by gravity anomal ies. West found no par t icular ly  s t r i k i n g  correlat ion between 
short  wave1 e n g t h  magnetic and gravity patterns b u t  found posit ive correlations 
between regional gravity and magnetic trends. 
sis  of gravity anomalies t o  d i v i d e  Arizona into six provinces wherein the s i g n  of 
gross regional gravity f i e ld  i s  correlated w i t h  other deep crustal  geophysical 
data such as  seismicity, seismic veloci t ies ,  deep conductivity, and heat flow. 

trends of age-dated Cenozoic igneous rocks i n  Nevada. Ekren and others (1976) 
used Landsat photographs, raised re1 ief maps, aeromagnetic maps, and surface 
l i thology t o  define lineaments t ha t  a r e  the result of deep-seated regional 
faul t ing i n  southern Nevada. 

extension of the San Andreas strike s l ip  f a u l t  system beneath the  sands of the 
Gran Desierto of Sonora. The Quaternary Pinacate lava f ie ld  is  located a t  the 
intersection of other magnetic trends w i t h  the dominant N60°W trend of this par t  
of Sonora and southwestern Arizona. 

Cordell (1 978) modeled the regional geophysical se t t ing  of the four-state 
area of Arizona, Utah, Colorado, and New Mexico by his analysis of gravity, aero- 
magnetic, deep seismic, deep e lec t r ica l  conductivity, regional heat flow, and 
topographic data.  He outlined the areas of regional crustal  response t o  Neogene 
upper mantle changes. 

A i  ken (1 976) used harmonic analy- 

Stewart and others (1977) used aeromagnetic anomaly patterns t o  help define 

Sumner (1 972) used aeromagnetic and gravity trends t o  t race the southeastern 
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111. METHODS 

I traced l i nea r  features  from one aeromagnetic map (Sauck and Sumner 1970), 
a regional Bouguer anomaly map (West and Sumner 1973), a residual Bouguer gra- 
v i t y  anomaly map (Aiken 1975), and a f r ee  a i r  gravity anomaly map (Aiken, 
Schmidt, and Sumner 1975). My c r i t e r i a  for picking l inear  features were s imilar  
t o  those of Sauck (1972) wherein a l inear  feature  was defined by (1)  axes of 
elongate anomalies, ( 2 )  1 inear margins of elongate anomalies, (3) imaginary 
l i nes  along o f f se t s  of anomaly patterns,  and ( 4 )  alignment of individual con- 
tour closures.  I have called these features  geophysical lineaments. From this 
s e t  of maps, I constructed a map of magnetic lineaments and a map of gravity 
lineaments. I combined these two maps i n  the following way: Where magnetic 
and gravi ty  1 ineaments coincided or  i n  combination produced long regional l ine-  
aments, I traced these. I rejected gravity and magnetic patterns t h a t  were both 
weak and nonlinear o r  those t h a t  showed no obvious l i nea r  coincidence between 
the gravity and magnetic patterns.  

Several versions of the map were produced a t  widely spaced times u s i n g  d i f -  
fe ren t  techniques. For example, two s e t s  of lineaments intersect ing a t  a shal- 
low angle could a l so  be interpreted a s  a long, gentle curving sinuous lineament. 
T h i s  philosophy was carr ied through t o  produce a geophysical lineament map con- 
sisting en t i r e ly  o f  arcuate or  sinuous lineaments. 
b u t  s t r a igh t  lineaments can be ignored to  force a f i t  to the draftsman's 
s t r a i g h t  edge. Well known regional f a u l t  systems such a s  the San Andreas of the 
U.S. o r  the A l t i n  Tagh f a u l t  of Tibet a r e  loca l ly  s t r a igh t  i n  many places, b u t  
gently curved on a continental scale.  Sinuous f a u l t  t races  a r e  sometimes the 
r e s u l t s  of s t r i k e  sl ip following two direct ions of pre-existing basement f rac-  
tures--following one, and then the other zone. Regional gravity and magnetic 
f i e l d s  a r e  a r e s u l t  of basement s t ruc ture  (or mantle s t ruc ture ,  i n  the case of 
gravi ty)  more than surface geology. I therefore  chose to  del ineate  intersect ing 
lineaments separately i n  most cases ra ther  than lose this information by smooth- 
i n g  over these intersect ions w i t h  curved 1 ines. 

I used an optical  Fourier processor to  perform directional f i l t e r i n g  on the 
g r a v i t y  and aeromagnetic contour maps t o  yield maps o f  gradients having given d i -  
rections.  The process i s  described by Arsenault and others (1974) and Lepley 
(1 977). 

t i on  between the geophysical maps were marked w i t h  heavy lines; weaker gravity- 
magnetic concurrences were marked w i t h  thinner l i nes .  The result i s  shown as 
F i g .  1 ,  the Geophysical Lineament Map. From this map, I c l a s s i f i ed  swarms o r  
groups of  lineaments in to  systems and assigned names to  these systems fo r  the 
purpose of ident i f ica t ion  and discussion. The Geophysical Lineament Systems 
Map is  shown a s  Fig.  2, 

IV. DISCUSSION OF RESULTS 

over an opaque F ig .  2.  The geophysical lineaments of F i g ,  1 will be discussed 
a s  systems named on F i g .  2.  

lineament systems a r e  apparent. Over most o f  the state,  two orthogonal sets are 
present, N W - N E  and NS-EW. W i t h i n  the NW-NE s e t ,  the NW systems a r e  spaced a t  
approximately 150 km between the NW Houserock, Cottonwood, and Tucson systems 

On the other extreme, a l l  

Strong o r  regionally continuous l i nea r  patterns t h a t  showed good correla-  

The two maps a r e  best  viewed a s  overlays, w i t h  a translucent Fig .  1 placed 

Some regular directional and spacial d i s t r ibu t ion  of gravi ty-magnetic 
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and the N E  systems tha t  include the Grand Wash, Sinyala, B r i g h t  Angel, Mesa 
Butte, Greasewood, and Clifton systems a re  spaced a t  an average distance of 
80 km. North-south systems include the Shylock and Klondike systems and east-  
west lineament concentrations a re  the Deshelly, Pinedale, Buckskin, Chandler, 
and Si1 Nakya-Benson systems. 

In southwestern Arizona, these two orthogonal sets a re  replaced by a NNW- 
ENE orthogonal set. The N N W  San Andreas system has a quasi-periodical spacing 
of  approximately 35 km and the ENE Gila Trough and Pinacate systems are  about 
100 km apart .  

The l a rges t  geophysical lineament system i n  Arizona is  the northwesterly 
Cottonwood system. 
l e n g t h  arching s l igh t ly  concave t o  the south, trending N40'W a t  the New Mexico 
border and N45'W t o  N50°W where i t  passes into Nevada. The Cottonwood system 
marks West's (1972) proposed Basin and Range-Plateau boundary and an upper  mantle 
conductivity boundary a s  shown by Cordell 's (1978) F i g .  8, where higher conduct- 
i v i t y  i s  on the south. 

Figs .  3-6 (Pierce 1976) showing Paleozoic basins i n  Arizona. 
Defiance positive corresponds t o  the P i  nedal e EW system. 
trough f i t s  the large gravity h i g h  block bounded by the Mesa Butte, Greasewood, 
and Cottonwood lineament systems. 
on the south by the Pinedale system, F i g .  7 .  

1976) i s  bounded on the north a t  32'N l a t i t ude  by the Benson lineament system 
and on the west a t  about 111'W longitude by the NW trending Sawmill Canyon mem- 
ber of the Tucson system. Spencer Ti t ley 's  six northwest discont inui t ies  a re  
matched f a i r l y  well by the trend of the Tucson geophysical lineament system. 
The ax is  o f  the Paleozoic isopach ( F i g .  9)  follows the Swisshelm member of the 
Tucson system. 
showing 100 km l e f t  la te ra l  o f f se t  along the Benson system. Ti t ley speculates 
t h a t  the WNW Texas zone i s  composed of minor l e f t  la te ra l  o f f se t s  along numer- 
ous EW and NW f a u l t s  developing composite WNW movement. 
the north edge of the Mesozoic Hidalgo-thrust sheets trending a t  EW 32' l a t i t ude  
along the Benson lineament system ( F i g .  11). He also shows a postthrust ,  l a t e  
Laramide l e f t  la te ra l  t ea r  f a u l t  e x t e n d i n g  EW a t  approximately 31 '30' l a t i tude .  

Miocene 12-13 m.y. block faul t ing and was probably associated w i t h  mid-Tertiary 
28 to  17 m.y. tectonism. East of the Bosque lineament, the Gila Trough forms a 
boundary between the more "oceanic" residual Bouguer and gravity magnetic h i g h  
t o  the south i n  the Tucson system and more continental gravity and magnetic lows 
t o  the north. To the west of the Bosque lineament, the continuous geophysical 
alignments of the Gila Trough can be traced ESE along the present Gila River to  
the San Andreas lineament No. 2. 
(Sauck and Sumner 1970) shows t h a t  the residual magnetic low associated w i t h  
the t rough i s  o f f se t  i n  a r i g h t  l a te ra l  sense, especially along Nos. 1-3. An 
examination of the residual Bouguer gravity anomaly map (Aiken 1975) shows the 
same sense of of fse t .  Combining the two maps, I have estimated the following 
l e f t  la te ra l  o f f se t  distances: No. 1 moved 20 km, No. 2 moved 25 km, and No. 3 
moved 20 km. The present lineament extension may be due to  rejuvenated motion 
along the main ax is  of the trough. 

across the San Andreas system. T h i s  i s  i l lusory  due to  the small angle of inter- 
section. A c lose inspection of the magnetic map indicates the possibi l i ty  of 

I t  i s  40 t o  80 km wide and extends more than 600 km i n  

I t  i s  informative t o  compare the geophysical lineament Figs .  1 and 2 to  
The Cambrian 

The Devonian Orai b i  

The Permian basin on the Plateau is  flanked 

I n  southeastern Arizona, the Mesozoic Bisbee formation, F i g .  8 (from Titley 

Ti t ley ' s  Paleozoic facies  map ( F i g .  10) could be interpreted as  

Drewes (1976) shows 

According t o  Eberly and Stanley (1978) the Gila Trough predates the l a t e  

However, an examination of the aeromagnetic map 

West-northwest systems i n c l u d i n g  the Crater Mountain system seem t o  cut 
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similar r i g h t  l a t e ra l  o f f se t s  of these systems also.  
lava fie',d l i es  a t  the three-way intersect ion of the No. 2 San Andreas lineament, 
the Pinacate system, and a W N W  system lying just south of the Arizona-Sonora 
border. These lineaments were traced from the maps of Sumner (1972). 

The Buckskin system, and especial ly  the branch extending west across the 
Colorado River near Parker, may be related t o  the present l e f t  l a t e r a l  movement 
along EW f a u l t s  i n  the Transverse ranges due west i n  California.  

The observed magnetic anomaly of the B r i g h t  Angel f a u l t  is much too grea t  
for  the observed 70 m ver t ical  throw of Paleozoic rocks (Sauck 1972). The 
anomaly here must be generated by the Precambrian rocks below. The northeaster-  
l y  Sinyala, B r i g h t  Angel, and Mesa Butte systems are ,  according t o  Shoemaker 
and others  (1974) and Warner (1978), par t  of a r i g h t  l a t e r a l ,  middle Precambrian 
wrench f a u l t  system t h a t  extends from Arizona t o  Minnesota. 
magnetic data w i t h  radiometric ages from deep wells were used by Warner t o  
del ineate  a pattern resembling the San Andreas f a u l t  system t h a t  trends roughly 
paral le l  t o  the regional grain of  the basement rocks. 

indicates  a computed 3.5 km normal f a u l t  i n  basement rocks. He a l so  notes t h a t  
d i r e c t l y  beneath the San Francisco Mountains i s  an. EW magnetic low (actual ly  
the ENE Humphry lineament; t h a t  the Calderas of the Supersti t ions l i e  on the 
intersect ion of a NE lineament w i t h  an EW magnetic low (Chandler); and the 
Turkey Creek Caldera i s  a t  an intersect ion of a NE lineament w i t h  a NW (Swiss- 
helm) 1 ineament. 

Aiken (1976), i n  his Fourier analysis  of gravity data to  quant i ta t ive ly  
define broad pat terns ,  found t h a t  Arizona i s  divided i n t o  two domains of regional 
gravi ty  (F ig .  12). 
trending h i g h s  and lows t h a t  a r e  truncated by the N60°W system of southwestern 
Arizona. His NE trending system'on the Plateau consis ts  of two h i g h s  and two 
lows. 
te rsec t ions  of the Sinyala and B r i g h t  Angel systems w i t h  the Cottonwood system 
of F i g .  2 and follows the Colorado lineament of Warner (1978). Aiken's NE low 
extends northeast from the Cottonwood 1 ineament system between the Diabase and 
Clif ton systems. T h i s  NE low roughly corresponds t o  Cordell 's  (1978) Jemez 
lineament. A NE h i g h  l ies between the NW low and N E  low and his SE h i g h  l i e s  
eas t  of the Clifton system. In southwestern Arizona, Aiken's regional N60"W 
Tucson-Ajo gravity gradient separates the above systems from his SW low tha t  
1 ies along t h e  Tucson-Ajo gradient. A i  ken a lso  compiled maps of deep-sounding 
geophysical information and re la ted geology t h a t  are useful t o  compare w i t h  
F i g .  2. 
t o  the Harquahala, Tucson, and Benson systems (Fig .  13) .  A Pn veloci ty  trough 
trends EW a t  35"N along the Pinedale system ( F i g .  14),  .Earthquake epicenters 
a r e  aligned roughly w i t h  the Crater Mountain, Cowhide, and Pinacate systems 
( F i g .  15). 
Humphry lineament , (Fig.  16). Sauck (1972) has constructed a set of direct ional  
histogram rose t t e s  of t o t a l  1 ine lengths of magnetic lineaments. .He divided 
Arizona into four provinces for  the purpose o f  compiling the ' rose t tes :  NW, NE, 
SW, and SE. ~ ,The Cottonwood 1 ineament system approximates his d iv is ion  between 
his two' northern and two southern quadrants. Ttie northern quadrants a r e '  domi - 
nated by a northeast g r a i n  consisting of mostly N40"E and N6O0E trends and by 
EM lineaments. ' The southern quadrants a r e  dominated by an  a r ray  of northwesterly 

quadrants have sharply defined NS systems .- 

The Quaternary Pinacate 

Gravity and aero- 

Sauck notes t h a t  the east-west magnetic low under Black Mesa (De Chelly) 

The northeastern half  of Arizona is dominated by N35"E- 

His NW low i s  a nearly equidimenslonal gravi ty  low centered over the i n -  

For example, the eastern limits of Mesozoic t h r u s t i n g  correspond roughly 

S i l i c i c  volcanism i s  found on a l i n e  tha t  extends ESE from the 

predominantly N 3 5 O W Y  N60°W, and  N80°W,'and an EW (N8O0E) trend. All 
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The Grand Wash, Cottonwood, and C1 i f ton  1 ineament systems a r e  concurrent 
w i t h  the borders of the lower e lec t r ica l  conductivity of the upper mantle under 
the Plateau (Cordell 1978). The Arizona strip west of the Grand Wash lineament 
includes the zone of highest conductivity and h i g h  heat flow associated w i t h  
the Wasatch front.  Cordell used aeromagnetic data to show the conjugate gridded 
s t ructural  grain of the basement tha t  has controlled Quaternary r i f t ing .  Gra- 
v i t y  data shows graben border f au l t s ,  Precambrian basement s t ructural  grain,  
and deep crustal  and upper mantle s t ruc ture  a l l  superimposed. Cordell a t t r i -  
butes the broad regional topographic and gravity buoyant response to Neogene 
upper mantle changes. The regional gravity low eas t  of the Greasewood and north- 
east of the Cottonwood system he considers to  be part  of a basement cored horst 
responding to  those changes. 

The Texas Strand lineament was so named because this system is only one of 
several strands trending i n  the famous WNW "Texas" direct ion.  The Texas Strand 
is not only an alignment of Bouguer gravity and aeromagnetic gradients,  b u t  is 
a boundary between textural provinces on Sauck and Sumner's aeromagnetic map. 
North of the lineament, magnetic r e l i e f  is typical ly  800 gammas and a typical 
gradient is  160 gammas per km. South of  the Texas Strand typical magnetic re- 
l i e f  and gradients a r e  300 gammas and 20 gammas per km, respectively.  T h i s  
1 ineament a1 so marks the southern edge of the large negative residual Bouguer 
anomaly (Groom Peak) shown on Aiken's 1975 map and the most intense part  of the 
large positive magnetic anomaly of the Chandler system. 

V .  PRELIMINARY CONCLUSIONS 

The purpose of the construction of  the geophysical lineament map was to 
provide an independent s e t  of data re la t ing  to fundamental basement and mantle 
s t ructure  to  compare w i t h  the maps of s a t e l l  i t e  photo1 ineaments, because the 
Landsat lineaments (Lepley 1977) and Skylab lineaments (Lepley 1978) a r e  be- 
lieved to  be surface expressions of deep crustal  s t ructure .  Reference should 
a l so  be made t o  the geothermal map by Hahman and others (1978). Certain conclu- 
sions may be drawn from this work tha t  a r e  pertinent to  geothermal exploration. 

(1) The Hidden Canyon lineament may be one of a se r ies  of ENE t o  NE r i g h t -  
l a t e ra l  ( i n  Arizona) transform fau l t s  re la ted to the present spreading of the 
Great Basin. 

(2) The San Francisco volcanic f i e ld  a t  35'00' to 35"30'N, 111°30' to 
112°-OOoW, is  bounded on the west by the Mesa Butte and Cottonwood systems and 
Humphrys Peak is  spl i t  by the Humphrys lineament. 

(3) The San Bernadino volcanic f i e l d ,  a t  31"30'N, 109'15'W l i e s  w i t h i n  
an extension of the Swisshelm system, and the L i g h t n i n g  Dock KGR is bounded by 
an eas te r ly  extension of the Benson system. 

(4)  The se r i e s  of hot spr ings  extending NE from Tucson to  Clifton seems 

A row of hot springs l i e s  on the eastern edge 

of the Clifton system. 
can be deduced for  the NS systems, i t  i s  consis- 

t o  be control 1 ed by 1 1 neamen ts 
(5)  Where l a t e ra l  motion 

t e n t l y  r ight- la teral  i n  sense. 
o f  the Shylock NS system. 

(6) Known geothermal man 
Trough and Chandler systems. 

festat ions occur i n  or  adjacent to the Gila 

( 1 )  The Texas Strand lineament system might  be used a s  a southern geophy- 
s ica l  border of the Colorado Plateau, because i t  marks a contrast  i n  magnetic 
texture signifying a difference i n  the deeper crust. 
depth is probably shallower south of the Strand. 

For example, the Curie 
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In conclusion, the major lineament systems a s  seen on Landsat, gravi ty ,  
and magnetic maps cor re la te  reasonably well w i t h  known geothermal manifestations. 
Many major systems a r e  Precambrian, Paleozoic, and/or Mesozoic i n  age b u t  appear 
t o  control the location of Quaternary volcanic systems. My conclusions on Quat- 
ernary p la te  boundaries m u s t  be reserved for  my report on Skylab photolineaments, 
i n  preparation. 

SUMMARY 

Photo1 ineaments seen on s a t e l l  i te images are usually expressions of deep 
crustal  ruptures. However, photolineaments a re  omnipresent and an independent 
expression of regional d i scont inui t ies  is  needed t o  he1 p rank the photo1 inea- 
ments. Published gravity and magnetic contour maps of Arizona were analyzed to  
produce a s ing le  geophysical lineament map to  indicate trends of regional base- 
ment s t ructures .  T h i s  map shows tha t  the southwestern quarter of Arizona is 
dominated by a NNW-ENE orthogonal system whereas the remaining s t a t e  is gridded 
by a N W - N E  system. North-south systems a r e  present throughout the s t a t e ,  as a r e  
EW lineaments. Arizona is  transected by the WNW Texas Strand. b u t  other shorter  
systems trending i n  the "Texas" direct ion a r e  found throughout the state south 
o f  the Strand. The geophysical lineament map of Arizona is  now being used i n  
the  interpretaton of s a t e l l i t e  lineaments i n  a new map derived from 1:500,000 
scale  color-enhanced Skylab and color infrared Landsat photographs (report  i n  
preparation). 
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Fig. 3 .  
General ized isopach o f  the Cambrian 
System (Peirce 1976) .  
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Fig .  4 .  
Generalized isopach o f  the Devonian 
System (Peirce 1976) .  
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Fig. 5 .  
General i zed i sopach o f  the Plississi ppian 
System (Peirce 1 9 7 6 ) .  
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Fig. 6. 
Generalized isopach o f  the Pennsylvanian 
System (Peirce 1976). 
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Fig.  7 .  
General ited isopach o f  the Permian 
System (Peirce 1976).  
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Fig. 8. 
Outcrop map of  
Bisbee Group o r  
equivalent rocks 
i n  southeastern 
Arizona and south- 
western New Mexico 
(dotted 1 ine, from 

,- Ti t ley  1976). 
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Fig. 9. 
Paleozoic isopach map of southern 
Arizona and adjoining New Mexico. 
Modified from Peirce and Wilt 
(1971) and McKee (1951). (Ti t ley 
1976). 
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F ig .  11.  

Map showing d i s t r i b u t i o n  of major t h r u s t  f a u l t s  and other  
selected geologic features i n  p a r t  o f  southeastern Arizona.  
(Drewes 1976) .  
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Fig. 1 2 .  
First two-harmonic trend surface of residual Bouguer 
gravity anomal ies  (Ai ken 1976). 
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F i g .  13. 

Line F.1 denotes the eastern extent o f  Mesozoic thrusting. 
(Lipman and others 1972) .  
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Fig. 14.  
First two-harmonic trend surface of residual Bouguer 
gravity anomalies and Pn velocit ies .  



F i g .  15.  
F i r s t  two-harmonic t rend  surface o f  res idua l  Bouguer g r a v i t y  
anomalies and d i s t r i b u t i o n  o f  h i s t o r i c a l  earthquake epicenters 
( A i  ken 1976). 
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Si1 i c i c  Cenozoic volcanics ( A i  ken 1476). 
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