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THE STRATIGRAPHY AND STRUCTURE OF THE 
RECREATION REDBEDS, TUCSON MOUNTAIN PARK, ARIZONA

by

Robert E. Colby

ABSTRACT

The Recreation redbeds p resen t a problem  in complex Cretaceous(?) 

stratigraphy in an area  which has been deformed by faulting and minor 

folding. The original Recreation redbeds formation consisted of only a 

sandstone«siltstone m em ber. It has now been expanded to include a  vol

canic conglomerate member and a tuff member. These new m em bers 

were originally p art of another formation.

The Recreation redbeds-Am ole arkose relationship was found to 

be conformable and gradational through the volcanic m em bers of the red

beds.

Two th rust faults border the area . A large block of Recreation 

redbeds moved eastward, onto the Amole arkose, along the eastern  one.

The western fault brought Amole arkose up on to the middle p art of the 

redbeds.

Andesite and basalt intrusives apparently used the faults as
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channels, where they intruded and deformed the sedim ents. The unusual 

folded structu re on southern Brown Mountain is  possibly due to the lift

ing action of these intrusions.

The Amole granite form s the northern intrusive border of the 

Recreation redbeds. Latite dikes intrude the formation along w est- 

northwest f ra c tu re s . . Carbonate m ateria l has been introduced into local 

perm eable parts  of the formation. M ineralization is  p resen t as limonite 

and quartz in north-northw est frac tu res.
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INTRODUCTION

LOCATION, EXTENT AND ACCESS

The Arizona-Sonora D esert Museum, about 20 m iles west of 

Tucson on the west side of the Tucson Mountains, is  located centrally 

in the area  of this report (PL I). This area , in the Tucson Mountain 

Park  Recreational Area, is  situated in Secs. 1, 6, 7, and 8, T. 14 S», 

R. 11 E . ; and Secs, 35 and 36, T, 13 S ,, R, H E ,, on United States 

Geological Survey, San Xavier Mission, Arizona, and Cortaro, Arizona, 

Quadrangle maps.

Access is by all weather asphalt and d irt roads. The Gates P ass 

Road comes directly over the Tucson Mountains and the Ajo and Kinney 

Roads come around the southern end of the Range.

OBJECTIVE

This study was originally undertaken to reveal the stratigraphy 

and structu re of the Recreation redbeds (W. H. Brown, 1939) and their 

relation to the upper C retaceous(?) Amole arkose. Reconnaissance 

showed, however, that an additional area. Brown Mountain or the 

Piedmontite Hills, as large as that occupied by the original Recreation, 

would have to be included because the rocks of this additional area  are 

closely related  to the redbeds. No claim  is  made to finality. Problem s
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in sedimentation and detailed structu re  rem ain unstudied, but it is  felt 

that a worthwhile beginning has been made.

TOPOGRAPHY, CLIMATE AND VEGETATION

The Red Hills and Brown Mountain (PL HI) are  the m ost prom i

nent topographic features. They are  separated by a broad, westward 

sloping, highly dissected bajada-pediment. The highest point to the 

north is  in the Red Hills, approximately 3,150 feet above sea level*

The Red Hills a re  connected to the Tucson Mountains proper, to the 

east, by a long ridge while Brown Mountain is  isolated* Several large 

washes trav e rse  the area* Westward, the surface slopes gradually away 

into the Avra Valley*

The clim ate is typical of southern Arizona; hot, m oist sum m ers 

and dry, tem perate winters* The vegetation is Sonoran. Giant Saguaros, 

Cholla, Ocotillo, Palo Verde and Mesquite are  most abundant.

PREVIOUS WORK

This area  has never been studied in detail before, but it has 

been included in several general surveys of the Tucson Mountain area .

Of these, that by W. Horatio Brown (1939) was probably the m ost thor

ough.

Since only maps with a  scale of 1:62500 were available, base 

maps were prepared  by enlarging United States Geological Survey maps
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to approximately 1 in. r 300 yds. and 1 in. z 100 yds. Soil Conserva

tion Service aeria l photographs were used to supplement these.
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STRATIGRAPHY

GENERAL

The stratigraphic units in the Red Hills-Brown Mountain a rea  

appear to be, from  oldest to youngest, the Recreation redbeds proper, 

the sandstone-siltstone, volcanic conglomerate, and tuff m em bers; the 

Amole arkose; the Andesite and Basalt in trusives; the Amole granite; 

the Silver Lily latite dikes; and the Quaternary alluvium (PL HI).

The apparently oldest rocks of the redbed sequence a re  found in 

the northwestern Red Hills a rea  and the younger in the southwestern 

Brown Mountain area , A fairly  complete section, with the exception of 

the bottom of the Recreation redbeds which is  buried, can be seen by 

traversing  the Red Hills from  west to east and then traversing  Brown 

Mountain from  north to south. The uppermost p a rt of the section can 

be seen in lim ited outcrop to the west of the southern p a rt of Brown 

Mountain, This peculiar arrangem ent resu lts  from  th rust faulting, 

minor folding and erosion. The stratigraphy is  complicated and some

what obscured in the upper units by these structu res and the lack of con

tinuous exposures.

5
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FORMATIONS 

Sedimentary Rocks

Recreation Redbeds Kr

This formation com prises m ost of the rocks in the a rea  of study. 

It is  made up of th ree units: the sandstone-silts tone m ember, the vol

canic conglomerate member and the tuff m ember. The sandstone-silt- 

stone member is  red  in color, is  apparently the oldest of the th ree and 

is the unit for which the formation was named, W. H. Brown (1939).

The other two m em bers seem  to be younger than or possibly of the same 

age as p art of the sandstone-siltstone m em ber. The tuff is  actually 

found as layers or lenses within the conglomerate, but these are  large 

and distinct enough to be mapped and discussed separately. These two 

m em bers a re  what W. H» Brown mapped as Cretaceous volcanics. He 

placed them directly below the Recreation redbeds, in the geologic col

umn, and accounted for their p resen t position by a  fault. This fault will 

be discussed la te r. The p resen t work has fairly  definitely shown that 

these volcanic rocks are  above the original Recreation redbeds or pos

sibly contemporaneous with them (Fig. 1).

If the trav e rse  mentioned previously is  made, the following se

quence of rocks may be seen.
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UNIT AREA THICKNESS

Red Hills

Recreation
redbeda

(Kr)
Sandstone-
siltstone
member

(Krs)

Brick red, fine grained sandstone. 1440'

Reddish volcanic conglomerate. 20'

Brick red, fine grained sandstone 
with some lenses and beds of purple 
and gray sandstone. Bedded gray 
sandstone definitely arkosic and thin. 380'

Volcanic conglomerate purplish gray. 40'

B rick-red  and purple sandstone, fine 
to medium grained. 380'

Brown Mountain

Purple and red  sandstone, fine to 
medium grained, and purple conglom
erate . 30'

............................ — ............— ............ - ......................... K rs Total 2290' —-
- TP.vnalnnsil iin n n n fn rm itv f_________________________ :_______________■

Conglomerate
member

(Krv)

Interbedded red  and purple sand
stone, Red and gray conglomerates 
and purplish gray arkosic sandstones. 
Decreasing redbeds and increasing 
arkoses up section. 665'

Tuff member 
(Krt)

Orangish pink tuff, fine grained at 
base, coarser up section.

! 1

o

Conglomerate
member

M assive gray conglomerate, in ter
bedded with gray arkosic sandstone. 
Few purple arkosic redbeds. Small 
pockets of arkosic sandstone and 
redbeds. 1295'

Tuff member Orangish pink tuff. 25'
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Conglomerate Gray and purple arkosic sandstone,
member Several large reddish purple redbeds, 65'

Tuff member Orangish pink tuff beds, ?

= Thrust fault(?)— — - ■ — ------------ -----------------

Conglomerate Redbeds, purple and orange. 135'
member K rv  and K rt Total 2635'-

Amole arkose M assive gray arkose beds with a few
(Ka) pebbles. 45'

Interbedded arkoses, greenish buff 
arkosic sandstone, greenish brown 
fine grained sandstone and few thin 
purple-brown redbeds. 360'

Ka Total 405'

This generalized stratigraphic column appears to show a gradational 

change from  redbeds to arkose, accompanied by im pressive volcanic 

adm ixtures. E ast of the Red Hills, the Recreation appears to grade 

directly into the Amole by increase in amount of arkose and with no 

appreciable amount of volcanic m aterial. The two form ations there

fore seem  to be conformable, although at no place in the area  can the 

redbeds be traced  without break into the arkose.

The questions have been asked whether the rocks in th is a rea  

are  right side up and which is  older, the Recreation redbeds or the 

Amole arkose. The succession is  definitely norm al as is shown by 

extensive and beautifully developed cross-bedding (Fig, 2), by sm all 

filled channels, by the gradational relationship between the two units, 

and by the occurrence of redbed m aterial in the arkose.



Figure 2. C ross-stratification  in the sandstone-siltstone m em b er. 
The upper b rick -red  bed is  characteristic  of the unit. 
The lower bed is  arkosic and has red  grains on the 
bedding surfaces.



FIGURE 2
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No fossils have been found in the Recreation, On stratigraphic 

evidence, the formation has been tentatively dated as upper Cretaceous 

by previous w orkers. P a r t of th is  evidence is  based on the coniform- 

ability of the overlying Amole arkose which has been assigned to the 

upper Cretaceous on the basis of uncertain fossil evidence (W, H. Brown, 

1939, p, 719). Perhaps pollen analysis could reveal the age of the for

mation.

Southern Arizona is  covered with redbed outcrops, many of which 

may correla te  with the Recreation, however, the only redbeds that the 

author feels safe in definitely correlating with these are  in the area  

mapped by R. L. Whitney (1957), on the northeastern side of the Tucson 

Mountains. This correlation is  based on a study of hand specimens and 

thin sections of the redbeds in Whitneyt s area, where perhaps p art of the 

volcanic conglomerate member is  also present. Mr. Whitney describes 

arkosic-volcanic conglomerate beds interbedded with the redbeds and 

arkosic beds. Localities, with rocks sim ilar to the Recreation redbeds, 

are: the Waterman Mountains, N. E. McClymonds (1957); the Montosa 

Canyon area, J. F . Sulik (1957); the E ast-C entral Huachuca Mountains, 

W. H. Weber (1950); and the Em pire Mountains, F. W. Galbraith (1949). 

Until much m ore detailed work has been done on the redbeds of southern 

Arizona, correlation between these localities will not be possible.

Sandstone-siltstone member K rs, -  This, the basal m ember, is 

a fine-grained, b rick -red  sandstone-siltstone which is both m assive and
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thinly bedded, Thin sections disclose it to be composed of closely packed 

quartz grains varying in size from  l /2  mm to le ss  than l / l 6  mm. While 

there is  little  cement of any kind, there is  much iron oxide which is  r e 

sponsible for the red  color.

Several local color variations occur. A purple sediment is com

monly found in the coarser grained lenses. Possibly this color is  rela ted  

to dilution by arkosic m aterial for this variety becomes increasingly 

m ore common toward the upper p a rt of this m ember. Because of local 

reduction of the iron oxide white sem ispherical spots appear in the red - 

beds. Adjoining the andesite and basalt intrusions the redbeds may be 

represented  by a white spotted orange quartz san d

Joints in the redbeds strike  approximately 20 to 45 degrees NW 

and dip 75 to 90 degrees NE and SW. At some localities, such as the 

upper south face of the big red  hill, the rock is  so highly fractured  that 

only splin ters rem ain. On the flanks of the little  red  hill, to the north

west of the Red Hills proper, the frac tu res a re  m ore widely spaced and 

the rocks stand in vertical outcrop giving the appearance that beds are  

on end, whereas actually the bedding dips about 28° NE. These frac tu res 

are  found m ore closely spaced in the m assive variety  of redbed  F ur

ther, the joints seem  to be associated with the redbeds only and do not 

trav e rse  the other rocks; thus, a sm all pocket or layer of redbeds in 

the volcanic conglomerate member may be intensely fractured  while the 

surrounding m aterial will be unjointed
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The sandstone-siltstone member is  typical of the Red Hills a rea  

and form s the b rick -red  outcrops there (Fig. 3). It is  also found in the 

Brown Mountain area, but here the purple variety is  m ost common.

Here the red  sediments are  usually re s tric ted  to local beds and lenses 

and fragm ents or pockets in the m atrix  of some of the volcanic conglom

erates.

Volcanic conglomerate m em ber Krv. -  The rocks of this member 

of the Recreation redbeds a re  found in terstra tified  with and above the 

sandstone-siltstone member (Fig. 4). In this conglomerate mem ber, 

the gradational relation of the redbeds to the Amole arkose is revealed. 

The member is  composed of a variety  of rock types, principally volcanic, 

interbedded and interm ixed with sandy redbed and sandy arkosic m aterial. 

The redbed m aterial decreases and the arkose increases in amount up 

section.

Two color varie ties compose this unit. One of these is  reddish 

purple in color, the other is  grayish brown or yeUow. These colors a re  

determined essentially by the m atrix, the coarse m aterial being re la tive

ly uniform in composition throughout. Often the two types of m atrix  a re  

mixed, im parting a purplish gray cast to the exposures.

The grayish brown or yellow m atrix  is  most common and is  

composed mostly of quartz and feldspar together with many volcanic 

fragm ents, both of fine grain and phorphyritic. This m atrix  is  often 

very arkosic. Many of the feldspars are  somewhat weathered. The



Figure 3. The Red Hills from  Brown Mountain, Redbeds dip 
eastward. Buff streaks to the right are  debris from  
west«northwest trending latite  dikes. Arizona- 
Sonora D esert Museum compound is  in right center.



FIGURE 3



Figure 4„ Volcanic conglomerate, redbed, tuff succession on 
northw estern tip of Brown Mountain. These rocks 
a re  relatively low in the conglomerate section.



FIGURE 4
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grains are  fine to coarse and subrounded. Locally, th is m atrix  is  a 

nearly  pure quartz sand, relatively free from  feldspars and volcanics. 

Conglomerate with the grayish brown or yellow m atrix  (Fig. 5) is  usu

ally found on Brown Mountain.

The reddish purple m atrix  (Figs. 6 and 7) is not as common as 

the other type. It is  most often seen on the north end of Brown Mountain 

and in the Red Hills. Red sandstone and reddish purple volcanic frag

ments are  the main constituents of th is m atrix, which is  very poorly so rt

ed and appears to have been deposited rapidly. The texture is somewhat 

coarser than that of the grayish type. Roundness of grains is  approxi

mately the same.

The m atrices a re  sim ilar in that they contain many grains or 

sm all fragm ents with the sam e lithology as the enclosed pebbles, cob

bles or boulders of the conglomerate. The sm all fragm ents may amount 

to 50 or 60 percent of the m atrix.

The coarse m aterial of the conglomerate varies in size and com

position. The pebbles, cobbles and boulders range from  less than 1 inch 

to greater than 24 inches with an average being around 2 to 4 inches.

They vary from  angular to well rounded, the m ajority being subrounded 

to subangular. At any given location, one degree of roundness will usu

ally prevail. In one or two localities, the conglomerate is  very coarse 

with nearly all the boulders over 12 inches in sm allest diam eter. At 

these places, the m atrix  is very fine grained and composes an unusually



Figure 5, Grayish arkosic volcanic conglomerate showing color 
texture and mottling.



FIGURE 5



Figure 6„ Reddish volcanic conglomerate. M atrix is  redbed 
and red  volcanic m aterial.



FIGURE 6



Figure 7. Detail of reddish volcanic conglomerate in the Red 
Hills, Poorly sorted  with pebbles of various lithol
ogies, including redbeds.
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FIG U R E 7
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sm all percentage of the entire rock. M assive outcrops of this rock, a t 

least 15 feet thick, a re  found on northern and north cen tral Brown Moun

tain immediately below the large tuff outcrop. The rock may have been 

emplaced as a  mud flow.

The lithology of the pebbles, cobbles and boulders is  as follows:

Andesite -

Quartzite
and

Quartz

O thers —

Dense with porphyritic varie ties  of v a ri
ous colors, most commonly red  or black.

Finely crystalline and m assive usually 
yellow, gray or white in color. Many 
have weathered pitted surfaces and a re  
stained with iron.

Fine grained volcanics of undetermined 
composition; yellow, red, brown or 
black in color. Badly weathered granite 
and arkose. A very  few redbed fragm ents. 
A  fe w  p i e c e s  o f  lim estone and shale.

These pebbles, cobbles and boulders often appear to be weathered around 

the edges, especially in the conglomerate with the grayish arkosic m atrix.

No partic le  count was attempted, but rela tive abundance of the 

various rock types was roughly estim ated. The andesites are  the most 

important, composing possibly 70 to 80 percent of the coarse  m aterial 

in the lower reddish m atrix  while perhaps no less  than 40 to 50 percent 

in the upper grayish m atrix. The quartzite and quartz are  next in abun

dance, although usually re s tr ic ted  to the upper p a rts  of the unit, compos

ing about 10 to 20 percent of the coarse m aterial. The fine-grained vol

canics a re  p resen t in amounts equal to the quartzite and quartz. The 

other rocks are  scarce , making up only 5 to 10 percent of the coarse
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m aterial, at most.

Interbedded with these volcanic conglom erates a re  numerous beds 

of grayish arkosic sandstone and redbed sandstone that vary in thickness 

and la tera l extent. The thickness ranges from  a few inches to 10 feet.

Due to lensing out and to burial by talus, the average distance a bed can 

be traced  is  approximately 10 to 20 yards. The redbeds can be found 

throughout the conglomerate unit and locally even in the overlying Amole 

arkose. High in the section, they are  scarce, their place being increas

ingly occupied by arkosic beds.

In addition to beds, or lenses, of red  sandstone, pockets of red - 

bed m aterial only a few feet across are  distributed at random in the con

glom erate. They a re  m ost abundant at the north end of Brown Mountain.

Exposures of these conglomerates have mottled gray-brown su r

faces obscured by black desert varnish. Even the freshly broken surfaces 

a re  mottled and difficult to study. Also, the conglomerate varys rapidly 

in texture, color and lithology both horizontally and vertically. The 

sandstone beds have no unusual characte ristics to differentiate one from  

another. M oreover, as previously mentioned, they are  lenses with 

lim ited la te ra l extent. All these features make it difficult to discuss 

the nature and structu re  of the conglomerate.

A m easured section through p a rt of th is unit is  included in the 

appendix. Unfortunately, th is section rep resen ts  only the specific a rea  

in which it was m easured. Because of the rapid  change in color, texture
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and lithology, two sections only a short distance apart could be m easured 

in the sam e horizon and each show a different sequence.

Tuff member Krt> - This rock is  found intercalated with the vol« 

canic conglomerate at several horizons. The tabular body on the north 

and central w estern slopes of Brown Mountain (Fig. 8) is  the la rg est and 

was the m ost studied. This rock is  a very fine grained pinkish orange 

or white faintly banded tuff. Throughout, it ca rry s  numerous red  vol

canic fragm ents, principally andesite.

The thin sections disclose abundant shards of partly  devitrified 

glass, a few plagioclase fragm ents, a few quartz fragm ents and several 

streaks of piedmontite. The piedmontite is  orientated para lle l to the 

prim ary  layering which is  disclosed by the p re fe rred  orientation of 

flattened glass shards. It seem s to be much more common in the upper 

p art of the unit which is  m ost obviously pink.

The structu re  of the tuff is  obscure. The lower p arts  have a 

fine rhyolitic texture while the coarser upper p a rts  have a granitic tex

ture. The gradation is not uniform throughout, This structure , although 

not entirely conclusive, suggests deposition from  nuees ardentes.

There are  two dominant frac tu re  system s in the tuff. One is  

paralle l to the bedding or layering about N 30° E with 25° SE dip. The 

other is  about paralle l to the general fractu re  pattern  prevailing in the 

area, N 20° W and 70 to 90° SW-SE dip. In either case, the fractu res 

are  fairly  wide spaced, usually several inches to several feet apart,



Figure 8, Brown Mountain from  road to the west. Light colored 
outcrops are  the tuff member; volcanic conglom erates 
are  above and below. C rest of the Tucson Mountains 
in background.
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The tuff member is  re s tr ic ted  to the Brown Mountain a rea  ex

cept for one sm all exposure east of the Red Hills along the fault contact 

with the Amole arkose.

Amole Arkose Ka

This formation, as previously stated, seem s to overlie conform

ably the Recreation redbeds. The principal exposures of the Amole lie 

east of the area  of this study. However, two lim ited exposures are  in 

the w estern p a rt of the area . The la rg er of these is  in the wash and on 

the sm all h ill west of southern Brown Mountain. The other is  about 25 

yards west of the basalt intrusion (PI. HI). Several thick arkosic beds 

were mapped in the Recreation redbeds and many m ore too thin and 

local to map were seen. These layers of arkose, as mentioned ea rlie r, 

disclose the gradational relationship of the Recreation to the Amole.

The Amole arkose in the a rea  usually consists of interbedded 

coarse gray arkose, fine to coarse gray arkosic sand, gray and green

ish  brown quartz sand, and pale purplish or brownish red  sandstones.

The coarser m aterials som etim es include layers with pebbles up to 4 

inches in size. The finer m aterials a re  usually laminated. Good c ro ss

bedding is  expressed locally. The bedding is  revealed by concentrations 

of dark purplish red  sand grains and iron oxide fragm ents on the bedding 

surfaces. Most of the finer greenish beds a re  highly fractured. A 

m easured section of the southern arkose area  is  included in the Appendix.
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The northern arkose outcrop, near the basalt intrusion, is  much 

sm aller than the southern one. However, it appears to contain the sam e 

sequence of beds as the southern one. Both exposures appear to be in 

the hanging wall of a westward dipping th rust which separates them from  

the main body of sediment to the east,

Quaternary Alluvium QuaL

Alluvium laps onto the older sedim ents on the w estern and south

ern sides of the a rea  and, with local exceptions, thinly covers the ground 

between the Arizona-Sonora D esert Museum and Brown Mountain. Un

fortunately, this covered interval is  c ritica l for the relationship between 

the sandstone-siltstone and volcanic conglomerate m em bers of the Rec

reation redbeds. The accompanying maps show this covered in terval as 

underlain by the sandstone-siltstone mem ber.

The alluvium is a heterogeneous collection of fragm ents from  all 

the ea rlie r sediments and igneous rocks. It is  usually buff colored with 

the surface reddish due to the abundance of redbed fragm ents. The tex

tu re ranges from  fine sand to coarse conglomerate. In general, pebbles, 

cobbles and boulders prevail. The alluvium form s a bajada over an 

eroded pediment. It should afford excellent m aterial for studies of 

transportation and deposition in an arid  region.

Along the washes, the la rg er fragm ents a re  occasionally embedded 

in m assive caliche deposits. In some a reas , where a wash c ro sses  one
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of the older sedim entary or igneous rocks, calcite has precipitated in all 

the cracks and indentations. This is  particu larily  noticeable in washes 

around the scoreaceous basalt intrusion.

Igneous Rocks

Andesite and Basalt Intrusives Ki

These intrusions are  located in the central and southern p a rts  of 

the thesis area. The andesites are  found only to the south of the east- 

west museum road while the basalt is  found north of this road.

The andesites are  generally medium gray or brownish gray 

rocks, porphyritic with large plagioclase crysta ls . These crysta ls a re  

locally orientated in planes. Of the several andesite intrusions, the 

pair west of the north tip of Brown Mountain is the most interesting and 

easiest to study. Here the andesite seem s to be of two ages. The south™ 

ern, presum ably older outcrop, near the sm all dam (PL II) has been 

somewhat deformed in the solid. The m ore northern and apparently 

younger intrusion is  an elongate body that has pushed up under the sand- 

stone-siltstone member of the redbeds apparently lifting these sediments 

and forcing them aside. It is  considered significant that the deformation 

of the sedim ents is much the m ost severe along the eastern  side of the 

intrusions on the trace  of an in ferred  th rust fault. Dr. Evans B. Mayo, 

of the Geology Department, is  currently  making a study of this locality.

The sm all andesite intrusion at the south end of Brown Mountain
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is somewhat different than the one just discussed. It is greenish black 

with reddish spots. It too has distorted the overlying sedim ents, and as 

discussed la ter is particu larly  interesting because of the suggestion it  

gives as to the structu re  of Brown Mountain.

The texture and lithology of the andesite body in the flat area, 

west of the southern end of Brown Mountain, is very much like the one 

at the north end of the Mountain. Its structu re  is unknown and the in

trusion is  interesting only because of its  location.

The basalt intrusion is  la rger than any of the andesites. It is  

black except along the edges where it contacts the sedim ents. Here it 

is often green or brown and the altered  sedim ents are  of sim ilar color. 

The basalt is  moderately scoreaceous and has numerous caleite veins 

and amygdules.

This intrusion apparently has contorted and altered  the surround

ing sediments even m ore than have the andesites. On the north edge, the 

sediments were highly mobile, either because of the heat and solutions 

or because they were poorly consolidated, or both. Gas from  the bar- 

sa lt seem s to have bubbled up through them leaving vesicles. More

over, the presently  m ore re s is tan t beds have been highly contorted with 

little  evidence of shear.

The sediments adjacent to the intrusion on the east dip steeply 

under it. This would seem  to indicate that the s tructu re  of this in tru

sion is  sim ilar to that of the andesite to the south (PL H and Fig. 14),
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Both intrusions appear to be in the hanging wall of the sam e th rust fault 

and they both are  elongated northward. Apparently the basalt was ac

companied by m ore heat than the andesites. All that can be said about 

the age of the basalt and andesites is  that they a re  definitely post Amole 

arkose, hence, late Cretaceous or younger,

Amole Granite TKg,

This granite is  in intrusive contact with the sandstone-siltstone 

member of the Recreation redbeds, north of the Red Hills, It is  a 

coarse grained yellowish rock composed essentially of quartz, feldspar 

and biotite crysta ls . There is  no alteration or discoloration in the red - 

beds at the contact. M oreover, no deformation attributable to the in

trusion is  visible in the sedim ents, even though several apophyses of 

the granite extend into the redbeds. It is  difficult to see how so large 

an intrusive body could be emplaced without causing any changes in the 

sediment.

At some distance from  the contact, there is  evidence of static 

metamorphism of the sedim ents. It is  not certain  whether th is occurred 

at the tim e of intrusion or la te r, for the fluids used frac tu res, or frac 

tured areas, as channels. Thin sections of these sediments reveal r e -  

crystallized secondary overgrowths of quartz and plagioclase and also 

some garnet(?) and epidote. One sm all, very  highly fractu red  a rea  of 

the redbeds, about 30 feet square, is a ltered  green, apparently by the
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introduction of chlorite.

The Amole granite is  obviously younger than the Cretaceous sedi

ments and it may be a "L ar amide" intrusion.

Silver Lily Dikes Ti

These dikes, named by W, H. Brown (1939), cross the R ecrea

tion redbeds in the Red Hills a rea  and on southern Brown Mountain, They 

are  in general latite  porphryies, although they locally may be monzonites. 

They are  buff colored when fresh, but weather dark brown. Quartz and 

feldspar, usually plagioclase, phenocrysts are  common in the fine v ari

ety, In the coarse rocks, these m inerals form  the ground m ass, along 

with some biotite and hornblende.

The texture of these dikes is  usually porcelain-like, with excep

tions where a dike is  especially wide and the texture becomes granitic. 

The widths of the dikes range from  5 to 30 feet.

The dikes exhibit excellent flow surfaces and cleave parallel to 

them. The flow surfaces a re  usually paralle l to the sides. The dikes 

occupy a set of fractu res which p ara lle l the m ajor fracture planes in the 

C retaceous-T ertiary  granite. The orientation is  approximately N 55 -  

65° W, dipping 65° SW (Fig. 9).

The adjoining sediments a re  often altered  brown by the dike, but 

there seem s to be no deformation of the adjacent bedding.

These dikes may be the youngest igneous rocks in the a rea  as



Figure 9„ One of the Silver Lily la tite  dikes in the Amole a rk o se  
east of the Recreation redbeds. This dike c ro sse s  the 
redbed-arkose contact and continues over the Red Hills*



FIG U R E 9
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they intrude all the sedim ents and occupy a fractu re  system  that prob

ably already existed in the granite* Outside the thesis area , they in

trude T ertiary  volcanics.

Carbonate Alteration

This alteration is  p resen t throughout the area  in sm all patches, 

flush with the ground. It is  found only in highly perm eable rocks, either 

highly fractured  redbeds or porous conglom erates, and is  gradational in 

nature as evidenced by the progressive change of color from  unaltered 

to altered  rock. The originally red  sedim ents are  progressively  changed 

to reddish gray, grayish white and whitish pink or orange. The la st stage 

looks a great deal like the tuff member of the Recreation redbeds. In 

thin section much calc it e appears whereas the original rock has little  or 

none. D etrital quartz, plagioclase and orthoclase were seen in addition 

to the secondary seric ite  and calcite crysta ls . The m atrix  is  probably 

very fine grained calcite and se ric ite . A sm all amount of epidote is also 

present, This rock is  possibly the resu lt of low grade therm al m etam or

phism related  to intrusive action.

M ineralization

The m ineralization is  represented  by limonite and quartz veins 

in a se rie s  of north-northw est fractures* Limonite is  also found dis

seminated throughout the rock in the fault zone along the east side of the
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area. Most of the veins a re  only a few inches wide and a  few inches to 

a few feet long. Two of the limonite veins are  up to 400 feet long and 

one quartz vein, on the southwestern slopes of Brown Mountain, is  over 

1,200 feet long. The quartz, in th is vein, has been introduced along a 

fracture and may have replaced pieces of the redbed wall rock. The 

vein is  ra ther unusual as one-half of it is  a quartz-redbed breccia  while 

the other is  mainly silicified wall rock. For some reason, the silica  

m igrated into the west wall of the fractu re  only. The other wall is  un

affected (Fig. 10). For some reason, the th ree  la rg er veins a re  not 

oriented paralle l to the strike  of the veins.

Such m inerals as malachite, calc it e, and azurite a re  p resen t in 

very sm all amounts. Around 1930, the entire a rea  was prospected in 

some detail, m ost of it being staked for claim s. There a re  a few sm all 

exploration holes, but no large workings. Surface indications do not 

encourage the hope for economic m ineral deposits.



Figure 10. Composite vein west of Brown Mountain. The r ig h t-  
hand portion is  quartz and redbed fragm ents; the le ft-  
hand portion is silicified redbeds.
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STRUCTURE

GENERAL

The Red Hills-Brown Mountain area  has the eastw ard tilt  com

mon to m ost of the Tucson Mountains. The average dip of the bedding 

in the area  is 25° NE or SE (Figs. 3 and 8). The westward dipping 

faults, probably th rusts, displace the sedim ents and folding is  usually 

restric ted  to the vicinities of these faults and the intrusions. The struc

ture of Brown Mountain may have been considerably modified by con

cealed intrusions, whereas, apparently, that of the Red Hills was not,

FAULTS

Two large faults, both of which separate the Recreation redbeds 

from  the Amole arkose a re  found in the area . One follows the eastern 

side of the area  and the other lies along the w estern side.

E astern  Fault

The eastern  fault begins under the alluvium somewhere south

east of Brown Mountain and continues northwestward until it reaches 

the north end of the Mountain, where it tu rns northeastw ard and curves 

behind the Red Hills and into the Amole granite. This is  the fault that

34
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Wo He Brown (1939) continued northwestward from  Brown Mountain to 

disappear under the alluvium just north of the basalt intrusive0 This 

author found no evidence for so extending th is fault, though he did find 

fairly  definite evidence that the fault turned northeast at the picnic a rea  

near the north end of the mountain* Brown mistakenly believed that the 

volcanic conglomerate in the Brown Mountain a rea  was stratigraphic ally 

below the Recreation redbeds. With this belief, he could only account 

for the presen t position of the conglomerate by extending the fault as he 

did.

Perhaps this eastern  fault is  m ore properly called a crush zone.

At no place can a large fault surface or the actual fault contact of the 

redbeds and the arkose be seen. The fault, if such it be, is usually ex 

p r e s s e d  as a brecciated, sheared and crumpled zone of varying width, 

usually seen in the arkose and not in the redbeds (Fig. 11). This zone 

is relatively  easy to trace  as it is  m ineralized by dissem inated limonite. 

Numerous sm all tear faults with limonitic gouge, occur along it* There 

are also several horses or slices along the fault zone. The la rgest of 

these is  east of Brown Mountain.

There is no d irect evidence of the direction of movement, The 

stratigraphy indicates that the w estern side rode up over the east. This 

would make it a th rust fault. The redbeds on the west side steepen some™ 

what near the fault, while the sedim ents on the east a re  intensely crum pled 

and sheared for as much as 100 yards east of the contact, These



Figure 11« Shatter b reccia  of Amole arkose along the eastern  
fault zone. The breccia  is  cemented by a network 
of calcite.
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observations plus the irreg u la r surface trace  of the zone suggest a th rust,

The displacement along the zone is  probably lim ited to a few hun

dred feet. The fact that abundant arkosic m ateria l is  found on the red - 

bed side of the fault zone and that some redbed m ateria l is  found on the 

arkose side, seem s to indicate that the upper lim its of the Recreation 

redbeds and lower lim its of the Amole arkose a re  not separated by any 

great distance. M oreover, if the fault were of g reat magnitude, it would 

seem that definite fault surfaces would be better developed.

This is a very steep zone, usually dipping 50° to 70°. The dip is 

either east or west, depending on the location along the zone, which ob

viously overturns in places. In the King Canyon Wash, just northeast of 

the Museum, several of the sm all faults in the zone can be traced  verti

cally as they overturn. Their dip in the wash is  westward, changing to 

eastward with increasing elevation.

W estern Fault

This fault is  not even as well c lo s e d  as the one to the east.

Most of it is  covered by alluvium. Where it can be seen, it is  r e s tr ic t

ed to a zone only a  few feet wide. It is  located by an abrupt rev e rsa l of 

the dip, from  east or southeast to southwest (Fig. 12). During the early  

days of th is study, it was thought that the southwestward dipping sedi

ments represen ted  the west flank of an anticline, of which Brown Moun

tain was the east flank. The abrupt change in rock type, the failure of



Figure 12* The w estern slope of Brown Mountain, looking south* 
West dipping arkoses on low ridge in center a re  in 
hanging wall of the w estern fault* Rocks higher on 
the slope dip southeastward* The light colored ex- 
posures a re  of the tuff m em ber, underlain by dark 
mudflow(?) conglomerate*
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recognizable beds to c ro ss  the supposed c re s t, the very abrupt change 

of dip and the alm ost im possible crookedness of the supposed axis all 

indicated that an anticline was not the best solution. All the above fea

tu res plus the presence of a  shear zone, visible in some places along 

the inferred trace , suggest a th ru st fault. It is  best seen on the north 

and east side of the ridge form ed by the west end of the latite  dike that 

cro sses Brown Mountain (PL IV).

This fault appears to dip westward at an angle of 30° or less , 

but the dip cannot be m easured directly. The hanging wall seem s to have 

moved eastward carrying the Amole arkose over the Recreation redbeds. 

The th rust plane seem s to have sliced into the Recreation because the 

arkose now re s ts  on the volcanic conglomerate member somewhere near 

its  base, whereas, norm ally the arkose re s ts  on the top of the conglom

erate. C ross-sections AA? through DDr suggest the structu re .

The stratigraphic throw is  unknown, but cannot be very g reat 

because the overlying Amole arkose contains several redbed layers that 

would be in place just above the top of the volcanic conglomerate. The 

horizontal displacement is  not known, but it could be considerable.

At several places along the fault, several sm all intensely de

formed m asses of lim estone a re  p resen t. It is  suggested that these foreign 

appearing bodies were squeezed upward along the fault plane to the ir 

p resen t position.

I t  appears as if the northernm ost andesite intrusion and the
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basalt intrusion have come in along th is fault. Evidently the in trusives 

bulged up as they neared the surface causing the sedim ents to crum ple. 

Both intrusions have structu res that suggest this type of emplacement.

FOLDS

Two kinds of folds a re  p resen t in the area . One of these is  

closely associated with the eastern  fault, while the other appears to be 

related  to intrusions that have risen  along both faults.

Folds of the f irs t  kind w ere briefly mentioned in the section deal

ing with the eastern  fault. As stated in that section, the folds a re  m ost 

pronounced in the Amole arkose. The Recreation redbeds are  usually 

m erely tilted  downward into the fault, as if the beds had been dragged. 

This is  most noticeable along Brown Mountain where the dips of redbeds 

often increase near the fault.

The deformation in the Amole arkose is  far m ore intense than in 

the redbeds. The arkose beds a re  crum pled and twisted for as much as 

100 yards east of the contact area . The folds appear to be sm all and 

very tight. Many have ruptured c re s ts . The least resis tan t beds are  

highly sheared and the m ore re s is tan t ones fractu red  and contorted.

The true relationship of these folds to the fault zone is  not entirely c lear.

No obvious, p rim ary  sedim entary structu res were found, th e re 

fore, the facing of the beds could not be determ ined. Two possib ilities 

exist: the arkose may tu rn  down under the fault zone and the volcanic
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conglomerate; or it may tu rn  back up away from  the zone and eventually 

over the conglom erate. Both cases may exist, but the second possibility  

appears m ore likely (Fig. 13).

There does not seem  to be much folding associated with the west

ern  fault except near the in trusions along it. As previously mentioned, 

these in trusions appear to have lifted the sedim ents and th rust them 

aside. In addition, there  is  especially intense deformation along the 

eastern  side of the andesite (PL n) supposedly caused by the w estern 

th rust. Here again, there  a re  two possible in terpretations of the defor

mation (Fig. 14).

Although the basalt intrusion to the north is  not as  well exposed 

as the andesite, it appears to have the sam e structu re , to have deformed 

the sedim ents in a sim ilar manner, and to be sim ilarly  re la ted  to the 

w estern th rust.

Immediately to the east of the andesite intrusion (PI. H) lies the 

northern tip of Brown Mountain. This low ridge is  composed of both 

southeastward and southwestward dipping s tra ta . It would seem  that the 

w estern th ru st fault m ust p ass through the ridge and a  branch of it may 

do so, but the evidence is  not convincing. The fault is  probably located 

in the wash that separates the ridge from  the intrusion. Intense local 

deformation suggests th is.

The s tra ta  on Brown Mountain do not conform to the northw esterly  

strike  and the northeasterly  dip common to the Red Hills and nearby a rea s .



42

W • E

Amole arkose beds turned under.

Amole arkose beds turned up.

Alternative relationships between the 
bedding and the fault zone.

(Sketches not to  scale .)

Figure 13. Sketch sections of the Eastern Fault
Zone.
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Figure

W E

J r *
Beds turned up.

Beds turned under.

Alternative relationships between the 
bedding, the intrusion and the fault.

(Sketches not to scale .)  ,

14. Sketch sections of the Northern Andesite 
Intrusion and the Western Fault;



It seem s as though on Brown Mountain the bedding is  flattened and warped 

out of the "norm al" attitude. There appears to be no faulting on the 

mountain itse lf and the two main faults cm either side do not seem  to be 

directly rela ted  to th is deformation. Intrusions appear to offer the best 

suggestion as to the origin of the Brown Mountain structu re .

The sm aller of the two andesite intrusions on the southwestern 

slopes of the mountain seem s to have pushed up through and under the 

m assive conglom erates. The beds above the intrusion a re  flat while 

some of those along the sides are  up-ended to a  nearly  vertical position 

(Fig. 15). Immediately east of the intrusive outcrop is  a  thick conglom

erate containing a highly sheared and contorted red  sandstone-siltstone 

bed. The conglomerate itself 1ms been sheared and contorted to some 

degree.

The la rger southwestern andesite exposure is  below the mountain 

on the floor of the desert. The outcrops of th is intrusion a re  few and 

nearly flush with the surface. The andesite appears to have been eroded 

considerably. Originally, it  probably ro se  quite a few feet higher and 

was surrounded by sedim ents that now a re  gone. The few bedding attitudes 

obtainable around th is m ass a re  flat and tw isted out of the "norm al" pat

tern . They fit in well with the ones higher on the mountain.

These structu res may be sm all scale examples of the la rger 

Brown Mountain s tru c tu re . The struc tu re  associated with intrusions 

along the w estern fault zone appear to strengthen th is suggestion. The
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Figure 15. Diagrammatic sketch of the small Andesite 
Intrusion on southern Brown Mountain.
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sm all intrusions may be upward projections of a  la rg er one at depth.

If the above reasoning is  co rrec t, then it seem s as though mag

mas have utilized both eastern  and w estern fault zones as channels. Ap

proaching the surface, they appear to have expanded, lifting and tilting 

the sediments (Fig. 16). In th is way the M abnormal" Brown Mountain 

pattern may have originated.
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Flotfened beds

Normal beds Normal beds

(Sketch not  to sca le . )

Figure 16. Sketch section of the possible relationship of 
the intrusions to southern Brown Mountain.
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GEOLOGIC HISTORY 

GENERAL

The geologic history of this a rea  is fairly  complex. The source 

and depositional environments apparently changed rapidly and often as 

indicated by the presence of interm ixed redbeds, arkoses and volcanics 

in the area  of study.

According to P , IX Kryninet s (1949) classification of redbeds, 

the sandstone~siltstone member of the Recreation may be classified  as 

a prim ary redbed. This type of quartz-iron  oxide sediment indicates 

tectonic stability in the source a rea  where there  is  rapid  erosion of 

residual red  deposits on a peneplained granitic te rra in , under warm 

humid clim atic conditions. Deposition of p rim ary  redbeds evidently 

may occur under alm ost any clim atic condition. However, rapid  burial 

in an oxidizing environment seem  to be necessary  to p rese rve  the red  

color. They are  probably deposited on flat alluvial plains in tem porary  

lakes or sluggish s tream s. Aridity does not seem  to be a  p rerequ isite , 

but may be ra th e r common,

Arkoses a re  often associated with redbeds and evidently have 

much the sam e source and depositional environments. They a re  developed 

under conditions of rap id  erosion of a  granite body and rapid  burial close

48
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by.

Large amounts of coarse volcanic m ateria l suggest renewed 

tectonic activity in the source area  and increased  sedimentation in the 

depositional area .

Non-m arine, m oderately shallow, a rid  and oscillatory  basins ap» 

parently prevailed in southeastern Arizona during the Cretaceous. The 

Recreation redbeds were probably deposited on the edge of one of these 

basins under near-shore  conditions or on an alluvial plain sloping into it.

DEPOSITIONAL AREA

The sandstone-siltstone m em ber of the Recreation redbeds was 

deposited in th is basin relatively  slowly and in shallow w ater. Occasion

ally, a g reater influx of water would bring in slightly coarser m aterial 

such as arkosic sands and sm all pebble conglom erates. These interbeds 

of coarser m aterial became m ore arkosic and numerous as tim e p rog res

sed. The a rea  was slightly above sea  level at tim es and sm all cut and 

fill channels were formed.

Following this, p a rt of the sandstone-siltstone m em ber was 

eroded. Small scale examples of th is can be seen in the sm all cut and 

fill channels found on the north end of Brown Mountain. At the sam e 

tim e the water influx greatly  increased  bringing with it huge amounts of 

volcanic m aterial and some redbed and arkosic m aterial. Evidently 

something like a huge cut and fill channel form ed in p a rt of the older
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redbeds* Most of the evidence for th is is  found on the northernm ost part 

of Brown Mountain below the northern summit. This was seemingly on 

the edge of the cut and fill area . This is  indicated by the abrupt hori

zontal change from  an a rea  of red  sandstone and siltstone to an a rea  of 

interm ixed red  conglom erates, sandstone lenses, and redbed pockets, 

where there is  no appreciable faulting. In the wash that borders Brown 

Mountain on the north, th is is  quite evident. The pockets of red  sand

stone-siltstone a re  conspicuous. Apparently some of them were form ed 

when p arts  of the old redbeds w ere under cut and dropped into the channel. 

Others appear to have been form ed as red  muds from  the source a rea  

filled in depressions in the conglom erates. Besides accounting for the 

mixed up nature of the sedim ents on Brown Mountain, th is large cut and 

fill depression accounts for p a rt of the lower volcanic conglom erate mem

ber being on the sam e horizon as the upper sandstone-siltstone m em ber. 

Moreover, th is different environment probably accounts partly  for the 

general attitude of beds on Brown Mountain, which is  different than that 

of the Red Hills.

The volcanic conglomerate m em ber was deposited under these 

cut and fill conditions on a minor erosional unconformity. Most of the 

tim e the inflow of water was high, but occasionally it tapered off, as the 

sandstone units w ere interbedded in the conglomerate (Fig. 4). During 

certain  periods, there  may have been mud flows; as some of the m assive 

conglomerate beds a re  difficult to explain otherwise. These conglomerates
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immediately preceed tuff deposits of probable nuees ardentes origin and 

suggest some prelim inary disturbance. As tim e progressed , the vol

canic conglomerate contained increasing amounts of arkosic m aterial, 

and sm all amounts of redbed m ateria l s till were ca rried  into the a rea , 

derived both from  the erosion of the sandstone-siltstone member and 

from the original source. Eventually, the volcanic m ateria l was ex

hausted and only arkosic m ateria l was deposited along with a  very sm all 

amount of redbed m aterial. Finally only arkosic m aterial was deposited.

Following deposition, faulting and folding then took place. During 

this orogenic period the eastern  fault and then the w estern fault developed 

in the Red Hills-Brown Mountain area . Intrusion of the basalt and ande

site  and folding of p a rts  of Brown Mountain seem  to have closely followed 

the faulting. The Amole granite probably was intruded after th is. Then 

the whole a rea  of the Tucson Mountains was then apparently tilted  east

ward. The Silver Lily dikes and the m ineralization then followed. Ac

cording to W. H. Brown (1939), all the s truc tu res and rock units were 

presen t by the end of the T ertiary . The only thing s till to be accomplish

ed was the formation of the p resen t topographical surface.

SOURCE AREA

The source a rea  of the sedim ents may have been relatively close.

The environment at the source appears to have changed drastically  during 

uplift and erosion. During the deposition of the sandstone-siltstone member,
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an old oxidized surface may have been removed. After much of th is 

surface had been eroded, volcanism commenced in the source area .

Much andesitic m aterial was produced and occasional eruptions seem  to 

have resu lted  in nuees ardentes, probably rhyolitic or dacitic in composi

tion. This volcanic area  was rapidly eroded and continued uplift and 

deeper erosion cut into a granitic te rra ine  which shed large amounts of 

arkosic m aterial. Eventually m ost of the volcanic m aterial was depleted 

and only the granitic portion rem ained. Throughout th is entire sequence, 

redbed m aterial was continually supplied in lessening amounts. The 

sources w ere probably sm all rem nants of the original old oxidized su r

face and some of the ea rlie r deposited redbeds near the depositional 

area. Finally the original source was exhausted and the nearby source 

probably buried so that no m ore redbed m aterial was available to con

tam inate the arkoses.



CONCLUSIONS

From  the study of the Red Hills-Brown Mountain area , several 

conclusions appear to follow:

(1) It seem s that the rocks on Brown Mountain, except the in

trusions, a re , at least in part, equivalent to the Recreation redbeds. 

Evidence for this is  redbed deposition in the volcanic conglom erates. 

Channeling of the redbeds and the presence of redbed fragm ents in the 

conglomerates suggests the possibility of a  somewhat la te r age for some 

of the conglomerate, but the presence of conformably overlying Amole 

arkose above the conglomerate greatly weakens th is suggestion,

(2) In accord with the above, it is  suggested that the coarse 

sandstones, volcanic conglom erates, and tuffs of Brown Mountain be 

regarded as a volcanic conglomerate member and a  tuff member of the 

Recreation redbeds,

(3) The Recreation redbeds proper seem  to have been laid down 

on an alluvial plain, or perhaps in a  shallow basin. Fine grained red  

sandstones and red  siltstones alternate regularly , suggesting seasonal 

or other cyclic deposition. Very few conglomerate layers in terrupt 

th is regular sequence,

(4) The coarse  sandstones and volcanic conglom erates may have
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been deposited along the course of a  major stream , entrenched into the 

surface on which the redbeds w ere being deposited, Channeling observed 

in the redbeds strengthens th is im pression. Apparently, the channel or 

valley was followed at tim es by mudflows, and by nuees ardentes,

(5) At some tim e after deposition of the Recreation redbeds and 

the overlying Amole arkose was completed, it seem s that the redbeds 

and conglomerates were pushed upward and eastw ard into and over the 

arkose. At the sam e tim e, perhaps, the arkose and some of the upper 

p a rt of the conglomerates were th rust over the bulk of the conglom erate- 

tuff succession. As a resu lt, the rocks of Brown Mountain now appear to 

be bounded by th rust faults to east and west.

(6) Subsequent to the thrusting, it is  known that the w estern 

th rust fault was utilized by intrusions that lifted and spread  the sedim ents. 

Evidence suggests that the eastern  th rust also was so utilized, If th is is 

correct, it may explain the peculiar s tructu re  found on Brown Mountain. 

The layers of conglomerate and tuff may have been arched or domed 

above a large intrusive m ass not yet exposed by erosion. The evidence 

of hydrotherm al alteration shown by some of the Brown Mountain rocks 

seem s to support such a conclusion,

(7) The presen t eastw ard dip of s tra ta  over much of the a rea  

may resu lt from  the late T ertiary (?) block faulting (Brown, 1939, p.

754).
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SUGGESTIONS FOR FURTHER RESEARCH

It would seem  that much additional, useful information could be 

gained from  petrological and sedimentational studies of the rocks of this 

thesis area . Possibly the mapping of additional struc tu ra l detail would 

be helpful, but it is  thought that the struc tu ra l mapping is  already fairly  

complete.

Possibly the redbeds contain m aterial for pollen analyses. If so, 

a check could be obtained on the supposed upper Cretaceous age of these 

sediments. Obviously, any re sea rch  method would be welcome that could 

render m ore definite the dating of these rocks.



MEASURED SECTIONSAPPENDIX

SECTION A

Big Red Hill, southwest face, strike  approximately N 50° E,

Top of Hill and Section Feet

Recreation redbeds
Sandstone«siltstone member

1. Mottled red  and brownish red  fine grained sandstone* 27

2. Grayish red  and brownish red  fine grained sandstone, 5

3, Reddish brown fine grained sandstone, 31

4, Grayish brown fine grained sandstone with numerous
quartz veins present* 7

5* B rick -red  fine grained quartz-iron  oxide sandstone, 
m assive and thin bedded* Some portions brownish 
red  colored* 210

6. Dark brownish red  sm all pebble conglomerate which
has had silica  introduced causing a chert-like surface, 3

7* B rick-red  fine grained quartz-iron  oxide sandstone,
m assive and thin bedded, 31

8, Grayish yellow or brown volcanic conglomerate*
Coarse arkosic m atrix  with pebbles averaging 2 to
3 inches in diam eter. Purp lish  bedding surfaces are  
p resen t in sm all lenses and pockets. 7

9, B rick -red  fine grained sandstone interbedded with 
coarser gray arkosic sands. Beds only a  few inches
thick* 14

10. Grayish yellow or brown volcanic conglomerate like
that a t location No. 8, 16
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l ie  B rick -red  fine grained quartz-iron  oxide sandstone, 
finely inter bedded with sm all gray fine grained 
arkosic sands. 83

12. Grayish brown or purple volcanic conglomerate 
interm ixed with coarse grained gray arkosic sand
stone. Conglomerate m atrix  sim ilar to sandstone 
with pebbles averaging 1 to 2 inches in diam eter.
A few cobbles up to 12 inches. 14

13. B rick-red  fine grained quartz-iron  oxide sandstone,
finely bedded and m assive. 47

14. Orangish red  fine grained quartz-iron  oxide sandstone,
m assive with little  bedding. 21

15. B rick-red  fine grained quartz-iron  oxide sandstone,
finely bedded and m assive. 21

16. Reddish orange speckled medium fine grained quartz-
iron oxide sandstone. 14

17. B rick-red  fine grained quartz-iron  oxide sandstone,
mostly m assive. 123

18. Gray medium fine grained arkosic sandstone. 2

19. B rick-red  fine grained quartz-iron  oxide sandstone,
m assive and thin bedded. 21

20. Gray medium fine grained arkosic sandstone with a
few purplish bedding surfaces. 1

21= B rick-red  fine grained quartz-iron  oxide sandstone,
m assive and thin bedded. 31

22. Gray medium fine grained arkosic sandstone. 1

23. B rick-red  fine grained quartz-iron  oxide sandstone,
m assive and thin bedded. 168

24. Grayish red  coarse grained arkosic sandstone. 10

25. B rick -red  fine grained quartz-iron  oxide sandstone,
m assive and thin bedded. 210
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26. Reddish gray medium fine grained arkosic sandstone. 1

27. B rick -red  fine grained quartz-iron  oxide sandstone,
m assive and thin bedded* 11

28. Reddish gray medium fine grained arkosic sandstone
with purplish bedding surfaces. 3

29. B rick -red  fine grained quartz-iron  oxide sandstone, 
m assive and thin bedded, partly  covered by alluvium. 42

Quaternary alluvium
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SECTION B

Southern end of Brown Mountain, s trike  approximately N 7° E„ 

Top of Hill and Section Feet

Recreation redbeds 
Tuff member

Light pinkish yellow or white tuff. Occasional frag
ments of andesite and streaks of piedmontite, 50

Volcanic conglomerate member

1. Intercalated orangish red  to purplish gray fine grained 
sandstone and purplish gray arkosic conglomerate.
The sandstone is a quartz-iron oxide sediment with 
large quartz crysta ls  and has a speckled appearance.
The conglomerate pebbles are  about 2 to 3 inches in 
diam eter. 60

2. Latite dike about 3 feet wide. —

3. Purplish gray to buff m assive conglomerate very 
poorly sorted. Pebbles and cobbles are  subangular 
to subrounded and average about 2 to 4 inches in
diam eter with a few up to 12 inches. 48

4. Red quartz-iron oxide sandstone bed, moderately
contorted. 15

5. Purplish gray m assive and conglomerate very sim ilar 
to that at location No. 3. Intercalated with it are  
lenses of arkosic sandstone with occasional stringers
of sm all pebbles paralle l to the bedding. 108

6. Intercalated grayish purple to green conglom erates, 
fine grained purple and gray arkosic sands and 
orangish red  quartz sand. The conglomerates have 
a red  arkosic m atrix  with up to 20 percent feldspar.
The purplish gray sands show purple bedding surfaces. 25

7. Dark greenish gray andesitic intrusion with sm all 
plagioclase and biotite cry sta ls , lim ited in la tera l
extent to approximately 20 feet. 5

Unhz. of Arizona Library



8, Purplish  red  conglomerate with a very fine grained 
m atrix  of quartz and red  fragm ents of unknown com
position. The coarse m aterial is  subangular to sub
rounded and ranges in size from  0o 1 to 3 inches. 
Several sm all lim onite veins trav e rse  the section 
and the rocks a re  thinly covered by alluvium.

9, Purplish  red  conglomerate, very sim ilar to that at 
location No. 8, interbedded with sm all fine grained 
moderately fractured  b rick -red  sandstones. Small 
quartz veins a re  fa irly  common.

Quaternary alluvium
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SECTION C

Wash south of sm all hill to the west of Brown Mountain. Sec
tion follows wash, W to E.

Top of Section Feet

Quaternary alluvium 
Amole arkose

1« Buff, fine to coarse grained arkosic sandstones
inter bedded with sm all greenish quartz sandstones. 39

2. Greenish brown, highly fractured  fine grained quartz
sandstone. 11

3. Buff, coarse grained quartz-arkose sandstone. 11

4. Green fine grained quartz sandstones interbedded
with highly fractured  greenish quartzites. 67

5. Gradational change from  green quartz sandstone to 
grayish buff quartz sandstone. The green sandstone 
is  finer than the buff and there are  several s tringers
of sm all pebbles para lle l to bedding. 24

6. Olive green highly fractured, very fine grained quartz
sandstone alternating with nonfractured beds of the 
sam e m ateria l and with several sm all buff gray coarse 
grained sandstones. 200

7. Olive green very fine grained sandstone-siltstone
with abundant quartz and feldspar cry sta ls  on the 
bedding planes. Purplish  spots, probably redbed 
m aterial, in the lower p a rt of the bed. 49

8. Dark purplish brown quartz-iron  oxide fine grained
sandstone with abundant quartz and feldspar c ry sta ls . 10

9. Greenish brown fine grained sandstone with large frag
ments of quartz and feldspar, alternating fractu red  and 
unfractured beds. 23

10. Purplish  brown fine grained sandstone with abundant
quartz and feldspar fragm ents. 4



lie  Green very fine grained sandstone, unfracturedo 64

12. Interbedded fine and coarse  grained buff-gray 
arkosic sandstone. Purple sand grains and quartz 
and feldspar fragm ents indicate the bedding planes,
A few lenses and pockets of pebbles averaging 2
inches in diam eter a re  p resen t. 10

13. Green fine grained quartz sandstone. 7

14. Grayish purple fine grained quartz sandstone in te r
bedded with grayish arkosic sandstone. Abundant 
large quartz and feldspar fragm ents and strin g ers  of
sm all pebbles are  p resen t. 23

15. Grayish green very fine grained quartz sandstone-
siltstone beds m oderately fractured. 15

16. Buff-gray coarse arkose with several fine grained gray
sandstones and a few randomly scattered  pebbles up to 
3 inches in diam eter. Excellent large scale c ro ss 
bedding. 5

17. Grayish purple fine grained sandstones, m oderately
fractured . 12

18. Grayish purple medium coarse grained arkosic sand
stone with thin purplish black sandstone beds grading 
into a very coarse  gray arkose which shows bedding 
and has beds of sm all pebbles. Several beds of coarse 
volcanic conglomerate a re  interbedded with the arkose
in the lowest p a rt of th is unit. 80

19. Red sandstone-siltstone bed. M assive with no bedding. 4

20. Alternating purple, red  and buff-gray medium coarse
grained sandstone with dark red  bedding surfaces. 35

21. Purplish  buff arkosic sandstone with pebbles scattered
throughout. 16

22. Reddish purple-gray  coarse grained quartz sandstone
with dark purple bedding. 8

23. Purplish  red  fine grained m assive sandstone. 45

Probable fault covered by alluvium.

j ______________________________- _________________________________________________ -
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