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RESULTS OF THE RAY lv1APPll"JG PROJECT 

(The following notes were transcribed fron~ an informal tape-recorded 
talk presented by Stan Keith at the Ray mine, April 15, 1976) 

The area rnapped by Stan lies north and west of Ray and comprises an 
area of about 14 by 5 lniles. Mapping scale is pi = 1000 1 and the base is 
enlarged USGS topographic maps. 

Low-Angle Faults 

.Low-angle reverse faults. -- - A series of n1ajor low-angle reverse 
faults exists northwest of Ray. The nearest of these thrust faults to Ray 
is the Walnut Canyon fault which has a north- south trace north of Teapot 
Mountain (see index map). Deformed Paleozoic rocks lie in the footwall 
of this fault, and a section of Paleozoic and Apache group rocks completely 
inverted lies in the hanging wall. The block of inverted rocks is truncated 
on the east by a steep-angle normal fault, the Sleeping Beauty fault, with 
Whitetail conglomerate in the hanging wall and Paleozoic and Apache group 
rocks in the footwall. The Walnut Canyon fault has a complex history. An 
early period of reverse movement probably accompanied overturning of the 
footwall rocks. A second period of normal moven1ent produced a synclinal 
drag and further overturned the overturned rocks such that the rocks are 
now overturned overturned! Thrusting along the Walnut Canyon fault is 
thought to be associated with a compressional event, probably of Laramide 
age, which produced shortening in this area of at least 12 miles (assunnng 
a continuous overthrust from Telegraph to Walnut Canyon). It is important 
to mention here that there is no positive evidence for a decollement along 
the base of the sedimentary section in contact with the crystalline basement. 
The base of the Apache group section where well exposed is generally and 
almost always in normal sedimentary contact with the crystalline basement. 
Very little evidence for shearing is apparent. Indeed, the crystalline base
ment, which includes some diabase sills, appears to have been folded along 
wi th the overlying Phanerozoic section. 

Low-angle normal faults. -- - The Copper Butte fault west of Ray is a 
low-angle norm.al fault of lnajor extent. It extends southward into the 
Grayback Mountain quadrangle, through the Kearny quadrangle, (the Ripsey 
fault of Schmidt, 1971) to the vicinity of Crozier Peak, Winkleman 15 1 

quadrangle. (the Camp Grant fault of Krieger, 1974) and probably extends on 
to San Manuel. This fault is a member of a group of faults which extend 
along the west margin of the Tortilla hinge line and as a group is charac
terizedby a period of low-angle normal displacement. One rnember of this 
group offsets the San Manuel-Kalamazoo orebody. 
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The low-angle nonnal di splacement on the Copper Butte fault can be 
dated in the Ray l'nap area. In the SW ~ sec. 12, T. 3 S., R. 12 E. , 
Apache Leap tuif, dated at 20 m. y., lies in low-angle normal fault 
contact with Pinal schist and Whitetail conglomerate. The low-angle 
fault is interpreted to be an irnbricale slice of the Coppe r Butte fault. 
One mile farther northwest, the Copper Butte fault is overlapped 
unconformably by volcanics which postdate the Apache Leap tuff and which 
yield age dates of 18 to 16 m. y. Thus the period of low-angle normal . 
faulting occurred between 20 and 18 m. y. It should be noted that this fault 
:may have had an earlier period of reverse displacelnent, but the present 
juxtaposition of stratigraphic units indicate the latest nor:mal move:ment 
occurred during the 20 to 18 m. y. period. Also, move:ment on the Copper 
Butte fault appears to be younger than mOVClnent on the Battle Axe fault 
because of truncation relationships in swt sec. 12, T. 3 S., R. 12 E. 
Geologic relationships to the south do not substantiate but are consistent 
with nornlal displacerncnt along the entire system. at about the same time 
as in the Copper Butte area. For example, in the vicinity of San Manuel, 
the San Manuel forrnation is conrrnonly offset by normal displacement, and 
age dates of the San Manuel yield 24 m. y. Thus much of the movement 
in the south is post-24 m. y. Also, the Big Dome formation (14-17 m. y.) 
is not g0nerally Imown (with one exception of the White Canyon fault) to be 
involved in the low-angle normal faulting, although it occurs in close 
proximity to normally faulted San Manuel for:mation. Hence normal faulting 
rnay be pre-I? m.y. in age. 

One interesting feature of the Copper Butte fault is the contrast in structural 
coherency of the Pinal schist in the hanging wall and footwall blocks. Pinal 
schist in the hanging wall of the fault is strongly deformed, broken. and 
shattered. Pinal schist in the footwall bloc;k appears to exhibit only the 
lnetarnorphic structures da.ting from Precambrian time. This shattering is 
thought to be related to near- surface movement on the Copper Butte fault 
under low confining pressure. Examination of small fold structures in the 
Pinal schist indicate s pos sible early reverSE; movement on the Copper Butte 
faults but the latest movement appears to be low-angle normal. Likewise, 
exposures of a similar 10w-angJ.e fault in Walnut Canyon (near CB-9) provide 
some indication of an early reverse movement period. Here, Big Dome-
equi valent rocks lie in the hanging wall of the fault and Whitetain conglomerate 
in the footwall, but the drag in the Whitetail suggests reverse movement on 
the fault. Evidence for two-phase movement, i. e., an early reverse 
:movement, is persistent on the low-angle faults throughout the San Pedro 
hinge zone. A series of gravity glide blocks is present in the footwall of the 
Walnut Canyon fault. These appear to be thin slabs of Paleozoic rocks which 
have detached and :moved generally to the southWCAt under the response of 
gravity prior to the last movement of the Walnut Canyon fault becau.se of 
truncation relationships. 
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High-Angle Normal Faults 

The Concentrator fault is a major high-angle normal fault with west side 
down extending southward into the vicinity of Copper Butte. The Concentrator 
fault dips steeply to the west with normal displacement that involves all 
stratigraphic units (except the Quaternary alluvium), This is in contrast 
to Creasey's interpretation which shows most recent m.ovement on the 
Concentrator fault as pre-Apache Leap tuff. Stan's mapping shows that 
the Concentrator fault cuts all units up and including the youngest gravels 
(Big Dome age). The Concentrator fault thus implici.ty cuts the Copper 
Butte fault, although the intersection of these two faults is covered. 
However, the Concentrator fault appears to continue E;outh into the hanging 
wall of the Copper Butte fault. The trace of the Concent.rator fault appears 
to have a left lateral separation south of the intersection with the Copper 
Butte fault. 

The Concentrator fault appears to be a simple, single strand fault break 
where it intersects Tertiary volcanic rocks. To the north part of the map 
area and farther north near Superior where the Concentrator fault cuts 
Paleozoic rocks, relationships are more complex with many parallel fault 
slivers. The Concentrator fault thus may be an old structure reactivated in 
late Tertiary time. Older mapping by E. D. Wilson shows the Concentrator 
fault merging into and becoming the Copper Butte fault. Stan does not 
believe this is the case. 

The ,Teapot Mountain fault is an important structural feature in the Ray area. 
This high-angle normal fault extends northward from the Ray pit up Mineral 
Creek and essentially marks the northwestern boundary of the Dripping Springs 
range. Whitetail conglomerate in the hanging wall on the wer:;t is relatively 
downfaulted against Pinal schist on the east. Farther north along a northward 
projection of this fault beneath the Apache Leap dacite, deep drilling by 
ASARCO and Inspiration in the Devils Canyon area indicate s that thi s fault 
may continue northward under Apache Leap tuff cover as a n'lajor structural 
break. The deep drilling indicates a block of Pinal schist to the east, faulted 
against a block of Whitetail and Paleozoic rocks on the west. Drill holes 
collared in the east block penetrate ± 1,000 feet of Apache Leap dacite, a few 
hundred feet of Whitetail, and then goes directly into Pinal schist or in some 
cases Schultze granite. Drill holes collared in the west block penetrate 
± 1,000 feet of Apache Leap dacite, up to 3, 000 to 4,000 feet of Whitetail 
conglomerate, and finally penetrate Paleozoic rocks at 5,000 or 6,000 feet. 
These relationships hold in the Ray area where the block west of the Teapot 
Mountain fault contains a very thick section of Whitetail conglomerate, 
possibly up to 3,000 feet. Hence most of the normal Inovement on the Teapot 
Mountain fault is pre-Apache Leap tuff in age based on the drilling in the 
Devils Canyon area, alti. 'ugh iIi the Ray area there is pxobably some post-
Apache Leap movemen j . 



West- to Northwe st- T rending Structures of the Texas Zone 

An elernent of the Texas zone in the Ray area may be the Last Turn Hill 
shear zone which extends in a west-northwest direction from the Ray pit. 
It is well defined [rorn Ray to the vicinity of the San Luis mine where 
northeast fractures appear to intersect it. The Concentrator fault appear s 
to bend from a north-south trace to a northwest trace where it intersects 
the projection of the L"ast Turn Hill shear zone. The Last Turn Hill shear 
zone appears to be a rnajor crustal break. Generally the rocks north of the 
projection of Last Turn Hill shear zone comprise a terrane of Paleozoic 
sedimentary rocks strongly deforrned by thrusting. The rocks south of 
this zone are crystalline basernent rocks. Thus a vertical offset is 
infer red along thi s fault zone. 

The Last Turn Hill shear zone appears to have had both vertical and 
left-lateral displacelnent along its trace. The evidence for left-lateral 
displacernent is the apparent: offset of north-south fault structures and 
drag folds adjacent to the n-lajor shears. A problern exists in extending the 
Last Turn Hill shear zone southeastward into the Dripping Springs range. 
A possible solution to this problern is that the Last Turn Hill shear zone 
rnerges with the Diabase fault via the North End faults, bends to the south
east, and forrns the southeast boundary fault to the Dripping Springs range. 
A lesser elernent rnay cross over the Dripping Springs range in the 
vicinity of the Ray si.lver Inines and extend on to the southeast to the 
vicinity of the Christmas nunc where it may becon1.e part of the Joker 
fault and the Chri stmas fault. It may further extend down to the Williamson 
Can.yon area of Larry Barrett's mapping and become the Red Rooster fault 
in that 'Vicinity. Together these faults are the expression of this west
northwest structure. Definite left-lateral offsets along the Last Turn Hill 
shear zone have not been docurnented in the Ray pit area; however, several 
features of the area geology are consi stent with left-lateral di splacement on 
this fa~t zone. Bedding attitudes in the Whitetail conglomerate on Teapot 
Mountain bend arowld in the vicinity of the shear zone and are consistent 
with left-lateral drag along the fault zone. Also, the Dripping Springs 
Mountains trend northwest, and at the projection of the Last Turn Hill shear 
zone east of Ray bends around to a north- south orientation. Faults within 
the Dripping Springs Mountains also change their strike at this location, 
indicating a pos sible warping or bending in the crust but not a throughgoing 
break. 

The Mineral Creek Fault Zone 

Another major fault zone found in the east part of the area m.apped is the 
Mineral Creek fault zone which trends down Mineral Creek and goes into 
North Crossing. A relatively thin section of Whitetail conglomerate
Apache Leap tuff-Big Dome sediments is faulted down on the east against 
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Pinal schist on the west. This complex fault zone is composed of several 
fault strands. The east-dipping westernmost fault strand is named the 
Livingston fault, following the suggestion of Neil Gambell. The term School 
fault is reserved for that part of the Mineral Creek fault zone which is 
composed of reverse faults that dip 30 0 _60 0 west and crop out east of the 
presumed trace of the Li.vingston fault. Note that the School fault is a 
low-angle reverse fault near the surface and is interpreted to steepen 
at depth. The Pinal schist block has moved up. The geometry of this 
fault as shown is inferred from analogy to other basement-cored uplifts 
of Laramide age. In the case of the Ray area, however, much of the 
Laramide-style deformation is of Miocene age. It is an open question as 
to whether the School is younger than the Livingston or vice-versa. 

The overall structural interpretation of the area north of the Ray pi t 
essentially is that the crystalline block of Pinal schist bounded on the 
west by the Teapot Mountain fault and on the east by the Mineral Creek 
fault zone represents the renmants of a basement-cored uplift that \vc..s 
active several separate times furing Tertiary time. An early, possibly 
Laramide, compre s sion initially elevated this block. Post- Laramide normal 
faulting on the Teapot fault formed a depression to the west into which 
Whitetail conglomerate accumulated. The Whitetail itself was faulted. 
Pre-Apache Leap rotation of the Whitetail is inferred to be induced by 
folding in the region between 24 and 20 m. y., the age of the San Manuel 
and Apache Leap tuff, respectively. A third event of cornpression, post
rhyolite tuff in age, further elevated the block. Post-14 m. y. basin and 
range faulting completes the story. 

DISCUSSION 

Normal movement probably occurred along bou.ndi.ng faults between the 
compressive episodes, but the overall effect is elevation of the central 
Pinal schist block relative to the adjacent blocks. The faults bounciing 
this crystalline block are thought to be steeply dipping at depth. Near 
surface under low confining pressure they attain low dip angles as the 
material expands laterally. The most recent compres sion of upper Tertiary 
age predates the movement on the Concentrator fault and the basin and 
range extensional event. This upper Tertiary compres sion appears to fold 
Galiuro volcanic rocks, dated at 20 m. y., and the Big Dome formation, 
dated at 14 -17 m. y. Formation of the Spine syncline i.n the Copper Butte 
area is post-20 or 18 m. y. True basin and range structure is dated as 
post-14 m. y. Thus the late compressional event appears to have been 
active approximately 16 to 17 m. y. ago. Thus the folding in that area 
appears to record affects of a regional compressio'nal late Tertiary event 
older than displacement on the Concentrator fault, the Diaba se fault, and 
Livingston fault of the Mineral Creek fault zone, and sorne of the movement 
appears to be very recent with displacements in some of the most recent 
Pleistocene terrace \Vels north of Ray. 



[ . 

Megabreccias 

A large block of shattel'ed Paleozoic rocks enclosed in Whitetail conglomerate 
occurs in the hanging wall of the Teapot Mountain fault. Origin of this block 
is controversial. F. Zoerner contends that this is a fragment of basement, 
probably faulted into place. The block contacts do not parallel attitudes of 
the enclosing Whitetail sediments, and the block appears to be oblique to 
bedding. S. Keith contends as S. Creasey that the overall trend of the 
Paleozoic block is subparallel to the strike of the Whitetail sediments. 
Secondly, the block is internally shattered and brecciated similar to the 
Kearny megabreccia. Thirdly, the stratigraphic section wi thin the 
shattered blocks is tele scoped north, pre sumably by internal bedding plane 
faults which have faulted out less con1petent units and retained more 
resistant units. Thi.s is thought to have been the results of "landsliding" 
under low confining pre s sure. Fourthly, nearby diabase and Apache group 
sediments do exist as a megabreccia deposited upon Whitetail conglomerate 
in Devils Canyon, one-quarter Dule upstrearn from the confluence \ .. ith 
Mineral Creek(?). Keith interprets the Paleozoic block as a megabreccia 
or a slide block, the source of which is the relatively high crystalline block 
between the Teapot Mountain and Mineral Creek faults. Clastics and rnega
breccia blocks slid off into the developing Whitetail basin to the west. This 
event is thought to be pre-32 m.y., which is the youngest age obtained in the 
Whitetail conglomerate. Actual age of the deposition may extend back into 
Eocene time. The Whitetail formation then is thought to be deposited in a 
fault trough, and the argmnent can be developed that thi s fault trough formed 
in response to rifting or basin and range-style structure \vhich is post
Laranlide and pre- to mid-Tertiary in age. The southward extension of 
the Teapot Mountain fault is not well defined. It can be traced to about 1,000 
feet north of the North End fault in the vicinity of Red Hills. Somehow the 
Whitetail basin must truncate or be truncated by the Last Turn Hill zone. 
In any event, the Whitetail section markedly thins to the south toward the 
Last Turn Hill zone and to the east of the Teapot Mountain fault. 

Tertiary StratigraE.!::.L 

Stratigraphy of the upper post-Whitetail Tertiary gravels used in this study 
is as follows: The oldest unit is the San Manuel formation, a sequence of 
tilted gravels dated at 24 to 18 m. y. This is overlain unconformably by 
generally gently inclined or horizontal gravels of the Big Dome fO!"lnation 
dated at 14-17 m. y. These arc overlain uncoruonnably by the Quiburis 
formation dated at 5 m. y., and unconformably above this are small patches 
of terrace gravels which appear to be about. 01 to .6 m. y. in age. The Big 
Dome formation is largely gravels in the vicinity of Kearny. In the vicinity 
of Ray, significant amounts of rhyolite tuff interfinger with the gravels. 
In the Copper Butte area age-equivalent rhyolite tuffs and flows exceed in 
volume the Big'Don~e-equivalent gravels. 

-7-
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Summary 

In summary, the area north of Ray is a block of ground which has 
alternati vely been under compre s sion in Laramide time, then a release 
of compre s sion and perhaps active rifting. Further compres sion in 
mid-Tertiary tilne, release, and then a late Tertiary cOlnpression with 
final release during developm.ent of basin and range structur.e. It is 
suggested that the Dripping Springs range acted as a bntress during these 
various compres sional events, and the re sponse of tbe Dripping Spring s 
range to this deforrnation has been to strongly shatter and fault the rocks 
exposed. 

Dips in the Whitetail conglomerate were established <luring rotational 
tectonism associated with a compressional event between 24 and 20 In. y. 
The same time that the Whitetail formation is being rotated is the same 
time the San Ma.nual formation is being rotated. In tlle Ray area this 
rotation predated the 20 m. y. Apache Leap tuff. Keitb believes that the 
field evidence supports the idea that n~uch of this rotation was in response 
to compressive stresses as it is closely associated in time and spa.ce with 
the reverse movement of thrusting on faults. Slickenside directions 
indicate that the compressive tectonic transport has been in a northeast
southwest direction, and the subsequent tensional tectonic transport has 
been in the very same direction, only the sense of movement has been 
reversed. Normal faults do not seCIn to have produced any associated 
significant rotation of the blocks. Most of the steep dips in the map area 
have been produced by folding. This is shown to be the case in the 
Telegraph Canyon area. 

Exploration Significance 

Po s sible exploration significance results are a s follows: 

1. The Red Hills sulfide system is probably autochthonous. Evidence 
for a low-angle fault underlying the sulfide system is not present. 

2. Possible deep nuneralization may be present: west of the surface 
trace of the Teapot Mountain fault, but this mineralization would have to 
be tested by very deep drill holes. Keith suggests that: DDH 1007 did not 
intersect the Teapot Mountain fault. It is possible that after passing 
through a thick section of Whitetail conglomerate, thi" drill hole intersected 
Apache group megabreccia and finally Precaulbrian Pinal schi st in the 
hanging wail of the Teapot Mountain fault. 

3. Further mapping has established that the grano'diorite or quartz diorite 
in the Red Hills area probably is a phase of the Madera diorite. Similar grano
diorite is exposed in the Dripping Springs range overlain unconformably by 
Apac;he group sediments. The Laramide age S\'lggcstion of Keith (1976) is 
thus ''\ralid. 
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4. The most attractive areas for exploration in the Red Hills area 
arc the south and southeast of the present drilling between the Red Hills 
area and the Ray pit. 

5. Neil Gambell maintains that the sulfide system at Red Hills and 
that of the Ray deposit are separate systems. This argument is based 
mainly on independent patterns of alteration and mineralization. The 
Red Hills system is younger than Teapot Mountain porphyry, as minerali
zation in the Red Hills area cuts that igneous rock type. 

6. Geologic mapping by Keith has provided some evidence explaining 
the source of the aeromagnetic anomaly in the White Canyon area. The 
anomaly is centered in the area of Paleozoic rocks which have been 
extensively intruded by basaltic sills. Similar basaltic rocks intrude 
Paleozoic sediments in the Galiuro Mountains, and the se sills are thought 
to be related to the Willialnson Canyon volcanic sequence. 

7. Amount of movement on the Copper Butte fault has not been 
established defini tely. However 1 Keith regards displacem.ent up to about 
1 mile as possible, wlth the hanging wall having moved westerly. Movc::c:1:.::nt 
of the upper plate of this fault from Ray is very unlikely. 

8. The Concentrator fault is well expo sed in road cuts northwest of 
Ray. Slickensides exposed in these cuts sho\v that latest movement on the 
Concentrator fault is not entirely dip slip. The slickensides rake off to the 
southeast. This implies that the Magma vein, which is offset by the 
Concentrator fault, is not ill splaced purely by dip- slip movement but may 
have been displaced also to the south. 

9. Scattered mineralization along east-west fractures cutting Paleozoic 
seilllnents in the Teapot Mountain quadrangle is regarded as possible Magma
type vein mineralization hut has no econoHnc value. The nlineralization is 
simply too sparse to be of any interest. 

In summary, the best mineralization exposed in the Ray mapping area is that 
in the Red Hills area. Possible deep exploration potential exists in the foot
wall of the Teapot Mountain fault concealed by postmineral Whitetail 
conglomerate in the hanging wall. The fault block of Pinal schist containing 
the Red Hills inineralized area is a block of very large postmineral-positive 
structural relief. Mineralization exposed probably represents the deep 
expression of a porphyry system. Pre or postmineral rotation of the 
mineralized block is problernatic. 

Keith1s mapping at Ray has failed to generate any new exploration targets 
in the Ray area. In the Copper Butte area, the exotic mine.ralization at 
Copper Butte appears to be offset by a strand of the Concentrator fault. 
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Additional reserves of low-grade oxide copper mineralization may be 
encountered by drilling acros s the Concentrator fault lraln the Copper 
Butte deposit. The source of the exotic copper mineralization at Copper 
Butte remains a mystery, probably the copper was derived from the same 
source as the red schist facies of the Whitetail formation. Keith's mapping 
north of Copper Butte failed to disclose any outcrops of red schj st in place 
in the Pinal schist units mapped. 
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ADDENDUM TO STAN KEITH'S RAY REPORT 

(Transcribed and edited from. tape-recorded talk by Stan Keith, Sept. 1976) 

Note: These notes and remarks are prelirrlinary interpretation of work in 
progress. 

Bowm.an Basin Fault System (Plates II, VIII, and IX) 

Preparation of structure cross sections (Plates VIII and IX) for the Ray rnap 
area provides new information on the BOWluan Basin fault system.. 

The Bowman Basin fault system is a series of low-angle, spoon-shaped, 
im.bricate gravity glide faults lying north of the Battle-axe fault zone. The 
Bownlan Basin fault itself is considered to be the low-angle fault which 
runs up along Highway 177 to just west of Walnut Gap, then bends and 
continues to the west south of the feature known as Bown"1an Basin (see 
index map which accolnpanie s Stan Keith I s report). 

The west end of the Bowman Basin fault appear s to be truncated against the 
Concentrator fault. In the S± of section 36 the fault clips about 20 0 _30° to 
the west; slickensides in the fault plane trend S. 70· W. and plunge about 
15°_30° indicating that low-angle norn"1al n"1oven"1cnt was from east-northeast 
to west·-southwest. This low .. angle normal movement appears to have been 
cut by high-angle norn1<11 rnoverncnt related to the last movcn"1ent on the 
Concentrator fault. 

Another group of low-angle faults lies north of BOWluan Basin. These 
structures are rnapped by Creasey and can be viewed from. Bowman Gap 
looking north. Large landslide-like blocks of Paleozoic rocks apparently 
have shifted weshvard froIn Apache Leap in this area. The low-angle normal 
faults in the Bowrnan Basin area Inay be part of the sam.e system of 10w
angle gravity glide features found farther north toward Superior. All of 
these low-angle faults rnay be soled or floored into one large low-angle fault 
which Keith terms the Bowm.an Basin fault. 

Age relationships of these low-angle faults to the Concentrator fault suggest 
that the basin form.ed to the west in the vicinity of Florence sometime before 
movem.ent on the Concentrator fault. The low-angle faults represent caving 
off of large blocks from the plateau-like area of Apache Leap, and, under 
the influence of gravity, these blocks moved westward into the basin. This 
structure is thought to be analogous to large similar structures along the 
margin of the Colorado Plateau (e. g., near the Grandwash cliffs, northwest 
Arizona). 
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Bowman Basin is a low area in which erosion has removed hanging wall 
rocks and exposed relatively less-deformed rocks in the footwall of the 
Bowman Basin fault. Rocks of the upper plate arc strongly deformed, 
cut by normal faults, and show rotati.on of blocks. Slickensides arc 
abundant on small normal faults, and they consistently trend N. 60 0 E. 
This structural pattern is consistent from Walnut Gap up to the town of 
Superior. This entire region seems to be characterized by low-angle 
gravity glide faults which have rnoved from the Apache Leap plateau 
westward toward Florence Basin. 

Structural relationships between the BOWlTIan Basin fault and the 
Concentrator fault as outlined above create s some geometrical problems 
in interpretation. The Bowman Basin fault is not found ,vest of the trace 
of the Concentrator fault, yet if the normal movement on the Concentrator 
fault is younger than the Bowrnan Basin fault, the latter should lie at depth 

~ we st of the Concentrato r fault. 

Tortilla-Northern Galiuro Mountains Cro s s Section C - C ' (Plate XII) 

The Romero Wash fault is interpreted af; a folded thrust. Structure 
beneath the San Pedro River Valley is thought to be broad, open folds in 
the "foreland" of the monoclinal belt. Thickne s se s of mid- Tertiary 
volcanic rocks and sediluentary rocks shown on the cross section should 
be considered to be probable minimum thicknesses. A significant feature 
of the rnid-Tertiary geology is the requircrnents that the west margin of 
the Galiuro Mountains be bounded by a major west-·dipping normal fault 
with displacements at least 5,000 feet. This basin-range fault is interpreted 
as near vertical and could flatten at depth. The west side of the San Pedro 
River V..allcy is not bounded by a comparable basin-range fault. 

Crozier Peak Structure Cross Section A-A' (Plate IV) 

The Smith Wash fault near Crozier Peak is interpreted as a low-angle 
rever se fault which steepens at depth. The cumulative reverse n"lotion 
on this fault is contrary to the displaccrnent shown on Medora Kreiger's 
map. A late period of normal movement has dropped the San Manuel 
formation back to the west, but this displacement is relatively minor 
compared to the earlier rever se nlOveluent. Ea rlier interpretations of 
last year of the Smith Wash fault by Keith show that the fault dip flattens 
with depth. The dip is now thought to steepen with depth to conform with 
the concept of compre s si ve origin of the monoclinal uplift. 



j 

1'0rtilla -Northern Galiuro Mountains C ro s s Sectio_n 13·- B 1 (Plate XI) 

The structural interpretation along this section is similar to that along 
section C-C I (Plate XII), specifically with the folded Romero Wash fault 1 s 
gently warped and folded sediments beneath the San Pedro River Valley 
and reverse m.ovem.ent on the Smith Wash fault. The Can1p Grant fault, 
a low-angle normal fault, is located at the \vest edge of this section. 
Very reliable offsets along the Camp Grant fault indicate about 1. 5 miles 
of normal dip- slip rnovement. 

Ray Structural Study Cross Section B-BI (Plate IX) 

This section contains several dog legs in order that the section passes 
essentially normal to the structural grain and also so that the section can 
maximize use of surface information from di.amond drill holes in the Ray 
mine area. Beneath Teapot Mountain the Whitetail formation is thought to 
rest unconformably but nearly parallel to underlying beds of Precambrian 
Pioneer formation. The Pioneer formation has moved laterally and 
produced a rnegabreccia on the east v,:hich grades into relatively undeformed 
Pioneer formation directly beneath Teapot Mounta.in. Movement of the plane 
of dip along the contact between the se form.aEons is froIn \ve st to east. 

The Ray structural cross sections (Plates VIII and IX) and structural development 
of the Ray area may best be described in age sequence. The structural 
cross secti.ons are an aUenl.pt to present an interpretation which is consistent 
with field observations with paleogeographic constraints. 

The olde st major flat thrust structure in the Ray area is thought to be the 
Walnut Canyon thrust which is shown on the west edge of the cross sections. 
It is thought to be caused by a compressive event, and it is associated with 
extreme crustal shortening. The Telegraph Canyon fold, a large recumbent 
fold of nappe-like dimensions, has been chopped off by the Walnut Canyon 
fault, and part of this recum.bent fold has been thrusted eastward to the 
vicinity of Walnut Canyon. The overturned beds east of the highway 
repre sent the m.iddle limb of thi s recumbent fold; the roots of thi s fold are 
in the Telegraph Canyon ar.ea. The crustal shortening implied by the in.ferred 
movement on the Walnut Canyon fault is about 8 or 9 miles. If the folded beds 
are restored to a horizontal position, then the inferred shortening is about 10 
to 12 miles. This large-scale thrusting is one of the earliest events recorded 
in the structure of the Ray area, and pieces of the Walnut Canyon fault 
are preserved acros s the structural eros s section. 

Monoclinal uplifts of the type found farther to the south, if present in the Ray 
area, postdates the Walnut Canyon thrust. The recurnbent fold and associated 
thrust is thought to have formed under shallow cover, probably reJated to an 
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uplift to the east. The tectonic slip line is from. west to east or from 
southwest to northeast. The age of the Walnut Canyon fault is not well 
bracketed. One piece of relevant data is found in upper Arnett and 
upper Walnut Canyon where a mineralized fault cuts and offsets the 
Walnut Canyon fault. That offset can be interpreted several ways. The 
most simple explanation is that the high-angle fault offsets the Walnut 
Canyon fault and was later mineralized. This mineralization is similar 
to mineralization in the Superior area which is associated with the 
Lararrlide Schultze granite. This would date the fault as older than. 
Larannde Inineralization. Another interpretation is that there has bee_I'l: __ " 
poshnineral reactivation on the m.ineralized fault and that second period 
of moven"lent offset the Walnut Canyon fault. In this case the Walnut 
Canyon fault could be postm.ineral or post-Laramide. 

Correlation of Low-Angle Faults 

Upon completion of the structural cross sections, it became apparent 
that the Walnut Canyon fault, the Copper Butte fault, and the Ernperor 
fault may all be part of the same coherent thrust sheet. If this hypothesis 
is correct, then a reliable date on the thrusting may be obtained in the 
Ray area where the patterns of rnineralization at Ray are superimposed 
upon the Eniperor thrust fault and the nnneralization at Ray is thought to 
have been emplaced into a thrust faulted terrane. This means that the 
Granite Mountain porphyry, the porphyries at Ray, and mineralization has 

. intruded the Emperor fault, and by implication the Copper Butte fault. 
Thus the major low-angle displacement would be pre-62 m. y. Warping 
and folding of Laran1ide to mid-Tertiary age has deformed the Emperor 
and Copper ~uttefaults. In addition, lov\!-angle normal movement along 
the Coppei"'B~'tt"cl'faulhhas occurre''ct'\s probably middle to late Tertiary in 
age. This late normal movement on the Copper Butte fault may be about 
1 mile. 

The low-angle thrust fault system of which the Walnut Canyon, Copper 
Butte, and Emperor faults are related cannot be traced much farther 
north than the Ray map area. There is no evidence, for exaniple, that 
low-angle thrusting is present in the area of Superior. To the south of 
Ray, however, one n1ay correlate the flat faults at Ray with the Romero 
Wash fault in the vicinity of Crozier Peak. Here the Romero Wash fault 
has been ernplaced and then later folded by the monoc1inal event and intruded 
by an 80.6 ni. y. sill. If tIns correlation is correct, then the low-angle 

_ thrusting could be regional extent, extending at least from the Ray vicinity 
down into Crozier Peak, Winklclnan, Saddle Mountain and probably farther 
south where the Romero Wash fault is concealed by alluvium., and could be 
early Laramide (i. e., late Cretaceous) in age. Thus a large area could 
be involved in this premineral thrusting event. 
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The second major tectonic event in the Ray area is Laramide monoclinal 
tectonics. This event 18 represented by deformation associated with the 
School fa.ult zone which has been described in the main part of this text on 
the Ray mapping project. It is also represented by movement on the 
Sleeping Beauty fault, nanlcly high-angle reverse faulting. In other words, 
in the Ray area there is an uplifted n10noclinal block centered just we st of 
Mineral Creek bounded on the we st by the Sleeping Beauty fault and on the 
east by the School fault. This bl.ock has been caught up in a compression 
and has been elevated vertically, and shortening is accomrnodatecl by 
rever se moven'lent on the Sleeping Beauty fault and on the Mineral Creek 
fault zone. The block became a high in Laramide time. The Teapot 
Mountain area contains the only evidence in the .Ray vicinity of this rnono
elinal uplift event. Mo st of the Laramide intrusions appear to po stdate or 
be about the same age as this monoclinal tectonic event. 

The next tectonic developn'lent, and this is thought to be early Tertiary in 
~\(C 

age, is the developrnent of a graben'basin into which sediments of the 
Whitetail formation accurnulated. The Teapot fault was the principal acti ve 
fault during this time of basin development. Keithls interpretation of a 
steep angle on the Teapot fault is contrary to the interpretation of Zoerner 
who believes the Teapot fault has a very gentle dip west. Faulting 
apparently was active during the depo sHion of the Whitetail fonnation and 
continued after Whitetail tim.e and dropped the Whitetail sediments dO'vvn 
against the Red Hills block. The Red Hills block represents a slice of the 
Laramide basement-cored uplift; a stable slice which remains a positive 
area; the other part of the slice has been faulted down to the we st by the 
Teapot fault. Principal movernent on the Sleeping Beauty fault and the 
Teapot fault is normal and older than deposition of the Apache Leap tuff, 
thus confining the graben-forming event largely to Whitetail and pre
Miocene time, approximately during the interval of "10 to 32 In. yo This 
inferred tectonic history implic s two periods of n'lovement on the Sleeping 
Beauty fault: early reverse 1110Venlent of probable Laramide age and a 
later normal displacement of mid-Tertiary age. 

Relationships depicted in the cross sections concerning relative ages of 
the Concentrator and Bowman Basin faults are highly interpretational; 
specifically the Concentrator fault is thought to have been active before 
and after emplacement of the Bowman Basin glide fault. Thus the 
Concentrator fault had early n1oven1ent which was overridden by the 
Bowman Basin fault, offsetting part of the Concentrator fault to the west. 
Subsequent to this, the Concentrator fault was reactivated and cut the 
Bowrnan Basin fault, offsetting that fault plane. This interpretation is 
sho\'m on section A-AI. 

A-I-5 



The Concentrator fault is a complex fault zone with many fault slices. 
Last movement along the Concentrator fault definitely postdates the 
Bowman Basin fault. The argument for multiple movement on the 
Concentrator fault reaUy is based upon different amounts of offs et for the 
Walnut Canyon fault and for the sediments which overlie it compared to 
offsets in the Dripping Spring quartzite in the footwall of the Walnut 
Canyon fault. Both of these units show different amounts of offset along 
the Concentrator fault. 
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EXPLANATION TO lvlAPS AND STRUCTURE SECTION 

This explanation. covers all letter symbols used on SBK 
maps, cross sections, correlation charts, and diagrams 
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Map Symbol 

Qs 

Qc 

Qtl 

Qld 

Qrn 

Qd 

\-Nddt'lO'.i~J ~\\i" 
r-.0" ',,,d )I<.:\n\ 1.\~t.l~\,J.r-/1 

ROCKS 

Description of Map Unit 

QUATERN.A.R y GEOMO~~F>~S:\('y;,NS':\~,t 
I" .... c(·hr~. I('v-'J''''\''~'' '1 'r' , .\ 

.: I((O~!~)J'.o\i.f .:..".'.,{." 

9c~?/~?~~r.l~<r,.~.u~l~Re.t"may be"cut on pedirnented bedrock \f'--L~,I'--,' 
or·alluvial valley fi14 Age determined by height (oldest :: 
highest) above adjacent present-day stream channels. 
Surfaces of slope <5" were mapped as Qs. 

Colluviurrl or hillwash overlying bedrock in hlllsiopes. 
Locally continuous with Qs. Surface s of slope >5 0 but 
<12" were mapped as Qc. 

Talus or debris material resting on steeper slopes >12 0
• 

Locally continuous 'with Qc. 

Landslide deposits containing boulders consistently larger 
than 5 x 5 x5' were mapped as Qld regardless of slope 
angle. 

Landslide deposits which contain structurally coherent 
blocks of bedrock. That is, the blocks \v-ithin the slide 
have not been internally rotated with respect to each 
other, and the original pre slide lithology can be mapped 
within the slide at the map scale. The pre slide lithologies 
are designated by the appropriate letter symbols enclosed 
by parentheses, e. g., (Me). 

QUATERNARY ROCK UNITS 

Mine dumps and tailings; road fill. 

Modern alluviums (Holocene) within present-day stream. 
channels; younger than 10,000 years. 

Floodplain surface <;·ut on alluviums adjacent to modern 
stream channels 2 to 10 feet above present-day stream 
base levels. Does not contain red soils. 

*All Quaternary geomorphic units are tentatively considered younger than the 
upper Saint Davids formation in the upper San Pedro Valley. The upper Saint: 
David formation at Curtis Range has a magnetostratigraphy which probably 
.contains Brunhes-Matuyama. boundary dated at 0.69 m. y. (Johnson, et ale 1 

1975). If so, alluviums deposited during and after QSl time are younger than 
about 600, 000 years. 

A ···1 .7. 



Qw 

Qt! 
3 

S)..ufacc 15 to 18 feet above present- day stream base 
levels. Present along or at con.fluenccs of n1.ajor 
stream.s. Red soils, if present, are poorly developed 
cOlnparccl to those 0<1 QSl and QS2 surfaces. On streams 
with greater than ~2 0 gradients, "boulder terraces and 
lcvys'J were mapped as QS3. 

Winkleman. formation (10 to 100 feet). Gravels which 
underlie QS3 sur~ace b:llt are younger than gravels 
related to QS2. Sur.faL~~fnamecl for exposures in Highway 
77 roadcuts along north side of Gila River at Winkleman, 
Arizona. Generally an unconsolidated coarse gravel 
containing well-rounded pebbles, cobbles, and boulders 
of older rocks; contains fine-grained light yellow lenses 
of silty lnaterial locally. 

Colluvium graded to QS3 surface. Mapped in the Saddle 
Mountain area of Winkleman 7i nnnute quadrangle and 
Teapot Mountain area of Teapot 7i minute quadrangle. 

Talus graded to QC3 and QS3 surface. Deposits overlie 
Qtl2 and arc distinguished by lack of soil development. 
Fine-gr,ained material between rock fragments has been 
washed away. :May represent debris flows. 

Widespread surface 15 to 80 feet above present-day 
stream base levels. Contains well-developed red soils. 
A mature soil exposure in a haulage roadcut 1 mile north 
of the Ray mine has 2 feet of dense red clay at the B2T 
horizon and 2 to 3 feet of calcareous C horizon. 

Qsc Sacaton formation (l0-200 feet). Alluviums which 
,~ ,,) 

. und:E_0-_(~Jhe QS2 surface and with less certainty ~e QSl 
r 0,> "", ~~ ~;("" t:J (r:~('1'~\,,~;\' surfaces." Tentatively correlated with the Sacaton 

1;)'" ::,.0.'" \ (,t/\(\ \'1~(r I" \ .. 

f( ~'l"; '.~ e i(", ,(.,,,,.JI',r,,,,,(,,,·'''''lormation at Mammoth, Arizona (Heindl, 1963) on the 
O~ \(./":;.\,,(.( '".Li.n ,,,I b . f· ·1 l'th 1 d t t· hi ·t· 
O"Ji b"." -\·br .... "\!.,.... tf'11 ) aS1S 0 SlDU ar l' 0 ogy an S ra 19rap c po Sl lon. 

Colluvium graded to QS2 surface. 

Talus graded to QC
2 

and Qs
2

" 

Megabreccia masses stratigraphically related to Qs
Z 

surface s. 

Landslides graded to QsZ surface. 
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Qtr 

Qs 
1 

Qrn
1 

Tqa 

Tql 

Tb 

Travertine. Especially well developed along High~ay 
177 ncar Walnut Spring in the Teapot Mountain quadrangle. 

Surface 100 to 250 feet above present-day stream base 

levels; c()ntt~s~~~ w~(l- developed red soils. Generally ettt 
on alluvial faclt.e--os th-e Quiburis formation; questionably 
cut on alluviums of Sacaton age. In the Tortilla Mountains 
veneer, gravels of po s sible Sacaton age re st on an extensive 
peclirnent surface cut on Oracle quartz monzonite. This 
pediment surface is believed equivalent to the Rillito 
pediment surface in the Tucson area defined by Pashley 
(IQ66). QSl and QsZ surfaces merge downward with the 
pediluent surfaces in the upper reaches of streams in the 
Tortilla Mountains. The pediment surface is therefore 
inferred to be older than Qs 1 and QS2- Qs I is poorly 
preserved in the valley fill areas and more common in 
pedimented bedrock areas. 

Megabreccia graded to Qs 1 surface. The megabreccias 
north of Ray in White Canyon north of Hells Peak and 
south of Walnut Gap are inferred to be related to Qs 1 
base levels. 

TER TIAR Y ROCKS';' '"':: t 

.f,fJ 
P V f 

Alluvial facies of Quiburis formation (600 feet ± ); F'r:.;! .~ 
composition and degree of induration variable. ;{:;;r .~ .. 

~ ;',. ,/,. ,-- ... 
Fine-grained lacustrinal or lake facies of Q\liburis . _" ~~ 
formation (600 feet ± )." Ash fall tuffs within the lake 
facies have been dated by the K-Ar method on glass at 
4.5 to 5.5 m" y. (Scarborough, 1975). 

Basalt (40 feet ±). Dense, black, aphanitic olivine basalt 
which caps Apsey conglol1.l.erate i.n the Tablelands section 
of the northern Galiuro Mountains. Dated by the K-Ar 
luethoc1 on whole rock at 8.4 m. y. (Keith and Scarborough, 
unpub. data). 

~<See Figure 1 for northwest-southeast distribution and correlation of 
Tertiary rocks. 
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Tat 

Trt 

Tby 

Tbyi 

Tbd 

Tbdc 

Tbdql 

I , 
L 

Tbdlt 

I. 

Andesite of Table Mountain (400 feet ± ) naUled by 
I<::ricger (1968a) for exposures which overlie Apsey 
conglomerate in Holy Joe Peak quadrangle. Krieger 
correlated these rocks with Tb and considered Tb 
and Tat to be within the Galiuro volcanics. Based on 
the 8.4 111. y. age date, basaltic composition of the Tb 
and unconforUlable relations of Apsey and Hellhole 
conglomerate on the 22.4 m. y. He1ls Half Acre tuff, 
the Galiuro volcanics are considered to underlie the 
Apsey conglomerate. Tat and Tb are therefore part 
of an independent younger m.agmatic event. 

Bedded rhyolitic tuff (50-100 feet) which overlies Qtb 
and contains fragments of Qtb in the northcentral 
Teapot Mountain quadrangle. 

Aphanitic dense basalt (300 feet ± ) po s sibly basaltic 
andesi.te which overlies Big Dome-equivalent gravels 
in the northcentral Teapot Mountain quadrangle. 

Aphanitic dense basalt which intrudes a normal fault 
in the Wood Canyon area of Teapot Mountain quadrangle. 

Miocene Conglomerates 

Big Dome formation (2,000 feet ±). A1luvial depo sits 
named by Krieger, et ala (1973) for exposures at Big 
Dome, Sonora quadrangle. Biotite and hornblende from 
a quartz latite ash flow tuff below the middle of the 
formation gave ages of 14 and 17 m. y., respectively 
(Banks, et ala 1972). Big Dome equivalents are 
considered to be conglomerate in the Superior area, 
Apsey conglomerate (Krieger, 1968a, 1968b) in the 
Galiuro Mountains, and He1lhole conglomerate in the 
Klondyke quadrangle (Simmons, 1964). 

Big Dome formation; mixed conglomerate facies (500-
1,000 feet). 

Quartz latite ash flow tuff (0-40 feet) embedded in Big 
Dome forma.tion near Kearny, Arizona. The 14 and 
17 m. y. ages are from this flow (see Cornwall and 
Krieger, 1975a). 

Thinly laminated to massive rhyolite lapilli tuff (0-40 
feet) contains abundant pumice shards (see Cornwall and 
J.<l."icger, 1975a). 
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Tbdl 

Tbds 

Tbdwc 

Tbdpi 

Ta 

Th 

Tql 

l : TqIi 

Trd 

1 

Big Dome formation; lilnestone conglornerate (1, 000 feet ±); 
see Cornwall and Krieger (19750.). 

Big Dorne formation; sandstone and conglornerate (1, 000 
.feet:l: ); see Cornwall and Krieger (1975a). 

Big Dome formation. Conglomerate containing clasts of 
Williamson Canyon volcanics (1,000 feet ± ) present along 
southwest margin of Dripping Spring Mountains in Hayden 
quadrangle. 

Big Dome formation; Pinal schist bearing conglomerate 
(400 feet ± ). 

Apsey conglornerate (0-700 feet); equivalent of Big Dome 
formation in northern Galiuro Mountains (see Krieger, 
19680., 1968b). 

Hellhole conglornerate (600-2,000 feet); equivalent of Big 
Dorne formation in Klondyke quadrangle (see Sinunons, 
1964) • 

Picketpost Mountain Volcan.ics 

An extensive sequence of dorninantly rhyolitic volcanic 
rocks unconforrnably underlie the lvUocene conglomerate s 
and overlie older conglornerates and Apache Leap tuff 
northwest of Ray and southwest of Superior. These rocks 
are named the Picketpo st Mountain volcanics for a thick 
section ex.posed at Picketpost Mountain 4 miles west
southwest of Superior, Arizona. Creasey (1975) has 
mapped rnany of these units in the Teapot Mountain 
7i minute quadrangle. 

Quartz latite flows showing basal vi trophyre as a cro s s
hatched band (250 feet ± ). 

lntrusi ve quartz latite {intrusive equivalent of quartz 
latite flows}. 

Rhyodacite porphyry. Mediurn to medium coarse-grained 
biotite rhyodacite porphyry contains biotite, resorbed 
quartz, and plagioclase within a light pink groundmass. 
Forms a prominent north- to northwest-trending dike 
south of Telegraph Canyon in the Mineral Mountain 
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quadrangle. Intrudes Tri. Phenocrysts are 40% of 
roel,_ Equals coarse-grained rhyolite porphyry in
reports of Lyon and Clayton. 

-~.~--- ~.-

Rhyolite porphyry. Rhyolite porphyry with biotite and 
quartz Ileye ll phenocrysts set in a white groundlTIass. 
Phenocrysts are approxirnately 20% of rock. Forms 
num.erous pluglike 111aSSeS south and west of Telegraph 
Canyon in t.he Mineral Mountain quadrangle. 

Bedded crealTI-colored rhyolite tu.ffs, probably in part 
waterlain. A sequence of four units intercalated ·with 
1'p and 1'r. Contact between Ttbl and Ttb3 in the White 
Canyon area is very approximately located on topographic 
criteria. Approximate thicknes ses as follows: Tbtl, 
100-250 feet; Tbt2' 100 feet ± ; Tbt3' 100-250 feeti Tbt4, 
100- 2 00 feet. Tbt north of Ray mine is tentatively 
correlated with more extensive Tbt in Teapot Mountain 
quadrangle. Creasey (oral corunmnication) has dated 
Thtl(?) at 17 m.y. 

Massive rhyolitic lithi.c tuff (100-250 feet) thick, well 
exposed in Wood Canyon area of Teapot Mountain 
quadrangle. Lithic: fragments are of Tr + Tp 70% ± 
and pi 30% ± • 

Massive fine-grained rhyolite flow breccia, a sequence 
of four yellowish-white flow units intercalated with Tp 
and Tbt. Brecciation is probably due to autobrecciation 
during extrusion of flow. Approximate thicknesses as 
follows: Tr, 50-75 feet; 1'r2, 50-100 feet; '1'r3, 50 feet ±, 
1'1'4, 50-100 feet. Creasey (oral comlTI1.mication) has dated 
one of these flows at 16 m. y. 

Massive fine-grained flov.f-banded rhyolite (intrusive 
equivalent of Tr). Cross-hatched band is vitrophyre 
which cOlnrnonly occurs at the contacts of Tr and its 
host rock. 

Perlite flows: A sequence of two flows intercalated in 
Tbt and Tr; ptygmatic flow banding and associated b 
lineation are com.mon. Rock has a glassy, ropeyoutcrop 
texture and is light gray in color. Flows are 100 to 200 
feet thick. 
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Bedded to massive pink lithic tuff (15-30 feet). Lithic 
fragments in tuff arc m.ostly Pinal schist. Generally 
present below Tbt and above Tgo. However, in the 
Telegraph Canyon a pink lithic tuif occurs at the base 
of Tgo. 

Dark purplish aphanitic vesicular basalt flows (0-75 
feet), may be basaltic andesite. 

Older gravel (50 to +300 feet). Alluvium above Apache 
Leap tuff and below Tpt. Consists of coarse gravel 
alluviums dominated by rounded clasts of Oracle quartz 
monzonite. In the vicinity of Hells Peak, Tgo consists 
of finer grained sediHlCnts. As unit is traced northwest, 
clast ' s proportion become s progres si vely more Pinal 
schist-rich. Unit Inay be an equivalent of the Ripsey 

...... - .... ~. 

Wash sequence (Schmidt, 1971) in the Kearny and Grayback 
quadrangles farther south. Gravel unit which rests between 
rhyolite tuff and Apache Leap tuff north of Ray mine is 
tentatively correlated with Tgo. Age is between 20 and 
18 m. y. based on radioHlctric dates in the underlying 
Apache Leap tuff and overlying bedded rhyolite tuffs. 

Sedimentary breccia (0-2S0 feet ±). Unbedded aggregate 
of silt, sand, pebbles, cobbles, and boulder-sized clasts. 
Clast compo sition is predominantly Oracle quartz Hlonzoni te 
with sorne Grayback granodiorite. Unit is a mud flow or 
megabreccia cIeri ved from a source area to the south in 
the Grayback quadrangle(?). 

Ripsey Wash sequence (SchrnicIt, 1971), 0 to 1, SOO feet ± ; 
tentatively correlated with Tgo on the basis of a 17.1 ITl.y. 
age elate (Cornwall and Krieger, 1975a) and angular 
discordance of Truc on Tsp (Schmidt, 1971). 

Ripsey Wash sequence, upper boulder conglomerate 
m.eHlber (500 feet ± ); rnassivc, poorly sorted boulder 
conglomerate. Boulders are mostly Oracle quartz 
monzonite. Lin1.estone Inegabreccia boulders are abundant 
locally. 

Ripsey Wash sequence. Tuffaceous sandstone and conglomerate 
(S 00 feet ±). Well stratified tuffaceous sandstones which 
contain zeolitic tuff interbeds. Biotite from one of these tuffs 
gave a K-·Ar age of 17. I m. y. (Cornwall and Krieger, 1975a). 
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Ripsey Wash sequence. Lower conglomerate member 
(500 feet ±), poorly sorted and poorly stratified, 
nlOderately indurate cobble and boulder conglornerate. 
Clast cOlnposili.on is predom.; :lantly Oracle quartz 
monzonite with subordinate diabase. Apache group, 
Paleozoic, and Laratnide intrusive rocks. 

Apache Leap tuff (averages 200-500 feet in mapped area, 
2,000 feet at type section in Superior quadrangle (Peterson, 
1968, 1969)). A nonwelded white tuff 0 to 5 feet thick at 
base is commonly overlain by a 10- to 30-foot densely 
welded black vitrophyrc (cross-hatched band), Black 
vitrophyre grades upward into a less densely welded 
brownish weathering tuff cornmonly with flattened 
purnice shards. Vapor phase crystallization increases 
near top. K-Ar ages arc 20 In. y. (Creasey and Kistler, 
1962) and 19. 8 TIl. y. (Damon and Bikerman, 1964). Out
crops extensively in northwest Sonora quadrangle and 
entire Teapot Mountain quadrangle. 

San Manuel formation (l0, 000 feet +). Alluvial deposits 
with interbedded megabreccias. Formation in mapped 
area was first Inappecl and nauled Hackberry fornution 
by Schmidt (1971). Correlated with and renamed the San 
Manuel formation for the type locality at San Manuel, 
Arizona (Heindl, 1963), by Krieger, etal. (1973), b)r 
Krieger (1974b, 1974c, 1974d), and Cornwall and Krieger 
(l975a, 1975b). Biotite and sanidine from a rock consider( 
by Krieger to be San Manuel but which may be equivalent to 
Truc or Trlc (Schmidt, 1971) gave K-Ar ages of 18 and 
24 rn. y., respectively. Outcrops extensively in Kearny 
and Crozier Peak quadrangles. Lower parts of San Manuel 
may be Whitetail in age(?). 

San Manuel formation; granitic conglomerate (0 to 4,500 
feet f), see Cornwall and Krieger (l975a, 1975b). 

San Manuel formation; playa deposits (0-4,000 feet), see 
Cornwall and Krieger (1975a). Not on S. Keith maps. 

San Manuel formation; limestone conglomera.te (0-100 
feet), see Cornwall and Krieger (J.975a). Not on S. Keith 
n1aps. 
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San Manuel forrnation; megabreccia (0-750 feet). Large 
lan9-slide blocks embedded in the San Manuel formation 
west of l\earny, Arizona (see Schmidt, 1971; Cornwall 
and l\:.rieger, 1975). Not on S. Keith maps. 

San Manuel formation; playa sandstone (0-500 feet), see 
Cornwall and I<ricger {l975a). Not on S. Keith maps. 

San M.anuel form.ation; quartzite conglome ra te (0 -1, 300 

feet), see Cornwall and I\:.ricger (1975a). Not on S. Keith 
n'laps. 

San Manuel formation. Alluvium (0-4·, 000 feet) interbedded 
siltstone, sandstone, and conglomerate containing 
Willian'lson Canyon volcanics, Tortilla quartz diorite, 
andesite, rhyodacite, dia.base, Apache group, and andesite 
of Depression Canyon. Outcrops in southern Kearny, 
Hayden, and Winkelman quadrangles (see Cornwall and 
Krieger, 1975; Krieger, 1974b). 

Galiuro Volcanics (0 to 2, 000 feet +) 

Named by Cooper and Silver (1964) for an extensh'e 
outcropping of Tertiary volcanic and interbedded clastic 
sediments in the Galiuro Mountains. Age dates reported 
on the volcanics by Krieger (1968a, 1968b) and Johnson 
and Todd (1975) in the Holy Joe and Brandenburg Mountain 
quadrangles range from 26-22 m. y. Galiuro volcanics 
contain much rnore andesitic luaterial and Ie s s ash flow 
tuffs than the volcanics in the Ray and Superior area. 
From this work, the Galiuro volcanics are considered 
to be those volcanics which underlie the Apsey and Hell
hole conglomerates of Krieger (196 Sa, 1968b) and 
Simmons (1964), re specti vely, and overlie a nonvolcanic 
clast-bearing conglomerate correlated with Whitetail 
conglomerate. 

Hells Half Acre tuff member named by Krieger (1968b) 
for exposures at Hells Half Acre south of Aravaipa 
Canyon. K-Ar ages are 24.56 ± 1 and 22.4 ± 1 on biotite 
and sanidine, respectively. Divisible int.o three members; 
equals upper tuff unit of Simmons (1964); upper tuff member 
of Simmons does not include Apsey conglomerate as indicated 
by Krieger (1968b). 
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Upper bedded tuff (0-100 feet); well-bedded rhyolite 
tuff. North of Ash Creek. Contains a cliff-forming 
frag:mental 'J:mud flow" about one-half way up in unit 
which contains cobbles and boulders of Tro and Troy 
quartzite. Also contains a few lithic air fall tuffs. 

Mas sive lithic rhyolite air fall tuff (0-100 feet). 

Lower bedded lithic rhyolite tuff (0-40 feet); contains 
pumice shards locally. 

Rhyolite obsidian HlCmber. Outcrops extensively in 
eastern Brandenburg 7-} :minute and northwest Klondyke 
15 rninute quadrangle s (see J-<.rieger, 1968b; Simmons 
1964). Includes nu:merous flows, cinder cones, etc. 
which will be subdivided in future :mapping. Ptygmatie 
flow folding is COlnmon, Lithophysa in so:me £lows contain 
quartz bixbyite and topaz. 

Andesite (Tuav and Tlav) and conglo:merate (Tcv) of 
Virgus Canyon (O-ZOO feet), see I'Crieger (1968a, 1968b). 
Tuav ::: Tgua of Simrnon s (1964) in Aravaipa Canyon. 
Tlav = interrnediate andesite of Si:m:mons (1964) in 
Aravaipa Canyon. 

Aravaipa :me:mber of Galiuro volcanics. Rhyolitic ash 
flow tuff (see Krieger, 1968b). K-Ar ages are 2.5.9 ± 1 
and 23.4 '!: 1 on biotite and sanidine, respectively. 

Upper nonwelded zone (0-100 feet), see Krieger (1968a, 
1968b); equals white tuff of Sirn:mons (1964). 

Partly welded, welded, and lower nonwelded zones 
(see Krieger, 1968a, 1968b); equals upper welded tuff 
of Sin"l:mons (1964). 

Tuff of Bear Springs Canyon. Conglomerate (0-50 feet) 
above and below tuff unit (see Krieger, 1968a, 1968b). 
May be equivalent to upper Tcd of Krieger (196 8d, 
1968c) in northwest part of Brandenburg and northeast 
part of Saddle Motmtain quadrangles or Tre of this 
:mapping. 

Tuff of Bear Springs Canyon. Rhy6litie ash flow tuff 
(0-120 feet), see Erieger (1968b). A K-Ar date on 
biotite from t 1 ~ tuff is Z4.4 ± 1 m. y. 
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Rattlesnake Canyon conglornerate (0-250 feet). Named 
f9r exposures of a conglomerate in Hattlesnake Canyon, 
northern Brandenburg Mountain 7t minute quadrangle 
and southern Jerusalem Mountain 7-} minute quadrangle. 
Contains a 2- to 8-foot-thick tuff about 30 feet below top 
of unit. In Rattlesnake Canyon the conglomerate rests 
between 1'hh and Tad. Equals upper Ted of Krieger 
(1968a, 1968c). Could be equivalcnt to conglomerate 
unit in Dear Springs Canyon (l<:riege l' , 1968a, 1968b). 
Cornposed of cIa sta fron1. Paleozoi.c, younger Precalubrian 
rocks, ulld Tad. 

Andesite of Dcpression Canyon (see Krieger, 1968a, 
1968c). Outcrops extensively in eastern Saddle Mountain 
quadrangle and western Brandenburg Mountain quadrangle 
(0 to 700 + feet thick). Petrographically identi.cal to 
volcanics in San Pedro Valley at and near Malpais Hill 
5 miles south of Winkleman, Arizona. Questionably 
equals Tgia of Sim.mons (1964) at north edge of Klondyke 
quadrangle. Mostly flows of massive fine-grained andesite 
containing phenocrysts of plagioclase and olivine (mostly 
altered to iclclingsite). Tops of rnany flows are brecciated 
with rocks becon1ing very vesicular. Cracks and vesicules 
are often filled with zeolites (stillbite and mcsolitc(?) arc 
most COllltnllll). At Malpais I-Iill lithophysae in the andesite 
are filled by heulandite and erionite. 

Iloly Joe member. Quartz latite ash flow tuff (0-100 feet 
thickening to 300 feet south of Aravaipa. Canyon), see 
Krieger, 1968a). K-Ar age dates are 25.6 and 25.4 m. y. 
for biotite and sanidine, respectively. 

Whitetail conglomerate (0-6,000 feet thick). Named by 
Ransol11.c (1903) for exposures in the Globe quadrangle 
Conglomerate units which rest beneath mid-Tertiary 
volcanics above pre - Tertiary rocks and contain no mid
Tertiary volcanic clasts are generally assigned to the 
Whitetail conglomerate. One exception is in the Telegraph 
Canyon area where the basal conglon1.erate can be traced 
southeast where it is found to rest. on Tal. 

The Whitetail is divisible into three mernbers which are 
lithologically and stratigraphically distinct. The lowest 
menlber consists of conglonwratcs with n1.ultiple ln0110-

lithologic JiUwlogicB which grade and inl:cdinger lat.erally 
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and appear to have local sources (for exaluple, see 
Phillips, 1976). The middle member is comprised of 
sandstone and siltstone, some of which is of lacustrine 
ongln. In W·alnut Canyon 0.5 lnile upstream from its 
confluence with White Canyon gypsum is interlayered 
with siltstones of the middle m.ember. The upper 
U"lember consists of coarse conglomerate with clasts 
of variable lithology. North of Ray this unit contains 
sizeable mas se s of megabreccia. A tuff from the upper 
Whitetail at Ray is dated at 32.4 1: 0.6 m. y. (Banks, 
et aL, 1972). 

Whitetail Conglomerate. Upper Member 

Conglomerate (50 to 4,500+ feet thick). Coar se 
conglomerate \v1.th subrounded to angular clasts of 
variable composition. North of Ray this unit contains 
several large megabrcccia masses. 

Megabreccia (0-300 feet thick). Found in 'Twc north of 
Ray. Lithologies mapped within the mcgabreccia are 
designated by the appropriate symbol enclosed b. 
parentheses. 

Whitetail Conglomerate, Middle Member 

Sandstone and siltstone (50-400 feet thick). Thin- to 
medium- bedded sands and silts, some conglomerate 
interbeds. Unit in Walnut Canyon contains intercalated 
gypSUlU beds; very soft; equals Twss of PhilJlps (1976). 

Whitetail Congloluerate, Lower Member 

Conglornerate containing gray to grayish-brown angular 
clasts of unmineralizec1 schist (0-300 feet thick) found 
west of Teapot Mountain and in Walnut Canyon area; 
equals Tws of Phillips (1976). 

Conglonlerate containing angular clasts of metam.orphosed 
Pinal schist. Clasts arc gray t.o silverish and cornrnonly 
contain numerous folds (0-300 feet thick) ITlapped north
west of Teapot M.ountain. 

Conglolnerate containing angular clasts of quartzite 
cieri ved from Dripping Spring and T roy qua rtzite. Diabase, 
Mescal limestone, and basalt clasts are less common (0- 300 
feet. thick); n.apped northwest of Teapot Mountain. 
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LATE CRETACEOUS-EARLY TERTIARY IGNEOUS ROCKS>!' 

NUluerous late Cretaceous -early Tertiary igneous 
rocks have been tnapped (dikes, stocks, and sills). 
Based on relative ages established by crosscut.ting 
relationships, five principal stages of intrusions are 
defined on a regional basis CTable 1). Fifty-four age 
c1ctern1inations are sUHllnarized in Table 1. In general, 
rocks of intrusive period I are luore mafic than those of 
intrusive periocl II which in turn is luore mafic than those 
in intrusive periods III and IV. Age data are commonly 
erratic with single rock bodies and numerous inconsistencies 
with respect to relative ages occur. Nevertheless rocks 
of intrusive period I are generally older (average of 
75.9 for 18 dates) than periods II (average 68.6 for 
11 dates), III (average of 61. 9 for 5 dates), IV (62.8 
for 8 dates), and V (61. 3 for 3 dates). Using the current 
radiotnetric definition of Laramide mag-mati sm (Darnon 
and Mauger, 1966; Darnon, 1968, 1970) in Arizona and 
New Mexico (75··50 m. y.), rocks of intrusive period I in 
general are pre-Lararnide. Tectonic considerations too 
lengthy to develop here are also consistent with this 
definition. 

The luicroc1iorite (I<:m in Saddle Mountain area), diorite 
(Kdi in Crozier Peak area), and Tortilla quartz diorite 
(Kt in northern Tortilla and central Dripping Spring s 
Mountains) arc sitnilar petrog raphically, chetnically, and 
geochronologically and have the satne relative ages. It is 
possible that these bodies are cotnagtnatic and should be 
included under the salue name {not done in this mapping)o 
Relationships in the Saddle Mountain area suggest that the 
rnicrodiorite and Williamson Canyon volcanics may be 
related. The volcanic pile is intruded by rnicroruorite, 
but within the pile lithic fragments of a rock petrogra.phically 
identical to the microdiorite are found wi thin Ii thic lapilli 
tuff flows. 

Dike rock types which have regional extent are those of 
intrusive period III. In order of decreasing abundance the 
rocks are Trl-Trz, Klur, Tkha, and Tql. Figure 2 is a 
correlation diag ram for earl}' T ··late K intrusions ba sed 
on crosscutting relationships observed in the field. 

~~See Figure 2. and Table 1. 
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TABLE 1 

CHRONOLOGY OF LATE CrU~TACEOUS-EJ-\RLY TERTIARY IGNEOUS ROCKS 
1,~nOM SADDLE ~10UNTAIN TO RAY, ARIZONA 

P.ock 

Kw 

\" 
~"-"a 1 

I 
I~1:2:.2 

I 
'r' 

,cd 

Ktt 

\ 

I 
{ : 

\'I.R. 

(ll 80. (, ± 1. S 

Kcia K&II,.. 
J. d 

L'b K~b 

Biotite 

75.6±1.4(1) 

(5) 
71.5<:1.4 

70.6 ± 1.4(5} 

71. 3 ± 2.1(S} 

68. "1 -= 1. 7(6} 

80.0 ± 1.4 (5) 

68.S±1.4(S) 

71. 1 ± 3.2(8) 

69.7 ± L4(5} 

~J neralization associated with I<r 

i 62.9±1.3(6) 

!1 

K-Ar 

Ilornblende I<-Spar Sphenl' 

Intrusive Period I 
22 dates, avcragc age 75. <) m. y. 

74. 3): 2. (; (2) 

79.7 ± 1.8(2) 

8 I. " :t I. (P ) 
('I! 

65. (; ± 2. 0 
(~; ) 

83. 1 :': 1. 7 

285 ± 10(5) 

11012(5) 

<)3. 7,~ 1.9(5) 

128 ± 3('1 ti) 

(2) 
74.3±1.3 

79.3±1.4(l} 

llltru~i ve Pe dod J[ 

11 dates, average age 68. (, m, y. 

713+2 len f _. 0 

68.0 ± o. 9(2) 

70. 's J 1. 6 (2) 

7.1 4 + 1 5 (5) . -. . (1),3:!:2.3(3) 

61. 4 1,3.4 

Fission Track 

Zircon 

69.8 ± 2.5(3) 

69.8 ± 4. 0(3) 

( )
(3) 

garnet 

Apatite 

( 3) 
(.9. S ± 6, J 

( 3) 
72.4 ± 8,4 

(3) 
68,S ±4.2 
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Rock w.rt. 

Kr 

Tkha 

I3iotile 

(,3. I ± I. ,(el) 

(S) 
62. I ± 1.2 

62:,: 2(9) 

TABLE 1 iContinucd) 

If" rnblende K - Spa r 

Intrusive ?eriod III 
5 dales, avcra;" age (,1.9 m. y. 

n-linerali7.':ltion a9sociateci \villi Tl"Z at ChristllLl~; 

61.0," 1.0 (,,'ricile)(2) 

Kmr 

TqI 

Kgd 

Ttm Teu..r' !Vv~ PDf. 

61 • .j ;: 1. I 

68.0{1?) 

f,1).O .< Z. OCI) 

('? 7 ± Z. U{·; 1 

59.5;:1.2(5) 

6.1.0 .' I.(J) 

()O'- I 0) 

5'). c,. l. il( I I) 

mineralization at Ray and Crozier Peak 

(hydrotlh>rmal bioti:e)(2) 

Inll"l\~i'.l> P"ciod 1\' 
k date:), a\'(~ ra;-:- ;l~t~ ()Z. 8 n'l.. y. 

Intrush"c Period V 
3 dates, averag:e age 61.3 m. y. 

63.0 ± 0.7(5) 

65. (, ± I. I hydrothermal 

65. I ± I. 1 at Ray 

'. biotite 

(I) Keith and Damon (unpub. ) 
(2) Koski (written communication, 19"/6) 
(3) Banks and Stuckless (1973) 
(4) Krieger (1974a) 
(5) Banks, et al. (l972) 
(6) n"rnon, ct al. (1970) 
(7) Krieger (l974b) 
(S) Db,l11on and Mauger (1<)(,6) 
(9) Creasey and Kistler (1962) 

(IO) Ror;e and Cook (196(') 
(II) Md)l)w(,1l (1')71) 
(12) Oilmon, et al. (19(,4) 

Srhene Zi rcon Apatite 

, 2 Hi ,,1.0., • I 
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Ttm 

Tgm 

Kgd 

Intrusive Period V 

Rhyodacite dikes, fine-grained, orangish, weathering, 
east- to west-trending dikes that cut Teapot Mountain 
porphyry northeast of Ray, Rattler granodiorite at Troy, 
central Dripping Spring s Mountains, and Williamson 
Canyon volcanics west of Saddle Iv1ountain. Equals Tr3 
(Cornwall, et al., 197t) and Tr3 (Cornwall and Krieger, 
1975b). Banks, et al. (1972) reports a 69.7 ± 1.4 m. y. 
date on chloritized biotite froIn the dikes which cut the 
Troy intrusion. The date is anon~alously old and was 
interpreted by Banks, Cornwall, Siberman, and Marvin 
(1972) to represent extraneous radiogenic argon introduced 
by late- stage magmatic or hydrothermal fluids. 

Ash Creek rhyolite, A I-square-rnile stock intruding 
Pinal scm st and Paleozoic rocks and overlain by Whitetail 
conglomerate 1. 5 miles east of Saddle Mountain. Yellowish
white, very fine-grained rhyolite with flow foliation. Contains 
spar se phenocrysts of euhedral thin biotite books to 3 mm 
and E-spar(?), The biotite has yielded a E-Ar age of 61 
± 2 m, y. (Krieger, 1968e), Thi s rock may be related to 
Tr3 on the basis of its texture and proximity to Tr3 dikes 
1 mile to tll e we st, 

Teapot Mountain porphyry-. White to light yellow porphyry 
containing large euhedral phenocrysts of K- spar and euhedral 
to slightly resorbed quartz eyes 3 to 12 rom in diameter. 
Banks, et al. (1972) reports a 63,0 ± 0.7 m. y. date on 
orthoclase. The date is older than the granite porphyry 
which it intrudes on Granite Mountain. The porphyry crops 
out i.n the Ray area (see also Cornwall, et al., 1971). 

Intrusi ve Period IV 

Granite Mountain porphyry. MecliUln-grained biotite 
granodiorite. Comprises large stock west of Ray and 
small stocks at Ray mine, Average of five dates from four 
sources (Table 1) is 60.6 m. y. (see also Cornwall, et al. J 

1971), Truncates Tr2 dikes. 

Medium-grained biotite hornblende granodiorite porphyry 
stocks and dikes in Crozier Peak area, Fornls a small 
stock and subsidiary dikes on Ripsey Ridge at boundary of 
Kearny and Crozier Peak 7± rninut:e quadrangles, Average 
of therr- I<-Ar ages on biotite (Table 1) is 66.6 m, y. 
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Intrusive Period III 

Quartz latite porphyry di.kes in Crozier Peak, Kearny, 
and Willklem,an 7i minute quadrangles. Equals Tql of 
Cornwall and Krieger (1975a, 1975b), Trp of Schmidt 
(1971), and Tkly of l<rieger (1974b, 1974c. Tal ncar 
Crozier Peak is intruded by Kgcl and is therefore older 
and not younger than J\:gd as indicated by Krieger. (1974a, 
1974b). 

Melanocratic rhyodacite porphyry, Phenocry sts of 
plagioclase, resorbed quartz (to 10 lum), biotite, and 
acces sory hornblende in a medium, dark greeni sh- gray 
g roundmas s. Equals 1<:n11' of Co rnwall, et a1, (1971), 
Krieger (1974b, 1971c), and Cornwall and Krieger (1975a, 
1975b). In areas mapped by S. Keith intrudes Tr2 which 
is consistent with existing literature above. 

Rhyodacite porphyry dikes. East·,northeast- to east-west
striking dike swarrns. Probably the m.ost common dike 
type. 

Rhyodacite porphyry which contains phenocrysts of 
andesine, biotite, m,inor hornblende, and ~ quartz set in 
a tan to light greenish-gray grounclmass. 

Rhyodacite porphyry. Same as above except contains 
resorbed quartz grains (5-13%) about 5 rnrn in dian'leter. 

Both varieties were mapped separately. Individual dikes 
mayor Inay not contain quartz. No crosscutting relationships 
between these dil,cs were observed. Rock type is identical 
except for presence or absence of quartz, Similar positions 
in relalive age sequence suggest these two dike types are 
comagmatic. Analogous observations have been Inade by 
other workers (Tkd and Tkq of Barrett, 1972, and Tkr-
Tkrq of l<riegcr, 1974ft~ 1974~), Tr1-TrZ is also equivalent 
to Tkr2 of Cornwall, et ale (1971), Tr2 of Cornwall and 
Krieger (l975a, 1975b), Tqmp of Schmidt (1971), and Tkfm 
of Willden (1964). An average of three K-Ar ages on biotite 
from three dikes in this series is 62,4 m.y. 

1\-,4-10 



[ 

Krp 

Ttc 

Kr 

Kgb 

Kqd 

Kda 

Kv 

I 

Intrusive Period II 

Rhyodacite porphyry. Porphyritic (plagioclase) medium 
to light gray with a greenish, brownish, or olive cast 
rhyodacite. Contains srnaIler euhedral phenocrysts of 
hornblende and biotite; acces sory magneti te; vi sible quartz 
is rare. Fornls dikes and a large sill in Apache group 
east of Crozier Peak. Que stionably as signed to intrusive 
period II on the basis of its sill-like nature. 

Teacup granodiorite (see Cornwall and Krieger, 1975b). 
Equals Grayback granodiorite of Schmidt (1971); not on 
S. Keith maps. Average of two dates (Table 1) is 62.2 
m. y. Large pluton in Grayback and North Butte quadrangles. 
Cut by dikes of intrusive period III. 

Rattler granodiorite (see Ransome, 1923; Cornwall, et al. , 
1971). Equals Granodiorite of Troy (Ransonle, 1923); 
referred to informally as Troy granodiorite by Schmidt 
(1971.) ancl others. Main phase is a mediun1-grained biotite 
hornblende granodiorite. Average of six dates from three 
sources (Table 1) is 70.1 m. y. Forms a 2-square-ki.lometer 
stock at Troy in central Dripping Spring Mountains. 

Granodiorite of Granite Basin (see Willden, 1964). FOl'lns 
large hccolilhic intrusion into Naco group 5 rniles east of 
Christmas mine. Biotite hornblende granodiorite included 
by Willden (1964) as Tlcim. K-Ar date on hornblende is 
70.5 ± 1. 6 me y. (Koski, written communication, 1976). 
Not on S. Keith rnaps. Rock closely resembles Rattler 
granodiorite (Koski, personal cOTnDlunication). 

Quartz diorite. Medimn-grained biotite hornblende quartz 
diorite. Comprises sn1all stock southeast of 79 mine in 
southern Dripping Springs and MacDonald stock 1 mile east 
of Christmas. l<:-Ar age of hornblende is 68.0 ± 1. 6 m. y. 
(Koski, written communication) from MacDonald stock. 
MacDonald stock not on S. Keith maps. 

Daci.te (see I(ricgcr, 1974c). Consists of a sill in Apache 
group rocks in central Crozier Peak quadrangle. K-Ar 
age on hornblende is 71. 3 ± 2. 1 m. y. (Krieger, 1974c). 
Not on S. Keith n1aps. 

Volcanics on cast side of Ripsey Ridge in Crozier Peak 
quadrangle (see Krieger, 1974c). Not: on S. Keith maps. 
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Intrusive Period I 

Turkey Track porphyry. Large (to 15 mm) plagioclase 
laths poikilitically enclosed in a dark gray groundmass 
exhibiting Turkey Track texture. Only one east-west 
striking dike mapped northwest of Crozier Peak. Dike 
appeared to be truncated by l(di. 

Hornblende diori te porphyry. Medium gray to gree:1i sh 
or olive-gray fine- to rnediurn coarse-grained hornblende 
diorite or andesite. Phenocrysts are almost entirely 
hornblende (2-10 mm) with rare plagioclase. EqualsKh 
of Krieger (l974b, 1974c). Forms east- to northeast
trending dikes in Crozier Peak and Winkleman quadrangles. 

Fine-grained light green quartz diorite (see Krieger, 
1974b). North- to south-trending dike which intrude s 
Romero Wash fault yielded a I<-Ar whole rock age oi 80.6 
m. y. (Keith and Damon, unpublished). Forms numerous 
east- to northeast-striking dikes south of Crozier Peak. 
SOlDe of E.rieger's Tku in this area is probably this rock. 

Hornblende andesite. Light. brown andesite dikes containing 
phenocrysts of hornblende (2-5 mm) and tabular white plagio
clase "squares" (2-4 nun) scattered in a light browr..ish-gray 
groundmass. Intrudes Kdi, Kd, and Khd. Forms numerous 
east- to northeast- striking dikes south of Crozier Peak. 
Some of Krieger I s (1974b, 1974c) Tku south of Crozier 
Peak is of this rock. Could be equivalent to T!~a and Tkrh 
in I<ea rny quadrangle (Cornwall and Krieger, 1975a) and 
Tkr and Tkha in Sonora quadrangle (Cornwall, et al., 1971). 

Hornblende andesite. .Large (to 3 Cln in diameter) hornblende 
phenocrysts set in a medium gray groundrnass. Dikes which 
intrude I<w in Saddle Mountain area. Dikes appear to cut and 
by cut by Km and therefore are interpreted to be cOITlagm.atic 
with !{mI. Dated dike in Ray area Kha of Cornwall, et al. 
(1971) and hornblende andesite in Crozier Peak quadrangle 
(Kha of Krieger, 1974c) may be cquivalent(?). Average of 
two dates from Christrnas and Saddle Mountain areas 
(Table 1) is 76.8 m. y.). 

Tortilla quartz diorite (sec CormvalJ, ct a!. 1 1971), Equals 
Sonora diorite of Schmidt (1971), Consists of a number of 
small stocks in the "Kearny, Gra yback, and Sonora quad-· 
rangles. The largest stock is west of Kelvin, Grayback, 
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and Sonora quadrangles. Composition ranges from 
p'yroxenc-hornblenc1e diorite through biotite-hornblende 
diorite. Typically medium-grained hypidiomorphic 
granular rock, although local porphyritic pa.tches '\vith 
pyroxene and hornblende phenocrysts to 3 cm across are 
common. Average of 10 selected ages from 3 sources 
(Table 1) is 72. 65 m. y. Banks, Cornwall, Silberman, 
and Marvin (1972) interpret the anornalously old horn
blende ages to reflect extraneous or excess radiogenic 
argon introduced by late sta.ge rnagmatic fluids. 

Diorite of Crozier Peak (see Krieger, 1974b, 1974c). 
Rock is petrographically similar to Kt:; 65.6 m. y. age 
date (Table 1) reported by Krieger (1974) is interpreted 
by this worker to be a reset age produced by intrusion of 
l<gd at 66.6 m. y. 

Microdiorite. Equals microdiorite of ,\Yillden (1964). 
Cornprises numerous dikes, sills, and stocks which 
intrude Williamson Canyon volcanics in northern Saddle 
Mountain and southern Christmas 7~ minute quadrangles. 
Rock is petrographically and chemically similar to Kt. 
Average of two K-Ar dates (Table 1) is 80.7 m. y. 

Intrusi.ve basalt or basaltic andesite. Equals Mzbp of 
Cornwall and Krieger (1975a). Mzbp of Cornwall, et al. 
(l971), andesite (Ta) of Metz and Rose (1966), Mesozoic(?) 
diabase (db) of Ransome (1923), and Qtb (in central Teapot 
Mountain quadrangle) of Creasey, et al. (1975). Wide
spread snlall dikes and sills which cut Paleozoic sedi
mentary rocks and Troy quartzite are assigned to this 
unit. Perhaps the best exposure of this rock unit is at 
Steamboat Mountain in the Hayden quadrangle. Fine- to 
medium-grained porphyritic (plagioclase) to hypidiornorphic 
granular rock composed of plagioclase, augite, magnetite
ilmenite, and olivine (altered to iddingsite and antigorite). 
Sills of this rock in Elder Gulch, Sonora quadrangle, 
questionably are northern apophyses of Kt stock in Elder 
Gulch. Nmuerous sills of this rock are present in close 
proximity to I<w in the Winkleman and Saddle Mountain 
areas. For this reason the basaltic sills are tentatively 
considered to be intrusive analogs of Kw, although overall 
field relationships strongly suggest that Kt, Km., Kill, Kw, 
and Kwi arc closcly related. 
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WilliarYlson Canyon volcanics (0 to 3,000+ feet thick), 
sec Siuuuons (1964). Equals urUlamed Cretaceous .. 
volcanics (Kv) of Willden (1964). Cortelated by Krieger 
(l968cl) with Williamson Canyon volcanics (Krieger 1 s 
Tkw; also Kv of Barrett (1972) Ls this rock). Cornwall 
and J<~ricgcr (1975b) observed that Kw in Kearny quad
rangle resem.bles Kt. In Saddle Mountain quadrangle, 
several thousand feet of flows are exposed. Flows are 
comprised of purplish lithic crystal tuffs with rare 
biotite and purplish lapilli tuffs suggesting a pyroclastic 
(see Barrett, 1972; Willden, 1964). Koski (personal 
comluunic:ation) reports that flows in Chri stmas area are 
more fragrnental in nature. Some flows contain lithic 
clasts of volcanics and a rock which strongly resembles 
microdiorite (Km). Chemically the rock is a calc-alkaline 
basalt containing les s than 50% Si02 (see Clayton, 1975, 
unpub. KES report). Base of volcanics in Nt sec. 26, 
T. 5 S., R. 16 E. contains structure which resembles 
pillows, irnplying that some of the volcanics were 
deposited subaqueously. 

Boulder congloHlCrate (0 to 150+ feet thick). Coarse, 
poorly bedded to unbedded, poorly sorted conglomerate 
containing boulder clasts to 3 feet in diameter of Oracle 
quart!.; I'nonzonite, an unidentified pink granite which 
resembles the Payson granite at Payson, Arizona (D. 
Shakel, personal communication), diabase, Dripping 
Spring and Troy quartzites, and very rare Paleozoic 
limestones. Matrix is a poorly sorted coarse- to mediurn
grained arkose of granitic composition. Occurs as irregular 
lenses 40 to 150 feet above the base of the volcanics. Source 
for Precambrian clasts is at least 10 miles distant (Tortilla 
Mountain exposures). 

Megabreccia (0-200 feet thick). Large megabreccia blocks 
of Troy quartzite and Paleozoic rocks intercalated in basal 
portion of Kw (not on S. Keith maps) and intruded by Khap; 
of probable landslide origin. Mapped by Willden (1964) as 
allocthonous mas ses in the upper pla.te of a thrust fault in 
Reed Basi.n of the Jerusalem Mountain quadrangle where it 
is intruded by Khap. 

Sedimentary rocks intercalated in Kw (0-300 feet thick). 
Equals "continuous sequence" of Barrett (1972); clastic 
sedimentary rocks of variable composition intercalated 
about 1,000 to 1,500 feet above base of Kw. In Saddle 

A-4-24 



-

I 
I 

I{p 

Mountain area south of Ash Creek, Saddle Mountain 
7t minute quadrangle, light brown to brownish-yellow 
sediments are coarse grained, poorly sorted, well 
bedded arkosic sandstone, arkose, and graywacks with 
conglol1wratic interbeds. The arkosic rocks grade 
laterally and vertically into conglomerates with an arkosic 
matrix (marked by a conglomerate symbol on the :maps). 
The conglomerate fraction increases to the south. Clasts 
in the conglomerate are Precambrian Oracle quartz 
:monzonite, diabase, Dripping Spring and Troy quartzites 
with rare Paleozoic limestone. North of Ash Creek this 
sequence contains a sizeable interval of shale (75 feet 
thick ± ) in addition to the above coarse clastic rocks (see 
Barrett, 1972). Regional relations in conjunction with 
the sedimentological data sugge st that the area of the 
Saddle Mountain :mining district was a structural basin in 
late K time. 

MESOZOIC ROCI<S* 

Pinkard formation (0-300 feet thick). Correlated by 
Krieger (1968c1) with the section described at Klondyke, 
Arizona, by Simrnons (1964) who correlated it with the 
type section at Morenci (Lindgren, 1905). In the Saddle 
Mountain quadrangle, the Pinkard is predo:minantly yellow 
to pillki1Jh medium.-grainecl arkosic sandstone with wcll
developed tabular planar crossbedding. Silica replaced 
petrified wood is com:rnon in exposures along Eskiminzin 
Wash. One log section 3.5 feet long and 2.5 feet in . 
diameter was observed. The basal Pinkard is a pebble 
conglomerate. Pebble- sized clasts are chiefly of 
unidentified quartzite. Locally the sandstones are 
interbedded with light greenish shales which comprise 
a much greater proportion of the for:mation 5 miles to 
the northeast in Deer Creek Basin. The Pinkarq."has a 
well-established fossil date on Colorado age (± ~ m. y.) 
based on n~olluscan-coral fauna collected in the Klondyke 
area (Simmons, 1974). The Pinkard probably represents 
the southernmost extension of Mancos age rocks fro:m 
northwest New Mexico, southeast Utah, and northeast 
Arizona. 

,. . 

::'See Figure 3 for northwesl- southeast distribution and correlation of Mesozoic 
rocks. 
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Schematic Correlation of Precambrian, 
Paleozoic, and Mesozoic Rocks, 

As h Creek to Superior, Arizona 
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Mesozoic sedimentary rocks (0-150 feet thick). Name 
gi'ven by l<ricger (l968c) for redbeds and siltstone 
beneath Kp and above !Ph. Best exposed section is in 
Eskarninzin Wash about three-quarter mile do·wnstream. 
it'orn Eskarninzin Ranch. Here the section consists of 
a basal chert breccia (0-15 feet thick) composed of 
angular chert clasts (designated by triangles where 
mapped) derived mostly from chert lenses in ]Ph, 
pinkish··white quartzitic siltstone (10-20 feet thick) 
and pink shale (redbeds, 75 -1 00 feet thick). Expo sures 
of this unit in other areas have a basal siltstone 0 to 10 
feet thick resting beneath the chert breccia locally, 
Locally the redbed equivalent is a green shale which is 
unconformably overlain by Kw. Exposures in this 
horizon north of Ash Creek could be either green 
shales of Ep or Mzs (mapped as Kp by Barrett, 1972). 
Molluscan beaks and valve s collected froln the siltstone 
unit by Krieger can be no younger than Triassic (Krieger, 
1968c). 

PALEOZOIC ROCKS* 

Naco group. Name given by RanSOlne (1904) to a series 
of rocks above Mississippian Escabrosa lin1.estone in the 
Naco Hills, southwest Mule Mountains, Cochi se COli..'1.ty, 
Arizona. Since Ransome, rocks in the unit have been 
subdivided by n~D?-erous workers into many formations. 
Only the low~r' fwo formations (Horquilla and Blac·k 
.Erince formations) .~\e recognized in the Saddle Mountain 
to Superior area •. ' All previous m.apping in this area has 

l ,"t I ~.. '.j {1;' _ 

referred these rocks under the nam.e of Naco formation. 

Horquilla formation (500 to 1,500 feet thick ±). Light 
grayish weathering alternating carbonates and clastics. 
Basal contact with !Pb is variable. At Superior the contact 
is marked by a quartzite pebble conglomerate. At Ray it 
is a chert breccia. At Eskilninzin Wash it is a chert breccia 
and sandstone. The basal 150 feet of IPh is predominantly 
slope fonning pinkish and reddish siltstones and shales 
interbedded with micrite. Resistant. carbonate lithologies 
(lOa feet ±) are encountered about 150 feet above base 

):'See Figure 3 for northwest-southeast distribution and correlation of Paleozoic 
rocks. 
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interbedded with clastics (20%). Above the ledge-forming 
carbonate sequence, IPh is a monotonous sequence of 
interbedded carbonates (650/0) and clastics (35%) at regular 
intervals. In general the IPh carbonates (mostly crinoidal 
and fusilinid lilnestone ,vith nUlnerous chert lenses) have 
rnore grayish outcrop colors than Black Prince. IPh clastics 
(n:lO stly pinki sh to maroon siltstone s and shale s) form slope s 
so that a conspicuous regular-shaped ribbing or banding is 
ob[;erved when viewing lPh horn a distance. Fossils comITlon 
in ll)h are crinoids, echinoid spines, composita productid, 
and spirifer brachiopods. Guide fossils in central Arizona 
arc fusilinids, Caninia rugose coral, and prisma pora 
bryozoa. JPh in general forms slopes. See Ross (1973) 
and Reid (1969) for more detail on IPh. 

Black Prince formation (100-150 feet truck), Basal unit is 
commonly a maroon shale or siltstone and forms topographic 
reces ses, Basal bed is locally a chert breccia. Upper unit 
is a thick- bedded ledge to cliff-forming white crinoidal 
limestone (biosparite) with chert pods and lenses. Black 
Prince contains no fusilinids. Chaetetes "brain" coral is 
common in the upper lim.estone unit. See Ross (1973) and 
Berry (1975) for more detail on IPb. 

Eskinlinzin formation (new; 0-110 feet thick) named for 
exposures in Eskiminzin Wash, Saddle Mountain quad~angle 
(I<cith and Purvis, unpublished). Conodants collected from 
this ullit place the unit as Chester in age (Purvis, 
unpublished data). Formation consists of pink to yellowish
orange unfossiliferous fine-grained to aphanitic dolomite. 
Base of unit is a sedimentary breccia resting unconformably 
on a karst surface developed in underlying Escabrosa lime
stone. Sinkholes in this surface penetrate to 60 feet into 
Escabrosa and contain angular brecciated material of 
Eskiminzin which has collapsed into the void space. The 
karst is spectacularly exposed in a road cut on the north 
side of Highway 177 where it passes through Me in the core 
of an anticlinal fold 2 miles northeast: of Winkleman, 
Arizona. Contact with Naco formation in other mapping 
is inconsistently placed above and below this unit (e. g. , 
Krieger, 1968c). 

Escabrosa formation (approximately 500 feet thick). Unit 
forms prominant cliffs of massive bluish-gray crinoidal 
lin:lCstonc (biosparite). Contains a series of conspicuous 
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white lua.rker beds about 200-300 feet above base (Mew). 
Base of formation is a banded (light to dark bluish-gray 
bands) cliff-forming crinoidal biosparite (40-50 feet 
thick) \vith black chert bands locally at its base (referred 
to colloquially as the ":;.;cbra stripe" unit). Intervals 
between cliff--forming units are mediUlu-bedded orangish
brown aphanitic dolornitc with a few white chert pods and 
lenses. Two white marker beds were mapped in 
exposures in Saddle Mountain 7-k minute quadrangle and 
an.: designated Mewl and Mcwu. An unconformity about 
350 feet above base was mapped in Me exposures along 
Anh Creck. Fossils are ostracods (oolites) cri2oids, 
spirifer and eODlposita brachiopods, and syringopora 
"organ pipe ll coral. Zaphrenthis rugose coral are 
guides to Me. See Huddle and Dobrovolny (1952) for 
rnore inforrnation on Escabrosa formation in central 
Arizona. 

Pereha formation (30-150 feet). Recently recognized 
in central Arizona by Shumacher, et al. (1976). Separated 
from underlying Dm by conodont data and lithology. Basal 
unit (Dpl) is a slope-forming olive-green mud-shale 40 to 
85 feet thick and grades into an upper tulit (Dpu) of medium
bedded light yellow silty dolomite with white chert pods. 
Dp in Teapot Mountain quadrangle consists entirely of 
lower IDUd- shale unit. 

Martin formation (300-400 feet). Consists of five units 
which were corn.bined into four luap units which in descending 
order are: 

Orange dolomite and siltstone unit (30-70 feet thick), 
Slope-forming thin- to medium.-bedded fine-grained orange 
to orange-yellow silty dolomite interbedded with siltstone 
and shale. Scattered hematite concretions. Locally 
fossiliferous. PachyphyllUlu and Hexagoraria corals have 
been collected from this unit (see Meader, 1976). 

Consists of two units which are in descending order: 

Sandy limestone unit (30-50 feet thick). Ledge-forming 
dark blui sh-gray, thin- to rnedium- bedded sandy limestone. 
Contains calcareous silt and sand interlenses. Very fossil
iferous. Atrypa brachiopods comn~Ol1 to abundant. Othe~ 

fossils are pachyphyllum. corals, bryozoa, and abundant 
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crinoid steIns and hash. A few crinoid calyxes have 
been found. Fossils are locally so crowded that the 
.rock resembles coquina. Biostratigraphy of this unit 
and Drou is summarized by Meader (1976). Upper part 
of unit con-unonly contains hematite concretions. 

Aphanitic dolomite unit (200 feet thick ±). Slope-forming 
light g ray to light yellow aphanitic dolomite. Contains 
siltstone and sandstone interbeds in upper part. 

Fetid dolomite unit (20-35 feet thick). Well-bedded, dark 
gray, laminated fetid dolomite. Commonly mineralized 
(the O'Carroll ore horizon of Eastlick, 1968, and others). 
Forms ledges. 

Becker s Butte sandstone member (see Teichert, 1965), 
approximately 40 feet thick. Friable, well- sorted, clean, 
well-bedded, medium- to coarse-grained sandstone. 
Weathers light brown to gray. Calcareous in its upper 
few feet. See Teichert (1965) for more information on 
Martin formation in central Arizona. 

Abrigo formation (0-450 feet thick). Divided into three 
nlembers which grade into one another. Bau and Bam are 
not: present north of the latitude of Hayden. €al is present 
in southern and central Dripping Spring Mountains but is 
absent in Teapot Mounta.in 7i minute quadrangle (Fig. 3), 
/:iec Krieger (1961, 1968c, 1968cl). Units in descending 
order are: 

Upper brown sandy member (50-75 feet thick). Clifi
forming, brown, medium- to thick-bedded sandy dolomite 
or dolomitic sandstone. Cros sbed laminae common. 
Approximately 20 feet above base contains a red oolitic 
hematite bed marked on map by a dashed line where 
observed which contains abundant shell fragments of 
pho sphatic inarticulate brachiopods. 

Middle sandstone member (150-250 feet thick). White 
ledge-forming, medium-bedded, fine-grained quartzitic 
sandstone. Weathers to a distinctive ribbed topographic 
expression (ribs parallel bedding). Contains excellent 
ripple-mark surfaces. Scolithus (worm tubes?) is conunon 
throughout unit. 
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Lower mudstone member (50-125 feet thick). Slope-forming 
olive-green, glauconitic lllUdstone and shale. Contains fossil 
trilobite and inarticulate brachiopod (Billingsella?) hash. 
Grades downward into €ba. 

Bolsa quartzite (0-300 feet thick, typically 50-100 feet 
thick). M~JPped as two units. €bu is by far the most 
extensive. Dolsa is absent at Steamboat Mountain in 
Dripping Spring Mountains, Hayden 7i minute quadrangle, 
where <::;rcs1s on Precarnbrian Troy quartzite. See Krieger 
(1961, 1968) for further discussion. Units in descending 
order are: 

Upper quartzite menl.ber (0-250 feet thick, t;'Pically 50-100 
feet thick), Cliff-fonning, fine-grained, medium.-bedded, 
white, clean quartzite. Crossbedding larninae COmInon. 
Generally rests on Troy quartzite but m.ay rest on diabase. 
Basal pebble conglomerate containing clasts of Troy quartzite 
is present locally. 

Lower arkosic member (0-150 feet thick). Present locally 
in thicker sections of €b. Donunately dark maroon to 
pinkish colored, poorly sorted, friable arkose and arkosic 
sandstone. Poorly sorted pebble conglomerates near base. 
€bl cOlnnlonly rests on db and nlUch of its reddish color 
m.ay be from reddish clays derived from db, Unit closely 
resembles lithologies in the Troy quartzite and fills 
channels and irregularities on an erosional surface of 
moderate relief. Grades upward into €bu. 

YOUNGER PRECAMBRIAN ROCKS:\~ 

A thick sequence of predominately clastic rocks which 
underlies the Cambrian Bolsa quartzite and overlies older 
Precambrian crystalline rocks is present throughout the 
mapped area. These rocks were originally considered 
Cambrian by Ransome (1903. 1919, 1923). These rocks 
underlie 1400 m. y. quartz monzonite and are intruded 
by 1150-1200 m. y. diabase sills which clearly place them 
in the Precalnbrian. 

:O:~See Figure 3 £01' northwest-·southcast distribution and correlation of 
younger Precambrian rocks. 
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A well-exposed section of these rocks is present on 
Highway 177 in the central Teapot Mountain 7-1 minute 
quadrangle. For a detailed discus sion of younger 
Precambrian stratigraphy see Schride (1967). For 
interrelations between younger Precambrian and lower 
Paleozoic stratigraphies sec I<rieger (1961, 1968cl) and 
Schride (1967). 

Diabase. Dikes and sills abundant in Precambrian 
Apache group and Troy quartzite. Mec1ium- to coarse
grained ophitic texture is defined by plagioclase 
(laboradorite composition) poikilitically encased in a 

pyroxene (augite) grounclm.ass. Accessory minerals 
include biotite, amphibole, olivine, and lYlagnetite
ilmenite. Diabase and gabbro pegmatites are present 
locally. Sills are often composite and invariably have 
chilled borders \'-lith enclosing sedimentary rocks in 
areas of poor outcrop. Diabase weathers into distinctive 
olive-green soils. Diabase is locally depositionally over
lain by Bolsa quartzite as at Ash Creek, Saddle Mountain 
7~ minute quadrangle (contact here is also moderately 
sheared) and in U. S. Highways 60 and 70 roadcuts at 
Superior, Arizona. Typical thicknesses for diabase 
sills are 300-600 feet, but large sills may range to 
+ 1,200 feet. The accepted age for the diabase is 1150 
m. y., b;&.sccl on several elating techniques (see Silver, 
1960; Granger and Raup, 1959; Livingston and Damon, 
1968; and Banks, et al. I 1972). For more detail on the 
di.aba~;c see Schric1c (1 <)67), Smith (1969, 1970), and Nehru 
and Prinz (1970). 

T roy quartzite (narned by Ransome, 1919, 1923, for 
exposures at Troy Mountain, central Dripping Spring 
range). Generally 300-600 feet thick where present. 
Thicknesses are variable due to post-diabase pre-Bolsa. 
ero sion which produced a surface of D1.oderate relief. 
Composed of two units which were difficult to separate in 
the mapping due to abrupt lateral and vertical variations. 
See Schride (1967) for more detail. The units in descending 
order arc: 

Upper quartzite mCluber. Cliff- and ledge-forming, 
fine-grained, locally D1.ediuHl-grained, rnedium-bedded, 
white to reddish quartzite and feldspathic quartzite. When 
€bu was inferred to overlie thi.s unitt contact was placed 

A-4-32 



tqc 

b 

some'.'/hat arbitrarily based where pos sible on cleannes s 
and grain size. Becomes sandier and m.orc feldsp~thic 
in its lower part. Equals upper quartzite member in 
T roy quartzite of Schride (1967). 

Lowel.' arkosic sandstone member (mostly 100-300 feet). 
Slope- andledge-form.ing; red, maroon, white, poorly 
sorted arleo sic and conglomeratic sandstone. Become s 
more arkosic, poorly sorted, and conglomeratic ncar 
base. Arkosic sandstones have prominent lenticular 
cros s bedding locally. Arko se mernber is well exposed 
northeast of Walnut Gap along Highway 177 in Teapot 
Mountain 7t minute quadrangle. Probably equivalent to 
the Chedeski sandstone member of Schride (196 7). 

Basal conglomerate (0- 30 feet thick). Coarse pebble and 
cobble conglolnel'ate which superficially resembles Barnes 
conglornerate except for clasts of l\1escal limestone and 
Dripping Spring quart7.ite and slightly more angular clasts. 
Pebble and cobble sized clasts are cox:nposed mainly of 
Apache group rocks and reworked quartzite clasts and red 
chert fronl the Barnes conglonlerate. lv1atrix is reddish 
to nlaroon, poorly sorted arkose of similar composition 
to the clasts which it encloses. Shown by a conglomerate 
syrnbol where observed. 

Apache Group 

A series of three formational units which rest under Troy 
quartzite and on older Precambrian rocks is referred to 
the name Apache group. Named by Ransome (1903) for 
exposures in the Globe 30 nnnute quadrangle. Includes in 
descending order basalt, Mescal limestone, Dripping 
Spring quartzite, and Pioneer formation. 

Basalt (0-300 feet, generally 75-150 feet thick). Flo~s of 
black to dark gray basalt. Comm.only vesicular. 
Porphyritic varieties consist of plagioclase in a pyroxene 
groundmass of pyroxene and olivine largely altered to 
iddingsite and serpentine. Altered basalt has a greenish 
appearance and where coincident with diabase is difficult 
to distinguish. 
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Mescal limestone (0··350 feet, typically 150-250 feet 
thick). Two members mapped which in descending order 
are: 

Upper algal member (0-IS0 fcet, typically 100-150 feet 
thick). Equals algal member of Schride (1967). Ledge
and cliff -forming, thick- bedded, yellowi sh brown dolomite. 
Algal stromatolyt.e bioherms arc corrllnon in the lower one
third of the unit. Member is not present in Tortilla 
Mountains or Dripping Spring Mountains south of Troy 
Mountain (Fig. 3). See Schride (1967) for further 
discussi.on. 

Lower dolomite lnember (0-150 feet". thick, typically 75-
150 feet thick). Thin- to medium-bedded, wbte dolomite 
with abundant black chert bands and lenses locally. Rock 
weathers into closely spaced ribs where chert is present. 
Lower part of uni t is con"lmonly a sedirnentary breccia 
which consi sts of angular chert and dolomite clasts in a 
matrix of brownish-gray, locally calcareous dolomite. 
Matrix of breccia becomes sandier in its lower part. 
See Schride (1967) for further di.scussion. 

Dripping Spring quartzite. Named by Ransome (1903, 
1919) for exposures in the Dripping Spring Mountains. 
Divided by Sch riele (1967) and USGS rnappi.ng into three 
members (see also Granger and Raup, 1964). A four-
111.cnl.ber subdivision seemed m.ore logical in the area 
of this mapping. In descending order the four units are: 

Upper arkosic quartzite member (50-100 feet thick). 
Light brown, reddish brown, and reddish green, fine
grained, mediuID-bedded arkosic quartzite interbedded 
with thin-bedded siltstone. Has a flaggy outcrop 
e)"''Pression; forms cliffs and ledges. Joints are often 
stained with hematite and goethite and show liesegang 
rings where the arkosic quartzite is intruded by diabase 
sills. 

Middle siltstone n"lcmber (40-150 feet thick}o Slope
forming, interbedded, thin·-beddcd siltstones and shales. 
Weathered surfaces are strong shale of reddish-brown. 
Shale is locally phyllitic and weathers into small slaty 
shingles and flakes which have a white micaceous sheen. 
Reddish-brown goethite stain is derived fron"l syngenetic 
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pyrite (1-5% locally). Rare torberni te is derived 
froIn sparse syngenetic uraninite(?). Unit cOInmonly 
intruded by diabas e sills. 

Lower quartzite (40-80 feet thick). Light ycllowish-brov.m 
to white, cliff -.forming, thin- to thick- bedded, mediuITl
grained, fairly clean quartzite. Lower portions more 
arkosic. Fractures cOlnnlOnly stained by goethite derived 
froni overlying ds s unit. 

Barnes conglolnerate mernber (0-50 feet, generally about 
30 feet thick). This unit is the most easily identified, 
persistent, and reliable n-larker unit in the Apache group 
section and perhaps the entire Precam.brian, Paleozoic, 
and Mesozoic section. Consists of very well-rounded 
ellipsoidal pebbles and cobbles of gray, brown, and 
grayish-red quartzite with minor quartz and red jasper 
set in a rnatrix of l1.l.edium-grained, poorly sorted arkosic 
qtlartz;itc. Forms ledges but is not as resistant as dslq. 

Pioneer formation (0-300 feet thick, generally 150-200 
feet thick). Slope-fonning, dusky red-purple and brown 
arkose, and dusky purple siltstone and shale. Siltstone 
and shale are tuffaceous. Rocks of the Pioneer formation 
very commonly are speckled by distinctive white to light 
greenish-yellow spots which represent bleached areas 
around SITlall (0.5 to 2 nun) pyrite cubes replaced by 
goethite. When spots are absent Pioneer may closely 
resemble dss. 

Scanlan conglomerate ITlcmber (0-20 feet; usually 2-6 feet). 
Matrix and clast composition variable and depends for its 
character on the rock inunediately underlying it. In 
schistose terrains, clasts are subrounded to angular 
pebbles of white quartz (locally abundant) and angular 
pebbles and granules of Pinal schist in a grayish-red to 
purple matrix of poorly sorted rock chips and arkose. 
In granitic t.errains, clasts arc rounded to angular pebbles 
of white quartz ancllocal pebbles and cobbles of quartzite 
in a coarse arkosic IDatrix of granitic cOITlposition. This 
variety ITlay resemble clast-poor va riations of Barnes 
conglomerate. COlYlITlonly, few if any pebble clasts are 
present and unit consists entirely of a coarse-grained 
granitic arko se. 
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OLDER PRECAMBRIAN ROCKS~:< 

Oracle quartz lnonzonite of Peterson (1938). Referred 
to in recent USGS mapping in Tortilla Mountains as 
Ruin granite for a rock of similar composition and age 
in Ruin Basin 10 miles northwest of Globe, Arizona 
(see Ransome, 1903). The name Oracle is preferred 
because outcrops in Tortilla Mountains extend more or 
Ie s s continuously to an identical-looking rock at Oracle, 
Arizona. The quartz monzonite in Rui.n Basin is separated 
from that in the Tortilla Mountains by a 30-rnile-wi.de 
belt of Pinal schist. Oracle refer s to extensi.ve expo sure 8 

of batholithic extent in the Tortilla Mountains. 

Petrographically the rock is a luediul1.1.- to coarse-grained 
yellowi sh-g ray to g rayi sh-orange porphyritic (K- spar) 
biotite quartz monzonite. Biotite is cormnonly altered to 
chlorite. Accessory minerals are apatite, magnetite, 
and zircon with rare sphene. K-spar phenocrysts are 
commonly large {to 6 x 3 em} and n1.ay be either ortho
clase or lnicrocline and COIYll1.10nly exhibit nl.i.croperthitic 
intcrgro\vths. Locally Ilorll contains nurnerous xenoliths 
of clots of Pinal schist. Biotite from the Oracle granite 
of Oracle, Arizona, gave a K-Ar age of 1420 TTl. y. 
(Damon, et al., 1962). Silver has an unpublished U -Pb 
zircon age of 1450 m. y. for this rock. Oracle quartz 
monzonite is locally cut by aplite and pegmatite dike s 
designated Ilap'l on maps. Also, the porphyritic phase 
commonly grades into a Ilhybrid l• aplitic equigranular 
phase which was only mapped in a few areaS (designated 
"hor· 1 on the rnaps). 

Oracle quartz nlOnzonitc is locally cut by a cataclastic east
west- to east-northwest-trending high-angle foliation 
(especially in Kelvin Riverside area). Schmidt (1971) 
reports that this foliation is cut by 1150 In. y. diabase 
sills in the northern Tortilla Mountains. 

Madera quartz diorite. Named by Ransome (1903) for 
exposures near Mt. Madera in the nort.hern Pinal 
Mountains. Ransol1le (IC)23) refers to at least two 
varieties in the Pinal Mountains. Several varieties 
are present north of Ray where some useful crosscutting 
relationships were e stabli shed. 
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The rock symbolized as mdz has the following 
characteristics: The predominate phase is a medium
grained biotite granodiorite with 4-20% biotite (generally 
4-6% biotite) and is foliated locally. A more mafic phase 
has hornblende and is better termed a hornblende biotite 
quartz diorite. The hornblende in this rock forms typical 
elongat~ prisms. Locally the biotite granodiorite is 
foliated. In some areas biotite-poor md2 closely 
resembles Granite Mountain porphyry (Tgm). In gullies 
west of the picnic ground 2 nules north of Ray mine the 
biotite granodiorite phase clearly cuts a more mafic 
"phase" (md l ). 

Quartz diorite. MediUln- to lnediUln-coarse-grained 
biotite hornblende quartz diorite. Texturally this rock 
is distinct from md2 in that hornblende (and possibly 
pyroxene) are di stributed throughout rock as blocky or 
stubby equant crystal clusters in a lighter phase of 
plagioclase and minor quartz. The result is a splotchy 
"salt and peppertt or "shot gun" texture. The occurrence 
of hornblende in mdz is as more typical elongate prisms 
which are not clustered. mdl is the prominant md rock 
type in the central Teapot 7i lninute quadrangle. Telegraph 
Canyon of the Mineral Mountain 7i minute quadrangle, and 
Cedar Mountain area of the Winklernan 7i n1inute quad
rangle. 

Both types of lnd are comm.only \-vell foliated near their 
contacts with Pinal schist and grade into poorly foliated 
and unfoliatecl rock away from Pinal schist contacts 
sugg e sting a protoc.lastic deformational proc e s s during 
emplacement which is superimposed on an already regionally 
metamorphosed and deformed Pinal schist. Numerous 
attempts have been made to date Madera diorite. The age j' 

data are summarized in Table 2. 

I 
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TABLE 2 

AGE DATA FOR MADERA DIORITE 

ComTncnts Method 

K·-Ar 

E.-Ar 

foliated grano - Rb -Sr 
diorite reset by 
intrusion of 
Tortilla quartz 
diorite 

reset I<-Ar 

reset K-Ar 

foliated Madera Rb-Sr 
diorite 

Rb-Sr 

1\b-S1' 

Hb-Sr 

l\1inera1 Datc 

biotite 1660 

hornblende 1630 ± 60 

whole rock 1775 
isochron 

biotite 68.6 

biotite 98 

W.R. 1730±30 
isochron A 

l1'.ineral 
i soc h1'on B 

rnineral 
isochron C 

Illtne ra1 
isochron 

1580 ± 60 

1495 ± 60 

Source 

Dalnon, et ale (1962) 

Banks, et al. (1972) 

Li ving ston and Dalnon 
(1968) 

Banks, et al. (197Z) 

Banks, et al. (197Z) 

Livingston (1970) 

Livingston (1970) 

Livingston (1970) 

Lj ving st.on and DUlnon 
(1968) 

Living ston (1969) interprets his 1970 data (pre sumably updated from 
Living ston and Damon (1968) as intrusion of a foliated phase of Madera at 
1730 ± 30 with possible intrutlion of nonfoliated phases of Madera and rneta
morphi sm at 1540 m. y. If the U -Pb zircon dates of Silver (1964) on 
rhyolites in the Jo}mny Lyon Hills in the Pinal schist (approx. 17Z0 m. y.) 
are corrcct and if they correlate with rnetavo1canics at Ray and elsewhere, 
then the W.R: isochron is too old. Possibly the Madera was contaminated 
by radiogenic Sr from the Pinal schist during its em.placement. Given that 
there are at least two kinds of intrusions which have been mapped as Madera, 
the followix:.g scenario might: best fit existing data: (1) depletion of Pinal 
schist (both volcanic and sediments) at about 17Z0 In. y., (2) regional meta
morphism and deformation post-17Z0 but pre-1660, (3) emplacement of md1 
at about 1650 with accompanying contact m.etanlorphism. and deformation, 
(4) emplacement of mdz (granodiorite and quartz diorite) at 1540 with 
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accon1panying contact nwtarDorphi SD1 and deformation, and (5) emplacement 
of 1400··1450 m. y. granitic batholiths with accom.panying contact meta
n1orphisn1 and deforD1ation. This writer would regard the regional 1720-
1660 n1etan1orphi sm and defol"n1ation to cor relate with Mazatzal orogeny 
(Wilson, 1938; Silver, 1965). Post-Mazatzal events n1ay reflect other as 
yet undefined orogenic episodes. 

Pinal Schist 

Named by Ransome (1903). Contains numerous lithologies 
which were hard to separate in n1apping. The two principal 
types are HlC!.asedimcntary and rnetavolcanics whi.ch 
generally occur in separate areas and arc described below; 

Metasediments: 

In Telegraph Canyon area: Bluish-gray, iine- to luecliun1-
grained quartz n1uscovite schist and quartz rnuscovite chlorite 
schist with some feldspar. South of Telegraph Canyon the 
schist locally contains abundant porphyroblasts of prisn1atic 
chlorite pseudomorphosed after andalusite or sillirn.anite(?). 
Pods, vcinlets, and veins of white quartz locally abundant. 
Rock weathers into s111all flakes and chips. 

West of Telegraph Canyon schist is locally more phyllic and 
feldspathic and in places resembles metarhyolite. 

In Ray area (north and west of Ray): Meclium- to fine-grained 
reddi sh- brown, brown, and gray metagraywacke sand arko se s 
(locally phyllitic). Rock is com.monly spotted with porphyro
blasts of chlorite and lor magnetite. Spotted appearance of 
schist near its contact with qmp is produced by the growth 
of andalusite. 

Cedar Mountain (Winkleman quadrangle) and Ash Creek area: 
Donrinantly n1etavolcanics. Dark to rnediUlu light eray, very 
fine-grained, dense metavolcanics of rhyolite to andasite 
cOlnposition. Lithologic units trend northeast:. Separation 
was difficult and units were only partially mapped. Meta
volcanics resemble 111assive flows, SOH)e with finely laminated 
flow bamling, some n1ay have been ash flow tuffs. A small 
patch of vesicular basalt was observed in the Ash Creek 
exposure. Cleavage is well developed in meta rhyolite or 
dacite units at Ash Creek. Metarhyolite near Hay has a Rb-Sr 
age of 15001: 100 m:y. ·which Livingston (1969) interprets as 
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a metamorphic age. Livingston (1970) further suggests 
that the primary age of this rock is 1650 t. 100 m. y. 
Sim.par rhyolites intercalated in the Pinal schist is the 
Little Dragoon Mountains, Cochise County, Arizona, 
yield U -Pb zircon ages of 1720 m. y. Pos si bly the Rb-Sr 
age reflects metarnorphi sm related to the emplacement 
of Madera diorite plutons. 

Recrystallized and deformed Pinal schist. This rock 
occur s in proxirrliLy to stocks of rnd and Tqrn. Rocks 
are locally highly deformed and crenulated near plutonic 
centers. Here, rock is generally a spotted, coarse 
muscovite schist which is more· resistant to erosion than 
regular pi. Spots are produced by andalusite(?). A 
highly deformed rock in upper Walnut Canyon west of Teapot 
Mountain was also mapped as pim. 

Banded iron formation. Lenses and pods corrunon at 
Cedar Mountain, \Vinklclnan area, associated with 
metavolcanics and at Telegraph Canyon associated with 
amphibolite. Rock consists of red cherty hematite inter
banded wi th white chert. Locally the rock is isoclinally 
folded. 

Amphibolite. Large cast-west to north-northwest-striking 
lenses up to several hundred feet wide and 1 mile long 
\\rithin Pinal schist west of Telegraph Canyon. Rock is 
about 80% hornblende. Thought by Schmidt (1967) to 
have a basic volcanic protolithology. 
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STRUCTURE 

Prilnary Structure s 

trace of contact sho'wing dip 
where rneasured, dasl"Jed where 
1Jnccrtain, dotted w11ere projected 
or concealed. 

strike and dip of bedding 

strike of vertical bedding 

st.rike and cip of ove rturned bedding 

strikc and dip of overturned overturne 
bedding (>180 0 of rotation) 

strike and dip of bedding plane foliatic 

strike and clip of vertical foliation 

strike and dip of foliation in higher gr 
or severely deformed Pinal schist (pi: 

strike of vertical foliation in "pin1.tt 
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strike and dip of flow foliation 

strike of vertical flo·w foliation 

direction of material transport by 
water as deternuned from cross 
bedding, imbrication, or current 
ripple marks 

foliation showing trend and plunge 
of n1.ineral lineation 

trend of horizontal Inineral lineation 

trend and plunge of Inineral lineation· 
aligned perpendicular to flow direction 
(a "b ll lineation) 

trend and plunge of Inineral lineation 
contained within flow foliation. 
Direction of flow is at 90 0 to lineation 

trend of horizontal flow lineation 
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Secondary Structures 

Faults 

High angle faults: 

50~ 
~ .... --> - - ? __ "?- .• . . 

Low angle faults «45 0
) • •• 

• • • on rnaps 

••• on cro s s sections 
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bedding showing trend and plunge 
of bedding plane slickensides 

trace of fault sho,ving dip and trend 
and plunge of slickenside s where 
D1.easured, dashed where uncertain, 
questioned where extr ernely uncertain, 
dotted where projected or concealed. 
B all and bar on relati vel y down thrown 
side; arrows show sense of lateral 
separation 

trace of low angle fault showing dip 
and trend and plunge of slickensides 
where measured, dashed where 
uncertain, que sHoned where extremel: 
uncertain, dotted ,vhere concealed 

low angle ~C:.EE.naJ- fault, dotted where 
projected 

low angle reverse fault, dotted where 
projected 



Folds 

60 
__M_ 

60 

~--

strike and dip of joint 

strike and dip of vertical joint 

strike and dip of rnineralized fracture 

7D ----------_ .. strike and dip of mineralized joint 

---

-,~ 

-- ----

strike and dip of nlineralized fault 

trace of flexure showing dip of axial 
plane and trend and plunge of axis; 
arrows indicate direction of limb 
clips, dashed where uncertain 

trace of antiform showing (lip of axial 
plane and trend and plunge of axis • 
dashed where uncertain. All folds in 
unn1etanlOrpho sed Phanerozoic rocks 
are anticlines with the exception of 
Telegraph Canyon fold which is a 
synclinal antiform 

trace of synfonn showing dip of axial 
plane and trend and plunge ofax-i s 1 

dashed where uncertain. All folds in 
Phanerozoic rocks are synclines 

trace of shallowly inclined or recumbent 
_ - -- fold showing dip of axial plane and trend 

and plunge of axis, dashed where 
uncertain 
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strike and dip of axial plane of minor 
antiform showing trend and plunge of 

axis 

strike and dip of axial plane of nnnor 
synform showing trend and plunge of 

cJxi s 

luinor fold pair showing strike and eli] 

of axial plane and trend and plunge of 
axis; S or Z asyn."l.metry determined 
by viewing down plunge ofaxi 5 

foliation showing trend and plunge of 
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