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THE GEOLOGY OF PICKETPOST MOUNTAIN, 
PINAL COUNTY, ARIZONA

by
Eleanor W. Nelson

ABSTRACT

Picketpost Mountain Is located about three miles south
west of the town of Superior, Pinal County, Arizona. Covering 
about five square miles, it is a prominent feature in an area 
composed of many volcanic units and interbedded sedimentary 
rocks. The eruptive sequence is underlain by a thick section 
of Precambrian metamorphic and sedimentary rocks, and Paleo
zoic (?) and Laramide(?) intrusives.

Twelve Tertiary to Quaternary volcanic and sedimen
tary units have been recognized. They have their origins 
both within and outside of the mapped area. Major units are 
the "Arnett Rhyolite", a prominent flow which contains exten
sive perlite deposits, and three units which originate in 
vents located on Picketpost Mountain.

The locally-derived units appear to have been local
ized by major intersecting structural controls. The resultant 
formations are "Tuff III", an erosional remnant of a more
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extensive tuff cone; the "Heliograph Formation", which forms 
the major vent rock and the flow capping the mountain and; 
the "Tower Tuff", which appears to be a diatreme-like exten
sion of the main vent along a plane of structural weakness.



INTRODUCTION

Location and Access

Picketpost Mountain is located within the Tonto Na
tional Forest approximately three miles southwest of the town 
of Superior, Pinal County, Arizona (fig. 1). About five 
square miles were mapped in the course of this study sur
rounding and including Picketpost Mountain, located within 
T 2 S, R 11 B, including portions of sections 1, 12, 13 and 
24, and T 2 S, R 12 E, sections 7 and 18, and portions of 
sections 5, 6, 8, 17 and 1 9 .

The study area is partially bounded on the north by 
U. S. Highway 60, 70. A line drawn from a point north of the 
Picket Post Inn on U. S. Highway 60, 70 to the Old Pinal town- 
site completes the northern border. A line from Old Pinal to 
the juncture of Arnett Creek and Telegraph Canyon forms the 
remaining portion of the eastern border. The southern side 
is bounded by westerly draining Hermano Wash and easterly 
flowing Yaqui Wash. The western side is bordered by Alamo 
Canyon.

The primary access route to the area is U. S. High
way 60, 70 along the northern border. Other entry is pro
vided to the peripheral portions through a small section of

1



2

ARIZONA

Boyce Thompson 
\  Southwestern 

X  Arboretum ^
rr^VSuperior

'Picketpost 
Mountain \

Florence

PINAL
COUNTY

Fig. I. Location of Picketpost Mountain.



3
improved, light duty road in the northeastern corner, and 
through unimproved dirt roads in the north, east and west.
Only about half of the roads are located within the area, the 
remaining portions being outside the mapped boundaries.

Three spellings are used for the name of the mountain 
within the area studied: Picketpost Mountain, Picket-post
Mountain and Picket Post Mountain. "Picketpost" is used in 
this paper to concur with the spelling used by the U. S. Geo
logical Survey on the 30 minute Florence Quadrangle and the
7.5 minute Picketpost Mountain Quadrangle.

Topography and Drainage
Picketpost Mountain lies within the Basin and Range 

Province. Ransome (1923) divided this province into two sec
tions; the Plains or Desert Region in the west and southwest 
portion of the state, and the Mountain Region in the central 
and southeastern part. The primary basis for the division is 
the predominance of mountain ranges over valleys in the moun
tain region, and the predominance of broad alluvial valleys 
over mountain ranges in the Desert Region.

The Mountain Region, which is a transitional zone 
between the stable mass of the Colorado Plateau and the true 
Basin and Range area, is characterized by a series of sub
parallel mountain ranges which trend north to northwest, 
roughly parallel to the edge of the Colorado Plateau (Ransome, 
1919). Picketpost Mountain is located a few miles inside of
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the Mountain Region close to the border of the Desert Region.
Elevations within the mapped area range from 2360 feet 

near Queen Creek Bridge to 4375 feet at the highest point on 
Picketpost Mountain. Maximum relief is 2015 feet.

Picketpost Mountain is the most prominent topographic 
feature in the area directly south of Superior and west of 
the Concentrator fault. It is a butte-like remnant of a once 
more extensive volcanic pile (pi. III). The volcanic rocks 
weather into steep to vertical cliffs above low rounded hills 
of sedimentary, metamorphic and intrusive rocks. In the 
eastern and northern portions of the area mapped, the lower 
volcanic units have been deeply cut, forming steep sided 
canyons.

Queen Creek is a major tributary of the Gila River.
An intermittent, westerly flowing stream, Queen Creek pro
vides the primary drainage for the Superior District. Streams 
in Telegraph Canyon, Arnett Creek and Alamo Canyon provide 
secondary intermittent drainage for the mapped area. Major 
flow occurs in two nearly equal periods; in the winter storms 
of December and January, and during the thunderstorms of July 
and August. Mean annual rainfall is approximately 18 inches 
(Green, 1964).

All major topographic features have been named to fa
cilitate ease in location and description. In all cases of
ficial map names are used. Where none exists local names are



PLATE III
PICKETPOST MOUNTAIN

View of Picketpost Mountain looking south from 
the Boyce Thompson Southwestern Arboretum. 
Dipping beds of the main vent are located on 
the left, and the tower is on the center right.
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used. For the purpose of this report remaining features have 
been assigned names by the author (fig. 2).

History
The first definite record of white men in the Picket- 

post Mountain area appears in the latter half of the nine
teenth century, although Spaniards may have passed through as 
early as the sixteenth century, and "mountain men" in the 
early nineteenth century (Bancroft, 1889). In the eighteen 
fifties and eighteen sixties white men were beginning to set
tle this part of Arizona. However, in 1861 at the outbreak 
of the Civil War, the troops which had been stationed in 
Arizona were removed and the Apaches gained control of most 
of the territory. With the proclamation of Arizona as a 
Territory in 1863 and the return of the soldiers, almost con
tinual warfare was waged against the Apaches until 1886 when, 
under the command of General George Crook, the Indians were 
subdued (Dunning and Peplow, 1959).

General George Stoneman campaigned in the vicinity 
of Picketpost Mountain about I8f0, establishing Fort Pinal 
just five miles north of the mountain. His objective was to 
curtail activity on the Apache Trail, a route spanning the 
area along Queen Creek to the Gila River, along which the 
Indians attacked wagon trains and settlers (Brandeis, i9 6 0).

In I87I the post was moved to a location on Queen 
Creek in the northeast corner of the study area. The camp
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\ Pinal % ^(Townsitê i,.̂Picket Post ■ M n n ^ / 

° Creek

y  \  Poncho 

^  uo5VV Plateau 
of'

TowerN.

^ Queen 
Creek

\  bridge /

Small 
vent >

Intrusive 
tu ff dikes Cholla

P lateau

Breccia

1/2 mile

Fig. 2. Locations of prominent features.



8
at this time was known as Picket Post. It is probable that 
it was during this period that the heliograph station was in 
operation on top of Tordilla Mountain or Picket Post Butte 
as it was variously known at the time.

It has not been established how long the soldiers re
mained at this location. However, in 1877 a local rancher 
named DeArnett who owned the land in approximately the same 
location, sold a portion of it to the Silver King Company for 
the site of a mill to process ore from the newly established 
Silver King Mine. A permanent townsite developed and in 1878  

the name was changed from Picket Post to Pinal.
During the first year a five stamp mill was set up, 

but later a twenty stamp mill and concentrator were added as 
the grade of ore decreased. At its peak in about I8 8 5, the 
town had grown to have a population of about 2500 and it was 
predicted to become one of Arizona's most important cities. 
However, about this time the ore at the Silver King began to 
diminish and the price of silver dropped. By I889 the mine 
had closed and Pinal began to lose population. Within a few 
years only buildings were left, and now only the blacksmith 
shop, the foundations of the stampmill, and a few barely dis
cernible remnants remain.

William Boyce Thompson, one of the three men respon
sible for the development of the Miami-Inspiration Mining 
District and later the Magma Mine at Superior, settled in the 
northern part of the study area (Peplow, 1958). He built his
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home, which is now known as the Picket Post Inn, at the foot 
of Picketpost Mountain stating that "it was the most beauti
ful mountain he had ever seen". Adjacent to his home he es
tablished the Boyce Thompson Southwestern Arboretum where he 
gathered together plants from arid areas all over the world.

Present Settlement
All of the present settlement in the area is located 

on the northern side of Picketpost Mountain. It consists of 
two private residences, the Picket Post Inn, and the Boyce 
Thompson Southwestern Arboretum.

The Arboretum, which for many years was a private 
institution, has been run since 19^5 by the University of 
Arizona under an operating agreement with the Thompson Foun
dation for the purpose of biological research. The complex 
includes the residence of Mr. and Mrs. Joseph E. Thompson, 
Jr., living quarters for the staff and personnel, offices, 
laboratories, greenhouses and a visitors center. The Arbo
retum has a picnic area and scenic trails which are open to 
the public.

The Picket Post Inn, once part of the Arboretum, is 
now privately operated.

Purpose of Investigation
Picketpost Mountain is an area about which little is 

geologically known. It is formed of mafic and felsic vol
canic rocks, the petrologic and structural relationships of



10
■which are poorly understood.

A prominent feature in a region composed of many vol
canic units, Picketpost Mountain was chosen as an area knowl
edge of whose petrogenesis could be important to the 
understanding of volcanic rocks in southern Arizona.

Method of Investigation
Geologic field mapping was completed on a topographic 

base map enlarged to a scale of 1 inch to 500 feet from por
tions of the 7.5 minute Picketpost Mountain Quadrangle and 
the 7«5 minute Mineral Mountain Quadrangle. U. S. Geologi
cal Survey aerial photographs were used as supplementary ma
terial. The fieldwork was completed between February and 
June of 1965 with intermittent days spent in the field in 
the summer and fall of 1965 and the spring of 1 9 6 6.

Petrographic thin section and oil immersion studies 
were made in the laboratory.

Previous Work
Until recently little geological work has been done 

in the Picketpost Mountain area. Abundant work which has 
been done in some of the adjacent areas may be applied to 
the pre-volcanic rocks, but is not included here.

W. P. Blake (1 8 8 3) in his report on the Silver King 
Mine mentioned that Tordilla Mountain was a remnant of the 
larger lava flow (Superior dacite) in the Pinal Range.
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H* R. Wardwell (1941) noticed that Picketpost Moun

tain, west of the Concentrator fault, represented a thickness 
of over 1000 feet of dacite.

M. N. Short, P, W. Galbraith, E. N. Harshman, T. H. 
Kuhn, and E. D. Wilson (1943) describe 1300 feet of Dacite 
series on the mountain.

E. D. Wilson and G. H. Roseveare (1945) discuss per
lite in the Superior area.

H. J. Steele (1952) includes the northern part of 
the Picketpost Mountain area on a map of the Superior area, 
showing an extensive section of dacite.

E. D. Wilson (1952) mentioned porphyritic to glassy 
necks (rhyolite) in the Hell's Peak area and part of Picket- 
post Mountain, with flows and perlitic sills west of Superior.

P. G. Anderson, W. A. Selvig, G. S, Baur, P. J. Col- 
bassani, and W. Bank (1956) provide information about perlite 
in the Superior area.

Jaster (1956) mentions the perlite found near Super
ior.

E. D. Wilson and R. T. Moore (1959) mapped most of 
the area surrounding and including Picketpost Mountain on a 
1:375*000 scale. Their work was published as part of the 
Arizona Bureau of Mines "Geologic Map of Pinal County, Ari
zona."

H. Bohmer (i9 6 0) describes one of the numerous rhyo
lite plugs located south of Picketpost Mountain.
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D. F. Hammer, R. N. Webster, and D. C. Lamb (1962) 

describe the geologic setting of the Superior area. Lamb 
discusses broad features of the volcanic rocks south of 
Superior.

D. W. Peterson (1966, in press) studied the Picket- 
post Mountain area in conjunction with work being done in 
nearby areas. Emphasis was placed on the quartz latite, the 
"Heliograph Formation."
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REGIONAL SETTING

Picketpost Mountain is located on the southwestern 
margin of a fault block basin in the region bordered by the 
Superstition Mountains on the north and the Pinal Mountains 
on the east. The area north of the Queen Creek Valley to 
the Superstitions contains a complex series of rocks ranging 
from Precambrian to Quaternary in age, but which is dominated 
by the Tertiary eruptive mass of the Superstition Mountains.

The Concentrator fault, which is to the east and 
northeast of Picketpost Mountain, is the dominant structural 
feature in the Superior area (fig. 3). It strikes approxi
mately northwest and dips about 70° SW. Vertical displace
ment is at least 2000 feet (Short et al., 1943). East of the 
fault on the upthrown block is the prominent Kings Crown 
Peak-Apache Leap escarpment of easterly-dipping Precambrian 
and Paleozoic sedimentary rocks. These rocks are cut by a 
complex series of major faults which are subsidiary to the 
Concentrator fault (Hammer and Webster, 1 9 6 2). a thick dacite 
welded ash-flow sheet caps the section.

Mining has been active in the Apache Leap area since 
1875 when the Silver King Mine was discovered. Over 6 mil
lion ounces of silver were taken from the deposit between 
I875 and 1928 (Galbraith, 1935). Ransome (1914) described 
the ore body as a stockwork deposit.

14
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Several other mines in the Apache Leap area have been 

worked for gold, silver, manganese, and copper. The Magma 
Mine (originally the Silver Queen Mine), which was also dis
covered in 1875» is the only one still producing. A copper 
mine, it is the deepest and has the highest rock temperatures 
of any mine in Arizona.

Most of the ore in the Superior area occurs as re
placement deposits, and are related to the east and north
easterly striking fault systems, which are considered to be 
pre-Concentrator fault in age.

The down dropped area southwest of the Concentrator 
fault is dominated by eruptive rocks, associated tuffaceous 
sediments and alluvium. Picketpost Mountain, which has a 
vertical relief of more than 2000 feet, is the dominant 
topographic feature in the area directly south and southwest 
of Superior. Between Picketpost Mountain and the area ap
proximately between Martinez Canyon and Copper Butte is a 
thick section of silicious tuffs and rhyolite flows. The 
tuffs in Walnut Canyon and vicinity overlie portions of the
dacite ash-flow sheet which covers much of that area (Lamb,

;

1962). Lamb mentions more than thirty simple and compound 
rhyolitic vents which are both conformable with and intrude 
the tuff. From a point on the Gila River near Cochran, which 
is ten miles due south of Picketpost Mountain, Lamb describes 
a large sequence of compound vents and dike-like bodies 
which align themselves in a massive sequence for a distance
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of six miles northward. Beyond this to the north are a num
ber of scattered, nearly circular vents that he described as 
showing "little apparent relationship to each other" (1962, 
p. 150).

Directly south of Piclcetpost Mountain is a prominent 
exposure of the Apache Group. Along its western margin, 
northerly striking beds have vertical to steep easterly dips. 
Lamb (personal communication) describes dips as becoming 
shallower to the east. Eventually the Apache Group is buried 
beneath the thick sequence of eruptive rocks.

Southwest and west of Picketpost Mountain is a large 
section of Pinal Schist which encases numerous dikes, sills 
and stock-like masses of diabase. A series of steeply dip
ping rhyolite dikes which strike N. 10° W. are found in the 
Mineral Mountain area. Some silver and minor amounts of 
lead, zinc and copper have been mined both in the Mineral 
Mountain and Reymert areas from siliceous veins following a
N. 10° W. fracture system. Hammer and Webster (1962) con
sider these epithermal deposits to be spatially and probably 
genetically related to the eruptive centers of the later vol
canic rocks.



GEOLOGY OF PICKET?OST MOUNTAIN

General Statement

The Picketpost Mountain area contains a varied rock 
assemblage including both intrusive and extrusive igneous 
rocks, and varied sedimentary and metamorphic types. They 
range in age from Precambrian to Recent.

The oldest rock in the area is the older Precambrian 
Pinal Schist. Resting disconformably on the Pinal Schist is 
the younger Precambrian Apache Group, with the following mem
bers being represented in ascending order: Scanlan Conglom
erate, Pioneer Shale, Barnes Conglomerate, and Dripping 
Spring Quartzite.

Apache Diabase of probable Paleozoic age is present 
as intrusions into the Pinal Schist and the Apache Group.
No Paleozoic or Mesozoic rocks, other than the diabase, are 
found within the mapped area. A quartz diorite porphyry of 
Laramide(7 ) age is the next youngest type. It is followed 
unconformably by a complex series of post-quartz diorite 
porphyry volcanics of probable Tertiary age. One unit has 
been dated and found to be Middle Miocene.

Gila(7 ) Conglomerate, a clastic sedimentary forma
tion including interbedded tuffs, of Tertiary-Quaternary age 
crops out at one location. The youngest rocks are Tertiary-

18



Quaternary olivine basalt, and Quaternary and Recent sedi
ments.

This paper will be mainly concerned with the complex 
series of volcanic rocks as many other papers have already 
been written on the Precambrian section.

Four formations have been assigned names by the au
thor for the purpose of this report. They are: the "Arnett 
Tuff”, the "Arnett Rhyolite", the "Heliograph Formation", and 
the "Tower Tuff".

19

Precambrian Rocks 
Pinal Schist

The oldest rock to crop out in the mapped area is the 
older Precambrian Pinal Schist. It is considered part of the 
basement complex for this section of Arizona (Ransome, 1919). 
In the western portion of the Picketpost Mountain area it 
comprises the major rock type, but it also occurs in scatter
ed localities in the southwestern and northern sections crop
ping out as rounded hills on the lower flanks of the mountain.

The formation is a fine grained quartz-sericite schist 
which includes a fissile slatey variety and a coarser gneissic 
variety. The latter type locally includes conspicuous eyes 
of blue quartz which vary in size from 1 mm to slightly more 
than 1 cm. The schist in many areas, especially where it is 
in close proximity to the diabase intrusions, contains ex
tensive veinlets of white milky quartz and associated



20
chlorite. Veins are usually parallel to the schistocity.

The dip of the foliation is quite consistent and well 
developed throughout the area. It generally strikes N. 70° E. 
and has dips varying from 40° N. to 40° S.

In thin section three typical forms of schist were 
noted. The most finely schistose variety contains percent 
quartz, 45 percent sericite and 10 percent small equigranular 
grains of magnetite. Schistocity is apparent only through 
the parallel alignment of the long dimensions of the minerals 
most of which are anhedral and less than 0 .1 5  in length.

The most common variety, however, is typified by 
segregation banding. Minerals making up the rock are seri
cite 55 percent, quartz 40 percent, magnetite replacing bio- 
tite 4 percent, and chlorite 1 percent. The magnetite is 
concentrated in the predominantly sericite bands. The long 
dimensions of the anhedral quartz and sericite range up to
0.4 mm in length. The magnetite, occasionally as large as
1.5 mm, is pseudomorphic after the biotito, and commonly ap
pears to have been rolled, the other minerals arranged in flow 
planes around it. Chlorito is associated with the magnetite.

The third variety is a coarsely banded gneissic rock. 
Undulatory and discontinuous banding is typical. The rock 
contains from 7 to 10 percent magnetite after biotite, with 
quartz and sericite varying from 40 to 60 percent each. The 
largest grain size is about 0.8 mm. Magnetite most commonly 
occurs in concentrations ringing the sericite. Quartz forms
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as small grains and also as large irregular secondary patches.

Younger Precambrian Apache Group 
The younger Precambrian Apache Group disconformably 

overlies the Pinal Schist. The members of the Apache Group 
are not mapped separately in this report, but the four lower 
members are recognized. They are in ascending order: Scan-
lan Conglomerate, Pioneer Shale, Barnes Conglomerate, and 
Dripping Spring Quartzite. These four members were origi
nally described by Ransome (1903)•

The Apache Group may be seen cropping out on the 
southern and southwestern flanks of the mountain in low 
rounded hills which resemble the Pinal Schist in topographic 
expression. The rocks are typically seen to strike north and 
dip 50° to the east. Some sections of sedimentary rock have 
been completely engulfed in diabase as the intrusive rock 
forced its way between bedding planes and along faults and 
fractures in many places completely engulfing and separating 
large blocks of the sedimentary formations. The strikes of 
the blocks seem to have retained a concordance with the un
disturbed rock, but dips may vary. Ransome (1919, p. 8 7 ) 
provides a full description. The intrusion of the diabase 
has tended to expand the thickness of the Apache Group often 
making reliable thickness difficult to obtain.
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Scanlan Conglomerate

Ransome (1903, p. 31) first described the Scanlan 
Conglomerate in the Scanlan Pass area in the northwest part 
of the Globe Quadrangle. Small outcrops of the Scanlan Con
glomerate are erratically exposed throughout the Picketpost 
Mountain area. Thickness varies from only a few inches to 
as much as two or three feet. The conglomerate is formed of 
sub-angular white quartz and buff quartzite pebbles, less 
than two inches in diameter, loosely cemented in a matrix 
consisting of platey particles of sericitic schist and red
dish brown shale.

The Scanlan Conglomerate, however, is not the most 
common rock found along the upper contact of the Pinal 
Schist. A zone of sericitic schist set in a matrix of red
dish brown shale with no quartz or quartzite present is more 
typical. This seems to represent an area of local erosion 
and consolidation of particles nearly in place by the depo
sition of the overlying Pioneer Shale. The Scanlan Conglom
erate would suggest the introduction of some outside material 
locally into the area.

Pioneer Shale
The Pioneer Shale, first described by Ransome (1903* 

p. 31) is named for a section exposed near the site of the 
mining town of Pioneer in the Mescal Mountains.



The Pioneer Shale exposed in the mapped area is a 
dark-red to brown arenaceous rock consisting of very fine 
grained arkosic material. Locally it is fissile. Very char
acteristic are buff colored round to ellipsoidal spots which 
are thought to be caused by local reduction and removal of 
ferruginous pigment (Ransome, 1903, P* 31). Although no pre
cise measurements were made, approximate thicknesses within 
the Picketpost Mountain area vary between twenty and eighty 
feet.

The Pioneer Shale has been described as a shallow ma
rine deposit by Ransome (1919* p. 40), and Galbraith (1935* 
p. 30).

Barnes Conglomerate
The Barnes Conglomerate was first described by Ran

some (1 9 0 3, p. 31) at Barnes Peak northwest of Globe. Stra- 
tigraphically it lies above the Pioneer Shale.

It is composed of hard vitreous quartz and quartzite 
pebbles set in a coarse, sandy, arkosic matrix. Quartzite 
inclusions predominate over the milky white quartz. The peb
bles, usually no larger than two or three inches in diameter, 
are characteristically iron stained. The red of the staining 
and the predominately pink arkosic matrix lend an overall 
deep pink aspect to the rock. The pebbles are often round, 
but more commonly are flattened ellipsoids whose flat sides 
generally lie roughly parallel to the bedding planes. In
the mapped area pebbles are seen to be definitely subordinate 
to the matrix. An estimated ten to fifteen feet are exposed
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in the southeast corner of the area on the western side of 
Telegraph Hill.

The Barnes Conglomerate appears to lie conformably 
above the Pioneer Shale, but the extreme variation in depos- 
itional characteristics between the two rock types suggests 
either an unconformable relationship or a "contemporaneous 
unconformity somewhere within the region of deposition" (Ran- 
some, 1919, p. 40). The latter is most probable as Ransome 
(1919, p. 40) has noted compressed wavy bedding in the shale 
conforms to the uneven load of the overlying conglomerate.

Dripping Spring Quartzite
Originally described by Ransome (1903, p. 32), the 

Dripping Spring Quartzite included the Mescal Limestone and 
the Troy Quartzite. In 1919 (p« 41) he redefined it as lying 
conformably above the Barnes Conglomerate and below the Mes
cal Limestone.

The quartzite is a massive, medium to fine grained 
arkosic rock composed of fragments of feldspar and quartz.
The matrix is similar to that of the slightly coarser matrix 
of the Barnes Conglomerate. It varies between a buff colored 
rock composed mainly of fragmental quartz to a reddish-pink 
rock containing a higher percentage of weathered feldspars. 
Bedding is indistinct, but very thin black banding within the 
pink member is prominent. Cross bedding is common. A thick
ness of approximately 100 feet is exposed on Telegraph Hill 
in the southeast corner of the mapped area.
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The Dripping Spring Quartzite is generally considered 

to be a shallow water deposit. Ran some (1919» P» 4-2) des
cribes ripplemarks, sun cracks, and fossil worm casts suggest
ing minor fluctuations in depositional conditions. Wardwell 
(194-1, p. 21) in the Potts Canyon area describes ripple marks 
in the lower portion of the formation. Within the Picketpost 
Mountain area thin layers, usually less than one inch, of 
coarser material may be observed indicating minor changes in 
the depositional conditions.

Pre-Yolcanic Intrusives 
Apache Diabase

The Apache Diabase crops out in low rounded hills over 
a large portion of the southern and western sections of the 
area. The best exposures can be found along Alamo Creek near 
Capture Creek. It is seen to intrude the Pinal Schist and the 
Precambrian Apache Group, occurring in sills, dikes and irreg
ular bodies a few feet in thickness to an undetermined thick
ness possibly in excess of 2000 feet. Sills in the Magma Mine 
at Superior total 3100 feet (Steele, 1952). They intrude the 
Pinal Schist, Apache Group and Middle Cambrian Troy Quartzite. 
It has not however, intruded the upper Devonian Martin Lime
stone. Short et al. (194-3) consider the diabase to be post- 
Middle Cambrian and pre-Upper Devonian. The diabase in the 
Picketpost Mountain area is probably correlative, although 
Ransome (1923) in describing rocks in the Ray area observed
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diabase dikes cutting Carboniferous rocks. He considers dia
base in this area to be post-Pennsylvanian.

The diabase can be found as small stringers and pods 
intimately intruding the Pinal Schist so that the contact be
tween the two rock types is often a wide transitional zone.

Megascopically, fresh diabase is a dark green, very 
heavy, holocrystalline rock. Two slightly different types 
are observed, but are not areally distinguishable.

The first is a coarse grained rock comprised mainly 
of augite crystals averaging 6 to 7 mm in length. Occasion
al crystals are more than 1 cm long. No other minerals are 
readily visible. The cleavage faces on the augite give the 
rock a characteristic brilliance of light reflection. When 
weathered, the rock becomes olive green to brown forming 
very crumbly saprolitic soil.

The second type is a medium grained black to green 
rock composed of small grains of quartz and grey plagioclase 
separated by larger crystals of dark augite whose average 
size is 1 mm. Moderately weathered surfaces have a charac
teristic "salt and pepper11 appearance due to the sericitiza- 
tion of the feldspars. Badly altered surfaces obtain an 
olive green to brown appearance similar to the coarser 
grained member.

Petrographically, the diabase occurs as two different 
varieties. The first type is a coarse grained ophitic rock. 
Essential minerals are augite 68 percent, quartz 19 percent.
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labradorite (An 5 8-) 2 percent, and hornblende 4 percent. 
Minerals vary in size from 10 mm to 0.1 mm with augite form
ing most of the larger crystals. Alteration minerals are mag
netite 1 percent, chlorite 2 percent, and uralito 4- percent.

The second variety is a medium grained subophitic rock 
with largest minerals being about 3 mm in length. Essential 
minerals are plagioclase (An 57~) 23 percent, augite 54- per
cent, quartz 13 percent, and hornblende 2 percent. As an 
accessory mineral apatite forms 1 percent. Alteration miner
als are uralite 6 percent, magnetite 2 percent, and chlorite 
1 percent. Abundant sericite and kaolin are found as alter
ation products of the labradorite. Remnant albite twinning 
is barely visible due to the high degree of alteration es
pecially in the cores. Occasional flakes of antigorite are 
found rimming the magnetite in predominantly uralitic areas.

Quartz Diorite Porphyry
A small outcrop of quartz diorite porphyry occurs in 

Arnett Creek at the foot of Arboretum Pass. It intrudes the 
Pinal Schist and is overlain by a thin layer of tuffaceous 
conglomerate and Tertiary basalt.

The quartz diorite porphyry crops out in a nearly 
vertical exposure approximately 15 feet high and 25 feet wide. 
It is prominently jointed with joint directions oriented 
N. 22° E., 8 8° SB., N. 75° w., 5 7° N., and N. 35° tf., 33° S.
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Megascopically, the rock is a medium-to-dark-grey 

holocrystalline quartz diorite. The major constituents are 
quartz, feldspar and biotite. The quartz has a slightly 
rounded appearance. The feldspar constitutes an abundance 
of white plagioclase lathes and clear fresh sanidine. Numer
ous equidimensional biotite crystals of about 5 mm in diame
ter, occurring with the quartz, plagioclase and sanidine, 
lend a spotted appearance to the rock, especially to the more 
weathered surfaces where the plagioclase is deeply altered.

Microscopically, the quartz diorite is found to be a 
relatively unaltered quartz diorite porphyry (pi. IV, fig, 1). 
It consists of 70 percent phenocrysts and 30 percent fine 
grained groundmass. The phenocrysts are; plagioclase 70 
percent, sanidine 10 percent, quartz 10 percent, and biotite 
10 percent.

The plagioclase is mainly oligoclase (An 28-), but a 
few andesine (An 32-) crystals occur. Euhedral to subhedral 
laths ranging in length from 4.0 ram to 0.3 mm are the most 
typical form. However, equidimensional crystals and occa
sional irregular plagioclase masses do occur. Polysynthetic 
twinning is typical, with Carlsbad and Pericline twinning be
ing common. Many of the crystals have shadowy zoning. Seri- 
cite alteration is along cleavage planes and in a very few 
crystal cores, indicating a more calcic content to the cores.

Sanidine occurs predominantly as fresh euhedral to 
subrounded phenocrysts. They vary in size from 6.0 mm to
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0.25 mm in diameter. Most however, are in the 6.0 mm to
4.0 mm size range and conspicuously form the largest phen- 
ocrysts. Alteration is minor, occurring sparsely along 
cleavage planes and as corrosion along the edges of the 
crystals.

The quartz varies in size from 3.0 mm to 0.25 mm.
Most of the crystals are euhedral with a few being subhedral. 
Both the quartz, and to a lesser degree the plagioclase and 
sanidine, have rounded outlines. The quartz in some in
stances verges on being completely rounded.

B r o w n  biotite occurs in subhedral plates, anhedral 
laths, and irregular masses and flakes varying in size from
3.0 mm to 0.3 mm. It is likely that there are two genera
tions present. Most commonly it occurs in long laths with 
distinct medium to pale brdwn pleochroism. It may be sec
ondary after hornblende. Also present are confused clumps 
containing many small biotite laths that have been strongly 
chloritized. Associated with them is much magnetite probably 
representing alteration from a former mafic. Large biotite 
phenocrysts will commonly have small anhedral plagioclase 
grains encased within them.

Zircon and apatite are present as minor accessory 
minerals occurring in both the phenocrysts and the ground- 
mass. Magnetite is omnipresent as subhedral crystals, irreg
ular masses, and scattered blebs. It occurs along the 
cleavage planes in the biotite and in subhedral grains within
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the biotite. Often it has almost completely replaced the 
biotite. It also occurs in large irregular masses associated 
with patchy secondary quartz grains which are slightly larger 
than the groundmass. In some cases the magnetite has bent 
the biotite crystals or sheared off slivers of them encasing 
them within itself in long skeletal crystals. Small parti
cles of hematite are associated with the magnetite.

The very fresh groundmass consists mainly of plagio- 
clase and some potash feldspar microlites, and slightly 
larger grains of irregular quartz. Scattered throughout are 
small flakes of brown to pale green biotite probably repre
senting a secondary phase. They often form concentrations 
rimming the large quartz and sanidine phenocrysts.

The quartz diorite porphyry is considered to be 
Laramide(?) in age due to strong similarities to rocks des
cribed by Galbraith (1935) in the Silver King Mine area. 
However, Precambrian quartz diorites are known in the region, 
so that the ago is not conclusively placed.

Tertiary Rocks 
Lower Dacite Tuff

Although the age relationships are not positively 
known, a white crystal tuff is thought to be the oldest vol
canic rock in the Picketpost Mountain area. It is probably 
Tertiary in age, coincident with the pulse of volcanic ac
tivity in the region. Since no dateable Cretaceous or



PLATE IV
PHOTOMICROGRAPHS OF QUARTZ DIORITE PORPHYRY 

AND LOWER DACITE TUFF

Fig. 1. Quartz diorite porphyry: Large euhedral
sanidine and biotite phenocrysts, and smaller 
quartz, oligoclase, sanidine and biotite pheno
crysts show the two prominent size ranges of the 
porphyry. The groundmass is plagioclase with some 
quartz, potash feldspar, and biotite. Nichols 
crossed, X 3*5.

Fig. 2. Lower dacite tuff: Fragmental and rounded
phenocrysts of andesine, quartz, and biotite. The 
biotite has mostly been replaced by magnetite. The 
matrix is both fine and coarse grained devitrified 
glass composed of quartz and orthoclase, and spher- 
ulitic orthoclase. Nichols crossed, X 3.5.
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Fig. 2
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Tertiary rocks directly underlie it, the date cannot be known 
for sure, and so the possibility of its being as old as Cre
taceous exists. However, it is not badly altered and lacks 
deformation typical of the earlier rocks.

It crops out over a small portion of the area west 
and northwest of the small vent unconformably overlying the 
Pinal Schist and unconformably underlying the Arnett Tuff. 
Typically the expression of the lower dacite tuff is subdued 
and it generally forms topographic lows. Megascopically 
visible minerals are quartz 50 percent, plagioclase 42 per
cent, and biotite 8 percent. Accidental inclusions are rare, 
but small schist and shale inclusions are found.

The alteration of the rock is one of the most dis
tinctive features. Although there are no megascopically 
observable differences in the crystal content, the tuff con
tains roughly ellipsoidal "pockets" of alteration which have 
a slightly bleached appearance. These "pockets" are usually 
between two and throe inches in diameter.

A small outcrop of similar material is found in one 
locality in Arnett Creek, midway between Arboretum Pass and 
Rockhound Wash. The steeply dipping outcrop of white crystal 
tuff unconformably overlies a small patch of Pinal Schist on 
the south side of the wash. Tertiary basalt crops out over 
most of the surrounding area, topographically both above and 
below the tuff outcrop, although no contact is seen between 
the two rock types. Field relationships, however, suggest
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that the schist-tuff outcrop is a window through the basalt, 
with the tuff being older than the basalt. Tuff and tuff- 
aceous conglomerate at the base of the basalt do not resemble 
the presently described formation.

Petrographically, the rock is a dacite crystal tuff 
(pi. IV, fig. 2). Forty percent of the rock is composed of 
phenocrysts which are unevenly distributed throughout the 
groundmass. Essential minerals are quartz 50 percent, plagio- 
clase U0 percent, biotite 5 percent, and micrographic inter
growths of quartz and orthoclase 5 percent. There is a trace 
of apatite, zircon and magnetite.

Quartz phenocrysts vary in size from 2.1 mm to 0.1 mm. 
They are subhedral to anhedral and are commonly rounded or 
embayed. Apatite and zircon are associated with the quartz, 
as are numerous inclusions of magnetite. Fluid inclusions 
are not unusual.

Plagloclase comprises 40 percent of the rock. Both 
oligoclase (An 29~) and andesine (An 38-) were found, al
though the latter are slightly more prevalent. Zoning is 
common and both Carlsbad and albite twinning are typical.
The crystals are mostly anhedral with sizes ranging from
1.5 mm to 0.1 mm. The plagloclase is fresh, exhibiting al
most no alteration.

Brown biotite laths and flakes make up 5 percent of 
the rock. Most are anhedral, varying in length from 2.0 mm 
to 0.5 mm. Commonly the early formed biotite has been



partially enclosed by the quartz, or bent by the later form
ing quartz or plagioclase.

Magnetite makes up about two percent of the rock, 
most commonly occurring as an alteration product of the bio- 
tite. Usually it almost completely replaces the biotite.

Micrographic intergrowths of quartz and orthoclase 
compose about 5 percent of the phenocrysts. The orthoclase 
is fresh, but there is a higher concentration of very fine 
grained magnetite within it than found elsewhere in the rock.

The groundmass consists of brown spherulitic ortho
clase and quartz, and light brown devitrified glass dust, all 
of which is peppered with magnetite. The magnetite grains 
both align themselves with the spherulites and occur in flow
like cross cutting structures. The spherulites most commonly 
ring the phenocrysts especially the quartz. Some chalcedony 
occurs in the same manner. Minute quartz veinlets transect 
the spherulites, and irregular masses and patches of magne
tite are everpresent.
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Tertiary Basalt
The second oldest volcanic unit recognized within 

the mapped area is basalt. It is best exposed on the south 
side of Queen Creek just east of the mouth of Silver King 
Wash. It also crops out in numerous places on both sides of 
Arnett Creek between First Day Pass and the mouth of Rock- 
hound Wash.
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In most places the base of the unit is not exposed. 

However, in Arnett Creek near the base of Arboretum Pass, it 
is seen unconformably overlying Pinal Schist and quartz dio- 
rite porphyry.

Attitudes obtained from partings along the flow planes 
indicates a strike of N. 66° B. and dips varying between 31°
N. and 6° N. It forms low gentle slopes and in most places 
the formation is almost entirely covered with talus from the 
overlying units. On weathered surfaces the basalt is bluish- 
grey to greyish-purple.

The thickest section of basalt exposed, which has a 
vertical extent of approximately 100 feet, is located along 
Arnett Creek. Included as the basal member is a thin one to 
two tuffaceous foot thick layer of basaltic tuff overlain by 
conglomerate. It is exposed only along the contact with the 
quartz diorite porphyry. Included within this unit are nu
merous angular to round fragments of the quartz diorite 
porphyry and Pinal Schist, which decrease in frequency up
ward. This observation proves that the quartz diorite por
phyry is older than the volcanics and associated rocks.

The basal portion of the basalt proper is a massive 
reddish-purple aphanitic rock. The central and upper por
tions arc dark grey. In the central region, vesicles appear 
and become more numerous higher in the section. The upper
most portion of the flow is prominently amygdaloidal. Cal- 
cite and zeolite filled flattened amygdules range in size



from less than 1 mm to approximately 2 cm in diameter, and, 
comprise as much as 50 percent of the rock.

Microscopically, the basalt is a holocrystalline, in
tergranular rock composed of about 55 percent plagioclase 
(An 6 8-), 35 percent augite and 10 percent magnetite. Equant 
grains of augite and magnetite 0 .0 6 mm to 0 . 2  mm in diameter 
are evenly distributed between a felted mass of labradorite 
laths which are 0.1 mm to 0.6 ram in length (pi. V, fig. 1).

Some of the amygdules are lined with minor amounts 
of analcime, but most contain masses of calcite which fill 
or partially fill the cavities.

Arnett Tuff
Cropping out above the Tertiary basalt and below, 

contemporaneous with, and after the Arnett Rhyolite is a 
formation composed of tuffs and tuffaceous sediments. It is 
found throughout much of the northern half of the area and at 
disconnected locations in the eastern portion. A very vari
able formation, it represents all the local pyroclastic and 
sedimentary activity in the post-basalt through Arnett Rhyo
lite stage. It has not been subdivided as it is considered 
part of one eruptive episode.

The tuff portions of the formation form both the 
youngest and the oldest sections of the formation. The basal 
tuff, which crops out below the Arnett Rhyolite, appears to 
have been a highly water charged tuffaceous mud flow possibly
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PLATE V
PHOTOMICROGRAPHS OF TERTIARY BASALT 

AND ARNETT TUFF

Fig. 1. Tertiary Basalt: Intergranular texture
is shown by equant grains of augite and magnetite 
in a felted mass of labradorite laths. Nichols 
crossed, X 10.

Fig. 2. Arnett Tuff: Inclusion of perlite. The
tuff is a mass of devitrified glass, pumice 
lapilli and small accidental inclusions. Dark 
patches are hematite. Nichols crossed, X 3»5
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Plate V

Fig. I

Fig. 2
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issuing forth from the same vent in which the Arnett Rhyolite 
originated. It is a massive, white vitric tuff containing 20 
to 30 percent pumice lapilli and varying percentages of ac
cidental inclusions.

The basal portion of the tuff in the Rockhound Wash 
area and for some distance to the east and west of Rockhound 
Wash along Arnett Creek displays agglomeritic characteristics. 
Rounded to angular inclusions make up as much as 50 percent 
of the rock. Most are between one half inch and three inches 
in diameter, but in the area east of Rockhound Wash inclu
sions two feet in diameter are not uncommon. The most common 
rock type represented are Tertiary basalt and diabase, but 
quartzite, schist, obsidian and quartz diorite(?) are also 
found. Inclusions gradually become smaller to the west until 
they compose only a minor occasional constituent of the rock 
suggesting that the source lies somewhere to the east possi
bly just outside the.mapped area. A possible source is dis
cussed in the section of this report on the Arnett Rhyolite.
In the westernmost area, west of First Day Pass, the tuff 
grades into a sandy facies.

Where the tuff overlies the Tertiary basalt it is 
seen to have penetrated and filled all the cracks and spaces 
along the irregular upper surface of the lower flow (pi. VI). 
Most of these "dikes" are only a few inches to one of two 
feet in extent, but along Queen Creek just to the east of 
the Arboretum two major "dikes" have formed. Here, the tuff



PLATE VI
TERTIARY BASALT AND ARNETT TUFF

Contact between the Tertiary basalt and the 
Arnett Tuff. The tuff has penetrated many 
fractures in the irregular surface of the 
basalt and incorporated loose fragments of 
the basalt.
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Plate VI
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has carried fragments of the upper amygdaloidal zone down in
to the massive area of the basalt. In some areas the mud 
flow tuff seems to have incorporated portions of the surface 
of the basalt and to have transported them for short distances.

Most of the basal portion of the tuff in the Arboretum 
Pass area is free of inclusions. However, about six feet 
above the base is a thin marker bed. It is a horizontal lay
er of agglomerate, averaging twelve inches in thickness, 
which may be traced much of the way along Arnett and Queen 
Creeks. It consists mainly of rounded basalt inclusions.

The eruptive sequence seems to have been that of a 
mud flow tuff, pouring out from the east and dropping its 
larger inclusions near the source. Being mud-like, it formed 
a flat upper surface on which the basaltic agglomerate was 
deposited in a closely following pulse. This in turn is 
overlain by another clean mudflow tuff on the flat surface 
of which the Arnett Rhyolite is deposited.

Petrographically, the predominantly inclusion free 
rock is a vitric tuff of probable rhyolitic composition. It 
is composed of 75 percent partially devitrified brown glass 
and 20 percent pumice lapilli. Phenocrysts include 2 per
cent anhedral quartz which is usually less than 0 .2 5  mm in 
diameter and biotite which composes 1 percent of the rock. 
Irregular masses of hematite alteration make up 2 percent, 
and 3 percent is a "hash" of minute accidental fragments and 
larger inclusions of perlite (pi. V, fig. 2).



On the Pancho Plateau west of First Day Pass, and at 
scattered locations north of Queen Creek and west of Arnett 
Creek is a tuffaceous sandstone of variable lithology. On 
the Pancho Plateau, west of First Day Pass, it overlies the 
tuff and appears to be partially contemporaneous with and 
partially overlying the Arnett Rhyolite. Typically it is 
massively cross bedded and has prominent brownish-orange col
oration from numerous oxidized particles. Common constitu
ents are sand sized quartz, quartzite, schist, and basalt 
cemented with tuffaceous matrix which usually composes only 
about 20 percent of the rock. Occasionally it becomes con
glomeratic with pebble sized inclusions appearing locally. 
Layers of tuffaceous sandstone, containing as much as $0 per
cent tuff and pumice lapilli, are found in the vicinity of 
the Arboretum. North of the Arboretum lake is a small de
posit of well indurated sandstone with numerous inclusions 
of Arnett Rhyolite,

The sandstones seem to represent local basins of 
deposition which formed contemporaneously with the tuff 
eruptions and rhyolite flow. Where the underlying rocks 
may be observed, the sandstones commonly are seen to display 
the characteristics of those rocks cropping out in the im
mediate vicinity.

The sandstones are overlain by tuff in the area west 
of Arnett Creek. It is a very massive clean white vitric 
tuff which closely resembles the basal tuff. Only a small
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area of outcrop is found within the mapped area, but it seems 
to extend to the west for some distance.

Arnett Rhyolite
General Character

The Arnett Rhyolite forms the major rock type in the 
eastern and northern portions of the area. It crops out on 
the lower flanks of the mountain, and in some areas north of 
Queen Creek.

The thickest exposed section of Arnett Rhyolite is 
approximately 55° feet on the northeastern flank of the moun
tain. A section $00 feet thick is found near the junction of 
Arnett Creek and Telegraph Canyon, but the two basal units 
are not exposed at this point. In all localities where the 
base of the flow may be seen, the basal member is always 
present, so that a thickness of 600 to 700 feet has been 
postulated for this point.

Frontal portions of the flow in the northwest sec
tion of the mapped area may be observed in First Day Pass.
In this area the rhyolite is seen to be brecciated and re
cemented, abutting partially contemporaneous tuff on the 
west.

On the southwest side of the mountain, the flow is 
seen to thin to about 200 feet, although 100 or more feet 
have probably been lost to erosion. The front of the flow 
on this side of the mountain is not observed within the 
mapped area.



The Arnett Rhyolite conformably overlies the Arnett 
Tuff in all places except for three localities, where it un- 
conformably overlies earlier units. In the southwest corner 
and on the western side of the mountain it overlies the 
younger Precambrian Apache Group. In the north, just south 
of the Arboretum, it overlies the older Precambrian Pinal 
Schist.

The flow consists of five zones, all of which seem 
to be part of a single eruptive episode. For this report, 
they will be referred to in ascending order as zones A, B,
C, D , and E (pi. VII, fig. 1). Figure 4 is a diagramatic 
sketch of the idealized sequence of zones, indicating that 
zones A and B are similar forming the outside shell of the 
flow, that zones B and D form the intermediate portion, and 
that zone C forms the core. Although comparable zones are 
not generally seen to be continuous because of erosion, the 
situation described here may be observed on the east side of 
Box Canyon, on the Cholla Plateau, and along the southeastern 
margin of the flow near the prominent area of breccia.

Zone A
The basal member, zone A, is a felsite consisting of 

strongly devitrified glass of a mottled buff and white col
oration, which weathers into irregular nobs and rounded hum
mocks. It is highly fractured, resulting in a "ball bearing
like" surface of small fragments up to one inch in diameter.
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PLATE VII 
ARNETT RHYOLITE

Fig. 1. Typical profile of the Arnett Rhyolite. 
Zones A, B, and C are exposed. A small section 
of Arnett Tuff is exposed at the base.

Fig. 2. Silicified fault. The fault, which is 
located in Arboretum Pass, shows the darker color 
and more resistant nature of the structure com
pared to the surrounding zone A.
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Most of the fractures are lined with manganese dendrites.
The zone varies in thickness from a few inches where badly 
eroded to approximately 200 feet where true thickness is ob
served. The average vertical extent is 120 feet.

The extreme devitrification of zone A was probably 
due to brecciation while still in the flow stage. It is 
formed of many randomly oriented blocks from a fraction of an 
inch to several feet in diameter, which seem to be the result 
of the margins of the flow having been solidified and then 
been torn loose by the continued advance of the flow. The 
process may have been repetitive. Evidence of this is well 
exposed in the First Day Pass area near what seems to be the 
front of the flow. The fractures surrounding these blocks 
have been filled with chalcedony, due probably to the migra
tion of fluid during desilicification.

Microscopically, zone A is a cryptocrystalline mass 
of potash feldspars and quartz of probable rhyolitic compo
sition. The aggregates are both massive and spherulitic. 
Occasional minute crystals of hornblende, biotite, sericite 
and magnetite are scattered throughout the rock, but make up 
less than one percent of the total.

Brecciation of the rock is prominent in thin sec
tion (pi. VIII). Randomly oriented subrounded to subangular 
fragments of the finely cryptocrystalline aggregate have been 
recemented by a matrix of coarser grained quartz and minor 
amounts of orthoclase. In more massive areas, where the



PLATE VIII
PHOTOMICROGRAPHS OF ARNETT RHYOLITE, ZONE A

Fig. 1. Darker areas are finely flow banded 
glass fragments which have been cemented by the 
lighter areas of coarser grained patchy quartz. 
Nichols not crossed, X 3.5*

Fig. 2. Same as above, nichols crossed. De
vitrification of the glass is visible.
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Plate VIII

Fig. 2



rock is less devitrifled, very fine glassy flow structures 
are found.

In one area, along Government Well Wash, the lowest 
rhyolite unit shows characteristics of both zone A and zone 
B. It is a moderately unaltered perlite, but is extremely 
brecciated. Due to the stratigraphic relationships and to 
the brecciation, it has been placed in zone A. The fresh
ness of the rock may be due to the rapid, effective resolid
ification after brecciation, allowing less alteration to 
occur than in the rest of the zone. This area lends cre
dence to the theory that zones A and B may be the same rock 
type. Petrographically, the felsite shows no sign of per- 
litic fracturing. However, the perlitic structures may have 
been destroyed during the advanced stages of devitrification. 
Near the boundary of the two zones, the gradational nature 
is evident.

Numerous faults and fractures occur in all the vol
canic rocks. The faults are particularly prominent in zone 
A due to a characteristic silicification which, with very 
few exceptions, occurs only within this unit (pi. VII, 
fig. 2). While silicified faults are found throughout zone 
A, they tend to be concentrated in swarms. Most have a com
mon range of orientation: strike N. 10° W. to N. 20° W.,
and dip 60° E. to 60° W. A second smaller grouping has an 
orientation of strike N. 10° E. to N. 20° E. The remainder 
are randomly oriented.
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Displacement along the faults is minor, usually on 

the order of less than one foot to several feet, so that 
their expression is as a simple break in the rock and not as 
a fault zone with characteristic fault gouge. Both normal 
and reverse faults are present. Some may be traced for as 
far as 2000 feet along strike. Silification occurs as pods 
or ellipses erratically appearing and disappearing along the 
traces of the faults. They normally stand higher than the 
surrounding rock as they are more resistant. Topographic ex
pression varies from a few inches high and wide to as much as 
ten feet high and five feet wide at a locality in Arboretum 
Pass. They are made up of very fine fragments of zone A in 
a granular cryptocrystalline quartz matrix. All degrees of 
angularity and rounding are found. Host are iron stained and 
occasional cubic boxwork is observed indicating pyrite as the 
probable source of the iron oxide.

The faults and fractures probably occurred both at 
the time of solidification of the flow and at some time fol
lowing. Settling of the unit may have caused minor slips to 
occur, but more likely tectonic forces were involved in the 
formation of the majority. This will be discussed later.
The fractures must have been irregular, so that when move
ment occurred, openings developed in a “pinch and swell" 
fashion. The highly fractured nature of zone A allowed 
ready channelways for the migration of fluids resulting from 
the desilicification process. While most of the spaces have



been completely filled, a few have silica covered walls and 
hollow "geode-like" centers. Some are completely unmineral
ized. The silica is dull buff to colorless, but occasional
ly small pods and lenses of colorful pink, grey and white 
agate are found.

Zone B
Zone A grades upward into zone B, a grey perlite 

which crops out in low irregular hills, except when cut by 
Arnett Creek and Queen Creek, where it is expressed in smooth 
cliff faces. Contrary to zone A, it is a very massive fresh 
glass showing only negligible alteration. It is light grey 
with a pearly lustre, and has well developed perlitic struc
ture. Microscopically, minor alteration has occurred along 
the perlitic fractures resulting in occasional feldspar mi- 
crolites and abundant clay. Fluid inclusions are omnipresent 
In low lying and flat areas the rock develops a superficial 
field appearance of zone A. It alters to a light tan felsite 
but lacks the brecciated appearance and consequently the buff 
to white mottling. The perlite is typically coated with den
drites.

Although the glass of zone B is typically a light 
grey perlite, other forms are found. In Telegraph Canyon 
most of the glass is massive, showing no perlitic fracturing. 
Colors are mottled, grading from black through grey to brown 
and maroon. Locally throughout the entire mapped area the



glass is finely banded in parallel layers, often showing col
or variation between the layers.

Perlite is a metastable volcanic glass which is sim
ilar to obsidian in appearance and composition. It differs 
from obsidian however, by containing 2 to 5 percent or more 
combined water, whereas obsidian contains less than 1 percent 
(Sharps, 1961). No chemical analyses were made during the 
course of this study. However, an analysis made by the 
United States Bureau of Mines of commercial grade perlite 
from the Superior area is given in Table I. The only per
lite being mined in the vicinity is contained in the Arnett 
Rhyolite.
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TABLE I1 2 3
CHEMICAL ANALYSIS OP PERLITE ORE, PERCENT

0Moisture Loss on _ 
ignition"*

Si02 k
A12°3 re2°3 Ti02 CaO MgO NaO k2o

0.3 3.8 73.6 12.7 0 .7 0.10 0.6 0.2 3.2 5.0

1. From Composition of Perlite: 1956, Bureau of Mines Re
port of Investigations 5199.

2. Loss at 105°C.
3. Loss on ignition at 800°C (less moisture evolved at 105°C). 
h. Including any phosphorous pentoxide on manganese oxide.
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Characteristic of the unit, although not universal, 

are the small black translucent obsidian nodules known tech
nically as marekanites and popularly as "Apache tears”. They 
range in size from microscopic to more than two inches in 
their greatest dimension. Although many are roughly spher
oidal, they are commonly ellipsoidal or ovular. They have 
nearly smooth exteriors and can be easily dislodged from the 
surrounding rock. The perlitic structure is concentric to 
the marekanites, wrapping around them in an onion skin fash
ion. No structure however, is visible within the marekanites 
themselves when viewed in thin section.

The marekanites are not the disassociated, unique 
inclusions scattered throughout the rock that they appear to 
be at first. They, and "marekanite-like" structures give 
some indications as to the possible origin of the perlite 
about which there is much controversy at the present time.

Several theories have been proposed. Heinrich (1956) 
states that concentric fractures are caused by contraction 
upon cooling. Volcanic glass, which contained 2 to 5 percent 
water when it was erupted, cooled quickly with resulting per
litic fractures forming. However, the perlite contains 
enough water to cause it to expand when heated. Wilson (19^5) 
argues against the possibility of its having been able to so
lidify without expanding under atmospheric pressure. Bates 
(i9 6 0) suggests that perlite may have been shallowly intruded 
with the covering material providing the pressure to prevent



expansion. However, Ralston (19^6) has found perlite in vol 
canic bombs.

Chesterman (195*0 suggests that perlite was formed 
by the introduction of water vapor into obsidian and the con 
sequential development of perlitic structure. The water va
por could have been derived from the crystallizing rhyolite 
or partly from the country rock. According to Chesterman, 
the occurrence of marekanites is explained as follows:
(1) emplacement of the obsidian as domes, sills, and dikes,
(2) brecciation of the obsidian during or following emplace
ment, (3) introduction of water into the obsidian, the ex
tent of perlitization depending upon the access of the vapor 
to the obsidian, (4) late stage alteration of the perlite in 
part to clay.

Ross and Smith (1955) agree that the hydration of 
obsidian forms perlite with the water of hydration probably 
coming from rain, snow, or ground water during a late stage 
of cooling or a period thereafter.

Marekanites and marekanite-like structures in the 
Picketpost Mountain area suggest that perlite is derived 
from obsidian. Typical perlite has formed onion skin frac
tures around centers similar to many coalescing concentric 
waves. Some of these centers are marekanites, but most are 
perlite with no interruption in the concentric structure. 
Although no concentric structure is seen in the marekanites 
in thin section, it was noticed when preparing them for
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laboratory study that many fractured concentrically when 
placed under pressure.

In some areas the rock is composed of numerous spher
oidal, ovular and elliptical "nodules" of perlite which have 
a unity of structure and may be detached from the rock in a 
manner similar to the marekanites. Nodules up to six inches 
in diameter have been noted. Larger nodules are made up of 
smaller nodules, which are progressively formed of smaller 
ones. Marekanites are found at the cores of some, but more 
commonly a clear to smoke colored concentrically layered 
glass, which seems to be gradational between the obsidian 
marekanites and the grey perlite is found. In some instances 
the marekanites have been penetrated with concentric frac
tures which are filled with the clear glass. The marekanites 
appear to be "exfoliating", with most of the exfoliation tak
ing place along closely spaced fracture planes near the outer 
margins and only occasional fractures penetrating concentri
cally inward.

Indexes of refraction were determined on the follow
ing:

Commercial grade perlite . . . . . . .  1.499
Perlite of unknown commercial value . . 1.499
Black massive glass ................... 1.499
Marekanite.......................... 1.499
Marekanito-like structure ........  . . 1.499
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All of the above suggest that the perlite may be a 

product of the hydration of obsidian. The felsite of zone A 
may represent a further step in the alteration process.

Locally developed in the base of zone B is a clearly 
defined zone of brecciation that averages five to six feet in 
thickness and rarely exceeds ten feet. It differs from zone 
A in that it consists of fresh perlite set in a matrix of 
glass that ranges in color from pale buff to deep maroon 
(pi. IX, fig. 1). The subangular to subround perlite frag
ments grade from microscopic in size to approximately two 
inches in the greatest dimension. The surrounding glass 
matrix separates all the fragments and commonly penetrates 
the perlite along minor fractures. It contains numerous 
hematite and magnetite microlites most of which have formed 
in minute vesicles that are barely larger than the crystals.

This zone seems to represent a local layer of move
ment. It is probable that both zone A below and the perlite 
above had solidified enough to retain rigidity. A zone of 
weakness may have developed between the brecciated, rece
mented glass of the felsite and the solid perlitic glass al
lowing slippage along this confined level. This newly 
fractured layer would have provided a localized channelway 
for fluid remaining in the flow.

To reiterate, after passing from zone A, locally a 
zone of brecciation is found. Above this is true perlite. 
Farther up in the section, the pure perlite gives way to



PLATE IX
PHOTOMICROGRAPHS OF ARNETT RHYOLITE,

ZONE B AND ZONE C

Fig. 1. Zone B: Localized breccia at the base
of zone B. Perlite is set in a fresh glassy 
matrix. Nichols not crossed, X 3.5*

Fig. 2. Zone C: Fine flow banding in the central
portion of zone C. Color reflects degree of crys
tallinity. Dark areas are predominantly glass. 
Nichols not crossed, X 3*3*
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Plate IX

Fig. 2
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perlite with blocks and sharply segregated thin layers of 
brown, opaque, partially devitrified glass that has an index 
of refraction of 1.501. Microscopically it contains masses 
of orthoclase and clay, and occurs in varied forms increasing 
in abundance upward. On the Pancho Plateau the brownish 
glass has been observed as hair-line folds within the perlite, 
which seems undisturbed. More commonly however, the segre
gations are between one and two inches wide and between two 
and ten feet long, although many ranges of size can be found. 
They are observed in all types of folds and contortions. 
Typically they are broken and discontinuous, the intervening 
area filled with undisturbed perlite. The perlite appears to 
have solidified later than the brown glass, as the perlite 
forms in between the brown glass bands and is not cut by 
them.

The brown glass seems to be representative of early 
crystallizing segregations of a slightly more basic compo
sition which is reflected in the index of refraction. It 
may have formed thin layers which were folded, and in some 
cases where solidified enough, broken and separated by the 
continued movement of the flow. The more acidic glass fill
ed in the intervening spaces.

Frequently the segregations of brown glass which are 
near the top of the zone consist of chains of connected 
spherulitss from less than one inch to approximately six 
inches in diameter. Some consist of the same brown glass
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found in the segregations, while others are silica filled 
lithophysae. In some, radial structure is exhibited, but in 
many, banding is parallel to the alignment of the segrega
tions. The spherulites vary in shape from perfect spheres 
to flattened ellipses; flattening is parallel to the internal 
structure and the band in which it is found. Most spheres 
however, are formed of many concentrically arranged rings of 
smaller, partially formed spherulites and lithophysae. The 
inside edges of the rings are flattened, while the outside 
edges coalesce into a series of arches. This gives a nodu
lar aspect to the outside of the larger body. Cavities be
tween the rings and the centers of the lithophysae are filled 
with agate, crystalline quartz, or chalcedony.

Petrographically, the spherulites are composed mainly 
of orthoclase and minor amounts of quartz. Quartz more com
monly forms veinlets criss crossing the spherulites. Extinc
tion crosses form a prominent feature of the orthoclase 
spherulites.

Small round lithophysae averaging approximately one 
inch in diameter usually are filled with quartz. Some are 
completely filled while others exhibit inward facing crystal 
terminations. Larger, more irregularly shaped bodies are 
filled with chalcedony or agate. In a few localities where 
agate lines the walls, the open spaces have been filled, or 
partially filled with pale green opal. Horizontally layered 
white bands of alteration seem to indicate that the opal
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formed as a gel settling to the bottom of the cavity. Des
criptions of the "thunder eggs" of Oregon resemble these 
features. A noteworthy occurrence is found a few hundred 
yards oast of the Picket Post Inn near the common corner of 
sections 5» 7» and 8.

Near the top of the section, the more basic segrega
tions increase until they surpass the perlite in volume. The 
remaining perlite is filled with the same brown material 
which is present as blobs up to about 2 mm in diameter and 
stringers which are on the order of 0.5 mm wide and 10 mm 
long. The perlite often occurs as isolated centers and 
patches surrounded by the brown glass. These centers common
ly consist of obsidian marekanites, or marekanite-like mater
ial, Possibly their being partially protected by the 
surrounding material has allowed less alteration to occur.

It is within this gradational zone that the boundary 
between zone B and zone C is located. In low lying areas, or 
areas of low relief, the boundary is difficult to place due 
to the lack of a definite break. However, where steep cliffs 
have been cut by the major washes, a pronounced topographic 
break is evident between the two zones.

Zone C
Zone C is topographically expressed as vertical 

cliffs which are often undercut along the base at the con
tact with zone B. Although the contact is gradational, a



6o
content of 60 to 70 percent brown glass crops out in vertical 
cliffs contrasting with the slightly more rounded faces of 
the rock having a smaller percentage.

Zone C has an exposed thickness of 440 feet at the 
junction of Arnett Creek and Telegraph Canyon. The base of 
the zone is not exposed. From this location zone C thins 
and pinches out to the northwest and southeast.

The lowest portion of zone C is a contorted mass of 
aphanitic brown glass, spherulites, lithophysae and minor 
amounts of perlite. Major contemporaneous folding is promi
nent with amplitude varying between 25 and 30 feet to 2 and 
3 feet. Differential weathering between layers and original 
openings in the flow create an extremely rough jagged sur
face. In overall aspect, layering is essentially horizontal, 
but dips as steep as 40° do occur. The large folds are made 
up of smaller diapiric folds and flows (pi. X, fig. 1).
They consist of aphanitic brown glass, pink, white and green 
clay altered layers, and thin bands of zone B type glass. 
These bands generally lack any perlitic fracturing. The 
onion skin fracturing and marekanite-like structures are 
found locally, especially in the crests and troughs of folds.

Above this layer occurs a zone of lithophysae which 
are large at the base and grade into pisolitic size in the 
uppermost part. Locally, spherulites at the base are more 
than 12 inches in diameter. A 10 to 15 foot vertical section



PLATE X
ARNETT RHYOLITE, ZONE C

Pig. 1. Contorted bedding near tho base of 
zone C of the Arnett Rhyolite. This exposure 
is located along Queen Creek west of Old Pinal.

Pig. 2. Zone of large spherulites near the 
base of zone C of the Arnett Rhyolite. The 
outcrop is located on the west side of Rock-
hound Wash
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Fig. I

Fig. 2
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is well exposed in the northwest side of Rockhound Wash near 
the mouth of the wash (pi. X, fig. 2).

All the spherulites are composite structures with the 
same nodular exterior as described in zone B. Internally, 
they occur in two basic categories. The first contains light 
to medium brown spherulites that display radial, concentric 
and parallel structures. The second category contains 
lithophysae with hollow centers and chalcedony or quartz 
lined walls. Opal is commonly found filling the cavities.

Petrographically the spherulites are composite mass
es of smaller orthoclase spherulites and glass. Quartz and 
chalcedony form small veinlets and vuggy fillings.

The large spherulites contain bands of concentrical
ly layered small spherulites set in a glass matrix. The 
darker zones contain solid masses of the small spherulites 
which are arranged in perfect concentric rings and are also 
aligned in radial rows. The lighter zones contain fewer, 
randomly oriented spheres which increase in number and de
crease in size toward the center, until they form a solid 
mass on the upper surface of the next inward dark band of 
perfectly arranged spheres.

The zone described above is common, although not 
found in all exposures. In all places, the segregations of 
brown glass grade upward into a zone consisting of a solid 
mass of lithophysae approximately 1 to 2 inches in diameter. 
This also occurs above the zone of large lithophysae.



While some of the lithophysae in this zone are agate 
or chalcedony lined, most are filled with quartz. This con
dition is best exposed on the upper surface of the Pancho 
Plateau between First Day Pass and Arboretum Pass. In this 
area ice blue quartz fills the lithophysae. Quartz crystals 
extend radially inward. In some cases small central open 
spaces have allowed terminations to form, but in most cases 
the lithophysae are solid. Segregations of chalcedony ir
regularly surround the lithophysae.

Continuing upward, the lithophysae gradationally be
come smaller, intermixed with brown glass and much pink and 
green clay alteration. In this zone, white clay-altered opal 
is so common that the rock appears to have been spattered with 
white paint. Smaller lithophysae contain brown glass, slen
der quartz crystals and pink clay alteration.

Above this point, the lithophysae almost completely 
disappear, giving way to a section of massive aphanitic 
brown rhyolite. Extremely fine contorted flow banding is 
present with only minor lithophysae approximately 1 mm in 
diameter being found. Random fragments of aphanitic brown 
glass approximately 1 to 5 cm in diameter are common with 
banding flowing around them. Water clear quartz crystals 
fill irregular cavities. Chalcedony is common.

The center of the zone is a massive section of 
aphanitic rhyolite which entirely lacks lithophysae. Finely 
contorted, variegated flow banding is characteristic, varying
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from brown to red and grey in color. Petrographically the 
bands are composed of crystallites and fine grained masses 
of silica and orthoclase (pi. IX, fig. 2). Some,lensoidal 
zones are predominantly quartz or chalcedony. Magnetite is 
omnipresent in small blebs and iron staining is found local
ly. The zones which are typically red in color consist of 
partially devitrified isotropic glass.

This point is considered the central portion of the 
rhyolite flow. Continuing upward, a reciprocal sequence 
similar to that described is found. The top of zone C is 
usually a flat shelf due to the more rapid erosion of the 
less competent perlite.

Zones D and B
Zone D is similar to zone B and grades into zone E 

in the same manner that zone B grades into zone A. Zone D 
is approximately 50 to 60 feet thick while zone E is exposed 
in scattered localities where small erosional remnants remain.

Summary
The zonal character of the flow is best seen on the 

east side of Box Canyon where zone B and zone D are contin
uous, forming a shell around zone C. In the center is the 
slower cooling zone C surrounded by the more rapidly cooling 
perlite. The margins of the flow contain the brecciated zones 
A and E.



There is no evidence that the source of the rhyolite 
is within the mapped area. It is possible however, that it 
may lie just to the east, partially exposed in Arnett Creek. 
The thickest section of the flow seems to occur in this area 
and may be covering the as yet unexposed vent. Features of 
the flow are exaggerated in size, such as spherulites which 
are as much as three feet in diameter. Exposed structures 
show vertical flow layering and breccia dikes in zone C type 
rhyolite. Regional dips, although variable, are predominant
ly in the direction of this area.

Peterson (in press) describes similar flows in sev
eral localities within five or ten miles to the north and 
south of the mountain. Lamb (personal communication) men
tions flows which extend from a vent farther to the east 
toward Picketpost Mountain. Lack of continuous outcrop, 
however, makes correlation uncertain, so that further study 
of the broader area is needed to determine the source.

Upper Tuffs and Sedimentary Rocks
Above the Arnett Rhyolite is a thick section of tuffs 

and tuffaceous sediments (pi. XI). The thickness of the to
tal section is extremely variable, but the thickest exposure 
found was 1040 feet located on the northwest side of the 
mountain.

The section consists of four mapable formations, none 
of which may be traced continuously on all sides of the

65



PLATE XI
UPPER FORMATIONS

Typical appearance of some of the upper forma
tions and prominent structures. They are:
(a) small vent, (b) small tower tuff mass,
(c) tuffaceous sandstone, (d) Tuff III, and 
(e) Heliograph Formation. The dark subdued 
area in the foreground contains Pinal Schist, 
the Apache Group, and Apache Diabase.
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mountain. The outcrops of the upper two however, may be 
traced most of the way. The lower two occur only at two 
separate localities on the eastern and southern sides.

Tuff I
Tuff I crops out on the Cholla Plateau above the 

Arnett Rhyolite. There is a noticeable break in topography 
at the contact, with the tuff forming small cliffs a few 
feet in height above the more rounded rhyolite. Tuff I has 
an average thickness of 90 feet and reaches a maximum thick
ness of 130 foot on the southern edge of the plateau. It 
wedges out on both its northern and southern limits.

Tuff I is a massive formation consisting of two mem
bers, which are lithologically distinguishable, but have not 
been separated areally, as they appear to be the result of 
closely spaced repetitive processes. Although massive, and 
without obvious bedding, the formation appears to dip be
tween 6l° and 27° to the northeast toward the location of 
the main vent.

The first member is a fine grained pinkish-tan vit- 
ric tuff, which contains about 10 percent accidental inclu
sions. Most of the inclusions are coarse sand size, but some 
are pebble size. Schist and diabase are the primary constit
uents, with some vesicular basalt being present. Approxi
mately 20 percent of the rock consists of clean white pumice 
lapilli which measure up to three quarters of an inch in 
diameter.
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Petrographically, the rock is a vitric dacite tuff 

composed of 60 percent matrix, 10 percent phenocrysts, 20 
percent pumice, and 10 percent accidental inclusions. The 
groundmass is a brown devitrified dusty glass in which the 
shard outlines are not visible. Finely layered pumice lapil- 
li contain numerous elongate flattened vesicles.

The phenocrysts are quartz 80 percent, plagioclase 
(An 28-) 12 percent, sanidine 2 percent, biotite 8 percent 
and hornblende <1 percent. Most are anhedral, angular and 
broken, displaying undulatory extinction. They seldom ex
ceed 1.2 mm in size and the quartz commonly has liquid in
clusions. The most prominent accidental inclusion is diabase 
which has been badly altered and consists mainly of iron 
oxide and chlorite. These form irregular masses staining 
the rock locally.

The second member is a dark tan tuffaceous sandstone. 
The matrix is made up of very fine grained quartz and devit
rified glass. Equally distributed within the matrix is an 
abundance of small subrounded granules, approximately 1 to 
3 mm in diameter which make up about 40 percent of the rock 
giving it a spotted aspect. Most are grey quartzite and 
schist. A few very red oxidized diabase inclusions are 
found. One of the most notable features of the sandstone is 
the presence of pea green inclusions which make up about 2 
percent of the rock. It is probable that these are clay al
tered pumice lapilli, as unaltered pumice throughout the
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sandstone is similar in aspect except for the prominent 
coloration.

Petrographically, the tuffaceous sandstone consists 
of 60 percent fine grained sand particles and 40 percent small 
round to sub-round pebbles about 1 mm in size, which are uni
formly distributed throughout the finer matrix (pi. XII, fig. 
1). The larger particles consist of two nearly equal groups 
of inclusions. The first group contains schist, diabase and 
quartzite. The diabase has been badly altered to hematite 
and magnetite. The second group consists mainly of chalce
dony and finely banded masses of quartzo-feldspathic material 
which resembles that found in zone C of the Arnett Rhyolite.

The matrix contains angular to rounded grains of ma
terial up to 0.2 mm in diameter. Constituents are 40 percent 
quartz, 40 percent glass dust and shards, 10 percent plagio- 
clase (An 37")» 5 percent orthoclase, and 5 percent green 
biotite, brown biotite, muscovite, microcline, augite, ural- 
ite and magnetite. It is badly iron stained. The tuff 
shards, whose outlines are barely visible, seem to form the 
cementing agent for the sandstone.

Accidental inclusions increase slightly in size up
ward in both members, although the size range described above 
is most typical. The formation is cut by numerous chalcedony 
filled veinlets.



PLATE XII
PHOTOMICROGRAPHS OF TUFF I AND TUFF III

Fig. 1. Tuffaceous sandstone member of Tuff I: 
Large round to subround inclusions of schist in 
fine-grained matrix show the two prominent size 
ranges of the components. Tuff, which surrounds 
most of the grains, forms the cementing agent. 
Nichols not crossed, X 3.5*

Fig. 2. Tuff III: Large inclusion of diabase,
smaller varied fragmental inclusions, and 
phenocrysts set in a partially devitrified 
dusty glass matrix. Nichols crossed, X 3.5.
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Fig. I

Fig. 2
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Tuffaceous Sandstone

One of the most prominent formations on the mountain 
is the unit which lies above Tuff I. On the northern side 
of the mountain it unconformably overlies the Arnett Rhyo
lite and on the west and south it unconformably overlies.the 
Pinal Schist, Apache Group, and Apache Diabase. At one lo
cality south of the small vent, it unconformably overlies 
the Arnett Tuff,

On the western side of the mountain schist, sedimen
tary rocks, and diabase commonly crop out topographically 
higher than the sandstone. The contact is usually in a de
pression or saddle behind a barrier of rounded Precambrian 
hills. In this area only, thin white ash layers have been 
found at the base of the unit.

The tuffaceous sandstone is primarily exposed on the 
northwestern, western and southern sides of the mountain, al
though it is also found in disconnected localities on the 
east and north. It is a prominently crossbedded, finely 
layered, water lain, light tan to white tuffaceous sandstone, 
which is noticeably lighter than the other rocks exposed on 
the vertical cliffs. It has the appearance of having been 
finely sorted and water lain in a basin.

With local exceptions, it is a uniformly fine grained 
"salt and pepper" sandstone composed of approximately 55 per
cent white quartz and grey quartzite, and 5 percent magnetite 
and altered feldspars. Minor amounts of diabase inclusions



are present. All are loosely cemented by buff colored de- 
vitrified tuff shards which account for about 4$ percent of 
the rock. Randomly scattered, well-indurated centers create 
a nodular surface where the rock is deeply weathered.

In the Box Canyon area above the contact with the 
vent, the sandstone is noticeably whiter than elsewhere, dis
playing a lack of the grey quartzite and darker diabase in
clusions. On the southern side of the mountain, however, the 
sandstone has a dark tan coloration similar to the sandstone 
member of Tuff I. A scattering of very coarse sub-rounded 
grey quartzite sand grains 1 mm to 2 mm in size are found to 
comprise about 5 percent of the rock. Large fresh pumice 
lapilli up to one inch in diameter are common and magnetite 
is abundant.

Microscopically, the main mass of the rock is an 
equigranular tuffaceous sandstone composed of particles uni
formly 0.2 mm to 0.3 mm in size. They range in form from 
angular to rounded, but the majority are sub-angular. 
Thirty-two percent is tuffaceous matrix which occurs as 
dark brown, devitrified glass shards, which are similar in 
size and shape to the sand grains. Essential minerals are 
quartz 58 percent, plagioclase (An 38-) and (An 26-) 3% per
cent, and microcline U- percent. Accessory minerals are mag
netite 3 percent, and brown biotite 1 percent. A trace of 
apatite is found.
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Tuff II

Tuff II crops out only on the southern side of the 
mountain. It has a maximum thickness of 480 feet in its cen
tral portion, pinching out to the east and west. It rests 
unconformably on the Apache Group, the Apache Diabase, the 
Arnett Rhyolite and the tuffaceous sandstone. Where the tuff 
is thickest and least eroded, it is seen to have covered the 
steeply eroded cliffs of the underlying tuffaceous sandstone. 
On the prominent plateau which forms the southernmost portion 
of the mountain, erosion has removed Tuff II so that the 
tuffaceous sandstone is exposed on the surface of the pla
teau. However, Tuff II forms the cliffs of the plateau and 
may be traced to the east where it covers both the lower and 
upper portions of the tuffaceous sandstone.

Lithologically it is a pinkish-tan vitric tuff which 
contains approximately 20 percent unsorted accidental inclu
sions and 10 percent pumice. These inclusions range in size 
from sand size to large pebbles and occasional cobbles.
They vary in shape from angular to round. Major rock types 
represented are schist, quartzite, diabase and vesicular 
basalt. Pumice lapilli, most of which are moderately to 
badly altered comprise about 10 percent of the rock. Com
monly they are completely altered giving the rock a vesicu
lar appearance.

Petrographically, the rock is a vitric rhyolite tuff 
averaging 70 percent matrix, 10 percent phenocrysts, 10
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percent pumice, and 10 percent accidental inclusions. The 
matrix is a dark brown glass dust which has altered to a 
cryptocrystalline mass of quartzo-feldspathic minerals. On
ly a few shard outlines are visible and occasional sub-spher
oidal tectures are seen. The pumice is badly collapsed and 
altered.

The phenocrysts are 89 percent quartz, 10 percent 
biotite, and 1 percent plagioclase of undeterminable composi
tion. Most are anhedral crystals up to 0.35 mm in size.

Accidental inclusions, which compose 10 percent of 
the rock, consist of diabase, schist, quartzite, basalt and 
an aphanitic volcanic rock which is similar to portions of 
the Arnett Rhyolite, zones A, C and E.

The mafics within both the phenocrysts and inclu
sions are badly altered to hematite and magnetite. Some have 
been completely altered retaining a pseudomorphic structure.

Tuff III
The uppermost formation in the pyroclastic and sedi

mentary series is Tuff III. In overall appearance it is a 
dark tan crystal tuff which weathers to an olive drab and is 
characteristically coated with green lichen. This green tint 
distinguished it from the whiter tuffaceous sandstone below. 
Small quartz and chalcedony lined vugs 1 mm to 2 mm in diam
eter are common. Accidental inclusions, although variable in 
distribution and quantity, comprise up to 40 percent of the 
rock, but most commonly form only 10 to 25 percent. They



vary from angular to rounded, but most are sub-angular to 
sub-round. Most are sand sized to less than three inches 
in diameter, but many five and six inch inclusions are found 
and a few up to twelve inches occur. Rock types represented 
are schist, quartzite, silicified sandstone, basalt, perlite 
and large amounts of diabase.

Potrographically Tuff III is a dacite crystal tuff 
composed of 62 percent phenocrysts and 35 percent groundmass. 
Essential minerals are quartz Uf percent, plagioclase (An 40-) 
40 percent, orthoclase 10 percent, and biotite 5 percent.
The phenocrysts have a uniformity in size, ranging from 3»5 
mm to 0.1 mm, with most in the 0.3 mm to 0.4 mm range. They 
occur typically as anhedral flakes and broken or bent crys
tals in a crystal "hash".

Quartz occurs as many small irregular grains. The 
plagioclase is badly clay altered and crystals are commonly 
broken. They display minor zoning and occasional Pericline 
twinning. Albite and Carlsbad twinning is common, but is 
usually shadowy. Orthoclase occurs as irregular flakes and 
matts. Biotite is mainly brown, but occasional green crys
tals are observed. Chloritic alteration of the mafics is 
common.

The groundmass is a mottled medium-to-dark-brown 
devitrified glass dust. Magnetite is distributed throughout. 
A small number of quartz-orthoclase spherulites are present 
usually badly altered and often displaying empty cores.
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Accidental inclusions of diabase form a major por
tion of the rock (pi. XII, fig. 2). The inclusions vary 
from small rounded aggregates consisting of a few crystals 
to fragments of single minerals. The diabase minerals are 
distinguished from the tuff phenocrysts by a network of iron 
oxide alteration.

The source for Tuff III is most certainly located on 
Picketpost Mountain in a vent which occupies the east to 
northeast portion of the mountain. Bedding of the tuff on 
the northern, western, and southern sides of the mountain is 
essentially flat lying and coarsely layered. However, on 
the eastern side, in the vicinity of the vent, layering of 
the tuff is gradational. It contains a few small accidental 
inclusions at the base. Gradationally upward, the inclusions 
become larger and more numerous. Some are in excess of 12 
inches.

Two distinctive dips are encountered. On the east, 
dips of the coarsely bedded tuff are away from the vent, 
measuring 35° E. on the lower slopes, and steepen upward to 
49° E. at the contact of the Heliograph Formation. Farther 
to the northeast, dips vary from 20° to 35° to the south, in 
this case inward toward the vent. These dips may represent 
drag folding of the beds during the intrusion of the Helio
graph Formation on the east and collapse inward toward the 
vent on the northeast. However, more probably the dips are 
original or nearly original, being the remains of a tuff cone
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which has been partially cut by the following lava. The gra
dational nature of the two formations in some areas would sug
gest a common source. Interbedding of Tuff III and part of 
the Heliograph flow is found on the southeastern side of the 
mountain.
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Heliograph Formation
The uppermost rock type on Picketpost Mountain is the 

Heliograph Formation. It forms a unit of essentially flat 
lying lava flows of variable composition which originate in 
a vent on the east to northeast side of the mountain. The 
flow facies crops out in vertical cliffs cut by columnar 
jointing, and the vent facies is expressed in many irregular 
towers and pinnacles. Both facies weather into large rec
tangular blocks and slabs along less resistant flow planes.

The Heliograph Formation is seen to both intrude and 
occur contemporaneously with the uppermost tuff, Tuff III.
On the southeast side of the mountain the tuff occurs both 
above and below a portion of the flow. Tuffaceous layers and 
lenses are found within the flow itself.

The vent occupies a prominent position in the north
east to east corner of the mountain (pi. XIII). A variety of 
flow planes are found. They dip steeply inward around the 
margins, becoming vertical to contorted in the central core 
(pi. XIV, fig. l). Some flat lying remnants of the eroded 
flow may be found above the upper-most portions of the vent



PLATE XIII
TUFF III AND MAIN VENT

View of Tuff III and the main vent looking 
southeast from Arboretum Pass. Arnett Rhy
olite is in the foreground.



Plate XIII



PLATE XIV

Fig. 1. Large mass of breccia located on the 
eastern edge of the main vent.

Fig. 2. Contorted flow bedding of the main
vent
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facios. The flow pianos become shallower and flatten out to 
the west and southwest where the formation changes from vent 
facies to flow facies. On the north side, the edge of the 
vent is obscured by the flow, but on the southeast, the flow 
may be traced directly into the vent. Although the gentle 
dips of the flow planes on the essentially flat topped moun
tain vary in all directions due to minor undulations, a north
easterly dip toward the vent predominates.

On the north, the Heliograph vent filling intrudes 
the tuffaceous sandstone and the Arnett Rhyolite, but else
where it intrudes and is partially gradational with Tuff III. 
In contact with the walls of the vent and along the base of 
the flow is a chilled margin of glassy black to brown vitro- 
phyre which weathers to a slightly lighter grey. It varies 
in thickness from a few inches to more than one hundred feet. 
Along the base of the flow, it is a rather clean vitrophyre 
with a uniform thickness of ten to thirty feet. Along the 
vent walls it is a breccia which is much more variable in 
both thickness and lithology. Commonly the vitrophyre is 
gradational with Tuff III, consisting mainly of pyroclastic 
particles, inclusions of pre-existing rocks and blocks of 
vitrophyre cemented as a breccia by further vitrophyre. It 
seems likely that the tuff and flow are both part of the same 
eruption, tho pyroclastic ejecta proceeding the flow which 
formed an autobreccia along its outer margins. Farther away 
from the contact, the vitrophyre becomes cleaner, freer from
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pyroclastic material. This border zone is generally two to 
ten feet thick, but at two locations autobreccia occurs in 
large masses, one of which is more than one hundred feet 
thick (pi. XIV, fig. 2 ). These are located on the southeast 
side of the vent. Near this location, a brecciated outcrop 
of normal Heliograph-type rock has flowed out over the vent 
facies vitrophyre.

The main body of the Heliograph Formation is a 
greyish-brown to reddish-brown rock which weathers to lighter 
shades of grey. The weathered zones closely resemble the col
oration expressed where a high percentage of pyroclastic ma
terial is found. Variegated, closely spaced flow planes 
account for the layered appearance of the rock, which is 
further accentuated by weathering of selected layers. Many 
thin, irregular vuggy layers occur along flow partings.
These have also been noted by Peterson (in press).

Northwest of the main vent is a small plug about 200 
feet in diameter. It is similar to the main vent, consisting 
of blocky slabs of Heliograph-type rock which are arranged in 
concentric, vertical to steep inwardly-dipping attitudes. A 
thin zone of vitrophyre is found between the main vent facies 
and the coarse Tuff III type rock which rings the outer edges 
of the plug.

The Heliograph Formation is an intermediate to acidic 
volcanic of variable composition. The composition falls both 
in the quartz latite and dacite ranges. In most instances,
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composition by the phenocryst content alone would place it in 
the dacite range. However, Peterson (in press) classifies it 
as a quartz latite using total composition.

Megascopically, the Heliograph Formation is a porphy- 
ritic rock consisting of between 25 and 50 percent phenocrysts 
in both the normal vent and flow facies, and the vitrophyre. 
Observable minerals are quartz, biotite, plagioclase, and san- 
idine which is occasionally chatoyant. The groundmass is pre
dominantly glassy, locally grading to aphanitic. Occasional 
small chalcedony filled vugs are found.

Microscopically, the Heliograph Formation is a porphy- 
ritic, hyalopilitic rock with a variable percentage of pheno
crysts. As little as 25 percent and as much as $0 percent has 
been observed, but the average range is 30 to 40 percent.
Table I is a modal analysis of six representative sections 
determined by point count method. Relative proportions of 
phenocrysts to groundmass are also given.

The vitrophyre has phenocrysts which range in size 
from 0.1 mm to 3»5 mm. Quartz size varies from 2.0 mm to 
0.1 mm, with an average of 0.5 mm. It is subhedral to an- 
hedral in shape, and is commonly rounded and embayed.

The plagioclase (An 36-) varies from euhedral to an- 
hedral and occasionally displays a fragmental appearance. 
Phenocrysts are free of significant alteration. They vary 
in size from 3.5 nun to 0.1 mm with an average of 1.0 mm.
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TABLE II
MODAL ANALYSIS OF HELIOGRAPH FORMATION

Relative percentages of phenocryst minerals in the Helio
graph Formation and relative percentages of phenocrysts and 
groundmass

Vitrophyre Normal
Quartz 15 21 20 19 13 16
Plagioclase An 36 An 35 An 36 An 32 An 36 An 36

55 61 59 48 4? 60

Sanidine 20 11 14 19 17 8

Biotite 7 5 6 10 9 8

Hornblende 3 2 1 3 2 2

Opaques Tr 1 Tr 1 1 Tr
Sphene &
Apatite Tr Tr Tr Tr 1 1

Phenocrysts 45 28 36 50 33 39
Groundmass 55 72 64 50 67 61
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The sanidlne varies from subhedral to anhedral with 

embayed and rounded crystals being common. The average size 
is 0 .8 mm, but varies from 0 .1  mm to 3 . 5  mm.

Brown biotite occurs most commonly, as bent or broken 
laths which vary in size from 1.7 mm to 0.1 mm. The average 
size is 0.3 mm. Occasional small hornblende laths are found.

The groundmass is a clear glass consisting of numer
ous trichites and some spiculites, margarites and globulites. 
In part, the glass is aligned in flow banding recognized by 
variations in color from colorless to brown when viewed in 
plain light (pi. XV). With the nichols crossed, the glass is 
isotropic. Some zones contain a noticeably higher percentage 
of magnetite. Banding is commonly accentuated by a higher 
incidence of phenocrysts in some bands than in others. Small 
crystals align themselves with the flow, but larger ones have 
the appearance of having been rolled and rounded. The matrix 
and smaller minerals flow around them. Commonly a cluster of 
small crystals may be found in the lee of the larger pheno
crysts. Near the edge of the vent and to a lesser extent 
near the base of the flow, fragmental, bent and broken crys
tals are found. Tuffaceous material is usually associated, 
indicating incorporation of Tuff III within the vitrophyre.

The normal vent and flow facies of the Heliograph 
Formation are very similar to the vitrophyre in composition. 
The phenocrysts of the porphyritic rock vary in size from



PLATE XV
PHOTOMICROGRAPHS OF HELIOGRAPH FORMATION, VITROPHYRE

Fig. 1. Broken biotite lathe and anhedral 
strained quartz in glassy matrix. Nichols 
crossed, X 10.

Fig. 2. Same as above, nichols not crossed. 
Flow banding and crystallites in the glassy 
matrix.
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Fig. 2



6.0 mm to 0.2 mm. The common size ranges are 0.5 mm to 0.9 
mm, and. 2 .0  mm to 3 . 0  mm.

The quartz and sanidine are very similar in appearance 
to those in the vitrophyre, but the plagioclase cores are no
ticeably more clay altered and contain a higher percentage of 
opaque inclusions. Both green and brown bent biotite laths 
are present, and much of the hornblende has been replaced by 
biotite.

The groundmass is a mass of crystallites including 
trichites, spiculites and longulites. In plain light the 
glass is brown, but appears as a dark grey microcrystalline 
mass under crossed nichols. It is often badly clay altered. 
Flow structures are similar to those found in the vitrophyre 
(pi. XVI).

Locally, zones of pyroclastic material are found 
within the flow. These zones are megascopically lighter 
colored than the surrounding vent or flow rock, and vary in 
size from microscopic stringers to zones several inches in 
thickness. These zones are characterized by a higher inci
dence of fragmental material and dust, which may represent 
inclusions of underlying tuffs and wall rock, contemporane
ous pyroclastic material, or both.

As previously mentioned, this rock has been classi
fied as both a dacito and quartz latite. Classified by 
phenocrysts alone, it is a dacite, as plagioclase predom
inates over potash feldspars. However, Peterson (in press)
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PLATE XVI
PHOTOMICROGRAPHS OF HELIOGRAPH FORMATION, NORMAL VENT FACIES

Fig. 1. Prominent flow banding of the vent 
facies. Elongate minerals aligned roughly 
parallel to the flow. Several bent biotite 
laths. Nichols not crossed, X 3.5.

Fig. 2. Same as above, nichols crossed. 
Porphyritic nature shown by large andesine 
phenocryst, and smaller quartz, andesine, 
biotite and sanidine phenocrysts. Quartz 
is rounded and embayed. Degree of crystal
linity varies between bands.
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has termed the rock a quartz latite, reasoning that the bulk 
of the calcium is probably tied up in the plagioclase pheno- 
crysts with the groundmass being composed predominantly of 
potash feldspar and silica minerals. It would be expected 
that the calcium should be in the plagioclase through early 
formation in the normal crystallization sequence, followed 
by the formation of sanidine. A groundmass of predominantly 
potash feldspars and silica minerals, which makes up 50 to 
72 percent of the rock, would shift the ratio of sodic to 
potassic feldspars in favor of the potash feldspars, placing 
the rock in the quartz latite range. No chemical analyses 
were made by Peterson (in press) or during the course of this 
study. However, an index of refraction obtained from the 
glassy groundmass of the vitrophyre was 1.-4-98. This places 
it within a range which might be expected of rocks as acidic 
as rhyolite and as basic as dacite. According to Heinrich 
(1 9 5 6, p. 3 9 ) the index falls in the upper portion of the 
rhyolite range and the lower portion of the dacite range 
which suggests a quartz latite content. The mean index for 
dacite is 1.512. George (1924) places the mean index at 
1.511 with the lowest index for dacite at 1.504. Indexes 
however, are variable and the conclusion presented here can 
only be speculative until a chemical analysis is performed.
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Age of the Heliograph Formation

The question of whether the Heliograph Formation and 
the Superior Bacite are part of the same rock unit has long 
been a question of geologic interest. Some confusion has 
arisen due to some topographic, megascopic and microscopic 
similarities. Studies have shown the Superior Bacite to be 
an ash-flow sheet which in chemical analysis has a quartz 
latite composition (Peterson, 1 9 6 1). The Heliograph Forma
tion is a lava flow of probable quartz latite composition. 
Peterson (in press) provides a full analysis of the similar
ities and differences between the two rock types concluding 
that they are of different origins, and different ages.

The ago of the Heliograph Formation has now been de
termined through geochemical age dating performed by P. E. 
Bamon at the University of Arizona in Becember of 196j>. The 
dated sample was collected from the vitrophyre near the base 
of the flow facies at 33*15'20" N. Lat., 111°9'21" tf. Long.

Two potassium-argon dates obtained from the biotite 
show the apparent age of the Heliograph Formation to be 
1 7 .9 - 0.5 million years and 18.0 - 0.5 million years, or 
Middle Miocene. This is 1.4 - million years to 2.0 - million 
years younger than the ages obtained from the Superior Bacite. 
The complete analysis is supplied in Table III.
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TABLE III1 2 3

APPARENT AGES OF THE HELIOGRAPH FORMATION 
AND THE SUPERIOR DACITE.

Rock, Mineral 
and Sample No. K*

40
Ar

rad 
x 10-10 
moles/gm

4 0 4 0 Apparent 
Ar Ar/kO Age

atmos. « K m.y.^ x 10“^

Quartz latite 
(Heliograph 
Formation) 
biotite 
(PED-ll- 6 5

7 .1 6
7 .1 6

2.29
2 .3 0

31.9
22.3

2Superior Dacite,
biotite(PED-4-62) 6.83 2.43 45.9

*5Superior Dacite, biotite (No. 10) 5.67 2.0k n.d.

1 .0 6 17.9 - 0 . 5
1 .065 1 8 .0 - 0 . 5

1 .1 8 19.9 - 0.9

1.15 19.4 - 0 .9

1. Prepared from information supplied by Dr. P. E. Damon.
2. Damon, P.E. and Bickerman, M., 1 9 6 6, K-Ar dating of post- 

Laramide plutonic and volcanic rocks within the Basin and 
Range Province of Southeastern Arizona and adjacent areas: 
Ariz. Geol. Digest, in press.

3. Creasey, S.C. and Kistler, R.W., 1962, Age of some copper 
bearing porphyries and other igneous rocks in southeastern 
Arizona: U.S.G.S. Prof. Paper 450-D, p. D1-D5.
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Tower Tuff

One of the most significant features in the area is 
the Tower Tuff. It is exposed at two locations on the north
ern side of the mountain and appears to be an integral part 
of the combined extrusive phases of Tuff III and the Helio
graph Formation. Topographically it forms the prominent cy
lindrical tower close to the northwestern edge of the main 
vent and a similar smaller tower southeast of the small vent. 
Vertical exposures on the main tower vary from 480 feet on 
the northern side to 120 feet on the south. Tuff dikes ex
tend part of the way from the main tower toward the second 
smaller mass, but pinch out before reaching that point.

The Tower Tuff, which is a dark tan, massive, lithic 
tuff appears to be a diatreme-like extension of the primary 
Heliograph vent intruding along a zone of structural weakness. 
It projects from the northwest corner of the vent in an arc 
which widens into the main mass of the tower. The tuff is 
gradational with the vitrophyre of the vent and in many ways 
lithologically resembles Tuff III as that formation appears 
in close proximity to the vent. The Tower Tuff intrudes both 
the Arnett Rhyolite and the tuffaceous sandstone (pi. XVII, 
fig. 1 ).

The essentially vertical contact, although locally 
irregular, has caused little distortion of the intruded for
mations (pi. XVII, fig. 2). In most places the bedding of 
the sandstone has remained undisturbed with only minor drag



PLATE XVII 
TOWER TUFF

Fig. 1. The Tower Tuff cutting beds of the 
tuffaceous sandstone. A portion of the main 
vent is located in the foreground.

Fig. 2. Detail of the contact between the 
Tower Tuff and the tuffaceous sandstone. Al
though the contact is essentially vertical, 
small scale irregularities are common. In
clusion of tuffaceous sandstone is visible
within the tuff
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folding apparent. Reaction phenomena along the contact are 
negligible except for occasional red staining which possibly 
represents an oxidized chilled margin.

In only one area is there any major disruption of the 
sandstone bedding. On the western side of the tower, near 
the juncture of the main westerly extending dike, large blocks 
of the tuffaceous sandstone up to twenty feet in diameter are 
chaotically oriented,

Tho intrusive nature of the tower is best observed 
along the western margin of the Heliograph vent. In this 
area the contact is extremely irregular. Along the southern
most contact, in the area farthest from the tower, tuffaceous 
sandstone outcrops predominate over minor finger-like intru
sions of tuff. At this point the tuff has not completely 
penetrated through the sandstone to the present surface.
Nearer to the tower, removal of some of the sandstone through 
erosion has exposed the tuff. The tuff is seen to have in
truded the sandstone, dissecting it and dislodging variously- 
sized portions of it. Just south of the eastern half of the 
main mass, the tuff completely punches through the sandstone. 
It is a uniformly unbedded mass with only minor blocks of the 
sandstone incorporated along its margins.

Petrographically, the Tower Tuff is a moderately al
tered dacite crystal tuff. It is composed of 40 percent 
phenocrysts, 30 percent inclusions and 30 percent ground- 
mass (pi. XIX, fig. 1).
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The matrix is a dark brown badly devitrified glass 

which has been almost solidly permeated by a cryptocrystal
line aggregate of orthoclase, silica minerals, biotite, and 
hornblende (?). A uniform dusting of magnetite microlites 
persists throughout.

Scattered throughout the matrix is an intimate mix
ture of accidental inclusions and phenocrysts. Although in
clusions up to two feet in diameter have been observed, most 
are microscopically pulverized and corroded fragments. Com
monly they are only portions of crystals, which produces a 
confused mineral assemblage, as the inclusions are difficult 
to distinguish from the phenocrysts in size and shape. The 
overall appearance is of a "crystal hash" of angular anhedral 
minerals. The rock types recognized as inclusions are schist, 
diabase, sandstone and aphanitic volcanic rock fragments 
which resemble zones A, C, and E of the Arnett Rhyolite.

Phenocrysts of essential minerals are quartz 42 per
cent, sanidino 5 percent, orthoclase 12 percent, plagioclase 
(An 33-) 37 percent, and biotite 3 percent. Accessory min
erals apatite and zircon make up less than 1 percent, Most 
of the phenocrysts are between 0 .1 5  mm and 0,4 mm in diame
ter with occasional ones up to 2.5 mm. They are anhedral 
and angular.

The quartz is usually small, anhedral and angular, 
exhibiting marked undulatory extinction. However, a few sub
rounded, embayed phenocrysts in the 2 . 5  mm range are found.
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The orthoclase is badly clay altered. The andesine shows 
some clay alteration, but no sericitic alteration. It is 
zoned and displays major Carlsbad and some albite twinning.
The biotite which is brown, occurs as bent or broken laths.

The phenocrysts occur randomly throughout the matrix. 
However, they are also found associated with the glass re
healing the fractures in the brecciated inclusions. Minor 
amounts of augite, uralite and labradorite (An 57~) are pres
ent as individual minerals or fragments, but these are prob
ably remnants of the diabase.

Numerous small, and two major tuff dikes project from 
the western margin of the tower in the direction of the small
er mass. They vary in thickness from only parts of an inch 
to several feet. The two major dikes are seen to stretch al
most continuously to the second tower, intruding both the 
tuffaceous sandstone and the Arnett Rhyolite. Approximately 
800 feet west of the tower they join in a prominent fault 
zone which is up to 25 feet wide. No significant movement 
is observed within the zone although numerous slickensides 
are preserved. On the western edge of the zone, the dike 
splits into numerous branches, some continuing toward, but 
not reaching the second mass, and others projecting nearly 
at right angles to the southwest.

Tire dikes, which are similar to the tower in compo
sition, vary in color from tan to deeply oxidized reddish- 
brown (pi. XVIII). Structures within the dikes are



PLATE XVIII 
INTRUSIVE TUFF DIKE

One of the major intrusive tuff dikes cutting 
the tuffaceous sandstone. Although this por
tion of the dike has been deeply colored by 
oxidation, other sections are buff or white. 
Numerous inclusions are visible.
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Plate XVIII
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moderately consistent. The margins are finely laminar, show
ing flow banding and baking. Textures become coarser inward 
as does the incidence of accidental inclusions. Here, flow 
structures are seldom present. These features are more eas
ily observed in the dikes which are less than 12 inches wide, 
although they appear in most of these structures.

Two separate small intrusive tuff dikes which strike 
N. 65° E. are located on the west side of the small vent.
They are not seen to be continuous with the major dikes, but 
are considered to be structurally controlled and are probably 
related.

Origin of the Tower Tuff
The Tower Tuff appears to have been a gas charged 

tuff which intruded along one of the zones of structural 
weakness that governed the emplacement of Tuff III and later 
the Heliograph Formation. A review of some of the more prom
inent ideas on features of this type may help to better under
stand it.

Ferret (1937) in describing the eruption of Mr. Pelee 
concluded that the eruption of an acidic volcano was dictated 
by two phases. The first phase was the explosive eruption 
of the tuff resulting from gas charged magma in the conduit 
below. This was followed by the less gaseous extrusion of 
the magma.

Williams (1936) describes breccias in the conduits 
of the Navajo and Hopi necks which he concludes were
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explosively drilled. These were in turn intruded by the 
lava.

Rust (1937) in studying the diatremes of southeastern 
Missouri cites explosive drilling as the mechanism of intru
sion.

Cloos (1941) in studying the Swabian pipes proposed 
the name 11 tuffisite11 to describe fine-grained intrusive rock 
found in the tuff pipes. This name is used to distinguish 
intrusive tuffs or tuffisites from extrusive tuff. He pro
posed emplacement of the tuffisite by boring of the gas 
charged lapilli into structural breaks in the surrounding 
rocks. Ho describes two zones within the pipes. The outer 
zone contains many inclusions of the wall rock. The contact 
with the surrounding rock is sharp and vertical. Many of the 
large included blocks have gradually subsided relative to the 
tuff. The inner zone contains a higher percentage of mater
ial from lower levels representing a region of more rapid 
gas-tuff streaming. Little wall rock is found in this re
gion.

Reynolds (1954) first suggested that the industrial 
process of fluidization might apply in principle to geologic 
processes. Fluidization involves the creation of a gas-solid 
system by the passing of gas through fine grained solid par
ticles to create a mixing and chemical reaction. The result 
is a continuous phase of violently agitated solid particles 
in a discontinuous phase of rising gas bubbles which contain



and transport some of the solids. She has suggested that the 
principle applies to both extrusive nuee ardentes and to in
trusive tuffs such as the Swabian pipes.

McBirnoy (1959) in studying the Navajo and Hopi necks 
proposed a convection theory for the emplacement of the necks 
when he noted that large blocks of the wall rock had been 
displaced downward. He emphasized the similarity of most of 
the necks, each having a solid magma core and a peripheral 
tuff breccia. Differences in the necks were mainly caused 
by the depth to which erosion had proceeded in each case.

Coe (1966) emphasizes the importance of structural 
controls of fluidized intrusions, especially for those which 
are not concentric in outline. In the same paper he summa
rizes some of the features which are generally considered to 
be characteristic of fluidized intrusions.

The bodies are mostly pipes or dykes; contacts are ver
tical or steep. The intrusions have been shown by 
drilling to maintain their character to great depth. A 
concentric or zoned form is common, the zones being dis
tinguished by tho nature of the xenolith content. In 
some examples a gradation can be seen from the wall-rock 
xenoliths in the outer zone to exotic xenoliths in the 
inner, but in others a sharp contact separates the two 
types. Some of the outer zones contain blocks that are 
related to tho walls and have not rotated during the em
placement; other outer zones show evidence that the xeno- 
lithic material is not far-travelled (in situ breccia). 
Central zones show evidence of upward movement, which 
may be considerable...., but downward movement of ma
terial has been demonstrated in some bodies. The xeno
liths show signs of attrition, and the matrix is composed 
of comminuted xenolithic material, mixed in places with 
particles of magmatic origin.
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The Tower Tuff displays many of the above character

istics. It has vertical contacts with the surrounding rocks. 
In the outer zone there are numerous blocks of the adjacent 
tuffaceous sandstone which appear to be nearly in place. The 
inward extent of the sandstone xenoliths is not completely 
known due to inaccessibility of outcrop throughout much of 
the tower. However, where central zone outcrops may be exa
mined the sandstone xenoliths appear to be small or lacking. 
The boundary between the inner and outer zones seems to be 
gradational. Xenoliths of rocks from lower levels occur 
throughout. The xenoliths are comminuted and commonly mixed 
with particles of magmatic origin. The outlines of the dia- 
treme are not concentric, but pre-existing structural surfaces 
seem to account for the shape.

Tertiary-Quaternary Rocks 
Tertiary-Quaternary Olivine Basalt 

Olivine basalt of Tertiary-Quaternary(7 ) age crops 
out discontinuously along the northern border of the area 
from a point west of Queen Creek Bridge to just east of the 
Picket Post Inn. It forms low rounded hills probably the 
remnants of a flow which seems to thicken to the west outside 
of the mapped area.

The rock is a heavy, dark grey olivine basalt com
prised of approximately 95 percent aphanitic groundmass and 
5 percent phenocrysts of olivine-iddingsite. Approximately 
20 percent of the phenocrysts are pale apple green to white



PLATE XIX
PHOTOMICROGRAPHS OP TOWER TUFF 

AND OLIVINE BASALT
Fig. 1. Tower Tuff: Intimate mixture of an-
hedral and subrounded phenocrysts, and commin
uted and corroded inclusions. Groundmass is an 
aggregate of silica minerals, orthoclase and 
biotite. Nichols crossed, X 10.

Fig. 2. Olivine basalt: Labradorite laths
arranged in trachytic texture around rounded 
olivine and augite crystals. Rims of the 
olivine are altered to iddingsite. Nichols 
crossed, X 10.
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unaltered olivine, while 80 percent are iddingsite replacing 
olivine. Commonly olivine cores are observed within the id
dingsite.

On weathered surface the rock is characteristically 
buff colored and displays a pitted surface due to weathering 
out of the phenocrysts. Where phenocrysts remain, they ex
hibit a brown coloration typical of iron oxide.

Petrographically, the rock is a holocrystalline oli
vine basalt. Essential minerals are plagioclase 55 percent, 
augite 25 percent, and olivine including iddingsite 6 percent.

The plagioclase occurs in unbroken subhedral laths 
from 0.05 mm to 1.0 mm in length. Most of the laths are 
polysynthetically twinned. Their composition is in the lab- 
rad or it e (An 6 0-) range. The crystals are very fresh with no 
significant sign of alteration. They are arranged in a 
trachytic texture around phenocrysts of olivine which range 
in size from 1.8 mm to 0.1 mm long (pi. XIX, fig. 2). Most 
of the olivine phenocrysts are slightly rounded or embayed 
with the appearance of having been rolled. They are not ar
ranged parallel to the direction of flow exhibited by the 
plagioclase, but have a random orientation. The embayments 
are filled with plagioclase, augite and magnetite. Olivine 
itself composes about 1 percent of the rock. Iddingsite, 
which is pseudomorphic after the olivine, forms about 5 per
cent of the total rock.



Twenty-five percent of the rock is composed of small 
subhedral tabular crystals of augite about 0.08 mm long.
They are interstitial to the feldspars and in some cases form 
in the embayments in the feldspars or along cleavage planes. 
Like the plagioclase they are very fresh in aspect.

Small grains of magnetite 0.03 to 0.08 mm in diameter 
are scattered throughout the rock. They are interstitial to 
all the other minerals, occur along cleavage planes in the 
plagioclase, in embayments in the olivine and form concentra
tions around the altered iddingsite. Iron oxides can be 
found associated in the latter locality.

Stratigraphic relationships within the mapped area 
show the basalt to unconformably overlie post-rhyolite Arnett 
Tuff. It is seen to occur above the Arnett Rhyolite just 
east of the Picket Post Inn. Although no age dates have 
been determined on this particular rock, it is considered to 
be Tertiary to Quaternary because of its similarity to other 
known rocks of this age.

Ransome (1903). Galbraith (1935). Harshman (1939) 
and Wardwell (19^1 ) describe basalt or andesite intruding 
the post-dacite concentrator fault and associated faults.
At Ray it is interbedded with the Gila Conglomerate. It is 
thus placed as very late Tertiary, or more probably Quater
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Gila(7 ) Conglomerate
A small outcrop of what is thought to be Gila Con

glomerate is found within the area. An erosional remnant, it 
forms a steep cliff near the mouth of Silver King Wash on the 
south side of Queen Creek. It overlies the Pinal Schist, the 
Arnett Tuff, and the Arnett Rhyolite.

Lithologically, it contains moderately indurated, 
coarsely bedded layers of silt, sand, pebbles, cobbles, and 
boulders which are set in a locally tuffaceous matrix. The 
inclusions, which are round to angular in shape, contain 
fragments of the underlying Pinal Schist and sedimentary for
mations. Also contained are numerous inclusions of limestone, 
and other sedimentary and volcanic rocks not found within the 
mapped area. Pebbles and cobbles of epidote are common.
Small slips and off sets cut the formation.

The Gila Conglomerate has been used to include much 
of the intermontaine basinal deposits of this part of Arizona. 
Much of the Queen Creek Valley deposits are mapped as Gila 
Conglomerate, the outcrop in the Picketpost Mountain area 
probably being a small isolated remnant of the same deposit. 
The age is given by Heindl (1952) as late Tertiary or early 
Quaternary.

Quaternary Sediments
Accumulations of poorly-to-well-consolidated detri

tus and alluvium are found throughout the area. The material
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probably ranges in age from post-Tertiary-Quaternary olivine 
basalt to Recent.

Unconsolidated material ranging in size from sand to 
boulders fills the major drainageways and creates detrital 
boulder trains. Well indurated, mostly rounded cobbles and 
boulders cover much of the area in the northwest corner in 
thin sheets probably the result of deposition during the 
flood stages of Arnett, Alamo, and Queen Creeks. Only dep
osition in the major channelways has been mapped, the remain
ing portions being considered unmappable veneers. The 
general outlines of two boulder trains have been superim
posed on the underlying formations in the southwest section.

The deposits contain sand to boulder sized inclusions 
of all the older formations within the area and some from 
outside the area. Recognized are inclusions of the Superior 
Dacite, the Troy Quartzite, and numerous limestones probably 
including the Mescal Limestone, Martin Limestone, Escabrosa 
Limestone, and Naco Limestone. Most of these are from east 
of the Concentrator fault in the Apache Leap area.

Structure 
General Statement

Structures of several ages are present within the 
Picketpost Mountain area. They were formed during the Mazat- 
zal Revolution at the close of the older Precambrian, in Lara- 
mide time (Wilson, 1952) and in the Middle Tertiary.



106
Folding

Deformation of the rocks by folding is subordinate 
to deformation by faulting and fracturing. During the period 
ascribed to the Mazatzal Revolution the first structural 
lines were created in the Pinal Schist. Foliation in the 
schist is regular, with a typical strike of N. 70° E. Dips 
are steep to the northwest and southeast, but are occasional
ly as shallow as 40° in both directions. Although the folia
tion is normally uniform and regular, numerous small 
contortions measuring only inches or parts of an inch are 
found along localized layers.

Folding on a large scale is usually absent in the 
eruptive series. Zone C of the Arnett Rhyolite however, is 
highly folded in what appears to be the expression of orig
inal flow structures and bedding. Bedding is warped into 
anticlinal and synclinal forms representing major large scale 
flow. This is best viewed on the Pancho Plateau.

Smaller scale folding is much more common. Contem
poraneous disharmonic-type folds with amplitudes up to 25 or 
30 feet are typical of the top and bottom of zone C. Host 
have gentle attitudes, but smaller folds are often intensely 
distorted and occasionally recumbent. The large folds are 
made up of smaller "decollement-like" and diapiric folds.
More massive layers formed major structures while thinner 
layers and still viscous rock slid along the major planes,



solidifying into tightly contorted folds and forming diapir- 
ic intrusions.

The very finely flow banded central portion of zone C 
shows similar features, but on a miniature scale. The folds 
in this region are typically offset by minor slips.

Faulting and Fracturing
Most of the faults in the Picketpost Mountain area 

are considered to be Middle Tertiary. However, faults of 
several earlier ages have been recognized in the Superior re
gion, which may bear on structural features in the mapped 
area.

Wilson (1952) describes northerly-trending and 
easterly-trending Laramide shear faults with accompanying 
northeast and northwest tension breaks formed parallel to 
older Precambrian structures. Most of the ore deposits in 
tho Superior area have formed along the easterly striking 
fracture zones (Wilson, 1952).

Another set, a series of northerly-striking faults, 
forms the major structural and topographic pattern for the 
region. The system, including the Concentrator fault, de
veloped after the Tertiary dacite ash-flow sheet.

In the mapped area, beds of the Apache Group on the 
southern side of the mountain strike north to N. 10° W. and 
dip U9 0 to 60° E. Contact with the underlying Pinal Schist 
is a normal disconformable relationship. The exact nature
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of the tilting has not been ascertained as there are no ob
servable faults within the area, and the main mass of the 
sedimentary section, which lies outside of the mapped area, 
has not been closely examined. However, it is known that 
tilting occurred prior to the eruption of the Arnett Tuff.
On the southeastern side of the mountain, both the Arnett 
Tuff and the Arnett Rhyolite crop out with essentially flat 
dips above the steeply dipping beds of the Apache Group. 
Farther south, the contact is between Tuff II and the Apache 
Diabase, which has the same orientation as the Apache Group 
on Telegraph Hill only a few feet away.

Immediately south of the mapped area, the same sed
imentary beds display vertical to steep eastward-dips. Ham
mer and Webster (1 9 6 2) suggest that they may be the bevelled, 
upturned edge of a monoclinal fold, as Pinal Schist on the 
west crops out at elevations higher than the sedimentary 
beds. Farther to the east, the Apache Group becomes buried 
beneath volcanic flows. Monoclinal folding would suggest 
deep seated faulting along a line due south of Picketpost 
Mountain.

Lamb (personal communication) has suggested that 
the upturned sedimentary rocks represent a series of rotated 
block faults which progressively steepen to the west.

The most prominent fractures in the Picketpost Moun
tain area are the set aligned N. 10° V. to N. 20° W. Dips 
vary from 60° E. to 60° W. A less numerous, but associated
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set is oriented N. 10° E. to N. 20° E. and has comparable 
dips. The resulting fracture pattern is typical of the fault
ing which effected the Tertiary volcanics of the region (Wil
son, 1952). Vertical displacement varies from negligible to 
100 feet. The faults of this orientation are found strati- 
graphically up into the Heliograph Formation, but are best 
observed in the Arnett Rhyolite. In zones A and B silicified 
zones have formed irregular "pinch and swell type" faults.
The usual expressions of the slips are seldom more than hair 
line fractures along which slickensides are commonly found.
The silicified pods pinch and swell both horizontally and ver
tically along these slips accentuating their expression. Both 
normal and reverse types are found.

One major normal fault which has caused 100 feet of 
displacement in the beds of the Arnett Rhyolite and Arnett 
Tuff is located on the Pancho Plateau west of Rockhound Wash 
and east of Box Canyon. The strike of the fault varies from 
N. 10° W. to N. 25° W. The dip is 8 5° W. with the east side 
relatively down dropped. A zone of fault gouge one to six 
feet wide is present.

Just to the west on the Pancho Plateau at the mouth 
of Box Canyon is a prominent wrench fault which is bordered 
by two normal faults. All are down dropped to the west, and 
the wrench fault which displays sinistral movement creates a 
prominent re-entrant in the area to the east of the fault
zone.
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Wilson (1952) considers the faults which have effect

ed the Tertiary volcanics to be partially controlled by Lara- 
mide structures, which in turn were partially controlled by 
older Precambrian zones of weakness. Thus, many of the faults 
seem to represent areas of intermittent movement. This type 
of situation may exist in the Picketpost Mountain area rep
resented by the loci of the volcanic vents and other associ
ated features.

Volcanic Vents and Associated Features
There are five major volcanic features on Picketpost 

Mountain which appear to be structurally controlled. They 
are the two vents from which lava was extruded, the two 
diatreme-like bodies of tuff, and the intrusive tuff dikes.
The main Heliograph vent measures 3600 feet north-south,
2300 feet east-west in the northern half, and 1250 feet in 
the southern half.

Figure 5 is a diagrammatic representation of the 
mapped faults and fractures. Superimposed are some of the 
major projected lineations, including the northerly trend
ing zone. When this zone is extended to the south it paral
lels the strike of the vertically standing sediments and 
joins of the major northerly aligned zone of structural weak
ness described by Lamb (1 9 6 2).

The full outline of the Heliograph vent may not be 
viewed because of the western margin being buried by its own



I l l

1/2 mile

Fig. 5. Prominent lineaments.
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flow rock. However, a projected edge has been proposed based 
on the lineament network as interpreted below (fig. 5)»

Line A-A* bears N. 6$° E. connecting two intrusive 
tuff dikes west of the small vent, the small vent, the lower 
portion of Box Canyon, the wrench fault area, and a small 
fault on the northern edge of the Pancho Plateau. Intersect
ing line A-A* at the small vent is line B-B1 which bears 
N. 73° W. Extended, it joins the small vent, the small in
trusive tuff tower, the two intrusive tuff dikes, the highest 
portion of the main tower and crosses the section of the 
Heliograph vent which is elongated nearly east-west. Pro
jected even farther to the east, it extends into and parallel 
with the main canyon of Arnett Creek. A second parallel 
lineament, C-Cl, bounds one of the edges of the elongate 
east-west projection of the Heliograph vent.

Line D-D* bears N. 23° W. and joins faults in First 
Day Pass, the elongate section of the main tower and inter
sects the southernmost edge of the Heliograph vent. Line 
E-E*, which bears N. 6$° E. and is parallel to A-A*, is 
parallel to the elongate portion of the eastern half of the 
main tower, and the straight edged portion of the northern 
side of the Heliograph vent.

Line F-F* bears N. 9° W., connecting faults west of 
Arboretum Pass, the upper section of Box Canyon and the west
ern edge of the Heliograph vent. Line G-G*, an essentially 
north-south line, passes through major faulting in the
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Arboretum Pass area, the elongate portion of the Heliograph 
vent, and crosses line D-D* at the southern margin of the 
vent. Projected southward it joins with the major structures 
described earlier.

Line H-H* is a major zone of weakness which forms 
the eastern edge of the smaller intrusive tuff mass. Line 
J-J1 is a postulated zone of similar orientation to D-D1 

which could explain the brecciated extension of the Helio
graph vent in this area. Several fractures are found nearby 
indicating some lines of weakness along this general trend.

These are only selected lineaments and many others 
of similar orientation are present. Most give further evi
dence of the major zones of weakness which have been indi
cated as determining the loci of volcanic activity.

As stated earlier, most of the faulting that effects 
the Tertiary volcanics is oriented N. 10-20° W. Movement of 
little magnitude is typical of these probable tension faults 
and many are found within the Picketpost Mountain area. The 
major lineaments which have been discussed above include 
this direction, but most vary. It is possible that they are 
readjustments along earlier formed structures. The Concen
trator fault relatively downdropped the block on which Pick
etpost Mountain is located leaving exposed the truncated 
terminations of numerous faults on the upthrown side. Many 
of the faults have orientations similar to the ones found in 
the mapped area including A-A‘, B-B1, C-C* and E-B1.



It seems possible that the Heliograph vent formed at 
the locus of intersection of deep seated northeast and north
west directions of weakness with one of the major north-south 
directions. The small vent, and the two diatreme-like masses 
formed along the main north-northwest break and are partially 
connected by intrusive tuff dikes which follow the same lin- 
eation.

Geologic History
The Pinal Schist is the oldest rock type in the Pick- 

etpost Mountain area. Rocks, which were at least partly 
sedimentary in origin, were compressed and recrystallized in
to fine grained sericite schist during the Mazatzal Revolution. 
Faulting probably occurred at this time.

Before further deposition, the irregular surface was 
bevelled to an almost level plain. With the advance of the 
sea, the four lower members of the younger Precambrian Apache 
Group were deposited unconformably on the Pinal Schist. Fol
lowing the deposition of these beds, probably between post- 
Middle Cambrian and pre-Upper Devonian, both the Pinal Schist 
and Apache Group were intruded by dikes, sills, and irregular 
bodies of Apache Diabase.

The rest of the geologic record for the Paleozoic 
and Mesozoic is missing. Quartz diorite porphyry of Lara- 
mide(?) age is the only other rock to be emplaced prior to
the Tertiary eruptive series. Major faulting occurred during 
Laramide time.



At some time following the intrusion of the quartz 
diorite porphyry, a long sequence of volcanic and associated 
sedimentary rocks were deposited. They are considered to be 
Tertiary in age, although the ages of the older members have 
not been conclusively established.

A dacite crystal tuff was the first pyroclastic rock 
to be erupted. This was followed by a basalt flow that is 
massive at the base and predominantly amygdaloidal in the up
per portions.

At some time before the deposition of the next unit, 
tilting of the Apache Group sediments occurred. However, the 
age relationship between the tilting and the basalt is not 
known.

The Arnett Tuff, which is predominantly a mud-flow 
tuff, appears to have been extruded from a vent located just 
to the east of the mapped area. The flow filled all the ir
regularities in the rough surface of the basalt and incor
porated loose fragments of the basalt.

The Arnett Tuff closely followed the tuff flowing 
over the flat surface of the tuff. It was probably extruded 
from the same vent as the tuff. The rhyolite formed five 
zones which reflect the movement and cooling rates of the 
flow. The top and bottom zones consist of brecciated, de- 
vitrified felsite. The two intermediate zones are predom
inantly perlitic glass, and the central zone is massive 
aphanitic glass.
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Continued eruption of the Arnett Tuff accompanied and 

post-dated the rhyolite. Local basins of sandy-tuff formed.
Following the Arnett Rhyolite and Arnett Tuff, a se

ries of tuffs and interbedded tuffaceous sediments were de
posited. Sources for these formations appear to be located 
outside the mapped area. In ascending order they are:
Tuff I, tuffaceous sandstone, and Tuff II.

Tuff III, which is the uppermost pyroclastic forma
tion, is the first rock type to have its source on Picketpost 
Mountain. It was erupted from a vent located on the east and 
northeast sides of the mountain forming a tuff cone in the 
vent area and thick flat-lying deposits away from the vent.

Tuff III was in turn cut by the Heliograph Forma
tion, which intruded in the same vent, and flowed out over 
the flat-lying portions of the tuff to form the present cap 
rock of the mountain. This flow has been dated as Middle 
Miocene. A smaller vent, tuff-filled diatrernes, and intru
sive tuff dikes formed northwest of the main vent aligned 
along a northwest lineament. Prominent structural zones 
appear to control the locations of the volcanic loci.

Tertiary-Quaternary(?) olivine basalt was the final 
eruptive rock deposited in the area. Grila(?) Conglomerate, 
which is also thought to be Tertiary-Quaternary, formed in 
local basins.



Erosion removed large portions of the post-Arnett 
Rhyolite formations leaving only the present butte-like rem
nant. Sand, silt, gravel, and boulder trains form unconsol
idated and locally well indurated recent deposits.
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