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ABSTRACT

Many others have discussed the regional aspects of 
Triassic stratigraphy in northeastern Arizona, but few have 
treated these beds in detail. This paper is a detailed study 
of the stratigraphic units and their petrology in the 
Petrified Forest Member of the Chinle Formation within the 
Petrified Forest National Park.

The fluvial nature of the deposits, described by 
other authors, is further documented by this study. The 
stratigraphic units within the Petrified Forest, although of 
fluvial origin, can be correlated over the entire area in 
which they have been preserved from erosion. The Petrified 
Forest Member has been divided into six mappable sandstone 
units in the southern part of the Park. Most of the wide
spread units have a basal lime stone-pebble conglomerate, 
indicating periodic widespread ponding conditions preceding 
sandstone deposition. The sandstone units are separated by 
60 to 100 feet of grayish-red, grayish, and purplish mudstones 
and siltstones.

Studies of paleocurrent direction indicators, pre
dominantly cross-strata, indicate a source area to the south 
and southwest of the Petrified Forest area, probably the 
Mogollon Highlands. The sediments of the Petrified Forest 
Member were deposited by northward-flowing streams meandering

x
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across a broad depositional basin. During deposition of the 
lower part of the Member, sediments supplied to the basin 
were generally coarser than those during deposition of the 
upper part of the Member. ..

The sandstones are made up chiefly of quartz, vol
canic rock fragments^chert, and feldspar, and are commonly 
cemented with calcite or silica. Most of the sandstones are 
poorly or very poorly sorted and range from very fine to 
coarse grained. The conglomerates are composed predominantly 
of chert or limestone pebbles, and the mudstones and 
siltstones contain quartz and clay (montmorillonite).

Common heavy minerals include zircon, garnet, 
tourmaline, hornblende, apatite, epidote, rutile, barite, 
magnetite, ilmenite, and biotite. A multiple source of 
sediments; older sedimentary rocks, lava flows, and 
metamorphic rocks; is indicated by the heavy mineral 
content. .- ,



INTRODUCTION

f Purpose of Study
Previous studies of the Chinle Formation in north

eastern Arizona show that it is composed of terrestrial 
mudstones, claystones, and sandstones. Several authors have 
postulated that these sediments were deposited in a low- 
lying basin by fluvial processes, and that the fine-grained 
sediments of which the Chinle is composed represent mostly 
flood plain deposits.

A cursory inspection of the Petrified Forest area 
discloses sandstone units that appear quite limited in 
extent. Because of the nature of the landscape and the 
preformed image of the fluvial nature of the sediments, it 
is difficult to establish initially any definite correlations 
of the sandstone units.

The author has been able, however, to divide the 
Petrified Forest Member into several units that are quite 
continuous over the mapped area. Most of the sandstone units 
that can be traced for several miles have a basal limestone- 
pebble conglomerate. The author thinks that perhaps the 
importance of these conglomerates has not been emphasized 
enough in the past. It appears that standing bodies of 
water were quite prevalent during Petrified Forest time and 
that they played an Important role in controlling deposition.

1
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scale, but little attention has been given to these rocks on :  ̂ | _ s ;
a detailed scale. The purpose of this report was to work
out the stratigraphy of the area included within the'■ ; ; I
Petrified Forest National Park so that a framework could be 
provided for any further work that might be done in the area, 
and to aid in making environmental interpretations.

Much work has been done on the Triassic rocks of
; . • , i:- .northeastern Arizona and-surrounding areas on a-regional

- ; Area and Scope ;
The Petrified Forest National Park is located inI . , ... . . - . . ; ' . ;

northeastern,Arizona in' T. 17-20 N., R. 23-25 E., Navajo and
Apache Counties, and is in the southwestern part of the <

' - , ' ' ’ ; 
Colorado Plateaus Province (Fig. l). Many small mesas and: : :. j
buttes.occur throughout the area. Elevations range from
5925 feet to 5300 feet above sea level. The lowest . -i
elevations occur along the Rio Puerco just south of

i

U. S. Highway 66. * s
Only the area lying within the Petrified Forest 
* ' : National Park was studied for this report. Most of the

field work was carried out in the area south of U. S.
Highway 66 with only enough field work being done in the j
Painted Desert to enable the writer to tie in the stratigraphy
with the area south of Highway 66. The reader is referred
to reports by Cooley (1957) and Wilson (1956) for
discussions of the Triassic of this area on a broader scale.
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Sixteen partial sections were measured in detail 

(Fig. 2). All units with a thickness of six inches or 
greater were measured and described and samples were taken 
at many localities. The lateral relationships of the various 
units were determined and described and sedimentary 
structures were studied at many localities.

Laboratory studies were .made to characterize the 
widespread sandstone units and some of the other units such 
as the limestone-pebble conglomerates. Petrographic thin 
sections, size analyses, and heavy mineral studies were made 
of all the widespread sandstone units. Size analyses and 
X-ray studies were made of all the finer-grained silts and 
clays.
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GENERAL GEOLOGY
Most of the rocks exposed in the Park are assigned to 

the Petrified Forest Member of the Chinle Formation of Late 
Triassic age. In the Painted Desert area the Tertiary 
Bidahochi Formation caps the mesa on which the Visitor's 
Center is located. The Owl Rock Member of the Chinle occurs 
in other parts of the Painted Desert farther north.

Approximately 700 feet of Chinle sediments are exposed 
in the Park. In order of abundance the sediments include 
fine-grained elastics, medium-grained elastics, coarse
grained elastics, and chemical sediments.

Moenkopi Formation
The Moenkopi Formation of Early and Middle (?)

Triassic agewas named by Ward (1901, p. 1?) for exposures at 
the mouth of Moenkopi Wash three miles downstream from Cameron, 
Arizona.

In the area of the Little Colorado River McKee (195^. 
p. 19) has divided the Moenkopi into three members. The 
basal, or Wupatki Member, consists of reddish brown siltstone 
and mudstone and silty sandstones. The medial, or Moqui 
Member, contains small to large amounts of greenish-white 
gypsum interbedded with pale siltstone and mudstone. The 
upper, or Holbrook Member, is a series of lenticular 
pale-red sandstones and siltstones.

6
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The Moenkopi is separated from Upper Triassic Chinle 

strata by an unconformity that exhibits as much as 200 feet 
of relief in the Little Colorado River area (Cooley, 1957» 
p. 38). The lower members of the Chinle were deposited on 
this erosional surface.

The Moenkopi forms a wedge that is over 2,000 feet 
thick in western Arizona and Utah and thins eastward into 
New Mexico. In the area adjacent to the Petrified Forest it 
is 150 to 250 feet thick. In its western part the Moenkopi 
contains marine limestones, but in the eastern part it is 
entirely continental.

Chinle Formation
Most of the rocks that outcrop in the Park are 

assigned to the Chinle Formation of Late Triassic age. The 
Chinle is divided into five members in the area of the 
Petrified Forest. In ascending order these members are the 
Shinarump, Lower Red, Mesa Redondo, Petrified Forest, and 
Owl RockI The outcrops in the Park are almost exclusively 
of the Petrified Forest Member.

Shinarump Member. - This unit was long referred to as 
the Shinarump Conglomerate, but Stewart (1957, p. 452) re
defined it as the basal member of the Chinle Formation. The 
Shinarump is composed typically of yellowish gray and pale- 
yellow-orange, medium-grained to coarse-grained sandstone
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composed of subangular clear quartz. It can generally be 
distinguished by its coarse grain size. Gravel beds composed 
of quartz, quartzite, and fossiliferous chert pebbles are 
common. -

The Shinarump is not known to crop out in the 
Petrified Forest, but outside the Park the thickness varies 
from zero to 75 feet. Thickest sections occur in valleys of 
the pre-Shinarump erosion surface.

Lower Red Member. - The Lower Red Member consists of 
interstratified mudstone, sandstone, and conglomerate. Mud
stone is the dominant lithology. Color ranges from dusky 
red to grayish red. Discontinuous lenses of sandstone and 
limestone-pebble conglomerate occur throughout the member.

The Lower Red Member intertongues with the Shinarump 
and is not present west of Holbrook (Akers, and others, 1958» 
p. 9 3)• It has a maximum thickness of 200 to 300 feet along 
a line between Monument Valley and the Petrified Forest.

Mesa Redondo Member. - The thickness of the Mesa 
Redondo Member varies from zero to 160 feet. This unit was 
named by Cooley (1958) for outcrops south and southeast of 
the Petrified Forest. It consists of a lower, medial, and 
an upper unit. The lower and upper units are generally 
brownish gray and grayish-red-purple mudstones and siltstones. 
The medial unit is a mottled pale-red-purple and pale-pink 
conglomerate and sandstone. The Mesa Redondo Member



intertongues with the Petrified Forest and the Lower Red 
Member (Akers, and others, 1958, p. 91)•

Petrified Forest Member. This is the most prominent 
unit in the Petrified Forest National Park. It was named by 
Gregory (1950) for outcrops in Zion National Park in south
western Utah, although he derived the name from the 
Petrified Forest area. It is generally divided into three 
units in northeastern Arizona on a regional scale: the
lower part, the Sonsela sandstone bed, and the upper part.

The lower part in general consists of blue and gray 
mudstones and is about 300 feet thick In, the Park area 
(Cooley, 1957)' The Sonsela sandstone bed, as used on a 
regional basis, comprises a zone of interbedded clayey sand
stones and mudstones about 1?0 to 200 feet thick. Following 
the terminology of Cooley (1957)» the Sonsela sandstone bed 
in this report includes only a unit that varies in thickness 
from 10 to 50 feet and is composed of sandstones and 
conglomerates. The Sonsela is the main log-bearing horizon 
in the Park. The upper part of the Petrified Forest Member 
is generally grayish-red and contains fewer sandstone units 
than does the lower part. The Petrified Forest Member is 
discussed in more detail in following parts of this report.

The Owl Rock Member. - This member apparently crops 
out in the Painted Desert area. It consists primarily of 
pale red calcareous siltstone and is characterized by

9
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greenish-gray limestone and nodular limestone. The limestone 
beds generally form about ten percent of the member (Stewart, 
and others, 1959)• Limestone-pebble conglomerates are also 
common in the Owl Rock Member.



STRATIGRAPHY OF THE PETRIFIED FOREST MEMBER

Sandstone Units
Several of the sandstone units in the Petrified 

Forest Member can be traced over most of the area in which 
they have been preserved from erosion. Six widespread sand
stone units have been differentiated in the Petrified Forest 
Member in this report. These are, in ascending order: the 
Newspaper Rock sandstone, the Sonsela sandstone bed, the 
Camp Wash zone, the Flattops number one sandstone, the 
Flattops number two sandstone, and the Flattops number three 
sandstone (Fig. 3)• Other sandstones occur in the section, 
but in general they are very local in extent, and fill 
obvious stream channels. The widespread sandstone units, 
with the exception of the Newspaper Rock and the Sonsela 
sandstone bed, contain basal limestone-pebble conglomerates.

Newspaper Rock Sandstone. - The lowest prominent 
sandstone unit exposed in the Park is the Newspaper Rock 
sandstone (Stagner, 1941 in Daugherty, 1941). This unit 
occurs only in a local area just south of the Rio Puerco in 
the vicinity of T. 18 N., R. 24 E. The most southerly 
outcrop known to the writer is in sec. 32, T. 18 N., R. 24 E., 
near Dry Creek Tanks, where the unit is two to three feet 
thick (refer to fence diagram in pocket).

11
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o n

h-3 H

O  CL,

Tertiary - Bidahochi Formation; lava flow, 
some sediments.

Triassic - Chinle Formation, Petrified Forest 
Member.

"Tuff bed", tuffaceous siltstone and sandstone; 
forms white band.

Section above Flattops number 3 present only 
in Painted Desert.

Flattops number 3 sandstone, fine-grained,
cross-bedded; commonly has basal limestone- 
pebble conglomerate.

Flattops number 2 sandstone, fine-grained, 
characterized by red shaly cross-beds; 
basal limestone-pebble conglomerate.

Flattops number 1 sandstone, fine-grained; 
commonly has basal limestone-pebble 
conglomerate.

Mudstone and siltstone above Camp Wash zone 
mostly grayish red.

Camp Wash zone, fine- to medium-grained, cross- 
bedded sandstone; commonly has limestone- 
pebble conglomerate and Unio beds near base.

Contains petrified logs in Rainbow Forest area.
Sonsela sandstone bed, forms main petrified 

wood horizon at Blue Mesa, Jasper Forest, 
Agate Bridge; contains gravel beds with 
fossiliferous chert pebbles.

Mudstone and siltstone mostly gray and grayish 
purple; contains few sandstone lenses, some 
petrified wood.

Newspaper Rock sandstone, fine-grained;; 
generally ripple-laminated.

Mudstone and siltstone, mostly gray.

Fig. 3- Composite stratigraphic section of the Petrified 
Forest Member of the Chinle Formation in the Petrified Forest 
National Park, Arizona.
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The unit is composed of fine-grained to very fine

grained sand, silt, and clay. Composition, averaged from 
three size analyses, is 46 percent sand, 45 percent silt, and 
9 percent clay. The grains are mostly quartz and minor 
amounts of mica and feldspar, and are commonly cemented with 
calcite or silica. Where silica is the cementing agent, the 
grains are generally fused together rather than being cemented 
by continuous overgrowths on the grains.

The most distinctive features of the Newspaper Rock 
sandstone are the micro-cross-laminations that characterize 
the bedding. At most localities where the unit is ten feet 
or more thick the bedding varies from large-scale planar and 
trough sets of cross-laminations at the base of the unit to 
micro-cross-laminations at the top.

Maximum thickness of the Newspaper Rock sandstone is 
35 feet at Newspaper Rock. The unit thins eastward and only 
a few scattered outcrops generally less than five feet thick 
occur at the eastern Park boundary in sec. 24, T. 18 N.,
R. 24 E. Likewise, the unit thins south of Newspaper Rock so 
that at the Tepees three one-foot sandstone beds separated by 
mudstone and siltstone are present. A few scattered outcrops 
of the Newspaper Rock sandstone, two to five feet thick, can 
be found south and west of the Tepees.

Much of the Newspaper Rock sandstone has been removed 
by erosion, but the part that remains suggests a possible
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series of point-bar deposits on a large meander. Evidence 
that points to this origin includes: (a) the general trend
of the cross-strata dip directions from southwest in the east
ern and southern parts of the outcrop to northeast in the 
northern and western parts of the outcrop, (b) a deviation 
from the general northeast trend of the cross-strata dip 
directions in other sandstone units in the section, and (c) a 
vertical gradation from large-scale cross-strata at the base 
of the unit to micro-cross-laminations at the top, suggesting 
a decrease in energy or a shallowing of the water over the
sand body. Areas where the total unit was deposited in micro-

......cross-laminations probably represent flood-plains.
Current ripple marks commonly occur in the Newspaper 

Rock sandstone, especially in areas where the unit is thin 
and micro-cross-laminations are prevalent.

The upper contact of the Newspaper Rock is generally 
not preserved, but where it can be observed there is a 
gradation into the overlying reddish siltstones and mudstones.

Sonsela Sandstone Bed. The next higher widespread 
sandstone unit, the Sonsela sandstone bed, occurs approxi
mately 90 feet above the Newspaper Rock sandstone and is 
separated from it by bluish-gray and grayish-purple mudstone 
and siltstone and a few local sandstone lenses. The sandstone 
lenses are composed chiefly of fine- to medium-grained clayey 
quartz sand; intraformational conglomerates containing



mudstone pebbles are found at the base of some lenses. At 
least one of the channel sands in this interval contains 
petrified logs.

The outcrops of the Sonsela sandstone bed are confined 
to the southern part of the Park. Excellent exposures occur 
at Blue Mesa, Agate Bridge, and Jasper Forest. The Sonsela 
may be present in the subsurface of the Painted Desert area. 
The Sonsela sandstone bed occurs outside the Park in surround
ing areas of northeastern Arizona and northwestern New Mexico. 
The type locality is three and one-half miles north of the 
western Sonsela Butte on the east flank of the Defiance uplift 
(Akers, and others, 1958, p. 93). Considered on a regional 
scale, the Sonsela ranges from 50 to 200 feet in thickness and 
consists of a variable number of ledge-forming sandstone units 
interbedded with shales, siltstones and mudstones. The 
Sonsela is generally considered to separate the upper and 
lower parts of the Petrified Forest Member.

Although a definite correlation from the type locality 
to the Petrified Forest has not been established, the writer 
believes the use of the term Sonsela sandstone bed in the 
Petrified Forest area is justified for the following reasons: 
(a) similarity of lithology and approximately equal strati
graphic positions at thet.type locality and the Petrified 
Forest, (b) the term has been used by Cooley (1957) and is
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in local usage by Park personnel, and (c) introduction of 
another term would only confuse the terminology.

It is recognized by the author that the Camp Wash 
zone (as used here) may regionally be the upper part of the 
Sonsela sandstone bed. The Sonsela sandstone bed, as con
sidered in this report, is restricted to a light colored, 
cliff-forming layer of very fine to very coarse-grained 
sandstone and conglomerate that ranges in thickness from 
five to forty feet. The sandstone is made up mostly of 
quartz and chert grains, ranges from well sorted to very 
poorly sorted, and commonly contains laminations of gravel 
along bedding planes. Orthoquartzites (consisting predomi
nantly of quartz and chert grains well cemented with silica) 
are present, but fine- to coarse-grained, yellowish-gray 
quartzose sandstones (predominantly quartz and chert, but not 
well cemented with silica) are the predominant rock type. 
Conglomerate beds as much as six feet thick composed of 
pebbles of yellow, gray, white, and red chert, quartz, 
quartzite, and latite or dacite are present at several 
localities in the Park (Fig. 4A, B). Many of the chert 
pebbles contain bryozoa, brachiopods, pelecypods, and 
fusulinids. The Sonsela sandstone bed is the main log
bearing horizon in the Park, and forms the cap of the mesa 
at Blue Mesa, Agate Bridge, and other localities.
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Figure 4

A. Sonsela sandstone bed capping mesa at Agate 
Bridge area. White layers in slope are 
mostly sandstone and siltstone, darker 
layers are mudstone <and siltstone.

B. Exposure of Sonsela sandstone bed near east 
end of Blue Mesa showing conglomerate beds 
(dark areas).

C. Boulder from Camp Wash zone in Flattops area 
consisting mostly of Unio shells.



17

Figure 4
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The sediments of the Sonsela were deposited as planar 

and trough sets of small- to large-scale low- to high-angle 
cross-strata. Trough cross-strata are predominant.

The conglomerates'and sandstones of the Sonsela are in 
erosional contact with subjacent sandstones, siltstones, and 
mudstones. Intra-formational conglomerates that contain gray 
mudstone pebbles are common near the base of the unit. The 
lower and upper contacts are difficult to determine precisely 
at some places because they do not occur at the same strati
graphic position at all localities. For this report the 
lower contact is considered to be at the base of the lowest 
clean sandstone or conglomerate bed. Clayey sandstones that 
commonly underlie clean sandstones of the Sonsela are gener
ally lenticular, cannot be traced for any distance laterally, 
and therefore are not considered as part of the Sonsela 
sandstone.

Correlation of the Sonsela is uncertain south of 
sec. 1 8, T. 1? N., R. 24 E. At measured section PFNP-7, 
another pebbly quartzose sandstone bed very similar to the 
Sonsela farther north occurs about 20 feet above the Sonsela 
(Fig. 5). The Sonsela can be traced along the bluffs on the 
west side of the Parle to this area, but it is not exposed 
south of PFNP-7. Four miles to the south, near Rainbow 
Forest Lodge, a pebbly quartz sandstone occurs at the same 
stratigraphic position as the one in measured section PFNP-7.
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Fig. 5- Stratigraphic relationships of Sonsela sandstone bed, Camp Wash zone, 
^Rainbow Forest sandstone”, and other units in south part of Petrified Forest 
National Park, Arizona.
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This unit contains the petrified logs at the Rainbow Forest 
and Third Forest and has been called the Rainbow Forest 
sandstone by Cooley (1957» P« 80). Stratigraphic relation
ships at the Rainbow Forest in sec. 2, T. 16 N., R. 23 E. 
indicate that other pebbly and conglomeratic units in 
addition to the "Rainbow Forest sandstone" interfinger with 
the mudstones and siltstones between the Camp Wash zone and 
the Sonsela sandstone bed.

Rainbow Forest Sandstone. - Cooley (1957, P* 80) 
defines the Rainbow Forest sandstone as a conglomeratic unit 
similar to the Sonsela sandstone bed that contains the 
petrified logs at Rainbow Forest and Third Forest. He 
indicates on a fence diagram that the Rainbow Forest sand
stone occurs only in the southern part of the Park and is 
below the Sonsela sandstone bed. Correlations by the writer 
indicate that the Rainbow Forest sandstone probably occurs 
above the Sonsela, being one of the conglomeratic tongues 
added to the section in this area, or, perhaps, is the same 
unit as that considered to be the Sonsela sandstone bed 
farther north. The term "Rainbow Forest sandstone", therefore, 
is not in the stratigraphic position described by Cooley, has 
no significance, and should not be used.

The Camp Wash Zone. - The Camp Wash zone, approximately 
90 feet above the Sonsela sandstone bed, comprises a series of 
sandstones, siltstones, and limestone-pebble conglomerates
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that cap many of the mesas in the southern part of the Park. 
The rocks in the interval between the Sonsela and the Camp 
Wash are dominantly grayish-red and light gray mudstones and 
slltstones that contain local sandstone lenses.

The Camp Wash zone is here defined as a series of 
sandstone lenses that generally contain basal limestone-pebble 
conglomerates and that are separated by layers of mudstone and 
siltstone. The thickness of the zone ranges from five to 
fifty feet, but is generally between five and twenty feet.

The sandstones are generally poorly- to very-poorly- 
sorted; Inclusive graphic standard deviation (of Folk, 196l) 
is 2.240 for two samples. Mean grain size is 0.14 millimeters 
(2.810), (see Appendix A for 0 to mm conversion table), and 
are composed dominantly of quartz and minor amounts of chert, 
feldspar, volcanic rock fragments, mica, and limestone and 
clay grains. The grains are commonly cemented with calcite 
and less commonly with silica. The degree of cementation 
ranges from well cemented to friable.

The limestone-pebble conglomerates are made up chiefly 
of pebbles of light gray micrite and light gray mudstone. The 
pebbles are sub-round to round and rarely exceed three-fourths 
of an inch in diameter. The matrix is generally sparry 
calcite and may contain some quartz grains. The limestone- 
pebble conglomerates grade into calcite-cemented quartzose 
sandstones, and form distinctive brown-weathering, resistant 
outcrops.



Chert pebbles occur in the Camp Wash zone in at least 
two localities, and smaller (sand size) chert grains are quite 
abundant in most samples examined. Fossiliferous chert 
pebbles are very rare in this zone, and, in fact, the writer 
has observed only one such pebble.

The pelecypod genus Unio is very common in the Camp 
Wash zone (Fig. 4C), and also occurs quite commonly approxi
mately 50 feet below the main sandstone unit of the zone.
Ttie Unio shells make up about 70-80 percent of the rock in 
some places. The shells are generally composed of coarsely- 
crystalline calcite, but locally in sec. 30, T. 18 N.,
R. 25 E., the shells have been silicified. • Preservation of 
greater detail on silicified shells indicates that they were 
never in the coarsely-crystalline calcite state but were 
silicified directly from the original state. The matrix is 
a fine- to medium-grained quartz sandstone cemented with 
calcite. Unio beds have been found in the Painted Desert at 
the same stratigraphic position as in the Petrified Forest.

The beds in the Camp Wash zone were generally deposited 
as planar and trough sets of large- to medium-scale cross
strata, although small-scale cross-strata are also present.
The unit forms a cliff in most outcrops and commonly weathers 
in massive blocks.

Petrified logs occur in the Camp Wash zone at most of 
the localities where it has been observed. A thin bed of
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unconsolidated, fine- to medium-grained, carbonaceous sand 
occurs locally near the base of the main sandstone unit.

The base of the zone is difficult to determine at 
some localities because other sandstone bodies occur locally 
in subjacent contact with the Camp Wash sandstones. The 
lower contact, however, is generally at the base of a 
limestone-pebble conglomerate that underlies a massive- 
appearing sandstone five to ten feet thick, and overlies 
mudstone.

The interval between the Sonsela sandstone bed and 
the Camp Wash zone in sec. 30, T. 18 N., R 25 E., is only 40 
feet, whereas, it is 90 feet thick to the southwest in sec.
20, T. 1? N., R. 24 E. Lack of outcrops in the.intervening 
area makes it impossible to determine where the thinning 
occurs. As indicated above, conglomerate units interfinger 
with the mudstone in this interval at the Rainbow Forest in 
the south part of the Park. Lenses of carbonaceous sandstones 
and siltstones occur at several localities between the Sonsela 
and the Camp Wash zone.

Typical outcrops of the Camp Wash zone occur in the 
area of Camp Wash just north of the southern Park headquarters. 
The mesa north of Highway 260 just west of the southern 
entrance to the Park is capped by the main sandstone unit of 
the zone. In the Painted Desert the Camp Wash is well exposed 
in an outcrop in the SWi sec. 7. T. 19 N., R. 24 E., and at 
some places along the bluffs southwest of this locality.



24

Flattop Number One Sandstone. - Erosion has removed 
the section above the Camp Wash zone at most localities in 
the Petrified Forest. Three widespread sandstone units, 
however, have been preserved at a few localities, mainly in 
the Flattops area in the southwestern portion of T. 1? N.,
R. 24 E. These units are here called the Flattops number one, 
two, and three sandstone units.

The oldest of these sandstone units, the Flattops 
number one, occurs approximately 70 feet above the Camp Wash 
zone, and is separated from it by grayish-red, slightly 
bentonitic mudstone and siltstone that contains a few local 
sandstone lenses. Based on the average of two samples, the 
Flattops number one sandstone consists of 70 percent sand,
16 percent silt, and 14 percent clay, has a mean grain size 
of 4.320, and, according to Folk’s classification, is a muddy 
very fine-grained sandstone. In addition to quartz, the grains 
are made of feldspar, rounded volcanic rock particles, and 
chert in minor amounts. The thickness ranges from five to 35 
feet, but is generally about ten feet, A thin bed of limestone 
pebble conglomerate that grades into calcite-cemented sandstone 
occurs locally at the base of the unit.

Planar and trough sets of small- to medium-scale 
cross-laminations are quite common, but the sandstone appears 
to be structureless at some localities.
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The base of the unit is determined by the contact of 

sandstone or limestone-pebble conglomerate with mudstone or 
siltstone. An erosional contact is generally obvious. ' The 
unit is gradational into overlying siltstones and mudstones.

Thickness and lithology are quite uniform over the 
area in which Flattops number one sandstone has been preserved 
in the Petrified Forest, and indicate that the sand was 
spread uniformly over a wide area. Limestone-pebble conglomer 
ate at the base of the unit indicates deposition in or near a 
standing body of water.

The Flattops number one unit has been recognized in 
Lithodendron Wash in the Painted Desert area where it locally 
forms a prominent cliff. At other localities in the Painted 
Desert the Flattops number one sandstone is not,present, and 
145 feet of grayish-red mudstone and siltstone with two six- 
inch sandstone layers separate the Camp Wash zone from the 
Flattops number two sandstone. Figure 6 demonstrates the 
correlation between the Flattops and the Painted Desert area.

Flattops Number Two Sandstone. - Many small mesas in 
the Flattops area and along the valley of Lithodendron Wash 
in the Painted Desert are capped by the unit here called the 
Flattops number two sandstone. Sixty to seventy feet of
j -
grayish-red, slightly bentonitic mudstone and siltstone 
separate it from the Flattops number one sandstone in the 
Flattops area. Flattops number two is the first major sand
stone above the Camp Wash zone in the Painted Desert area.
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Based on two size analyses, Flattops number two con
sists of ?0 percent sand, 18 percent silt, and 12 percent 
clay, has a mean grain size of 3 .820, and is a muddy, very 
fine-grained sandstone. Small amounts of feldspar, volcanic 
rock particles, and chert, and clay and calcite as grains and 
matrix contribute to the total composition of the rock. The 
unit is characterized by alternating sets of very thinly 
cross-bedded to cross-laminated light-gray and reddish shaly 
sandstone, basal limestone-pebble conglomerate that grades 
upward into calcite-cemented sandstone occurs locally.

Planar and trough sets of small- to large-scale cross
strata are common in the unit, but medium-scale cross-strata 
predominate. Overturned cross-beds have been observed at one 
locality.

The lower contact is generally sharp, and is 
characterized by limestone-pebble conglomerate or calcareous 
sandstone in erosional contact with underlying mudstone. The 
upper contact is gradational into superjacent mudstone or 
siltstone.

The Flattops number two sandstone unit forms a brownish 
weathering, resistant outcrop that generally weathers blocky.

Flattops Number Three Sandstone. - Sixty to seventy 
feet of grayish-red, slightly bentonitic mudstone and silt- 
stone separate the Flattops number two sandstone from the 
next higher sandstone unit, the Flattops number three sandstone
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Flattops number three is preserved only at a few localities 
in the Flattops area and perhaps in the Painted Desert. The 
top sandstone unit at the Flattops is the Flattops number 
three sandstone.

Based on two size analyses, the Flattops number three 
sandstone consists of 77 percent sand, 16 percent silt, and 7 
percent clay, has a mean grain size of 3.150• and is a silty 
very fine-grained sandstone. Quartz, feldspar, volcanic rock 
particles, chert, and some clay and calcite make up the grains 
and are cemented with calcite or are contained in clay or 
volcanic rock matrix. Like the other widespread sandstone 
units in the area, limestone-pebble conglomerate occurs 
locally at the base of the sandstone. The unit is generally 
five to ten feet thick.

The lower contact is sharp and is characterized by 
limestone-pebble conglomerate or sandstone on top of mudstone; 
the upper contact is not preserved.

Planar and trough sets of small- to medium-scale 
cross-strata are common in the unit.



DIRECTIONAL FEATURES IN THE PETRIFIED FOREST MEMBER

Several types of directional features have been ob
served in the sandstone units of the Petrified Forest Member. 
Cross-stratification is the most common and the most useful 
for mapping paleocurrents, but Imbricated pebbles, stream 
channels, and parting lineation are also present.

Cross-stratification
Cross-stratification occurs in almost all of the 

sandstone units of the Petrified Forest Member. Medium
grained units show the most prominent cross-stratification, 
but fine-grained and coarse-grained units also have this 
feature. Cross-stratification is generally not observed in 
the mudstones.

The terminology of McKee and Weir (1953) was used in 
describing the cross-stratification. Most of the cross-strata 
are of either the planar or trough type (Fig. ?)• Cross- 
stratified units vary in thickness from thinly cross-bedded 
(about two feet) to thinly cross-laminated (2 mm or less). 
Length of the cross-beds varies from small-scale (less than 
one foot in length) to large scale (greater than 20 feet in 
length). Both high-angle (greater than 20 degrees) and low- 
angle (less than 20 degrees) dips are present in the 
cross-strata, but high-angle dips predominate•
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Fig.7- Diagrammatic sketches illustrating types of .cross-bedding and terminology. Modified slightly from McKee and Weir (1953).



Trough Cross-strata. - Trough cross-strata sets are 
the most common type in the sandstone units (Fig. 8A). The 
trough cross-strata sets range from small- to large scale, 
but the most abundant size is medium scale. No obvious 
relationship exists between grain size and the size of the 
cross-strata.

Several authors have discussed the origin of trough 
cross-strata. Stewart (1961, p. E-128) has advocated that 
the trough cross-strata in the Shinarump Member of the 
Colorado Plateau were formed by downstream migration of 
arcuate bars. Erosion occurring in the area between the two 
arms of the crescent would cause the trough to extend down
stream. Allen (1963) has also discussed this origin of trough 
cross-strata. Frazier and Osanlk (1961) have suggested that 
trough cross-bedding is the result of penecontemporaneous 
scour-and-fill action of currents accompanying the downstream 
progression of channel-floor sand waves. Matthes (1947),
Harms and Fahnestock (1965)» and others have discussed the 
scouring action of turbulent vortices in forming troughs on 
the stream bottom.

Study of modern sediments shows that cross-strata dip 
in the direction of stream flow with the trend of the trough 
axis of the trough cross-strata indicating the direction of 
stream flow. The bottom of each trough-shaped set represents 
a surface of erosion on which the overlying sediment was

31



3 1
a.

.r<n . : : ■ '



Figure 8

A* Trough cross-strata in the Flattops number
two sandstone unit in the Painted Desert area. 
Current direction is from lower right to 
upper left in photograph.

B. Micro-cross laminations in the Newspaper Rock 
sandstone. Current direction is parallel to 
hammer handle away from observer.

C. Micro-cross-laminations in the Newspaper Rock 
sandstone.
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deposited. The upper surface of each set represents another 
erosional surface. Most laminations have uniform grain size 
throughout, but in the Sonsela sandstone bed it is common to 
have a layer of gravel one pebble thick between layers of 
sand.

Hamblin (1961), describing the Precambrian Keweenawan 
sediments of Michigan, illustrates a feature that he calls 
micro-cross-laminations. These micro-cross-laminations occur 
in several sandstone units of the Petrified Forest Member and 
are particularly abundant in the Newspaper Rock sandstone 
(Fig. 0B, C). The micro-cross-laminations are 4 to 8 centi
meters wide and 1 to 4 centimeters thick. As in the case of 
the trough cross-stratification, the elongation of the troughs 
and the plunge of the axes of laminae coincide with local 
current direction (Harms, and others, 1963, p. 575)• Although 
the axes of these small-scale features are not always entirely 
straight, the small size of the features makes them very useful 
in measuring paleocurrent directions. The axial trends of 
adjacent troughs may vary a few degrees, but a large number 
of readings is easily obtained.

At one locality north of Newspaper Rock, where the 
Newspaper Rock sandstone is 19 feet thick, the lower six feet 
are composed of fine-grained sandstone and siltstone in planar 
sets of medium- to large-scale cross-strata, and the upper 13 
feet are composed of fine-grained sandstone and siltstone in
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mlcro-cross-laminatlons (Fig. 9A). The thicknesses of the 
zones of large- and small-scale features are variable, but 
the top of the unit is generally composed of micro-cross- 
laminations. In areas where the Newspaper Rock sandstone unit 
is thin (generally less than five feet) the total unit is 
composed of micro-cross laminations.

Harms, and others (1963, p. 576), have observed a 
vertical progression in modem point bars of the Red River as 
follows: (a) large trough-shaped sets at the base, (b) micro-
cross-laminations, and (c) a thin layer of clay and silt at 
the top. The same sequence is observed in the Newspaper Rock 
sandstone, although it is necessary to consider a composite 
section because the material overlying the Newspaper Rock has 
been removed by erosion in most places. The sequence appar
ently represents stages of declining water velocity and depth. 
Areas in which the Newspaper Rock sandstone is composed 
entirely of micro-cross-laminations may represent flood-plains 
where the water velocity and depth were never great enough to 
form large-scale features, or tops of nearly-emergent point 
bars.

Hamblin (1961) indicates that the average grain size 
of sediments of Precambrian to Recent age that exhibit mlcro- 
cross-lamlnations is invariably between l/l6 and 1/8 
millimeter. Average grain size, Mz (Folk), based on two 
samples is 4.390 (about 1/20 mm), slightly below the range 
cited by Hamblin.



Figure 9

Photograph of Newspaper Rock sandstone showing 
medium- to large-scale planar and trough cross- 
strata grading upward Into mlcro-cross- 
lamlnatlons. Length of tape Is 8 feet.
Current direction Is to the left.

Current ripple marks In sample of Newspaper 
Rock sandstone. Current direction Is toward 
upper left.
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Ripple marks are commonly found in association with 
micro-cross-laminations in the Newspaper Rock sandstone 
(Fig. 9B). Hamblin (1961) has noted the same association in 
the Keweenawan sediments. Allen (1963, p. 21?) Indicates that 
mlcro-cross-lamlnatlons, or cusp-ripple-laminations, "are 
better explained by migration of trains of llnguoid small- 
scale asymmetrical ripples, under conditions of upward building 
with ripple erosion." Ripple marks were not studied for this 
report because cross-strata are abundant and more convenient 
for taking readings.

Planar cross-strata. - Although not as abundant as 
trough cross-strata, planar cross-strata occur in most of the 
sandstone units of the Petrified Forest Member. These features 
vary in size from small- to large-scale, but as in the case 
of the trough cross-strata, the most abundant size is of 
medium-scale. Planar sets of large-scale cross-strata have 
been observed in the Newspaper Rock sandstone, the Camp Wash 
zone, and in the Sonsela sandstone bed.

Several authors have discussed the origin of planar 
or tabular cross-strata. The consensus is that planar cross
strata are formed by deposition on a flat surface along an 
advancing sand front. The term "sand wave" has generally 
been used to describe the topographic form upon which planar 
sets are deposited. A sand wave viewed in cross-section 
parallel to stream flow has a shingle-like profile with a
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Modern observation of the Mississippi River indicates 
that sand waves occur with amplitudes as much as 30 feet; that 
they migrate downstream; and that their wave length and 
amplitude are related to stream discharge (Carey and Keller, 
1957, P. 7-23).

Planar cross-strata are very useful for mapping paleo- 
current directions because a flat surface is available on 
which readings may be taken.

Deformatlonal structures. - Overturned cross- 
stratification or recumbent folds have been observed in the 
Sonsela sandstone bed and in the Flattops number 3 sandstone 
unit. This feature has been reported in many ancient sediments 
and in many modern deposits, and has been produced experi
mentally (McKee, and others, 1962). The deformation in the 
sandstones observed in the Petrified Forest Member is limited 
to the upper part of cross-strata sets. Laminations are 
distinct throughout the overturned beds (Fig. 10A).

Several theories have been proposed for the origin of 
overturned cross-strata by other authors as follows: (a) drag
from overriding force of sand-laden waters, (b) the buildup of 
water pressure within a sand body covered by a mantle of silt, 
causing mass movement when rapid lowering of water level 
outside the sand body took place, (c) the result of stress

long, gentle slope upstream and a relatively short, steep
slope downstream.



Figure 10

A. Overturned cross-strata in the Sonsela sandstone 
bed.

B. Parting lineation on a sample of Sonsela 
sandstone. Current direction is parallel 
to arrow.
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set up between zones of freezing In water-impregnated sand, 
thawed out during summer, and the permafrost below, (d) con
tinued movement of loosely packed sand after the lower part 
of the mass had settled, (e) slumping due to oversteepening 
of the profile, and (f) slumping due to earthquake shock.

The overturned cross-strata that have been observed 
in the Petrified Forest Member are considered to have been 
formed according to the theory proposed by Robson (1956). 
Robson proposed that drag from the overriding force of sand
laden waters produced recumbent folds. Experiments by McKee, 
and others (1962), have shown that recumbent folds were 
formed where a mass of loose but saturated sand moved as a 
body, pushed by the force of water behind, across the top of 
a set of foreset beds.

Methods of mapping cross-strata. - In cross-stratified 
sandstone units it is necessary to obtain a number of cross
strata readings at each locality because the cross-laminations 
in each set vary somewhat in dip direction. Readings taken on 
a cross-stratum set reflect the current direction only during 
the time that the set was being deposited. Likewise, readings 
should be taken in several parts of a sandstone unit to obtain 
an accurate representation of the current direction throughout 
the time that the unit was being deposited. In some cases it 
is impossible to take readings on any part of a unit other 
than the top because the unit forms a vertical cliff. In such



cases one must be practical and do the best with available 
outcrops.

The number of readings taken at each locality depends 
on the variability of cross-strata dip direction. The method 
used here for determining the number of measurements at each 
locality is based on a method developed by Stein (1945)» and 
applied by Baup and Miesch (1957) to cross-stratification 
studies. A graph developed by F. G. Poole of the U. S. 
Geological Survey employing the above method was used in the 
field for estimating the number of measurements necessary to 
obtain an average reading that is within an arbitrary 
deviation from the true average dip direction. For this study 
a deviation of plus or minus 20 degrees from the true average 
dip direction was used. The desired degree of accuracy was 
attained by taking between 25 and 5® readings at most 
localities.

The data were plotted on maps by grouping the readings 
into ten-degree groups and adding the sines and cosines of the 
groups. A resultant was obtained from the formula:

tan 0 = __ s_sin_0.
2  COS 0

The above method has been discussed by Curray (1956).
To indicate the degree of consistency of the readings 

a consistency ratio was calculated from the formula (Curray, 
1956):
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c ( s sin 0)2 + ( s cos 0)2 
number of readings
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The length of the resultant vector on the maps Indicates the 
consistency ratio. A long arrow indicates greater 
consistency.

Stream Channels
There are many localities in the Petrified Forest 

where sandstone units are in erosional contact with under
lying mudstones, and the channels that occur at the base of 
these sandstone units provide paleocurrent direction indicators. 
Stream channels are in most cases quite large features, and it 
is difficult in some cases to obtain reliable readings. A 
reliable reading can be obtained, however, if it is possible 
to trace the stream channel deposit to a position where it 
pinches out, and the side of the old stream channel can be 
observed.

Many of the obvious stream channel deposits have a 
width of only 5® to 100 yards, and in these cases a very 
reliable paleocurrent direction can be obtained. Stream 
channels can be traced from one mesa to another closely- 
adjacent mesa in some cases. The greatest distance that the 
author has been able to trace a stream channel with any 
certainty is about one-half mile. Stream channels at right 
angles to each other occur in the Flattops area in the NWi 
sec. 5, T. 16 N., R. 24 E., where two sandstone units of the



Gamp Wash zone are in contact with each other; the lower unit 
was deposited by a stream flowing eastward and the upper unit 
was deposited by a stream flowing northward.

A stream channel is a bi-directional feature and some 
other evidence must be used to limit the stream flow to one 
direction.
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Imbricate Structure
Imbricate structure can be observed in almost any 

modern stream bed where flat or disk-shaped pebbles have been 
deposited. Almost invariably the flat pebbles are inclined 
upstream, and they usually overlap in a shingle-like 
arrangement.

Although the significance of imbricate structure has 
been recognized since at least 1893 (Becker, 1893, p. 5*01 

little use has been made of this feature in the mapping of 
paleocurrent directions (Pettljohn, 1962, p. 1474). Recent 
work by several investigators has shown that imbrication of 
gravels and till stones can be used to determine current 
direction. Other workers have shown that sand grains are 
given an orientation by current flow, but the task of measuring 
the grains has prevented the wide use of this feature.

Obvious imbricate structure in the sandstone units of 
the Petrified Forest Member is not common. A preferred 
orientation of flat pebbles has been noted at only one 
locality. A detailed study of the gravels in the Sonsela



sandstone bed may reveal a preferred orientation, but such a 
study was not attempted.

Imbricate structure of flat pebbles occurs in a 
conglomerate in the Camp Wash zone in the NWi sec. 20, T.
17 N., R. 24 E. The conglomerate occurs in an obvious stream 
channel and is composed of rounded limestone and mudstone 
pebbles and flat pieces of sandstone as much as one foot in 
diameter in a matrix of fine-grained quartz sand and calcite 
cement. The flat pieces of sandstone exhibit a preferred 
orientation, dipping a few degrees to the southeast.

Parting Lineation
Parting lineation is a rather common feature in sand

stones of the Petrified Forest Member and is particularly 
abundant in the Sonsela sandstone bed where the bedding is 
rather flat and is one-half to two inches thick (Fig. 10B). 
This feature has been called "primary current lineation" by 
Stokes (1947. p. 52) and has been defined by him as "a stream
lining or streaming effect of sand particles in relatively low 
and poorly-defined windrow-like ridges parallel with the 
current direction."

A current lineation can be observed on the surface of 
many dry stream beds that is parallel to the direction of 
stream flow. Parting, lineation in the sandstones of the 
Petrified Forest Member has been checked in many cases with 
cross-stratification and has been found to be in good
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agreement. Parting lineation Is a very useful feature In 
mapping paleocurrent directions because it usually occurs on 
a flat surface and a small outcrop is sufficient to afford a 
reliable reading.

Parting lineation is a two-directional feature, that 
is, the current direction is limited to two possibilities. 
Cross-bedding or some other feature must be used in conjunction 
with parting lineation.

Correlation of Long Axes of Petrified 
Logs with Cross-strata Dip Directions

The trends of the long axes of petrified logs in the 
Sonsela sandstone bed were mapped at two localities to deter
mine what order of correlation exists between the logs and the 
cross-strata dip directions. Care was taken to obtain read
ings on logs that were still in the position in which they 
were burled. In many localities it was impossible to deter
mine the cross-stratification because of soil cover, but at 
many other localities the cross-stratification could be 
observed in the sandstone surrounding the log, and a reliable 
reading could be obtained.

The logs occur with their long axes at various angles 
to the cross-strata dip direction of the sandstone in which 
they are buried. The cases where the long axis of a log had 
the same trend as the cross-strata dip direction are very rare. 
Rose diagrams of a number of readings on logs and cross-strata



show that the logs tend to be oriented with their long axes
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at right angles to the direction of stream flow (Fig. 11). 
Observations by other Investigators indicate that elongated 
objects may be oriented with the long axes parallel or 
perpendicular to stream direction (Potter and Pettljohn, 
1963, p. 36).

Results of Directional Studies 
A series of maps showing the cross-strata dip 

directions in the Newspaper Rock sandstone, the Sonsela sand
stone bed, the Camp Wash zone, and widespread sandstones above 
the Camp Wash zone are presented as Figures 12 through 1 5.

As indicated in Figure 12, the predominant stream 
direction during deposition of the Newspaper Rock sandstone 
was to the west and southwest in most of the outcrop area, 
and to the north in the northern part of the outcrop. The 
Newspaper Rock sandstone is interpreted as a series of point- 
bars developed on a large meander.

The predominant stream direction during the deposition 
of the Sonsela sandstone bed was to the northeast (average- 
north 57 degrees east), however, there is a wide variation in 
stream directions at different localities (Fig. 1 3).

During deposition of the sandstones of the Camp Wash 
zone, the streams were flowing mostly to the northeast (average- 
north 25 degrees east), but in a few sandstone lenses a 
southwest or southeast direction is indicated (Fig. 14).
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60 readings 26 readings

50 readings 40 readings

Fig. 11- Rose diagrams showing relationship between 
cross-bedding (on left) and log orientation in Pet- ' 
rified Forest National Park, Arizona. Top- locality 
west of Agate Bridge in sec. 18, T. 1? N., R. 24 E. 
Bottom- Blue Mesa area.
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Fig. 15- Directional readings in sandstone units in upper 
part of Petrified Forest Member- above Camp Wash zone.



The predominant stream direction during deposition of 
sandstones above the Camp Wash zone, the Flattops sandstones, 
was to the northwest, but like the other sandstone units, a 
wide variation in stream directions occurs (Fig. 15).
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PETBOGBAPHY

Methods
Size analyses were made by standard sieving methods 

described by Knunbein and Pettijohn (1938), and Folk (1961). 
Sand-size material was sieved with one-half-phi sieves in a 
Botap shaker for 15 minutes. Samples containing gravel were 
treated according to the procedure described by Folk, using 
a splitting factor to compute percentages of sand, silt, 
and clay. Silt and clay percentages were determined by the 
pipette method (Krumbein and PettiJohn, 1938).

Considerable difficulty was encountered in disaggre
gating some of the samples; especially the mudstones and silty 
mudstones. The most effective method of disaggregation for 
all clastic sediments was gentle grinding (not crushing) with 
mortar and pestle after soaking overnight in distilled water 
and a small amount of Calgon. In working with the sandstones, 
it was necessary to examine each sieve fraction with a 
binocular microscope and to disaggregate further any fraction 
that contained more than five percent aggregate grains.

Thin sections were made of selected samples from each 
of the widespread sandstone units, some of the limestones, and 
some of the limestone-pebble conglomerates. Samples that were 
cemented with calcite or silica were selected for thin 
sections. Even though these samples do not portray the true
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primary composition of the sediments, the percentages of 
detrital grains computed by Ignoring the cement would give a 
good representation of the detrital components. Attempts to 
Impregnate the tuffaceous sandstones were unsuccessful because 
these sediments do not have any. pore space into which impreg
nating material.can penetrate. Point counts were made of thin 
sections using a Leltz Plrux/Chayes number 42 mechanical stage 
counter mounted on the microscope stage. A minimum of 300 

points were counted for each slide. ,
X Heavy mineral separations were made in tetrabromethane 

from representative samples of all of the widespread sandstone 
units as well as some of the sandstone lenses and some of the 
fine-grained clastic units. A minimum of 300 non-opaque grains 
were counted for each slide, and the percentage of each 
detrital mineral computed; barite was ignored because it is 
considered to be authigenic. Most of the elastics (excluding 
mudstones) from the study area contain an abundance of heavy 
minerals, and a 100-gram sample is generally large enough to 
give an adequate crop of heavy minerals.

Composition and Texture
Conglomerates. - Sediments containing more than 30 

percent material greater than two millimeters in diameter are 
classified as conglomerate or gravel (unconsolidated) by Folk 
(1961, p. 27). The conglomerates in the study area are pebble 
conglomerates, muddy sandy pebble conglomerates, and sandy



pebble conglomerates (Fig. 16). Pebbles range from four to 
64 millimeters, but mostly they are 16 millimeters or less in 
diameter, and constitute as much as 82 percent of the rock in 
some samples. Chert, mostly yellowish or gray, is the chief 
constituent of the pebbles. Igneous rocks (latlte or daclte), 
metamorphic rocks (quartzite and gneiss), mudstone, and In 
some localities, white quartz, make up the remainder of the 
pebbles. Quartz and chert are predominant in the granule size. 
The pebbles are mostly between roller and spheroid in shape, 
and all are rounded. Many of the chert pebbles are fossll- 
iferous, and contain chiefly bryozoa, brachiopods, crinoids, 
and fusulinids.

The matrix of the conglomerates consists of sand-size 
quartz and chert grains and as much as 15 percent silt and 
clay. The quartz and chert grains are mostly subangular to 
rounded; many are slightly frosted. Most of the conglomerates 
are cemented with clay and a small amount of silica that makes 
a cement resembling concrete; but in at least two localities 
the quartz and chert grains are cemented with silica, either 
chalcedonlc or micro-crystalline (Fig. 17).

The chert-pebble conglomerates occur almost exclusively 
in the Sonsela bed and other conglomeratic lenses above the 
Sonsela in the south end of the Park. Scattered lenses of 
pebbly sandstone have been observed in the Camp Wash zone.
The conglomerate beds in the Sonsela are lense-shaped, and
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Fig. 16- Triangular diagrams showing mechanical comp
osition of some clastic sediments from the Petrified Forest 
Member of the Chinle Formation in the Petrified Forest 
National Park, Arizona, after Folk (1954) •'



Figure 17

A. Hand specimen of chert-pebble conglomerate 
from Sonsela sandstone bed of Point of 
Bluffs area. Pebbles are mostly chert; 
cement is silica.

B. Photomicrograph of above sample showing 
chalcedonic silica cementing quartz (Q) 
and chert (Ch) grains. Crossed nicols. X80
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generally do not extend more than a few hundred feet laterally. 
The thickness of an Individual bed of conglomerate rarely ex
ceeds six feet. The conglomerates generally occur near the 
base of the Sonsela, although at some localities they are 
underlain by sandstones.

The mean grain size of the conglomerates analyzed 
ranges from -1.380 to -0.710, The inclusive graphic standard 
deviation, c, (Folk), is between 1.50 and 2.00 (poorly sorted).

In the field the chert-pebble conglomerate beds 
generally have a darker color than the enclosing sandstones, 
and commonly occur in trough sets of large- to medium-scale 
cross-strata. They disaggregate on weathering and cover many 
outwash areas and slopes beneath the Sonsela-capped mesas with 
a thin veneer of lag gravel.

Limestone-pebble conglomerates are quite common in the 
study area, although they constitute a very small percentage 
of the stratigraphic column. All of the widespread sandstone 
units, except the Sonsela bed, have a basal limestone-pebble 
conglomerate. Thin beds of limestone-pebble conglomerate also 
occur without an overlying sandstone bed, especially below the 
Camp Wash zone. Generally the limestone-pebble conglomerates 
are one to three feet thick, but at some localities are as 
much as six feet thick.

The limestone-pebble conglomerates are composed 
predominantly of light-gray (N7) pebbles of micrite that are
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rounded and rarely exceed three-fourths of an Inch In diameter, 
and minor amounts of light-gray and reddish mudstone pebbles 
(Fig. 18). Some of these conglomerates have a clayey matrix, 
but most are cemented with sparry oalolte. Quartz grains are 
a common constituent of the matrix, end range from a very 
small percent of the rock to as much as 5® percent. Some of 
the limestone-pebble conglomerates contain Unio shells.

The limestone-pebble conglomerates form very resistant, 
brown-weathering outcrops that cap many of the mesas in the 
south part of the Park. The lower contact of these conglomer
ates is generally sharp, whereas the upper part is commonly 
gradational into overlying calcareous sandstones.

The great similarity between the limestone of the 
pebbles and the limestone of a bed described under chemical 
sediments (page 6 5), and the rapid weathering and solution of 
limestone in a humid climate (inferred for this area, see 
page 1 0 2) indicates a very local source of the limestone-pebble 
conglomerates.

Sandstones. - The mechanical composition of sandstones 
in the Petrified Forest Member in the study area ranges from 
muddy very fine-grained sandstones to pebbly coarse-grained 
sandstones, but the majority fall into the first category 
(Fig. 16) (See Appendices B and C for histograms and cumulative 
curves). Mineralogical composition based on point-counts of 
thin sections of some selected samples from each of the major
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Figure 18

A. Hand specimen of limestone-pebble conglomerate 
from the Camp Wash zone. Light-gray pebbles 
are micrite; matrix contains a few quartz 
grains cemented with calcite.

B. Photomicrograph of above sample. Dark-gray 
grains are micrite, light-gray grains are 
quartz; cement is sparry calcite. Plain light, 
X25
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sandstone units are tabulated In Appendix D. The most common 
detrltal components are quartz, rock fragments (volcanic rock 
fragments and chert), feldspar, and clay (mostly as matrix). 
Most of the sandstones contain small amounts of mica (blotite 
and muscovite), a few opaque grains, and traces of other 
accessory minerals. A few sandstones are made up predominantly 
of grains of mudstone that have been reworked from underlying 
beds. The percentage of matrix varies from very small to 
almost 50 percent, end consists of clay or tuffaceous material. 
Mineralogically, most of the sandstones are classified as 
subgraywacke or lithic graywaoke (PettiJohn, 1957) (Fig. 19)•

Most of the sandstones examined in thin section are 
cemented with sparry calcite, although silica cement as quartz 
overgrowths or chalcedonic silica occurs in some of the clean 
sandstones of the Sonsela sandstone bed (Fig. 20A). The 
Newspaper Rock sandstone is commonly cemented by pressure 
solution or fusing of the quartz grains (Fig. 20B). The degree 
of cementation in the silica-cemented sandstones ranges from 
extremely well cemented to quite friable with only a few 
scattered overgrowths. Silica cement is very rare in beds 
other than the Sonsela. Many of the local clayey sandstones 
are held together rather firmly by a clay matrix, but the 
clay is probably detrltal and is not regarded as a cementing 
agent.

Sandstones occur at scattered intervals throughout 
the section in the study area, but they are more abundant in
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QUARTZ
Orthoquartzite

Protoquartzite

Subgraywacke 
(<15% detrital matrix)
\  Lithic 
\  Graywacke 
\ (>15% detrital 
\  matrix)

a <15% Detrital 
' matrix
•, >15% Detrital

FELDSPAR ROCK
FRAGMENTS

Fig.l9-Triangular diagram of detrital components, 
showing composition and classification of some sand
stones from Petrified Forest Member of Chinle Formation 
in Petrified Forest National Park, Arizona, after 

■ Pettijohn, (1957).
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Figure 20

A. Photomicrograph of orthoquartzite from the 
Sonsela sandstone bed of Blue Mesa area. 
Cement is silica overgrowth on quartz grains. 
Note dust rings on quartz grains indicated by 
dashed line and arrows. Crossed nicols. X?0

B. Photomicrograph of Newspaper Rock sandstone 
showing fusing of quartz grains. Crossed 
nicols. X?5
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the lower part. More local channel-fill sandstones occur 
below the Camp Wash zone than occur In the upper part of the 
section. Most of the local sandstone lenses are very clayey 
or tuffaceous and form slopes. Thin lenses of carbonaceous 
sandstone and slltstone occur between the Sonsela bed and the 
Camp Wash zone.

The sandstones are mostly light gray (N?), yellowish 
gray (5Y8/1), or pinkish gray (5YR8/1), and commonly weather 
pale yellowish brown (10YR6/2). The widespread units commonly 
weather blocky and form cliffs, whereas the local sandstone 
lenses more commonly disaggregate as they weather and form 
slopes. 1 :

The mean grain diameter, Mz (Folk), of the sandstones 
analyzed ranges from 0.450 to 4.820, with the most common mean 
being between 2.$0 and 3.50» The inclusive graphic standard 
deviation, cr, (Folk), ranges from 0.590 to 4.960 (moderately 
well- to extremely poorly sorted), with the most common value 
being between 2.00 and 4.00.

Fine-grained elastics. - Mudstones, slltstones, and 
shales as defined by Folk (1961, p. 2?) are included in the 
fine-grained elastics. Most of the fine-grained elastics in 
the area contain between 33 and 6? percent silt, some clay, and 
small amounts of sand, and are therefore slightly sandy mud
stones or muddy slltstones. True shales, having the funda
mental property of fisslllty, are extremely rare. The 
distinction between mudstone and slltstone can generally be
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Fine-grained elastics are the dominant lithology 
throughout the stratigraphic column in the study area, but 
they are much more abundant in the upper part of the Petrified 
Forest Member. The sand-conglomerate to fine-grained elastics 
ratio for sediments below the top of the Camp Wash zone is 
1/1.2, whereas, it is 1/3*4 for sediments above the Camp Wash 
zone.

The fine-grained elastics, especially below the Camp 
Wash zone, have a wide range of colors; these are (with the 
most abundant first): grayish-red (5R4/2), grayish-red-
purple (5RP4/2) and grayish-purple (5P4/2), grayish-purple 
(5P4/2) and light-gray (N?) mottled, light-gray (N?), light- 
red (5B6/6) mottled with light-gray (N?), yellowish-gray 
(5Y8/1), dark-gray (N3), grayish-blue (5PB5/2) greenish-gray 
(5G6/1). Grayish-red and grayish-purple sediments constitute 
about 50 percent of the total, with the other 50 percent 
distributed among the other colors listed. Various shades of 
gray mudstone and siltstones make up about 22 percent of the 
total fine-grained elastics below the Camp Wash zone. Above 
the Camp Wash zone grayish-red is the dominant color, with 
very few grayish sediments.

made In the field, except for those rocks that have a
composition near to the boundary between the two types.



Thicknesses of the fine-grained units range from less 
than 5 to 90 feet, but mostly they are between 5 and 15 feet. 
Most of the units vary in thickness laterally.

The mean grain size of the fine-grained elastics 
analyzed ranges from 4.30 to 7.80, with the most common mean 
between 6.50 and 7»50. The inclusive graphic standard 
deviation ranges from 2.120 to 3*410 (very poorly sorted).

The clay-size material is composed predominantly of 
montmorillonite and quartz with very small amounts of feldspar 
(determined by X-ray diffractometer). The silt-size material 
is composed predominantly of quartz.

Chemical sediments. - Chemical sediments in the area 
include limestone and silica. Most of the limestone occurs 
in the previously-described limestone-pebble conglomerates, 
but at least one undisturbed limestone bed occurs at the 
south end of the Park near Rainbow Forest Lodge, capping a 
small butte in the NEi sec. 1, T. 16 N., R. 23 E. This 
limestone bed is light gray (N?) to yellowish gray (5Y8/1 ), 
is one to two feet thick, and is underlain by light-gray 
shale. A sample of the limestone from this locality contains 
9 .7  percent insoluble residue that consists entirely of 
quartz (Identified by X-ray diffractometer). The pebbles 
making up the limestone-pebble conglomerates are very similar 
in appearance to this limestone. Carbonate sediments
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Photomicrographs of the limestones show that they are 
composed chiefly of micrlte and some round to subround pellets 
that have no apparent structure; however, a sample of lime
stone from the Camp Wash zone in the NWi NE^ sec. 30,
T. 18 N,, R. 25 E. contains probable ostracods (Fig. 21).

Silica occurs in the study area mostly as cement in 
the sandstones and conglomerates and as the preserving medium 
of the petrified wood, but it also occurs as veins in the 
Flattops area (Fig. 22) and as thin beds of sllicified 
mudstone (?) at several localities. Megaquartz (greater than 
20 microns), microcrystalline quartz (usually 1 to 5 microns, 
but up to 20 microns), and chalcedonic silica (fibrous) of 
Folk and Weaver (1952) are present in the petrified wood and 
as a cementing agent. Roadifer and Schreiber (in Roadifer, 
and others, 1964, p. 5) indicate that microcrystalline quartz 
is the most common type in the petrified wood.

Detrital Grains
Main rock-forming detrital grains. - Quartz is gener

ally the dominant detrital component in the sandstones and 
siltstones, whereas chert makes up most of the pebbles of the 
conglomerates. Quartz is subdivided into common, composite, 
and undulose varieties after Folk (1961, p. 71-72).

constitute less than 5 percent of the rocks exposed In the
study area.
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Figure 21

A. Photomicrograph of limestone from a thin bed 
In the Camp Wash zone near Rainbow Forest 
Lodge. Arrows point to probable ostracods in 
a sparry calclte filled cavity. Banding in 
rock is probably algae. Plain light. X25.

B. Photomicrograph of limestone from a thin bed 
in the Camp Wash zone. Sparry calclte (white) 
fills cavities in micrite. Plain light. X25.
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Figure 22

Vein of silica In the Camp Wash zone in the 
Flattops area.

Photomicrograph of sandstone from the Camp 
Wash zone, showing mlcrocllne (M), plagio- 
clase (p); cement is sparry calclte (broad 
white and gray lines). X60
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Common quartz Is distinguished by uniform extinction 
over the entire grain as the microscope stage is rotated and 
is thought to come largely from granites, gneisses, and to 
some extent from veins. It occurs in all of the sandstones 
and conglomerates examined in thin section, ranging from 19 

to ?0 percent of the detrital grains.
Undulose quartz is distinguished by the sweeping 

effect of the extinction shadow as the microscope stage is 
rotated, and probably comes chiefly from gneisses, schists, 
and other metamorphic rocks. Undulose quartz is found in all 
of the samples examined, and ranges from four to 30 percent 
of the detrital grains.

Composite quartz is made up of two or more sub
individuals with widely differing orientations, and occurs 
chiefly in schists, recrystallized metamorphic rocks, and to 
a small extent in granites. In the samples examined, com
posite quartz ranges from 1 .5  to 15 percent of the detrital 
grains. The presence of quartzite pebbles in some of the 
conglomerates indicates that the composite quartz probably 
comes chiefly from quartzite.

Volcanic rock fragments are second in abundance to 
quartz in most of the thin sections examined, ranging from 
five to 31 percent of the detrital grains in those rocks in 
which they occur. No volcanic rock fragments were noted in 
the orthoquartzites of the Sonsela bed nor in the Newspaper
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Rock sandstone. The absence of volcanic rock fragments in 
these units is probably due to a greater degree of weathering 
and sorting of the sediments, or may reflect a change in 
material available In the source area. Most of the volcanic 
rock fragments are rounded, although angular volcanic material 
makes up part of the matrix in some of the samples, 
f Some difficulty was encountered in differentiating
between particles of volcanic rock and chert in thin section, 
but the volcanic rock fragments can generally be distinguished 
by lath^like crystals of plagioclase. If the plagloclase 
crystals are not evident, and the particle has a very fine
grained texture, it is called chert. Schultz (1963, p. C37) 
states that eleven volcanic pebbles of the Sonsela bed from 
five different localities (including the Petrified Forest), 
were studied in thin section and by X-ray diffraction, and —  
"appear to have been either quartz latite or daclte." Waters 
and Granger (1953» P* 6) state that fragments of altered 
volcanic glass, bits of microlite-filled lava, porphyritic 
lava, and pieces of devitrifled spherulitic obsidian are 
rather common, and some particles of welded tuff occur in 
some samples of the Chinle.

Feldspars occur in all of the thin sections examined, 
range from 2 .5 to as much as 9*5 percent of the detrltal 
grains, and can be Identified in disaggregated samples of 
some of the conglomerates. Both plagloclase and potassium
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feldspar (mostly mlcrocline) are present in most samples, with 
plagioclase generally predominating. Most of the microcline 
crystals are highly altered, some to the extent that the 
feldspar is almost unrecognizable, but a few rather fresh- 
looking grains also occur. Mlcrocline is distinguished by its 
characteristic combination of alblte and perlcline twinning 
(Fig. 22). The plagioclase is generally fresh-appearing, 
especially the smaller crystals, but many of the larger 
crystals are altered to some extent. Volcanic grains con
taining plagioclase phenocrysts are the probable source of 
the fresh-looking plagioclase.

Heavy minerals. - A variety of heavy minerals occurs 
in all of the sandstone units in the study area. Most of the 
siltstones and-sandy and silty mudstones also contain heavy 
minerals, although none were found in the samples of pure 
mudstones that were tested. Eight species of non-opaque 
heavy minerals occur commonly in addition to the opaque 
species of magnetite, ilmenite and leucoxene. Zircon, garnet, 
tourmaline, hornblende, apatite, epidote, rutile, barite, and 
some chlorite make up the non-opaque heavy minerals of most 
of the samples. In general the sandstones with a greater 
content of tuffaceous material have a higher percentage of 
euhedral grains than do the cleaner and better sorted sand
stones. The minerals found in some selected samples, their



percentages, and the ratio of opaque to non-opaque minerals 
are listed In Appendix E.

Zircon, both euhedral and rounded (Fig. 23) occurs In 
all of the samples studied, and ranges from 18 to 77 percent 
of the detrltal heavy minerals. The average percentage of 
zircon Is 52 percent, with 3 3 -2 percent being rounded and 
18.8 percent being euhedral. The zircon grains are mostly 
colorless with a few Inclusions, but pink grains are also 
common. The moderately well sorted to poorly sorted sand
stones of the Newspaper Rock, Sonsela, Camp Wash, and the 
Flattops sandstones generally contain a much greater percent
age of rounded than euhedral grains, whereas the tuffaceous 
sandstones and sandy mudstones and slltstones generally 
contain a higher percentage of euhedral than rounded grains. 
The rounded grains range from well rounded to elongate 
slightly rounded. Zircon Is concentrated In the very fine 
sand and coarse silt fractions (3*5 less than 4.00), but 
a few grains occur in the fine sand fraction.

Garnet (Fig. 23) occurs in all of the samples studied, 
and ranges from 3*5 to 24 percent of the detrltal heavy 
mineral grains, with the average being 12.3 percent. Rounded 
and angular grains are common, but euhedral grains are ex
tremely rare. Most of the garnets are colorless, but some 
pink or rose-colored grains also occur. The garnets are 
commonly etched, giving them a very distinctive appearance.
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Figure 23

A. Photomicrograph of heavy minerals from a 
sandstone in the Sonsela bed. Zircon (z), 
tourmaline (T), epidote (E). Plain light.
X53-

B. Photomicrograph of heavy minerals from a 
sample of the Newspaper Rock sandstone. 
Zircon (Z), tourmaline (T) (g = green), 
garnet (G), apatite (A). Plain light. 
X53.

C. Photomicrograph of heavy minerals from a 
sample of a tuffaceous sandstone above the 
Flattops number three sandstone in the 
Painted Desert area. Apatite (A). Plain 
light. X53.
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The highest percentage of garnet occurs in the widespread 
sandstones of the Newspaper Rock, Sonsela, Camp Wash, and the 
Flattops sandstones, with lower percentages in the fine
grained elastics. Like zircon, garnet is concentrated in the 
fine sand and coarse silt fractions, but a few larger grains 
also occur.

Tourmaline (Fig. 23) occurs in all of the samples 
studied, ranges from less than one percent to about nine per
cent of the detrital heavy minerals, and averages 3 .5 percent. 
Rounded, subhedral, and angular grains occur, but rounded 
grains generally predominate, particularly in the widespread 
sandstones of the Newspaper Rock and Sonsela sandstone bed.
In general the well-rounded grains occur in the 30 to 40 size, 
whereas the silt-size material is more commonly angular to 
subhedral. A variety of colors occur including light to dark 
green, yellow to almost colorless, pink, and a few blue 
grains. Some of the grains contain bubbles. No attempt was 
made here to classify the tourmaline as outlined by Krynine 
(1946), but many of the varieties he discusses occur in the 
study area.

Hornblende constitutes a small percentage of most of 
the samples examined, although it is absent in some samples. 
The highest percentage of hornblende observed, 6.? percent, 
occurs in a sample of Newspaper Rock sandstone, but in other 
samples that contain hornblende the average is about 2 .5



percent. A few rounded grains occur, but elongated to sub- 
hedral or angular grains predominate. A trace of euhedral 
hornblende (?) with an extinction angle of less than 5 degrees 
was observed in several samples. The hornblende has its 
characteristic green color.

Apatite (Fig. 23) is a common constituent of most of 
the samples examined, ranges from one to as much as 42.8 per
cent, and averages 1? percent of the detrltal heavy minerals. 
Apatite is characteristically clear when observed under plain 
light, and is light gray to white under crossed nicols. Sub- 
hedral grains are predominant, but angular or irregular grains 
are also common. Host of the apatite is probably detrltal, 
although some of the anhedral grains may be authigenic.
Apatite occurs mostly in the very fine sand and coarse silt 
fractions. Apatite is most abundant in the very clayey or 
tuffaceous sandstones, and less abundant in the Newspaper 
Rock and Sonsela sandstone bed.

Epidote occurs in all of the samples examined, varies 
from less than one percent to as much as 30 percent of the 
detrltal heavy minerals, and averages about 15 percent. The 
epidote grains vary from angular and irregular shaped to sub
round, with angular shapes the most common. The epidote has 
its characteristic light-green color with the "Persian carpet" 
effect when observed under crossed nicols. Epidote occurs 
with the least abundance in the samples of Sonsela and
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Newspaper Rock sandstones, and with the greatest abundance in 
the more clayey and tuffaceous sandstones.

Rutile occurs in small percentages in all of the 
samples examined, and ranges from a trace to 7*5 percent of 
detrital heavy minerals. The highest percentage observed 
occurs.in a sample of the Newspaper Rock sandstone. All of 
the rutile grains observed are rounded, and are a deep red.

Magnetite, ilmenite and leucoxene occur in varying 
percentages in all of the samples studied, but were not 
studied quantitatively. A dark mica that is probably biotite 
and other lighter-colored micas that are probably leached 
biotite also occur quite commonly. The dark micas are con
centrated mostly in the medium-sand fraction, but are also 
present in the fine-sand fraction. Chlorite is not common, 
but was noted in one sample.

Barite is a very common heavy mineral in the sand
stones of the study area, and is considered to be authigenic. 
Barite varies in percentage from 4 to 57 percent of the heavy 
minerals. It is colorless in plain light, forms ragged 
irregular.grains, and contains many inclusions.



PALEOGEOGRAPHY

Distribution of Permian Rocks 
Permian rocks are widely distributed in northern 

Arizona, southern Utah, northwestern New Mexico, and south
western Colorado, and many authors have written on the subject. 
The terminology and correlations used here are summarized 
largely from Baars (1962), Read and Wanek (1961), and Pierce 
(1958, 1964). It is recognized that disagreement exists 
among authors on the Permian rocks of the area and only a 
general discussion is given here.

East of the Petrified Forest at the Zuni Uplift in 
northwestern New Mexico the Permian section is, in ascending 
order, the Abo Formation, the Xeso Formation, the Glorieta 
Sandstone, and the San Andres Formation (Read and Wanek,
1961) (Fig. 24). Baars (1962) considers the De Chelly Sand
stone to be present in this area also between the Abo and 
Yeso Formations, but Pierce (1964) has shown that this correla
tion is in doubt. The total thickness of the Permian in the 
Zuni Uplift area is about 1,000 feet. In general the Abo 
consists of'red beds, the Yeso of red beds and evaporltes, 
and the San Andres of limestone.

At the Defiance Uplift in northeastern Arizona the 
San Andres Formation is absent because of non-deposition or
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pre-Triassic erosion, and the Permian System comprises the 
upper part of the Supai Formation and the De Chelly Sandstone 
(Read and Wanek, 1961; Pierce, 1964).

At the Mogollon Rim, south and southwest of the, 
Petrified Forest, the Permian section consists of the Supai 
Formation, the Coconino Sandstone, and the Kalbab Formation 
in ascending order, and is about 2 ,700 feet thick.

The Permian System at the Grand Canyon consists, in 
ascending order, of the Supai Formation, the Hermit Shale, 
the Coconino Sandstone, and the Toroweap and Kaibab 
Formations, and is about 2,000 feet thick.

The Abo Formation of the Zuni Uplift area is corre
lated with the lower parts of the Supai; the upper member of 
the De Chelly is essentially equivalent to the Coconino Sand
stone and Kaibab Limestone of the Mogollon Rim; the Glorieta 
Sandstone of the Zuni Uplift area is correlative with the 
Coconino Sandstone of the Mogollon Rim and Grand Canyon areas; 
and the San Andres is correlative with the Kaibab. Northeast 
of the Petrified Forest in southwest Colorado the Permian 
section consists mostly of the Cutler Formation, which is 
made up chiefly of arkosic red beds and sandstones.

The Supai Formation of the Mogollon Rim and Grand 
Canyon areas probably contains the Pennsylvanian-Permlan 
boundary. The Supai consists of interbedded shales, 
sandstones, and thin limestone units; in the Holbrook area



It contains an evaporite section of anhydrite, salt, and 
dolomite.

The uppermost Permian rocks In the Grand Canyon and 
Mogollon Him areas consist of the Toroweap and Kalbab 
Formations. The Torovreap is restricted to a rather small 
area in northwestern and north-central Arizona. It consists 
of two red bed units separated by a massive limestone at the 
type locality west of the Grand Canyon. Eastward from the 
Grand Canyon the Toroweap becomes a single light-colored 
sandstone unit and pinches out (or merges with the Coconino) 
east of the Grand Canyon (McKee, 1938).

The Kaibab Formation is divided into three members, 
the lower or Gamma Member, the middle or Beta Member, and the 
upper or Alpha Member (McKee, 1938). The Gamma Member occurs 
only along the Mogollon Plateau and is a dense limestone as 
much as 5° feet thick. The Beta Member consists of carbonates 
in the western Grand Canyon and Mogollon Rim. It is gener
ally light gray with abundant chert nodules, brachiopods, 
pelecypods, crinoids, bryozoans, and corals at the western 
Grand Canyon, but grades into sandstone and impure dolomltlc 
limestone east of the Grand Canyon. The Alpha Member consists 
of thin-bedded limestones, red beds, and gypsum west of Grand 
Canyon National Park and of thin-bedded, fine-grained lime
stone with some red beds in the Grand Canyon. The Beta Member 
represents the period of most widespread seas during Kaibab
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time. Isopach maps of the Kaibab indicate no Kalbab present 
north of the Petrified Forest area, and 200 to 300 feet of , 
Kaibab along the Mogollon Rim (Baars, 1962; Pierce, 1958)• 
Measured sections by McKee (1938) show thicknesses of Kaibab- 
Toroweap ranging from 6 feet at Snowflake, south of Holbrook, 
to 3°° feet near Flagstaff.

In view of the chert pebbles In the Sonsela bed, some 
of which contain fossils identified by McKee (1936) as typical 
of the marine Alpha Member of the Kaibab, it is Interesting to 
note the distribution of the Kaibab Formation that contains 
chert." As McKee (1936, p. 262) has pointed out, — -"the 
particular facies which these species represent is restricted 
to the western area, that is, west of. a line extending north 
and south of Bright Angel Canyon in the Grand Canyon, and of 
Sycamore Canyon below Flagstaff.

Measured sections by McKee (1938) indicate no chert 
in the Kaibab in Chevelon Canyon south of Winslow nor in a 
section of Kaibab exposed about 10 miles southwest of Winslow. 
Sections farther west of Winslow, however, do include bedded 
and nodular chert, some of which contains sponges and 
brachiopods.
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Distribution of Trlasslc Rocks 
Triassic rocks are widely distributed throughout the 

southern Colorado Plateau area. The Triassic strata in the 
area surrounding the Petrified Forest have been discussed on



page 6. The lowermost Trlassic unit In northern Arizona Is 
the Moenkopl Formation of Early and Middle? Triassic age. An 
unconformity separates the Permian and Trlassic rocks in this 
area. The Moenkopl of northern Arizona and surrounding areas 
consists of continental and marginal marine deposits that in
clude sandstones siltstones, shales, and some gypsum. The 
Moenkopl is approximately J00 to 400 feet thick in north
eastern Arizona, thickens to the northwest, and thins to the 
southeast into New Mexico, extending at least as far as Socorro 
(Stewart and Wilson, 1959)• Except at times when the Early 
Trlassic sea transgressed onto the craton and deposited thin 
limestone beds in southern Utah and northern Arizona, the sea 
was confined to the mlogeosynclinal area to the northwest of 
a line extending generally from southeast Nevada into western 
Utah (Clark, 1957, p. 2197). '

. Poole (1961, p. C-140) indicates that the Moenkopl 
sediments were deposited by streams flowing generally to the 
northwest and were derived from highlands to the south 
(Mogollon Highlands) and east (Uncompahgre Uplift) of the 
Petrified Forest area. A southern source of some of the 
Moenkopl sediments is suggested also by sandstones in the 
Zuni-St. Johns and Sycamore Canyon areas (Stewart and Wilson, 
1959, p. 102). Schultz (1963, p. C-22), however, states that 
most rocks in the Moenkopl Formation of northeastern Arizona 
and surrounding areas — "clearly came from an eastern source.",
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although, hie suggests a southern source for some of the Lower 
Moenkopi sandstones In eastern and north-central Arizona.

The Chinle Formation (discussed on page 7), unconform- 
ably overlying the Moenkopi, contains several members, and Is 
of Late Triassic age. The members present at the Petrified • 
Forest are not present everywhere, but the general lithology 
is the same over the northern Arizona-southernmost Utah area.

The Shinarump Member of the Chinle occurs in an area 
50 to 100 miles wide with an eastern limit at about the Four 
Corners, trending northwest-southeast into Utah, northern 
Arizona and west-central New Mexico (Stewart, and others,
1959♦ p. 5 0 5). The Shinarump is also now recognized in 
southern Nevada (Wilson, and Stewart, in press). It varies 
greatly in thickness throughout the area, being locally absent 
in the Petrified Forest and as much as 250 feet thick on the 
northern and central parts of the Defiance Uplift (Akers, and 
others, 1958, p. 91)• The Shinarump varies in composition 
from sandstone to conglomerate arid commonly contains pebbles 
of quartz, jasper, quartzite, and some rhyolite.

An increase in average pebble size, a general thicken
ing toward the south (Albee, 1957# p. 138), and cross- 
stratification studies by Poole (1961) indicate that the major 
source of Chinle sediments was to the south (Mogollon 
Highlands) and a minor source was to the east (Uncompahgre 
area).



Schultz (1963# p. 21-30) found a general east to west 
change from chloritic to kaollnltlc clays In the Moenkopi and 
some chloritic sandstone lenses in the Chinle, and advocates 
an eastern source for the chloritic clays.

The thickness of the Chinle Formation in northeastern 
Arizona and northwestern New Mexico ranges from zero to about 
1,500 feet (McKee, and others, 1959, p. 13)• Bocks similar 
in lithologies to the Chinle of the Petrified Forest area 
(but not equivalent units), occur in northeastern Utah and 
southwestern Wyoming.

The Wingate Sandstone, overlying the Chinle at most 
localities, consists of the Rock Point and Lukachukai Members 
(Harshbarger, and others, 1957). Where the Wingate is absent 
in northeastern Arizona, the Moenave Formation overlies the 
Chinle. The lower member of the Wingate, the Rock Point 
Member, is conformable with the Chinle, and is, in fact, 
equivalent to the Church Rock Member of the Upper Chinle in 
Monument Valley of southeastern Utah and to the Dolores Form
ation of southwestern Colorado. Intertonguing relationships 
with the Chinle indicate continuous deposition from Chinle 
into Wingate time. The Rock Point consists of pale-reddish- 
brown silty sandstone and siltstone, is a slope-forming unit, 
and has a maximum thickness of 800 feet. The unit is mostly 
thin- to very thin-bedded and flat, but in some areas 
cross-stratification is common.
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The upper member of the Wingate, the Lukachukai, con
sists of reddlsh-brom, fine-grained sandstone that Is 
cross-stratlfled on a large scale, and forms vertical massive 
cliffs. The thickness Is generally about 300 feet. The 
Wingate extends throughout most of southern Utah, and Is 
present In parts of southwestern and western Colorado and 
northwestern New Mexico.

The Moenave Formation, which overlies the Chlnle at 
some places. Is composed of sandstone and slltstone. It has 
been divided Into the lower Dinosaur Canyon Member and the 
upper Springdale Sandstone Member by Harshbarger, Repennlng, < 
and Irwin (1957)• The Dinosaur Canyon Is generally 200 to • 
300 feet thick and occurs in the southwest part of the Navajo 
country and southwestern Utah. The Dinosaur Canyon is made 
up of two major rock types, one considered by Harshbarger, 
and others (1957). to be fluvial in origin, and the other to 
be eollan. The Springdale Sandstone Member is a series of 
laminated pale-red to pale-reddish-brown, fine- to medium
grained sandstones, and contains many claystone lenses and 
conglomeratic zones. The unit is commonly cross-bedded and 
is typically about 175 feet thick (Averitt, and others, 1955)•

Zuni-Defiance Uplift Area
The positive feature that existed in northeastern 

Arizona and northwestern New Mexico during most of the 
Paleozoic Era has been referred to as the Zuni Positive, the
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Defiance Positive, and the Zuni-Defiance positive areas by 
various authors. The present-day structural area contains 
two distinct uplifts, but during the Paleozoic it was perhaps 
a single positive area.

The present-day north-trending Zuni uplift in north
western New Mexico is 75 to 85 miles long and 30 to 40 miles 
wide. Precambrian rocks outcrop in the core and Late Paleozoic 
and Mesozoic strata occur on the flanks. Smith (1957, p. 54) 
indicates that pre-Violfcampion rocks consisting of about 125 
feet of conglomerate and arkose containing limestone beds 
overlie the Precambrian in some parts of the uplift, whereas, 
in other parts, the Abo Formation (Permian) rests on the Pre
cambrian. The standard northwestern New Mexico Permian section 
is present on the uplift except in some areas where the entire 
San Andres Formation has been removed prior to Triassic sedi
mentation. Foster (1957» P. 69) suggests that a Triassic 
depositional basin at the site of the present Zuni uplift is 
Indicated by the excessive thicknesses of the Triassic 
sediments in the area.

The Defiance Uplift in northeastern Arizona is a 
northerly-trending asymmetrical fold, steeper on the east, 
about 100 miles long and 30 miles wide (Kelley, 1957, P. 44). 
Permian rocks of the Supai Formation lie unconformably on 
Precambrian granite and quartzite, and as in the Zuni uplift, 
Triassic rocks lie unconformably on Permian strata.
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The Zunl-Deflance positive area was probably In exist

ence during most of Paleozoic time. Distribution of sediments 
indicates the area was low in Permian time; a site of non- 
deposition during Early and Middle Triasslo time; low in Late 
Triassic, Early and Middle Jurassic time; and high for a brief 
period during Late Jurassic time (Wright and Becker, 1951).
The Zuni-Defiance became positive again during the Laramide 
orogeny (Late Cretaceous to Early Tertiary), and continued to 
be active spasmodically into Quarternary time (Fitzsimmons, 
1959, p. 116).

Mogollon Highlands
The name Mogollon Highlands was proposed by Harsh- 

barger, Repenning, and Irwin (1957, p. 44) for the Mesozoic 
highland area south of the Navajo country that generally 
paralleled the present Mogollon Plateau. Harshbarger,
Repenning, and Irwin state that -- ”the northern boundary of
the highland probably lay in the area now occupied by the 
Mogollon Plateau, although its boundary was variable from 
Late Triassic through Cretaceous time.”

Thick accumulations of volcanic rocks make it diffi
cult to establish the southern boundary of the Colorado 
Plateau in New Mexico, although the Mogollon Slope is 
recognized (Fitzsimmons, 1959)• Fitzsimmons (1959) states 
that "after deposition of some Late Triassic sediments, the 
area of the Mogollon Slope, or a part of it, developed into



a more definitely positive area and became a primary source 
of much of the Late Triassic and Jurassic rocks that lie to
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PALEOENVIRONMENT

Source of Sediments
Evidence accumulated from the literature, paleo- 

current studies, heavy mineral studies, rock fragments, 
feldspars, quartz types, and clay mineralogy is considered 
in postulating a source of the sediments in the study area.

Paleocurrents. - As indicated on page 45 and by 
Figures 12 - 1 5, the predominant stream directions shown by 
cross-stratification, parting llneation, etc., are to the 
northeast, north, and northwest. Rarely, cross-beds are 
found that have a southerly component of dip, but these are 
interpreted as representing stream meanders. In short, evi
dence accumulated from all paleocurrent indicators in the 
Petrified Forest area suggest that the major source of 
sediments was to the south and southwest of the Petrified 
Forest area.

Heavy minerals. - Essentially the same non-opaque 
heavy mineral assemblage is contained in all of the sand
stone and siltstone-mudstone units in the Petrified Forest 
area. A significant increase in the percentage of euhedral 
grains occurs in the tuffaceous, clayey sandstone units and 
the siltstone-mudstone units as compared with the cleaner, 
mineralogically more mature sandstones.
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Heavy mineral assemblages indicate that the rocks of 
the study area were derived from at least two major sources. 
Rounded grains of garnet, tourmaline, zircon, hornblende, and 
rutile are an indication of (1) long distance of transport, 
or (2) a second cycle of sedimentation. The rounded grains 
were probably contributed to the Chinle basin of deposition 
from older sedimentary rocks exposed on the crest and north 
flank of the Mogollon Highlands. On the other hand, euhedral 
crystalslof zircon and anhedral grains of apatite indicate 
short distance of transport, and were probably derived from 
volcanic rocks that were present to the south in the Mogollon 
Highlands area. . . • .. .

: It is recognized that some of the apatite could be
authigenlc, because apatite is a common constituent of primary 
bentonites (those bentonites that are considered to have 
formed from volcanic material which was deposited from the 
air and was not retransported) (Weaver, 1963* p. 346). Most 
of the apatite grains, however, do:show some rounding, indi
cating some transport by water. -Zircon, like apatite, is a 
common constituent of primary bentonites, and could be 
authigenlc, particularly those crystals that show no indi
cations of rounding. An increase in the percentage of 
euhedral grains in the tuffaceous sandstones and in the finer- 
grained elastics would seem to strengthen the possibility of 
authigenlc origin for some of the zircon. Other grains of
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zircon are slightly rounded, and some are very well-rounded, 
indicating varying amounts of transport by water.

Other heavy minerals, such as the angular tourmaline, 
angular hornblende, and anhedral garnet have their most 
likely source in acid igneous rocks (Feo-CodecIdo, 1955)» and 
perhaps were derived from granites and associated rocks ex
posed in the Mogollon Highlands. The association of ilmenite, 
magnetite, and olivine indicates a source in basic igneous 
rocks (Feo-Codecido, 1955)•

Rock fragments. - Volcanic rocks, metamorphic rocks 
(gneiss and quartzite), and chert fragments occur in the 
sandstones and conglomerates of the Petrified Forest Member 
in the study area. The volcanic pebbles originated mostly 
from quartz latite and dacite (Schultz, 1963. p. C-3?), and 
the sand-size volcanic material probably had the same origin. 
Schultz also recognized altered tuff particles in some of the 
sandstones. Schultz (1963, p. C-3?) states that "Cross- 
bedding studies, the occurrence of volcanic pebbles only in 
the south, and a general thickening of the member (Petrified 
Forest Member) southward all indicate that the principal 
volcanic source lay to the south."

Metamorphic rock fragments, including a few quartzite 
pebbles and a few pebbles of gneiss containing pink feldspar 
phenocrysts, have been observed in the Sonsela bed, but are 
quite rare. Thin sections of sandstones show some composite
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grains that may represent quartzite fragments. Metamorphlc 
rocks were probably exposed along the north side of the 
Mogollon Highlands.

Chert is the most common rock fragment in the con
glomerates.of the Sonsela bed and is also present in the 
sandstones of the other units. The chert pebbles and their 
contained fossils, which are mostly of Permian age; indicate 
a source to the southwest of the Petrified Forest area 
(McKee, 1936, 1938), unless, as McKee suggests, the chert
bearing Kaibab was originally present in the area to the 
south of the Petrified Forest and was subsequently removed by 
erosion.

Feldspars. - The feldspars, common in all of the 
sandstones of the.study area, probably had two sources. The 
fresh-appearing plagioclase has its most likely source in the 
volcanic rocks which contain plagioclase phenocrysts (some of 
which were identified by Schultz, 19.631 as ollgoclase). The 
highly altered plagioclase and the microcllne probably 
originated in acid igneous rocks exposed to the south of the 
Petrified Forest area.

Quartz types. - Three quartz types, common, composite, 
and undulose (Folk, 1961, p. 72), are easily recognized in the 
sandstones and conglomerates of the area. Common quartz is 
generally regarded6as.originating in granites, recrystallized 
metamorphlc rocks, and veins; composite grains from gneisses.
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schists, and other metamorphic sources; and undulose quartz 
from hydrothermal veins, recrystallized metamorphic rocks, 
and granites.

Available data do not make it possible to estimate 
how much of the quartz originated from a primary source and 
how much came from older sedimentary rocks. Heavy mineral 
data, indicating second-cycle sedimentation, make it appear 
likely that at least some of the quartz came from older sedi
mentary rocks. Other evidence, including general paleo- 
geology and feldspars, indicate that some of the quartz had 
a primary source in exposed granites, schists, and gneisses.

ELatt and Christie (1963), after studying igneous and 
metamorphic rocks in an attempt to evaluate the use of 
undulatory extinction and polycrystallinity in determining 
provenance of sediments, concluded that the presence or 
absence of these features is of very limited usefulness.
They found that mineralogically mature sediments contain high 
percentages of non-undulatory quartz and concluded that 
undulatory quartz is eliminated by mechanical and chemical 
agencies during several cycles of sedimentation. They also 
found that non-undulatory quartz is uncommon in plutonic 
igneous rocks, schists, and gneisses, and that the quartz in 
extrusive igneous rocks is mostly non-undulatory.

Folk (1961, p. ?4), however, contends that when the 
quartz of granites is broken down into sand-size ( .1  to .5 mm)

93



94
grains, 90 percent will have straight to slightly undulose 
extinction. Conolly (1965) found that in the sediments he 
studied in New South Wales the percentage of polycrystalline 
quartz is most abundant in coarse sandstone or small pebbles, 
suggesting that this grain-size range is favored because 
polycrystalline quartz occurs mostly in this size after 
normal breakdown by erosion and weathering. Conolly (1965# 
p. 1 3 3) also concluded that a knowledge of all the rock 
fragments and mineral grains in a sandstone is necessary 
before effects of provenance and transportation on the 
abundance of polycrystalline quartz can be assessed. Conolly 
also concluded that the amounts of non-undulatory or undula- 
tory quartz in a mineralogically immature sandstone depends 
on both the mineralogy of the source rock and the abrasion 
history.

The significance of quartz types in provenance studies 
is viewed as an open question, and the multiple source of 
quartz in the Petrified Forest area suggested by other data 
prevents an evaluation of the relative percentages 
contributed by each source.

Clay mineralogy. - Clay fractions from selected 
samples of the Petrified Forest Member were separated by 
standard pipette methods and placed on a glass slide. The 
samples were identified by X-ray diffraction methods. All 
samples were run untreated and treated with ethylene glycol;



two samples were run after being heated to $00 degrees 
centigrade for 45 minutes (Appendix F).

All the samples analyzed, including mudstone, silt- 
stone, and sandstone, contain clay that is highly 
montmorillonitic. Two samples are regarded as possibly 
mixed-layer illite- montmorillonite. The presence of vol
canic material in the sediments of the Petrified Forest 
Member in the study area indicates that the montmorillonite 
originated from volcanic rocks. Schultz (1963, p. C-38) 
lists four factors that indicate that the montmorillonite of 
the Petrified Forest Member altered from a potassium-poor 
latitic tuff, whereas mixed-layer illite-montmorlllonite clay 
of some parts of the Monitor Butte Member altered from a 
potassium-rich rhyolite tuff.

Mode of Deposition of the Sediments 
Review of some theories of origin of red beds. - The 

origin of red beds has been the subject of much discussion in 
the literature, and it seems apparent that all red beds are 
not formed in the same manner. There seems to be general 
agreement, however, about certain points in regard to the 
origin of red beds, some of which are summarized below 
(largely from Krynine, 1949; Van Houten, 1948, 1961).

1. Abundant X-ray data show that hematite is the 
predominant pigment material in almost all of 
the red beds tested. In addition, goethlte and
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maghemite are important components of some red 
and reddish-brown sediments. Hematite and other 
ferric oxides may occur as matrix or cement and 
may be transported as a true chemical solution or 
as cryptocrystalline or colloidal particles or as 
coating on clay platelets (Carroll, 1958» P* 2, 
25).

2. Most red beds are first-cycle deposits derived 
from source material weathered deeply enough to 
supply free ferric oxide, although some red beds 
are clearly second-cycle deposits with pigment 
and grains inherited from pre-existing red 
deposits. Primary red beds had a source of 
relatively unweathered rocks that contributed 
quartz, feldspar, ilmenite, magnetite, and iron- 
bearing silicates and a red or brown soil mantle 
that furnished abundant clay minerals and ferric 
oxides in colloidal suspension and in solution.

3» The source area must produce an adequate amount 
of ferric oxide and the deposit must accumulate 
in an oxidizing environment. The essential con
ditions for preservation of ferric oxides is an 
oxidizing alkaline environment. Acid reducing 
environments promote solution of iron.



4. An arid environment is not essential to the pres
ervation of red ferric oxides. All the known red 
bed floras are warm temperate to subtropical or 
warmer assemblages (Van Houten, 1961, p. 122).
Some red beds are associated with or are lateral 
equivalents of coal measures. Other red beds 
show abundant evidence of a hot, dry climate, and 
in some cases desert conditions, whereas some red 
beds are deposited in a marine environment.

Two ideas have been presented in the literature to 
explain the alternation of colors in some red bed sequences. 
Van Houten (1948) suggested that deposits which accumulated in 
more open country of a savannah environment had the red color 
preserved because they were well drained and oxidized, 
whereas, sediments accumulating in heavily forested areas 
became drab colored because of reduction of the hematite by 
plant debris. The shifting environments of deposition accom
panying meandering streams produced alternating lenticular 
red and drab layers. Krynine (1949) postulated that under 
normal tectonic subsidence the surface of a basin of deposi
tion may oscillate slightly, changing from well-drained slope 
above the water table to submerged or semi-submerged basin.
The resulting alternation of colors is obvious.

Deposition of sediments in the Petrified Forest area. 
Abundant evidence presented by other investigators and
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accumulated by the author demonstrates the fluvial deposition 
of the sediments of the Petrified Forest Member. This evi- 
dence includes: (1) the lenticular!ty of many of the sand
stone and siltstone bodies, and the obvious erosional nature 
of the basal contacts of most of the sandstone bodies, (2) 
prominent trough cross-stratification in most of the sand
stone units, and asymmetrical ripple marks, (3) poor to very 
poor sorting of most of the sediments, and (4) vertebrate, 
invertebrate, and plant fossils that indicate a fresh-water 
environment.

The highly lenticular nature and the great variety of 
colors of the sandstone and siltstone-mudstone units below 
the Camp Wash zone suggests a mode of deposition similar.to 
that described by Van Houten (1948, p. 2121). The red and 
drab lenses may have formed as aggrading streams meandered 
across the basin floor. The drab layers formed in swamps of 
abandoned meanders, in swampy basins between natural levees, 
and in other heavily wooded areas, whereas - the red beds 
formed in parks and more open country where the sediments 
were well drained and oxidized.

The paucity of sandstones in the upper part of the 
Petrified Forest Member as compared with the lower part sug
gests (1) a lower relief in the source area, and/or (2) a 
drier climate and the ensuing lower carrying capacity of the 
streams, or (3) a change of source area. The predominantly
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grayish red of the sediments in the upper part of the member 
indicate oxidizing conditions, which would, perhaps, be more 
readily maintained in a drier climate. An increasingly dry 
climate is also indicated by the widespread occurrence of 
the eolian Wingate Sandstone in uppermost Triassic time.

Information obtained from studies of modern streams 
indicates that the fine-grained materials of many streams are 
deposited as point bars within the channel, rather than by 
water spreading over the flood plain across the valley floor 
in what would be called overbank flow (Leopold, Wolman and 
Miller, 1964, p. 323-328). "The relative amount of sediment 
in the flood plain resulting from lateral aid overbank 
deposits varies, depending upon the flood characteristics of 
the basin and the availability and size distribution of the 
sediment. We have suggested that 60 to 80 percent of the 
sediment in many channels is deposited by lateral accretion", 
but under conditions of aggradation overbank deposition may 
comprise the most significant portion of the flood plain 
deposits (Leopold, Wolman, and Miller, p. 327).

The in-channel deposition of the sandstones and con
glomerates appears obvious in view of the lenticular nature 
of these units. The site of deposition of the fine-grained 
units is not so obvious, but it seems unlikely that the 
entire volume of fine-grained material in the area could be
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deposited by overbank flow if stream channels are represented 
only by sandstones and conglomerates.

The basal limestone-pebble conglomerates of the wide
spread sandstone units is interpreted as indicating that 
extensive fresh-water lakes were developed at certain times 
prior to deposition of the sandstones. The lakes were then 
destroyed by meandering streams carrying sand-size material, 
and limestones that had been deposited in the lakes were t o m  
up and redeposited as limestone-pebble conglomerates. The 
influx of sand-size material into the basin of deposition 
indicates a roughly periodic rejuvenation in the source area 
or increased erosion due to a climatic change.

Fossil Evidence
Pelecypods, gastropods, arthropods, fish, amphibians, 

reptiles, and plants have all been reported from the Chinle 
Formation. Many workers have contributed to the literature 
on these subjects, but outstanding among them are E. D. Cope,
C. L. Camp, and E. H. Colbert in the field of vertebrate 
fauna, and F. H. Knowlton and L. H. Daugherty in the field 
of plants.

Pelecypods are the most abundant invertebrate fossils 
in the Petrified Forest Member in the Park. Some beds con
sist almost entirely of shell fragments of the pelecypod 
genus Unlo. Most of the shells are fragmentary or poorly 
preserved and their classification or identification is
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doubtful; however, most of the Unlo appear to be very similar 
to that described by Henderson (193*0 as Unlo arlzonensls.

A few small unidentified gastropods have been found 
as float on mudstone slopes in Lithodendron Wash of the 
Painted Desert near the center of sec. 18, T. 19 N., E. 24 E.

Worm trails have been observed on slabs of the 
Sonsela sandstone bed in the Blue Mesa and Point of Bluffs 
areas.

Daugherty (1941) describes 38 species of plants from 
the Chinle of Arizona, collected mostly from the Petrified 
Forest National Park. The more abundant trees in the area 
were: Aruacarloxylon arizonicum, Woodworthia arlzonloa, and
Schllderla adamanica. According to Daugherty, Aruacarloxylon 
was probably the dominant tree in the Triassic forest. The 
average size of these trees is 3 to 4 feet in diameter and 60 

to 100 feet in length. Woodworthia is smaller than Aruacari- 
oxylon, the average diameter is 2 feet, and the distinguishing 
feature is the scars of numerous small branches. Schllderla 
is a small tree with a fluted, swollen base suggestive of 
trees that grow in the swamps of the southeastern United 
States today. Schllderla logs have a diameter of less than 
one foot above the swollen base, and probably did not reach a 
height of more than 80 feet. In addition to the above forms 
Daugherty describes fungi, ferns, lycopods, cordaitales, 
sphenopslds, cycadophytes, a ginkgo, and a possible gnetales.



Daugherty (p. 35) summarizes "the Upper Triassic of 
Arizona was characterized by subtropical to tropical temper
atures, as indicated by the fern element. Although both 
organic and inorganic evidence points toward a dry season, 
there appears to have been sufficient precipitation to insure 
permanent streams and swampy conditions in the lowlands. The 
growth layers of the fossil wood indicate that most of the 
rain fell during a growing season, which included intense dry 
spells between periods of rains."

A varied vertebrate fauna has been described from the 
Chinle Formation of northern Arizona and New Mexico, but the 
phytosaurs were apparently the most.abundant. Camp (1930, 
p. 6 ) states that "at all localities where identifiable 
fossils have been taken, with the exception of the fish 
localities at Zion Canyon and Kanab (which are in the Moenave 
Formation), the bones of the phytosaurs constitute the greater 
part of the identifiable remains. Nearly everywhere these are 
associated with large amphibians, lung fishes, and the shells 
of the mollusc Unio, indicating fresh-water animal habitats 
of considerable uniformity throughout the region, and 
possibly similar climatic conditions over a wide area."

Many species of phytosaurs have been described from 
the Chinle Formation, but many of these may actually represent 
a single species (Colbert, 194?, p. 77-78). Camp (1930) 
referred the phytosaurs from the Adamana locality to the
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genus Machaeroprosopus, Other genera found In the Chinle of 
the area include Typothorax, locally abundant in the Upper 
Chinle, the saurischian dinosaur Coelophysis that occurs 
sparsely in the Chinle of Arizona (Colbert and Gregory, 1957# 
p. 1464), Eupelor, an amphibian, and many others.

Camp (193O, p, 6 ) states that "the fossil occurrences 
in the Lower Chinle together with what is known of the 
lithology and sedimentary history of this formation would 
most certainly indicate fluviatile conditions, presumably a 
great, low-lying flood plain near the seacoast, traversed by 
slow-moving streams subject to occasional overflow and 
freshets, and interspersed with large swampy areas and 
shallow lakes with stands of conifers on higher ground."
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CONCLUSIONS

1. The Petrified Forest Member of the Chinle Formation in 
the area of the Petrified Forest National Park is a 
predominantly fluviatile deposit with minor amounts of 
lacustrine sediments.

2. Several sandstone units in the Petrified Forest Member 
can be correlated over an area of several square miles, 
and are quite uniform in thickness, even though they are 
stream deposits.

3 . Lime stone-pebble conglomerates at the base of most of 
the widespread sandstone units indicate ponding 
conditions prior to sandstone deposition.

4. Paleocurrent direction indicators (principally cross
strata) show that the major drainage was to the north and 
northeast with a source area to the south (Mogollon 
Highlands).

5. The sandstones are composed principally of quartz, feld
spar, volcanic rock fragments, chert, and mica. The 
Sonsela sandstone bed contains large amounts of chert 
pebbles, many of which are fossil!ferous. The mudstones 
are composed chiefly of quartz and montmorillonite.

6. Most of the elastics are fine- to very fine-grained, 
indicating sluggish, meandering streams.
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7. Heavy mineral studies demonstrate multiple source rocks 
for the sediments, namely pre-existing sediments, 
volcanic rocks, and metamorphic rocks.

8 . Discontinuous, lenslng deposits of mudstone, siltstone, 
and sandstone indicate shifting, meandering streams, 
which probably established changing depositional environ
ments arid thereby controlled the color of sediment 
deposited.

9. Faunal and floral evidence indicate a subtropical, humid 
-climate with many.trees, ferns and other vegetation
covering the area of the Petrified Forest National Park.
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APPENDICES

Appendix A
Conversion Chart - Millimeters to Phi (0)

Wentworth size Phi (0) Microns Millimeters
grade

boulder
cobble
pebble
very coarse sand 
coarse sand 
medium sand 
fine sand 
very fine sand 
coarse silt 
medium silt 
fine silt 
very fine silt 
coarse clay 
medium clay 
fine clay 
very fine clay

-8

-6

256mm
Gravel

64mm
2mm . _ __ .

0 1000 1mm
1 500 0 .5mm
2 250 0.25mm Sand
3 125 0 .125mm
Jj go £f̂ ——
5 3 1 .2 0 .0312mm
6 1 5 .6 0 .0156mm Silt
7 7.8 0 .0078mm
Q -.. n 0

9 2 .0 0 .0020mm
10 1 .0 0 .0010mm
11 0.5 0 .0005mm
12 0.24 0 .0002mm
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APPENDIX B
Histograms of some representative elastics from the 
Petrified Forest member of the Chinle Formation in 
the Petrified Forest National Park, Arizona.
Flattops sandstones (2-2, 1-11, 1-7)J Newspaper Rock 
sandstone (M-75» M-57> M-61); Camp Wash sandstones 
(K-31, 6-5, M-20); Sonsela sandstone bed (M-8 , M-ll, 
M-9); mudstone (9-2).- n - n

1-11
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Note : Use upper scale for 4 ~ 2 , 9 ”2

gravel sand

Appendix C- Cumulative curves of some representative clastic sediments from the 
Petrified Forest Member of the Chinle Formation in the Petrified Forest National 
Park, Arizona. Plotted on probability scale paper.
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Appendix D.-Modal analyses of some sandstones in the Petrified 
Forest Member of the Chinle Formation in Petrified Forest National
Park, Arizona. Expressed in percentages.

Sample Unit and 
Rock Name

Quartz Feldspar Rock Frag. Calcite Clay Acc-
essCom

mon
Comp
osite

Und-
ulose

K FlagVolc
anic

Chert Cem
ent

Gra
ins

Mat
rix

Gra
ins

M-15 Sonsela 70.3 1.4 12.9 2 .8 2 .8 5.9 0.7 0.3
PQ

M-31 Camp Wash 2 8 .6 1.7 2 3 .6 Tr. 4.1 11.5 4.1 21.7 - - 3.8 2 .6
SGr 35.7 2 .2 29.4 5.1 14.3 5.1 4.8 3.3M-48 Camp Wash 1 6 .8 5.1 11.7 3.0 1 .0 4.8 4.8 1 .1 - 53.2 - 0 .8

11 -10 Camp Wash 2 1 .0 6 .1 2.3 3.2 2.3 8 .6 8 .6 4 0 .1 2.5 0.7SGr 39.0 10.9 3.8 5.8 3.8 15.4 15.4 4.5 1 .2
6 -6 Camp Wash 4.7 - 2 .1 - - 33.6 58.3 — - 1 .0

L-PC
M -5 0 Flattops 2 1 0 .6 1.9 8 .8 Tr. 2 .2 3.3 0 .8 4 8 .0 1 6 .0 — 3.6 1 .1

SGr 33.8 5.8 26.4 6 .8 9.9 2.5 10.7 3.3
M-17 Flattops 2 18.0 8.3 1 8 .0 1 .0 7.7 1 2 .0 — 2 .0 4.3 2 5 .0 2 .6 1.3

LGr 1 9 .2 8.9 1 9 .2 1 .2 8 .1 1 2 .8 26.5 2 .8 1.4
13-7 Flattops 3 25.4 11.9 16.9 2 .0 3.9 14.1 3.5 1 3 .2 — 8 .8 - 0 .8

SGr 29.3 13.7 19.5 2.3 4.4 16.3 4.3 , 1 0 .0 1 .0
7 -1 0 Flattops 1 1 7 .6 7.1 6.7 Tr. 3.2 1 6 .1 0 .8 41.7 - 1 .1 - 7.2

SGr 32.5 13.1 1 2 .1 5.8 2 9 .6 1.4 1.9 1 .0
1 -8 Flattops 1 1 4 .8 7.9 5.4 0.5 2.3 16.4 2.5 47.0 - 0 .6 - 2 .8

SGr 27.9 14.7 1 0 .1 1 .8 3.4 3 1 .0 4.7 1.9 5.3

Note: First number is percent of total rock, second number is percent of
detrital grains.
PQ=Protoquartzite, SGr=Subgraywacke, LGr=Lithic graywacke, L-PC=Limestone 
pebble conglomerate.



Appendix E- Non-opaque detrital heavy mineral assemblages of some elastics from the 
Petrified Forest Member of the Chinle Formation in the Petrified Forest National 
Park, Arizona, (x) indicates barite is present, but percentage is not given because 
barite is considered to be authigenic.

Q) <D 0)•H 1Gti O
Sample Unit and -P (9 0) i—1 0)p 0)P 0) 0) Pc \  0 0) crlithology Oo <D

a E •8 •HP o <—1 •H P•H <D 0)nd G (9 cr A
£ u U (9o. •H P XI •H (9 o
N) o 2 < cd m o oRnd Euh

. M -8 Sonsela )3 .0  14.5 13.S 3.9 2.3 — 0.5 1.3 (x) 1.3 46/54sand
M-75 News Rock52.7 9.1 1 1 .6 8.7 6.7 4.3 0.4 7.5 (x) 36/64
1-9

ss
Flattops 22 .2 1 .7 1 5 .0 3.9 25.5 29.5 2 .2 (x) 69/31
#1 ss

1 -11 Flattops 21 .2 4 .5 24 .0 1.7 — 2 3 .2 2 3 .6 1.4 (x) 0.5 84 /16
#3 ss

M-41 Camp Wash 48.4 3.7 20.4 1 .0 - 1 3 .6 9.2 2.7 (x) 1 .0 89/11
1-4

SS
silty 1 1 .6 6 .4 5.5 7.1 2.9 4 2 .8 21.5 1 .0 (x) 1.3 74/26
mudstone

15-1 stray 23 .8 52.7 3.5 0.9 - 7.3 9.9 •tr. (x) tr. 74/26
tuff, ss

5-5 silty 29.7 29.3 6 .8 2 .6 1.3 9.0 17.4 tr. (x) 2.9 tr. 58/42
mudstone i :hlor

S-21 stray 2 7 .0 2d.9 15.1 4.3 0.9 31.7 11.4 1.4 (x) 1.4 52/48
tuff, ss

9-14 silty 33.2 37.6 5.4 1 .0 tr. 1 .0 2 0 .0 - (x) 1 .0 66/34
mudstone
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Sample and Color d spacings (A)
unit untreated treated with ethylene 

glycol
heated to 500°C 
for 45 min.

1 0 -1 from 70 
feet below Sonselc

grayish-red
purple 11.93 16.35

8 -17 from 35 feet 
below white "tuff"

reddish-
brown 11.94 1 6 .3 6 9.81

9 -1 0 from 45 feet 
below Sonsela ss.

grayish-red 
purple

1 1 .8 0 15.49 ' 9 .88 .

9 -1 from 150 feet 
below Sonsela

light gray 11.94 1 6 .3 6

9 -1 4 from 10 feet 
below Sonsela

light gray 12.27 16.51

M-22 from 50 feet 
below Camp Wash

light gray 12.27 16.51

8 -1 2 from 50 feet
1 6 .3 6above Flattops #1 pale red 11.94

Appendix F.- d spacings in Angstroms of some representative samples from the 
Petrified Forest Member of the Chinle Formation in the Petrified Forest National 
Park, Arizona.



Appendix G
DESCRIPTIONS OF MEASURED SECTIONS

NOTE: All color designations in the following descriptions
are those of the Rock Color Chart prepared by the Rock 
Color Chart Committee, National Research Council,
E. N. Goddard, Chairman.

PFNP-1: Flattops area, SEiSWt sec. 32, T. 1? N., R. 24 E. ,
Unit Thickness
No, Description in feet

UPPER TRIASSIC: Chinle Formation - Petrified Forest Member.
9 Flattops number three sandstone. Quartzose sandstone, 

light gray (N?), weathering light brown (5YR6/4), 
fine- to medium-grained, fair-sorted, subangular; 
laminations of red shaly sandstone, very thin-bedded 
to laminated, planar and trough sets of small- to 
medium-scale cross-strata; forms cliff. Sample 
PFNP-1-11------------------------------- ------10.0

8 Mudstone and siltstone, grayish-red (5R4/2) and 
light gray (N?); slightly bentonitic, forms 
slope - - - - - - - - - - - - - - - - - - - - -  21 .0

7 Quartzose sandstone, medium gray (N6), medium
grained, well-sorted, subangular; very thin- 
bedded to laminated with planar sets of small- 
to medium-scale cross-strata; partly cemented
with calcite; forms cliff - - - - - - - - - - -  6 .0

6 Same as unit 8 above - - - - - - - - - - - - -  20.0
5 Flattops number two sandstone. Quartzose sand

stone, pinkish-gray (5YR8/1), fine- to medium
grained, fair-sorted, subangular; small amount 
of calcite cement; laminations of red shaly 
sandstone; very thin to thin-bedded with planar 
cross-strata; interfingers with mudstone at base;
forms cliff. Sample PFNP-1-10 - - - - - - - -  1 5.O

4 Mudstone and siltstone, reddish-brown (10R3/4);
slightly bentonitic; forms slope - - - - - - -  5 4 .0
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3 Flattops number one sandstone. Quartzose sand

stone, medium-gray (N6), medium-grained, well- 
sorted, subangular; laminations of purplish 
shaly sandstone, becomes more shaly toward top 
and has gradational contact at top; planar 
cross-strata - - - - - - - - - - - - - - - - - -  8 .0

Quartzose sandstone, brownish-gray (5YR6/1) 
weathering brown (5YR5/2)» fine- to medium
grained, subangular, fair-sorted; slightly 
glauconitic (?), clayey, slightly micaceous; 
very thin-bedded to laminated. Sample 
PFNP-1-9--------------------------------------- 7.0
Covered Interval - - - - - - - - - - - - - - - -  6.0
Quartzose sandstone, light-gray (N7), fine- to 
medium-grained, subangular; thin-bedded, well- 
consolidated - - - - - - - - - - - - - - - - - -  3*0
Quartzose sandstone, light-gray (N7), medium
grained, subangular; thin-bedded, friable - - - 3*0
Quartzose sandstone, medium-gray (N6) weathering 
pale yellowish brown (10YR6/2), fine-grained, 
well-sorted, subangular; well cemented with 
calclte. Sample PFNP-1-8 - - - - - - - - - - -  0.3
Quartzose sandstone, light-gray (N7), fine
grained, well-sorted; clayey, micaceous, fairly 
well consolidated; thin-bedded to laminated; 
contact appears to be erosional on underlying 
clays. Sample PFNP-1-7 - - - - - - - - - - - -  10.0
Total thickness of unit is quite variable 
laterally.
Sample PFNP-1-6 is of a limestone-pebble con
glomerate that occurs locally at the base of 
unit, and is light gray (N7 ), (mudstone is 
grayish-red, limestone is light gray), pebbles 
of mudstone and limestone up to 10 mm in 
diameter; matrix light gray, fine-grained 
sandstone cemented with calclte.
Sample PFNP-1-5 from near base of sandstone 
unit.
Total thickness of unit 3 is 37 feet.
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2 Mudstone and slltstone, mottled grayish-purple 

(5RP4/2). and llght-greenlsh-gray ' (5G8/1), 
slightly bentonitic, forms slope. Sample 
PFNP-1-4  -----------------------------------  5 1.O

1 Camp Wash zone. Quartzose sandstone, yellowish- 
gray (5X8/1 )» fine- to medium-grained, fair- 
sorted, subangular; very clayey, micaceous, 
slightly bentonitic, fairly well consolidated.
Sample PFNP-1-3 -------------------------------  8 .5

Limestone-pebble conglomerate, light-gray (N?), 
pebbles of light-gray limestone and light-gray 
mudstone with maximum diameter of 5 nun; matrix 
of clay and calcite, grain size decreases 
toward top. Sample PFNP-1-2 near top, sample
PFNP-1-1 near base - - - - - - - - - - - - - -  4.0
Total thickness of unit 1 is 12.5 feet.

Total thickness section PFNP-1 226.5



PFNP-2: Blue Mesa area, SW^NWi sec. 25, T. 18 N., R. 24 E.
Unit i : ’ Thickness
No. Description In feet
UPPER TRIASSIC: Chlnle Formation - Petrified Forest Member.
4 Sonsela sandstone bed. Quartzose sandstone, 

light-gray (N?), medium- ,to coarse-grained, 
subangular; clayey; trough sets of medium-, 
to large-scale cross-strata; thin lenses of 
gravel on bedding planes; forms cliff - - - - - 1 0 .0

Chert-pebble conglomerate, light gray (N7) 
to pinkish-gray (5YR8/1), pebbles mostly of 
chert with maximum diameter of.1.5 inches,. rounded, some pebbles contain invertebrate 
fossils; matrix of coarse-grained, clayey 
sandstone;;forms cliff. This gravel and :
sandstone contain most of the petrified logs
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at this locality - - - - - - - - - - - - - - -  6.0
Continue section across gulley to southeast.
Quartzose sandstone, light-gray (N7), medium
grained, well-sorted; clayey - - - - - - - - -  2.0
Quartzose sandstone, light-gray (N7), medium
grained, subangular; micaceous, clayey, 
contains many pebbles and rounded pieces of 
blue-gray mudstone; thin-bedded with trough 
sets of medium-scale cross-strata - - - - - - -  2 .0

Quartzose sandstone, light-gray (N7), medium- 
grained, subangular; clayey, micaceous; thin- 
bedded to thinly cross-laminated with trough 
sets of medium-scale cross-strata. Sample 
PFNP-2-4-------------------------------------  7.0
Total thickness of unit 4 is 27 feet.
Base of Sonsela probably at base of unit 4.

3 Quartzose sandstone, dark greenish-gray
(5GR4/1), weathering moderate-brown (5YR4/4), 
medium- to coarse-grained, fair-sorted, sub
angular to subround; shaly, some calcite cement. 
Sample PFNP-2-3 -------------------------------  1 .0

Quartzose sandstone, light-gray (N7), medium- 
to coarse-grained, subangular, fair-sorted;
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clayey, friable; very thin-bedded to thinly 
cross-laminated with trough sets of medium- 
scale cross-strata; appears to be channel 
deposit; thickens laterally - - - - - - - - - -  3 .0

Total thickness of unit 3 is 4 feet.
2 Mudstone and siltstone, yellowish-gray (5Y8/1),

slightly bentonitic. Sample PFNP-2-2 - - - - -  7.0
1 Quartzose sandstone, mottled grayish-red

(10R4/2) and light-gray (N7)» very fine- to 
coarse-grained, poor-sorted, subangular to 
subround; very clayey, bentonitic, friable, 
contains thin lenses of gravel, reworked 
material at base. Sample PFNP-2-1 - - - - - -  18.0

Total thickness section PFNP-2 57.0
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PFNP-3: Newspaper Rock, SWiSEi sec. 9» T. 18 N., R. 24 E.

Only the Newspaper.Rock sandstone was measured at 
this locality.

Unit Thickness
No. Description in feet
UPPER TRIASSIG: Chinle Formation - Petrified Forest Member.
1 Newspaper Rock sandstone. Quartzose sand

stone, yellowish-gray (5^8/1 ) weathering 
pale yellowish brown (10YR6/2), fine-grained, 
fair-sorted; slightly micaceous, some 
calcite cement, slightly friable; micro- 
cross-laminations at top of unit; weathers 
blocky, forms cliff - - - - - - - - - - - - - -  35 .0
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PFNP-4: Approximately one mile south of Newspaper Bock

In the NEiNEi sec. 21, T. 18 N., R. 24 E.
Unit Thickness
No. Description In feet
UPPER TRIASSIC: Chinle Formation - Petrified Forest Member.
2 Newspaper Rock sandstone. Quartzose sand

stone, yellowish-gray (5Y8/1) weathering 
pale yellowish-brown (10YR6/2), very fine
grained, well-sorted; micaceous, some 
calclte cement, fairly friable; rlpple- 
lamlnated with thin Interbeds of 
ripple-laminated siltstone; forms cliff, 
weathers In large blocks. Sample PFNP-4-6 - - 1?.0

1 Mudstone and siltstone, light olive-gray
(5Y6/1), bentonitic. Sample PFNP-4-5 - - - - - 10.0
Mudstone and siltstone, grayish-red (10R4/2K 
bentonitic. Sample PFNP-4-4 - - - - - - - - -  22.0
Mudstone and siltstone, medium dark-gray (N4), 
bentonitic. Sample PFNP-4-3 - - - - - - - - -  20.0
Mudstone, light-gray (N7). bentonitic.
Sample PFNP-4-2------------------------------   3.0
Mudstone, grayish-red (10R4/2), micaceous, 
bentonitic, slightly silty. Sample PFNP-4-1 - 9.0
Unit 1 forms slope.
Total thickness of unit 1 Is 64 feet.

Total thickness section PFNP-4 81.0
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PFNP-5: North side of Agate Bridge mesa in the SE^NW^

sec. 4, T. 1? N., R. 24 E.
Unit Thickness
No. Description in feet
UPPER TRIASSIG: Chinle Formation - Petrified Forest Member.
5 Sonsela sandstone bed. Quartzose sandstone, 

very pale-orange (10YR8/2) to pinkish-gray 
(5YR8/1) weathering to pale-yellowish-brown 
(10YR6/2), medium- to coarse-grained, fair- 
sorted, subangular to subround; "clean"; 
thin-bedded to very thin-bedded; trough sets 
of medium- to large-scale cross-strata; 
scattered lenses of gravel - - - - - - - - - -  30 .0

Chert-pebble conglomerate, pebbles of yellow 
and gray chert, andesite (?), quartzite, up 
to three inches diameter, subround to round; 
matrix of light-gray, coarse-grained, clayey 
quartz sandstone; forms cliff - - - - - - - - -
Quartzose sandstone, light-gray (N?)# medium- 
grained, fair sorted, subangular; very clayey, 
micaceous, friable. Sample PFNP-5-8. May be 
a local sandstone lens and not part of Sonsela
bed - - -  - -  - -  - -  - -  - -  - -  - -  - -  - -
Total thickness of Sonsela sandstone bed is 
44 feet.

4 Mudstone or siltstone, light olive-gray
(5Y6/1), silty, slightly bentonitic; forms
slope. Sample PFNP—5*"7 — — — — — — — — — — — — 16• 0

3 Quartzose sandstone, medium light-gray (N6), 
fine- to medium-grained, fair-sorted, sub
angular; shaly, micaceous, bentonitic; easily 
disaggregated. Sample PFNP-5-6 - - - - - - - -  1.0

2 Mudstone, light-gray (N?); bentonitic - - - - - 3.0

Mudstone, grayish-red (5R4/2); bentonitic - - - 9.0
Mudstone and siltstone, light-gray (N?) with 
spots of grayish-red (5R4/2); bentonitic.
Sample PFNP-5-5---------------- ----------  2.0

6.0

8.0
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Mudstone and siltstone, grayish-purple (5P4/2) 
mottled with light-gray (N?); mottled spots 
surround small sillcified plant roots; 
bentonitic. Sample PFNP-5-4 - - - - - - - - -  17.0
Sample PFNP-5-3 taken at base of above unit is 
siltstone, light brownish-gray (5YR6/1 ); clayey, 
micaceous, slightly bentonitic. Unit 2 forms 
slope.
Total thickness of unit 2 is feet.
Quartzose sandstone, pinkish-gray (5YR8/1), 
fine- to medium-grained, fair-sorted, sub- 
angular to subround; clayey, bentonitic, 
micaceous; friable; structureless at this 
locality; thickness varies laterally. Sample 
PFNP-5-2 - - ------------------------------- -- 24.0
Sample PFNP-5-1 at base of above unit is 
quartzose sandstone, light-gray (N?), medium- 
to coarse-grained, subangular to subround; 
very clayey, micaceous; fairly well 
consolidated; contact with underlying mud
stone sharp and erosional.

Total thickness section PFNP-5 116 .0
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PFNP-6 : North of Rainbow Forest Lodge, SEiSWi sec. 3 6,

T. 17 N., R. 23 E.
Unit Thickness
No. Description in feet
UPPER TRIASSIC: Chinle Formation - Petrified Forest Member.
11 Quartzose sandstone, light brownish-gray (5YB6/I)

weathering pale brown (5YR5/2), fine- to medium
grained, fair-sorted, subangular to subround; 
very clayey, micaceous, some calcite cement, 
slightly friable; laminations of purplish shaly 
sandstone; planar and trough sets of small- to
medium-scale cross-strata. Sample PFNP-6-7 - - 5*0

",

Limestone-pebble conglomerate, light-gray (N?), 
light-gray micrite pebbles up to one-half inch 
diameter, round; matrix of sparry calcite with 
few quartz grains, some mudstone pebbles; 
contact with underlying mudstone sharp.
Sample PFNP-6 - 6 ---- --------------------------  0.5
Unit 11 forms cliff and caps mesa. Channel 
sand above main part of Camp Wash zone.
Total thickness of unit 11 is 5*5 feet.

10 Mudstone and siltstone, light-gray (N?) and
grayish-purple (5P4/2)-- ------------------ - 20.0

9 Camp Wash zone. Quartzose sandstone, pinkish- 
gray (5YR8/1), fine- to medium-grained, fair 
sorted, subangular to subround; very clayey, 
micaceous; friable; forms cliff, thin-bedded 
to.thinly cross-laminated. Sample PFNP-6-5 - - 24.0

8 Mudstone, grayish-purple (5P4/2); forms slope - 12.0
Siltstone, light-gray (N7); clayey - - - - - -  3*0
Mudstone, grayish-purple (5P4/2) and light-gray
(N?); forms slope - - - - - - - - - - - - - - -  10.0
Total thickness of unit 8 is 25 feet.

7 Quartzose sandstone, yellowish-gray (5Y8/1)
weathering pale yellowish-brown (10YR6/2), fine
grained, well sorted; very clayey, micaceous, 
bentonitic, gray mudstone up to one-fourth

#
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Inch on some bedding planes, purplish laminations;
forms cliff. Sample PFNP-6-4 - - - - - - - - -  12.0

6 Mudstone, light-gray (N?); slightly bentonitic - 2.0
5 Limestone-pebble conglomerate, pebbles of

light-gray (N?) limestone; matrix of calcite
and clay - - - - - - - - - - - - - - - - - - -  0 .5

4 Mudstone, grayish-red (10R4/2) and light-gray
(N?); forms slope - - - - - - - - - - - - - - -  6.0

3 Quartzose sandstone, light-gray (N?), medium
grained, well sorted, subangular to subround; 
clayey, well cemented with calcite; very 
thin-bedded. Sample PFNP-6-3 - - - - - - - - -  5*0
Limestone-pebble conglomerate, light-gray (N?), 
pebbles of gray micrite and mudstone as much as 
one inch, rounded; matrix of calcite and clay.
Sample PFNP-6-2 -------------------------------  2.0
Unit 3 forms cliff.
Total thickness of unit 3 is 7 feet.

1 Sonsela sandstone bed (?). Pebbly quartzose 
sandstone, pinkish-gray (5YR8/1 ) weathering . 
light-brown (5YR6/4); pebbles of gray chert 
and gray mudstone as much as one-half inch; 
matrix mostly coarse-grained quartz, poorly 
sorted, subangular to subround; fairly friable.
Sample PFNP-6-1. Lower contact sharp and 
erosional - - - - - - - - - - - - - - - - - - -  6 .0

Unit 1 is Cooley's (1957) Rainbow Forest 
sandstone. It is probably the same as the 
Sonsela bed but may be about 20 feet higher.

Total thickness section PFNP-6 129*5
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PFNP-7 and ?a: ELuffs west of the Battleship. PFNP-7

is in NE4NW4 sec. 20, T. 1? N., R. 24 E. 
PFNP-7a is in NWiNWi sec. 20, T. 17 N., 
R. 24 E.

Unit Thickness
No. Description in feet
UPPER TRIASSIC: Chinle Formation - Petrified Forest Member.
10 Flattops number one sandstone. Quartzose sand

stone, light-gray (N7)» fine- to medium-grained, 
fair-sorted, subangular to subround; very 
clayey, micaceous, some calcite cement, 
slightly friable; very thin-bedded to thinly 
cross-laminated, trough and planar sets of 
cross-strata. Sample PFNP-7-9 - - - - - - - -  6.0
Shale-pebble conglomerate, light-brovmish-gray 
(5YR6/1 ) weathering pale-brown (5YR5/2), 
pebbles of red shale and a few of gray lime
stone; matrix is medium-grained, subangular 
quartz sand cemented with calcite. Sample 
PFNP-7-10-------------------------------------  2.0
Unit 10 forms cliff at top of mesa.
Total thickness of unit 10 is 8 feet.

9 Mudstone and siltstone, mostly grayish-purple 
(5P4/2), some light-gray (N7). slightlybentonitic - - - - - - - - - - - - - - - - - -  48.0

8 Quartzose sandstone, pinkish-gray (5YR8/1),
medium- to coarse-grained, subangular; calcite 
cement - - - - - - - - - - - - - - - - - - - - -  5*0

7 Mudstone, grayish-purple (5P4/2) - - -  - -  --—  7.0
6 Camp Wash zone. Quartzose sandstone, light-gray 

(N7). medium-grained, poor-sorted; clayey; grades 
into purplish mudstone at top. Sample PFNP-7- 8 - 7*0
Quartzose sandstone, light-gray (N7) weathering 

: grayish-orange (10YR7/4), medium-grained, fair- 
sorted, subangular to subround; clayey, slightly 
carbonaceous, slightly friable, slightly porous; 
very thin-bedded to very thinly cross- 
laminated, planar and trough sets of small- to 
medium-scale cross-strata. Sample PFNP-7-7 - - 6.0
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Limestone-pebble conglomerate, light-gray (N?); 
pebbles of light-gray limestone as much as one 
inch, but mostly smaller; a few pebbles of 
light-gray mudstone and about 10 percent flat 
boulders of light-gray fine-grained sandstone 
as much as one foot in diameter, cemented with 
calcite; lateral extent of unit about 100 feet - 6 .0

Quartzose sandstone, pinkish-gray (5IR8/1), 
medium-grained, subangular; micaceous, clayey, 
friable; very thin-bedded to very thinly 
cross-laminated - - - - - - - - - - - - - - - -  7.5
Limestone-pebble conglomerate, light-gray (N7); 
pebbles of light-gray limestone as much as one 
inch, but mostly smaller; some pebbles of 
light-gray mudstone and pinkish-gray sandstone 
as much as 4 inches in diameter, but mostly 
about one-half inch, calcite cement; lateral 
extent of unit about 50 feet - - - - - - - - -  5 .0

Quartzose sandstone, light-gray (N7), fine- 
to medium-grained; micaceous, clayey; planar 
and trough sets of small- to medium-scale 
cross-laminations; forms cliff, weathers 
blocky - - - - - - - - - - - - - - - - - - - -  3 .5

Total thickness of unit 6 is 35 feet.
Above section is at PFNP-7a. At PFNP-7 one-fourth mile 
to the east, unit 6 (Camp Wash zone) consists of the 
following:

Quartzose sandstone, pale-yellowish-brown 
(10YR6/2), medium-grained, fair-sorted, sub- 
angular to subround; clayey, slightly 
cemented with calcite, slightly carbonaceous; 
small- to medium-scale cross-laminations; 
lower contact erosional. Sample PFNP-7-6 - - - 22

5 Mudstone and siltstone, grayish-red (10B4/2) 
becoming greenish-gray (5GY6/1) at top; con
tains thin bed of quartzose sandstone, light 
brownish-gray (5YR0/I), very fine- to medium- 
grained, poorly-sorted, subround; micaceous, 
clayey. Sample PFNP—7~5 — — — — — — — — — — — 24

4 Quartzose sandstone, light-gray (N7)» fine- 
to medium-grained, poorly-sorted, subround; 
very clayey, micaceous, bentonitic, contains
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some dark minerals; very thin to thin-bedded 
with scattered thin layers of pebbles along 
bedding planes; pinches out laterally; basal 
contact erosional. Sample PFNP-7-4 - - - - - -  31.0

3 Mudstone, grayish-purple (5P4/2) mottled;
silty, slightly bentonitic. Sample PFNP-7-3*Forms slope - - - - - - - - - - - - - - - - - -  7.0

2 Sonsela sandstone bed. Bottom 9 feet of
unit is pebble quartzose sandstone, pinkish- 
gray (5YR8/1), medium- to coarse-grained, 
subangular; micaceous, contains some pebbles 
as much as one-half inch diameter. Upper 4 
feet of unit is pebbly quartzose sandstone, 
light-gray (N7), coarse-grained, subangular; 
friable; contains 5 to 10 percent pebbles 
with maximum diameter of one inch (average 
one-fourth to one-half inch); trough sets of 
medium-scale cross-strata; forms cliff.
Sample PFNP-7-2 from base of unit, PFNP-7-1
from upper part. Basal contact erosional - - - 13.0

1 Mudstone, grayish-blue (5PB5/2 ), base not
exposed - - - - - - - - - - - - - - - - - - - -  1 0 .0

Total thickness PFNP-7 and 7a 188
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PFNP-8 , 8a, 8b, and 8c: Composite section measured

along the south side of Lithodendron Wash in 
the Painted Desert; 8c is in NE^NWi sec. 17, 
T. 19 N., R. 24 E.

Unit ThicknessNo. Description in feet
UPPER TRIASSIC: Chinle Formation - Petrified Forest Member.
19 Tuffaceous sandstone, pinkish-gray (5YR8/1), 

fine- to medium-grained, poorly sorted, 
subangular to subround; very clayey, 
micaceous, friable; looks white in out
crop; occurs as white band near Visitor's 
Center. Sample PFNP-8-21. Thin beds of 
siltstone and mudstone occur interbedded 
with the sandstone. Sample PFNP-8-22 - - - - -  25
Limestone-pebble conglomerate, light- 
brownish-gray (5YR6/1), pebbles are mostly 
calcite and clay as much as 2.5 cm in 
diameter, subround to round; matrix is 
crystalline calcite and some coarse quartz 
grains cemented with calcite; basal contact 
sharp, unit widespread. Sample PFNP-8-20 - - - 2
Total thickness of unit 19 is 27 feet.

18 Mudstone, pale-red (5R6/2); bentonitic (sample 
PFNP-8-19) and siltstone, pale-red (5R6/2) 
mottled with light-gray spots; micaceous; 
laminated, some laminae calcareous; forms 
slope. Sample PFNP-8-18 - - - - - - - - - - -  20
Mudstone, pale-reddish-brown (10R5/4); 
bentonitic. Sample PFNP-8-17; forms slope - - 15
Mudstone, pale-reddish-brown (10R5/4) 
mottled with spots of light-greenish-gray; 
siltstone laminations. Sample PFNP-8-16 - - - 23
Siltstone, pale-red (5R6/2); slightly 
bentonitic; laminated; forms slope.
Sample PFNP-8-15 -----------------------------  10
Total thickness of unit 18 is 68 feet.

17 Quartzose sandstone, light-gray (N7) with
purplish sandstone laminations, medium-grained,



subangular; clayey, some calcite cement; forms
127

cliff----------------------------------- ------10
16 Mudstone, grayish-red (5R^/2); forms slope - - 20
15 Flattops number two sandstone. Quartzose sand

stone, laminated pale-red (10R6/2 ) and yellowish- 
gray (5Y8/1) weathering pale-brown (5YR5/2), 
fine-grained, well sorted, subround to round; 
micaceous, clayey, slightly cemented with 
calcite; very thinly cross-bedded to thinly 
cross-laminated with planar and trough sets 
of small- to medium-scale cross-strata; 
forms cliff. Sample PFNP-8-14---- ---------  10
Limestone-pebble conglomerate, light- brownigh- ... 
gray (5YR6/1) weathering brownish-gray (5XR4/1); 
pebbles are mostly light-gray (N?) micrite, 
some are grayish-red mudstone and light-gray 
(N?) clay as much as three-fourths inch but 
mostly smaller; matrix is crystalline calcite 
and medium-grained quartz with calcite cement; 
forms cliff; conglomerate is widespread; 
basal contact sharp. Sample PFNP-8-I3 - - - - 2

Total thickness of unit 15 is 12 feet.
Measured section 8b is in NEiNEi sec. 1 3, T. 19 N., R. 23 E.
14 Mudstone, pale-red (5R6/2); bentonitic; forms

slope. Sample PFNP-8-12 - - - - - - - - - - -  54

13 Flattops number one sandstone (?). Quartzose 
sandstone, light-brownish-gray (5YR6/I) 
weathering pale-yellowish-brown (10YR6/2), 
fine-grained, well-sorted; micaceous, clayey, 
fairly friable; laminated to thinly cross- 
laminated; forms cliff. Sample PFNP-8-11 - - - 14

12 Mudstone, grayish-red (5R4/2); forms slope - - 12
Mudstone, mottled llght-greenish-gray 
(5GY8/1) and pale-reddish-purple (5RP6/2); 
bentonitic, contains a few rounded calcite 
grains; forms slope. Sample PFNP-8-10 - - - - 5
Mudstone, pale-red (10R6/2); silty, bentonitic; 
forms slope. Sample PFNP-8-9 - - - - - - - - -  20
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Mudstone, light-bromish-gray (5YR6/1); silty, 
very bentonitic; forms slope. Sample PFNP-8-8 - 7
Mudstone, pale-red (5B6/2); bentonitic; forms 
slope. Sample PFNP-8-7 - - - - - - - - - - - -  20
Total thioknoss of unit 12 is 64 feet.

Measured section 8a is in SW^SEi sec. 23, T 19 N., R. 23 E.
11 Quartzose sandstone, light-brownish-gray

(5YR6/1) weathering brownish-gray (5YR4/1),
fine-grained, well-sorted, subround; well
cemented with calcite, contains a few
grains of calcite and clay; very thin-
bedded to laminated. Sample PFNP-8 -6 - - - - -  3

10 Mudstone, medium-light-gray (N6 ); bentonitic;
forms slope. Sample PFNP-8-5 - - - - - - - - -  20

9 Quartzose sandstone, light-gray (N?), fine-
to medium-grained - - - - - - - - - - - - - - -  2

8 Mudstone, light-gray (N?) and grayish-purple
(5P4/2); forms slope - - - - - - - - - - - - -  20

7 Camp Wash zone. Quartzose sandstone, pinkish- 
gray (5YR8/I), medium- to coarse-grained, 
fair-sorted, subangular to subround; clay 
matrix, friable; thin-bedded to thinly cross- 
laminated, planar and trough sets of cross
strata. Sample PFNP-8-4 - - - - - - - - - - -  8

Pebbly quartzose sandstone, yellowish-gray 
(5Y8/1), matrix mostly medium- to coarse
grained quartz, subangular to subround; 
some calcite cement; pebbles mostly chert 
as much as one-half inch in diameter make up 
less than 5 percent of rock; planar and 
trough sets of small- to medium-scale cross
strata contains scattered petrified logs; 
forms cliff. Sample PFNP-8-3 - - - - - - - - -  8

Total thickness of Camp Wash zone (unit 7) 
is 16 feet.

6 Quartzose sandstone, pinkish-gray (5YR8/I),
fine- to medium-grained, subangular; micaceous; 
forms cliff; may be part of Camp Wash zone; 
basal contact erosional - - - - - - - - - - 6



5 Mudstone, light-gray (N7); slightly silty,
slightly micaceous, bentonitic; forms slope.
Sample PFNP-8-2 -------------------------------  14

4 Quartzose sandstone, medium-gray (N6 ), fine-
to medium-grained; clayey; forms cliff - - - - 8

3 Mudstone, grayish-purple (5R4/2) and light-
gray (N?); forms slope - - - - - - - - - - - -  10

2 Quartzose sandstone, light-gray (N7) and
grayish-red (10R4/2), fine- to medium-grained; forms cliff - - - - - - - - - - - - - - - - - -  14

Measured section 8 is in SWiSEi sec. 23, T. 19 N., R. 23 E. 
Covered interval - - - - - - - - - - - - - - -  30

1 Quartzose sandstone, light-brownish-gray
(5YR6/1 ) weathering pale-brown (5YR5/2), 
medium- to very-coarse-grained, poorly-sorted, 
subangular to subround; clayey, fairly 
friable, some calcite cement; forms cliff.
Sample PFNP-8-1. Basal contact erosional. - - 25

Total thickness composite section 437

129
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Unit Thickness
No. Description in feet
UPPER TRIASSIC: Chinle Formation - Petrified Forest Member.
12 Sonsela sandstone bed. Chert-pebble conglomerate, 

pebbles range from moderate-yellowish-brown 
(10YR5/4) to brownish-gray (5YR5/1)» composed 
of chert, quartzite, and rhyolite, make up 
about 60 percent of rock, as much as 1 .5  
inches in diameter, subround to round; 
matrix of medium-grained quartz with some 
silica cement; contains petrified logs; forms cliff - - - - - - - - - - - - - - - - - -  6

11 Mudstone and siltstone, very-light-gray (N8 );....
micaceous, very bentonitic; forms slope.
Sample PFNP-9-14 ------------------------------ 1?

10 Quartzose sandstone, grayish-red (10R4/2), 
matrix of medium- to coarse-grained quartz 
sandstone, subangular; very clayey, friable; 
contains a few chert pebbles as much as 3 /8  
inch diameter. Sample PFNP-9-12. Basal 
contact erosional; unit contains some 
petrified logs - - - - - - - - - - - - - - - - -  14
A conglomerate containing pebbles of red and 
gray mudstone as much as one-half inch in 
diameter occurs as a 2 to 3 feet layer in 
middle of unit.

9 Mudstone and slltstone, grayish-purple (5P4/2)

PFNP-9 and 9a: One-half mile southeast of the Tepees;
9a is In SWiSWi sec. 23, T. 18 N., R. 24 E.

and light-gray (N?) - - - - - - - - - - - - - -  7

Mudstone, light-gray (N?) - - - - - - - - - - -  2
Mudstone, grayish-purple (5P4/2). Unit forms 
slope - - - - - - - - - - - - - - - - - - - - -  3

Total thickness of unit 9 is 12 feet.
8 Quartzose sandstone, very light-gray (N8 ),

fine-grained; very clayey, micaceous (biotlte), 
slightly bentonitic. Sample PFNP-9-11 - - - - 2
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7 Mudstone and siltstone, grayish red-purple

(5RP4/2) mottled with light-gray; bentonitic; 
forms slope* Sample PFNP—9-*10 — — — — — — — — — 23

6 Quartzose sandstone, grayish-purple (5PV2),
fine- to medium-grained; very clayey; contact 
with underlying mudstone erosional. Sample 
PFNP-9-9 -------------------------------------  9

5 Siltstone, mottled light-gray (N?) and light
brownish-gray (5YR6/1); very clayey, micaceous; 
light gray spots surround silicified plant 
roots. Sample PFNP-9-8 - - - - - - - - - - - -  6

4 Quartzose sandstone, pinkish-gray (5YR8/1),
fine- to medium-grained, poorly sorted, sub- 
angular; clayey, micaceous; no obvious 
structure; basal contact erosional; forms 
cliff* Sample PFNP—9™7 — — — — — — — — — — — — 3

Measured section 9 is in SE^SEt* sec. 22, T. 18 N., R. 24 E.
3 Mudstone and siltstone, grayish-purple

(5P4/2) and light-gray (N?); bentonitic; 
forms slope. Sample PFNP-9-6 at top of 
purple mudstone; sample PFNP-9-5 of light gray mudstone - - - - - - - - - - - - - - - - -  24

2 Siltstone, pale-red (10R6/2); very clayey;
laminated. Sample PFNP-9-4 - - - - - - - - - -  12

1 Mudstone and siltstone, light-gray (N?);
bentonitic. Sample PFNP-9-3 - - - - - - - - -  9
Mudstone, grayish-red (10R4/2). Sample
PFNP-9-2---------...----------- ----------------  8
Where the Newspaper Rock sandstone is present.
it occurs at the stratigraphic position of the 
above grayish-red mudstone.
Mudstone, light-gray (N7); bentonitic. Sample
PFNP-9-1. Unit 1 forms slope. - - - - - - - -  12
Total thickness of unit 1 is 29 feet.

Total thickness PFNP-9 and 9a 159
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PFNP-10: West of Jasper Forest in NE^NWi sec. 7,

T. 1? N., R. 24 E.
Unit Thickness
No. Description in feet
UPPER TRIASSXC: Chlnle Formation. - Petrified Forest Member.

Sonsela sandstone bed. Caps mesa at this 
locality; approximately 20 feet thick, forms 
vertical cliff and is not described in detail; 
contains a few petrified logs.

6 Mudstone, grayish-purple (5P4/2); bentonitic.
Sample PFNP-10- 6 -----------------------------  9

5 Quartzose sandstone, light-gray (N7), medium- 
to coarse-grained, poorly sorted, subangular 
to subround; very clayey, friable, micaceous; 
forms cliff. Sample PFNP—10—5 — — — — — — — — 7

4 Mudstone, grayish-purple (5P4/2) and light-
gray (N7) - ------- - ------------- - - ------- 8

3 Quartzose sandstone, light brownish-gray
(5YR6/1 ), fine-grained; micaceous, very 
clayey, slightly bentonitic; forms slope; 
basal contact erosional. Sample PFNP-10-4 - - 14

2 Sllicified mudstone (?), pale yellowish-
brown (10YR6/2) mottled with purplish spots; 
sandy, slightly calcareous. Sample PFNP-
1 0 - 3 --------------------------- -------------- 1

1 Mudstone and siltstone, grayish-purple
(5P4/2)----------------------------------------- 10
Mudstone, light-gray (N7). - - - - - - - - - -  2
Mudstone, grayish-purple (5P4/2) - - - - - - -  5
Mudstone, light-gray (N7) - - - - - - - - - - -  2

Mudstone, grayish-purple (5^4/2) - - - - - - -  10
Mudstone, light-gray (N7); bentonitic,
slightly sandy. Sample PFNP-10- 2 - - - - - - -  3
Mudstone, grayish-red-purple (5RP4/2); 
bentonitic. Sample PFNP-10-1 - - - - - - - - -  6



Unit 1 forms slope.
Total thickness of unit 1 is 38 feet. 

Total thickness PFNP-10*
*Total thickness does not include Sonsela 
sandstone bed at the top of the section.
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PFNP-11: West of Jasper Forest in NE^NEi sec. 1,

T. 1? N., R. 23 E.
Unit -Thickness
No. Description in feet

UPPER TRIASSIC: Chinle Formation - Petrified Forest Member.
9 Camp Wash zone. Quartzose sandstone, pale

yellowish-brown (10YR6/2) weathering moderate 
yellowish-brown (10IR5/4), fine- to medium
grained , fair sorted; clayey, slightly 
micaceous, fairly well cemented with calcite; 
very thin to cross-laminated-medium-scale 
trough cross-bedding; weathers blocky.
Sample PFNP-11-12 - --------- - - - - ---------12
Quartzose sandstone, pale yellowish-brown 
(10YR6/2), fine-grained, well-sorted, slightly 
clayey, slightly micaceous, slightly cemented 
with calcite; cross-laminated to thinly 
cross-laminated with planar sets of medium- 
scale cross-strata; weathers flaggy. Sample 
PFNP-11t1 1 ----- - - -------- - -------------- 5
Pebbly quartzose sandstone, pale yellowish- 
brown (10YR6/2) weathering dark yellowish-brown 
(10YR4/2); matrix fine- to medium-grained, sub- 
angular to subround quartz sandstone with 
calcite cement; pebbles of light-gray mudstone 
and limestone as much as one-fourth inch 
diameter, pebbles make up less than 5 percent 
of outcrop; very thinly- cross-stratified:to 
cross-laminated with trough sets of medium- 
scale cross-strata; weathers blocky; basal 
contact erosional. Sample PFNP-11-10 - - - - - 10
Total thickness of unit 9 is 2? feet.

8 Mudstone and siltstone, mottled grayish-red-
purple (5RP4/2) and pinkish-gray (5YR8/I); •
bentonitic. Sample PFNP-11-9. Forms slope 
that is mostly covered. In butte to north a 
sandstone unit occurs about in the middle of 
mudstone unit. - - - - - - - - - - - - - - - -  90

7 Quartzose sandstone, pinkish-gray (5YR8/1), 
fine- to.medium-grained, poorly-sorted, sub- 
angular; very clayey, micaceous, clay matrix; 
bedding indistinct, weathers to sub-spheroidal
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blocks; interbedded with purple mudstone; forms 
cliff. Sample PFNP-11-8 --------------------- 15

6 Mudstone, grayish-red (10H4/2) mottled - - - - 10
Mudstone, grayish-purple (5P4/2) mottled; unit 
6 forms slope. - - - - - - - - - - - - - - - -  6

Total thickness of unit 6 is 16 feet.
5 Sonsela sandstone bed. Quartzose sandstone, 

light brownish-gray (5YR6/1 ), fine-grained, 
well-sorted; clayey, micaceous, slightly 
bentonitic. Sample PFNP-11-7. Thickness is 
variable laterally; 200 yards east unit 5 is 
20 feet thick and consists partly of the 
following: pebbly quartzose sandstone, light-
brownish-gray (5YR6/1); matrix of medium- to 
coarse-grained, poorly sorted quartz sandstone 
and clay slightly cemented with calcite; 
pebbles of chert, subround to round as much 
as 2 centimeters diameter make up about 5 
percent of outcrop; forms cliff; weathers 
massive; basal contact erosional. Sample 
PFNP-ll-7a---------------------- ------------ 10

4 Mudstone and siltstone, laminated grayish-red 
(10R4/2) and light-brownish-gray (5YR6/1) 
mottled; micaceous; forms slope. Sample 
PFNP-1 1 -6  ----------------------------------- 35

3 . Quartzose sandstone, light brownish-gray
(5YR6/1), fine- to medium-grained, poorly 
sorted, subangular to subround; very clayey, 
micaceous, friable; scattered thin layers of 
chert pebbles; forms cliff; weathers blocky 
in some places. Sample PFNP-11-5 - - - - - - -  32

2 Mudstone, mottled grayish-purple (5P4/2) and 
light-gray (N7); bentonitic. Sample PFNP-
1 1-4------------------   12

Mudstone, yellowish-gray (5Y8/1) mottled with 
grayish-red patches. Sample PFNP-11-3 - - - - 5
Mudstone, grayish-red (10R4/2); very slightly 
bentonitic. Sample PFNP-11-2. Unit 2 forms
slope. - - - - - - - - - - - - - - - - - - - -  6
Total thickness of unit 2 is 23 feet.
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1 Quartzose sandstone, light brownish-gray
(5YR6/1 ), fine- to medium-grained, poorly 
sorted, subangular to subround; clayey, 
contains pebbles of red mudstone, friable; 
forms slope; contact with underlying mudstonegradational. Sample PFNP-11-1 - - - - - - - -  5

Total thickness PFNP-11 253
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PFNP-12: East of Agate Bridge in NWiSWi sec. 11,

T. 1? N., R. 24 E.
Unit Thickness
No. Description in feet
UPPER TRXASSIC: Chinle Formation - Petrified Forest Member.

6 Sonsela sandstone bed. Pebbly quartzose sand
stone, yellovrish-gray (5X8/1), matrix of 
coarse- to very coarse-grained, subangular to
subround quartz sand, some clay; pebbles of
chert, round, as much as two inches diameter
make up about 5 percent of rock; rather
friable; trough sets of small- to medium-
scale cross-strata; forms cliff. Sample
PFNP-12-8. Basal contact erosional. - - - - -  20.0

5 Mudstone, yellowish-gray (5Y8/I); bentonitic.
Sample PFNP-12-? -----------------------------  8.0
Mudstone, light purplish-gray (between 5Pk/2
and N/7); bentonitic; forms slope. Sample
PFNP-12- 6 -------------------------------------  3.0
Total thickness of unit 5 is 11 feet.

4 Quartzose sandstone, light brownish-gray
(5XR6/1), medium- to coarse-grained, fair 
sorted, subangular to subround; slightly 
clayey, friable; forms slope. Sample PFNP-
1 2 - 5 -----------------------------------------  1 0 .0

3 Mudstone and siltstone, grayish-purple (5P4/2)
mottled with light-gray (N7); bentonitic; forms 
slope. Sample PFNP-12-4 - - - - - - - - - - - -  9 .0

2 Quartzose sandstone, pinkish-gray (5YR8/1),
medium- to coarse-grained, poorly sorted, sub
angular to subround; very clayey, slightly 
bentonitic, micaceous. Sample PFNP-12-3 - - - 10.0
Quartzose sandstone, grayish-purple (5P4/2),
medium-grained, poorly sorted, subround; many
of the grains are mudstone. Sample PFNP-12-2 - 20.0
Unit 2 forms slope.
Total thickness of unit 2 is 30 feet.
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Mudstone and slltstone, light yellowish-gray 
(5^8/1) to light greenish-gray (5GY8/1); slightly 
micaceous, very sandy, grades into clayey fine
grained sandstone at places. Sample PFNP-12-1.
Unit 1 forms slope; base not exposed. - - - - -  12.0

Total thickness PFNP-2 92.0
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UPPER TRIASSIC: Chlnle Formation - Petrified Forest Member.
6 Flattops number 3 sandstone. Quartzose sand

stone, pinkish-gray (5YR8/1) with purplish 
laminations, weathering brownish-gray 
(5YR4/1), fine- to medium-grained; clayey, 
some calcite cement; forms cliff, weathers 
blocky; trough and planar sets small- to 
medium-scale cross-strata, thinly cross- 
laminated. Sample PFNP—13”7 — — — — — — — — — 6 .0

5 Mudstone and siltstone, grayish-red (5R4/2) - - IO5 .O
A sandstone unit occurs in part of the butte 
35 feet from the base of the mudstone unit.
Same sandstone caps mesas to the northeast 
and is Flattops number 2 sandstone.
Mudstone, grayish-red-purple (5RP4/2) - - - - -  8.0
Total thickness of unit 5 Is 113 feet.

4 Quartzose sandstone, yellowish-gray (5Y7/2)
weathering moderate yellowish-brown (10YR5/4), 
medium-grained, fair sorted, subangular; clayey, 
micaceous, some calcite cement, contains some 
light-gray mudstone balls; forms cliff, 
weathers blocky. Occurs slightly above main 
sandstone of Camp Wash zone. Sample PFNP-
1 3 - 6 -----------------------------------------  5 .0

3 Mudstone and sandstone, pale yellowibh-brown
(10YR6/2); sandstone fine-grained, subangular; 
carbonaceous, contains loose fragments of 
gypsum; unconsolidated; forms slope. Sample 
PFNP-13-5-------------------------------------  6 .0

2 Camp Wash zone. Quartzose sandstone, pale
yellowish-brown (10YR6/2) weathering moderate 
yellowish-brown (10YR5/4), medium-grained, 
fair sorted, subangular to subround; slightly 
micaceous, slightly friable; forms cliff, 
weathers blocky; planar and trough sets of 
small- to medium-scale cross-strata, very 
thinly cross-stratified to thinly laminated.
Sample PFNP-13-4 ---------------------------

PFNP-13: Butte just outside of Park In SE^ sec. 2 5,
T. 1? N., B. 23 E.

17.0
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Limestone-pebble conglomerate, light-gray (N?)» 
pebbles of micrite and mudstone as much as ^ mm 
diameter, very small amount of quartz; matrix 
mostly calcite. Sample PFNP-13-3 - - - - - - -  6 .0

Total thickness of Camp Wash zone is 23 feet.
2 Mudstone, yellowish-gray (518/1); very silty, 

micaceous, slightly bentonitic; forms slope.
Sample PFNP-13- 2 ------------  12.0

1 Quartzose sandstone, light-gray (N7). fine
grained, subangular; clayey, micaceous, well 
cemented with calcite; forms cliff; no 
prominent structures. Sample PFNP-13-1 ---   6.0

Total thickness PFNP-13 171.0
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South end of Park just north of Highway 260 
in SWi sec. 35, T. 1? N., R. 23 E.

Unit .... Thickness
No, Description in feet

UPPER TRIASSIC: Chinle Formation - Petrified Forest Member.
8 Camp Wash zone. Quartzose sandstone, yellowish- 

gray (5Y7/2), medium- to coarse-grained, sub- 
angular, fair sorted; micaceous, clayey, 
slightly friable; thinly cross-stratified to 
cross-laminated, planar and trough sets of 
large- to medium-scale cross-strata; weathers 
blocky. Sample PFNP-14-5 - - - - - - - - - - -  25.0
Interbedded sandstone as above and limestone- 
pebble conglomerate lenses two to three feet 
thick. - - - - - - - - - - - - - - - - - - - -  7 .0

Quartzose sandstone, grayish-orange (10YR7/4), 
medium-grained, fair sorted, subangular; shaly, 
carbonaceous, very friable. Sample PFNP-14-4 - 2.0
Unit 8 forms cliff and caps mesa north of 
Highway.
Total thickness of unit 8 is 34 feet.

7 Mudstone, greenish-gray (5GY6/1). Sample
PFNP-14-3 --------------------------------- -- - 3.0
Mudstone and siltstone, mottled greenish-gray 
(5GY6/1) and light-red (5R6/6) becoming mostly 
grayish-red toward top; forms slope. - - - - -  27.0

Total thickness of unit 7 is 30 feet.
6 Quartzose sandstone, light brownish-gray (5YR6/1), 

fine- to medium-grained, poorly sorted, sub- 
angular to subround; very clayey, slightly 
micaceous; forms slope; lower contact erosional.
Sample PFNP-14-2 -----------------------------  7.0

5 Mudstone and siltstone, mottled light-red
(5R6/6) and light-gray (N7) becoming grayish-
red in upper part; forms slope. - - - - - - - -  25.0

4 Limestone- and mudstone-pebble conglomerate,
light-gray (N7)» pebbles of light-gray micrite
and mudstone; cemented with calcite. - - - - -  0 .5
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3 Mudstone and siltstone, pale-red (5R6/2) and 

light-gray (N7 ) mottled to reddish-purple 
(5KP4/2); forms slope. - - - - - - - - - - - -  28.0

2 Sonsela sandstone bed (?). Pebbly quartzose 
sandstone, pinkish-gray (5YR8/1 ); matrix is 
mostly quartz sandstone, coarse-grained, sub- 
angular to subround, and clay; pebbles of 
rounded chert as much as one-half inch in 
diameter make up about 5 percent of rock; 
forms cliff; friable. Sample PFNP-14-1 - - - - 10.0

1 Mudstone, grayish-blue (5PB5/2); forms slope;
base not exposed. - - - - - - - - - - - - - - -  6 .0

Total thickness PFNP-14 140.5
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PFNP-15: Near the east end of Blue Mesa In SE^ sec. 24,

T. 18 N. , R. 24 E.
Unit Thickness
No. Description in feet
UPPER TRIASSIC: Chinle Formation - Petrified Forest Member.

6 Sonsela sandstone bed. Estimated 20 feet of 
light-brown sandstone, undescribed because 
inaccessible at this point. - - - - - - - - - -  20.0

Chert-pebble conglomerate also undescribed. - - 10.0
Quartzose sandstone, yellowish-gray (5Y8/1), 
medium- to coarse-grained, poorly sorted, 
subangular to subround; very bentonitic, 
slightly micaceous; erosional contact with 
underlying mudstone; forms base of cliff; 
sample PFNP—13*4;— — — — — — — — — — — — — — — 20.0
entire unit forms cliff; gravel bed pinches 
out laterally.
Total thickness of Sonsela bed is 5® feet.

5 Mudstone and slltstone, grayish-red (5R4/2) and
grayish-purple (5P4/2); forms slope. - - - - -  21.0

4 Quartzose sandstone, light-gray (N?), fine
grained, poorly sorted, subangular; very 
clayey, micaceous, slightly bentonitic; 
lower contact erosional; forms slope. Sample 
PFNP-15-3------------------------------------- 8.0

3 Mudstone and slltstone, grayish-purple (5P4/2) - 3.0

Mudstone, light-gray (N7), sandy. Sample
PFNP-15-2 -------------------------------------  2.0
Mudstone and slltstone, grayish-purple
(5P4/2) and light-gray (N?) mottled. - - - - -  1 7 .0

Entire unit forms slope. Total thickness of 
unit 3 is 22 feet.

2 Quartzose sandstone, yellowish-gray (5Y8/1),
medium- to coarse-grained,. poorly sorted, sub
angular to subround; very clayey, micaceous, 
bentonitic; forms slope. Sample PFNP-15-1 - - 8 .0



Mudstone, grayish-purple (5P4/2), base not exposed. - - - - - - - - - - - -  - - - - - - - 6 .0

Total thickness PFNP-15 115 .0

144



145

Unit Thickness
No. Description in feet
UPPER TRIASSIGChinle Formation - Petrified Forest Member.

6 Limestone-pebble conglomerate, light-gray (N?); 
pebbles consist mostly of limestone (micrite) 
with a few chert pebbles (no fossils evident); 
matrix is mostly calcite; interbedded with _ ■.<
light-gray quartzose sandstone, fine- to 
medium-grained, cemented with calcite; forms 
cliff. ----------- - - - - - - - - - - 6 .0

5 Mudstone, light-gray (N?), with limey stringers;forms slope - - - - - -  - _ _ - _ _ - - - --- -- 1 5 .0

This part of the section appears quite 
complicated stratigraphically.with many 
sandstone lenses of very local extent.

4 Quartzose sandstone, very, light-gray (N8 ), ■
fine- to medium-grained, subangular; 
bentonitic, micaceous, friable; becomes finer 
and more bentonitic upward, and is silty 
mudstone at the top; forms slope — • - ------- 20 .0

Sample PPNP-16-7 of mudstone at top, sample 
PFNP-16-16 of sandstone near base.

3 Camp Wash zone. Quartzose sandstone, light- 
gray (N7)» medium-grained, fair sorted,.sub- 
angular; fairly well cemented with calcite; 
above sandstone contains layers of pale : ■
reddish-brown, fine-grained sandstone; entire 
cement is orange silica; some of the grains 
are mudstone, most are quartz; forms cliff - - 6 .0

Sample PFNP-l6-5a of the silicified sandstone, 
PFNP-16-5 of the main gray sandstone. This 
zone also contains silicified Unio shells, 
moderate reddish-brown (10R4/6) in a matrix of 
quartzose sandstone, light-brownish-gray 
(5YR6/1), fine-grained, well cemented with 
silica; weathers in large blocks with yellowish- 
brown surface. Some chert pebbles occur in this 
zone, but no fossils were observed.

PFNP-16: Just outside east boundary of Park near water
tank in NWi sec. 30, T. 18 N. R. 25 E.
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Mudstone and siltstone, grayish-red (10R4/2); 
mottled; bentonitic; forms slope. Sample 
PMP-16-4 -  --------------------------------- 3 6.O

1 Sonsela sandstone bed. Quartzose sandstone,
light brownish-gray (5YR6/1), fine- to medium
grained , fair sorted, subangular; matrix mostly 
clay, micaceous; very thinly cross-bedded to 
thinly cross-laminated, planar and trough sets 
of medium-scale cross-strata; contains laminae 
of dark minerals; forms cliff; weathers blocky.
Sample PFNP-16-3 -----------------------------  10.0
Pebbly quartzose sandstone, light-gray (N?), 
matrix of fine to medium-grained, subangular 
quartz and clay; pebbles of chert as much as 
one-half inch diameter, rounded, and a few 
clay pebbles as much as one-fourth inch diameter; 
slightly micaceous, friable; pebbly sandstone 
occurs as lenses; a few logs occur at this
horizon. Sample PFNP-16-2 - - - - - - - - - -  10.0
Mudstone and siltstone, grayish-purple
(5P4/2).......................................  4.0
Quartzose sandstone, light-brownish-gray 
(5YR6/1) laminated with purplish layers, 
fair-sorted; clayey, micaceous; very thinly 
cross-stratified to thinly cross-laminated
planar sets of medium-scale cross-strata; 
forms steep slope. Sample PFNP-16-1 from 
upper part - - - - - - - - - - -  --  - - - - - 1 6 .0

Total thickness of Sonsela bed is 40 feet.
Total thickness PFNP-16 122.0
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