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PALEONTOLOGY AND SEDIMENTOLOGY OF THE HAYMOND

BOULDER BEDS (MARTIN RANCH), MARATHON

BASIN, TRANS-PECOS TEXAS

ABSTRACT

A boulder bed unit in the upper Haymond Formation

(Pennsylvanian), generally believed to be olistostromes, is exposed

in the eastern Marathon Basin, west Texas. Two localities of this

unit (Housetop Mountain and Clark Butte) contain clasts derived from

several formations found within the basin, as well as exotic

Devonian metamorphic and volcanic rocks. This report describes a

third previously unstudied site (Martin Ranch locality) that contains

clasts of exotic Middle Cambrian shelf limestones. These

limestones provide a key to the Early Paleozoic history of the

Marathon region.

The boulder beds lie in the upper part of the Haymond Forma

tion. At the Martin Ranch locality they form a zone that is traceable

for 6.6 km along strike and is up to 230 m thick. These boulder beds

contain interbedded units of massive, unstratif ied, pebble- to

boulder-bearing mudstone, thickly bedded, massive sandstone,

lenses of pebbly sandstone, and deformed f lysch beds.
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About 80 percent of the clasts found in the boulder beds at

Martin Ranch are chert derived from several basin formations.

Unique displaced slabs of bedded chert pebble conglomerate

comprise about 10 percent of the clasts. Theses conglomerates

were probably derived from upper fan-channel deposits within the

lower Haymond Formation. Pennsylvanian limestone clasts

redeposited from the basin facies of the Dimple Formation and

clasts of exotic, late Middle Cambrian limestones each comprise

about 5 percent of the clasts. These Cambrian limestones, older

than any formation in the Marathon Basin, contain a fauna

characteristic of the seaward edge of the cratonic carbonate shelf.

The presence of the Cambrian clasts constrains the location of the

North American shelf edge during the Cambrian, placing it at least

120 km southeast of the present day Marathon Basin.

Both the Martin Ranch and Housetop Mountain boulder beds are

composed mainly of clast-bearing, matrix-supported mudstone

which have pebbly sandstone, massive sandstone, and f lysch beds

interstratif ied with the mudstone and represent periodic deposition

of debris flows, slumps, slides, and turbidites interspersed with

normal basin deposition of f lysch facies rocks. However, different

clast types are found at the two localities. The Martin Ranch

locality has clasts of Cambrian limestone and chert pebble

conglomerate, the latter up to 90 m in length, that are absent at the
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other localities. Exotic Pennsylvanian limestone clasts and exotic

Devonian metamorphic and volcanic rocks, common at Housetop

Mountain, are rare or missing at Martin Ranch.

The Clark Butte locality is unique because it lacks the

mudstone which dominates the other two localities. Instead, the

matrix is composed of a pebbly sandstone and conglomerate

associated with thick sandstone beds. The boulder beds at this

locality may represent upper fan channels and channel-lag deposits.

The turbidites and olistostromes resulted from recycling of

the southern edge of the tectonic basin as the advancing Ouachita

thrusts uplifted the pre-Haymond strata. Most of the clasts were

from older basin formations exposed by these faults; however one of

these thrusts also uplifted slivers of exotic Middle Cambrian

limestone. Earthquakes probably triggered slumps and rock falls off

the fault scarps. As the boulders travelled downslope plowing

through the slope sediments, they accumulated more material. This

combination of slide debris and slope mud turned the slumps and

slides into debris flows. Between episodes of debris flows and

turbidity currents, normal basin deposition of thinly bedded

turbiditic sandstone and pelagic shale occurred.
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INTRODUCTION

PURPOSE OF STUDY

Boulder beds in the upper Haymond Formation, generally

believed to be olistostromes, were first recorded by King (1930).

The boulder beds contain clasts from several formations found

within the basin as well as exotic Pennsylvanian limestones and

well-rounded cobbles of exotic Devonian metamorphic and volcanic

rocks. A previously unstudied olistostrome unit (Martin Ranch

locality), at approximately the same stratigraphic interval as the

known localities, contains exotic Middle Cambrian limestone clasts

that provide a key to the Early Paleozoic history of the Marathon

region. This new olistostrome deposit also adds information on the

tectonic and paleogeographic history of the eastern Marathon Basin

during the Pennsylvanian.

The purpose of this study was to map in detail the new

olistostrome unit and the surrounding region. While doing this, an

attempt was made to describe, where possible, the size, extent, and

thickness of individual turbidites. Finally, the clasts were

examined to determine their lithology, paleontology, age, and source.
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All of these plus a sedimentologic study of the matrix were used to

determine a depositional history of the olistostrome unit.

LOCATION

The Marathon Basin lies in Brewster County in west Texas.

The study area covers about 20 km? on the Martin Ranch which lies

50 km southeast of the town of Marathon (Figure 1 ). The area lies

between longitude 102 52' 30" W and 103 W and approximately at

latitude 30 2' 30" N.

REGIONAL GEOLOGY

The Marathon Basin is a topographic basin exposing Paleozoic

rocks of the Ouachita Foldbelt and represents the southwestern

extension of the Appalachian orogen (Flawn et al., 1961). Excellent

summaries of the regional geology and Early Paleozoic geologic

history can be found in King (1937, 1978, 1980), Thomson and

McBride ( 1 978), Flawn et al. ( 1 96 1 ), and Ross ( 1 986).

The formations exposed in the field area are Mississippian

and Pennsylvanian in age. They represent a time of rapid filling of

the basin with more than 3050 m of flysch sediments deposited in



Figure 1. Geologic map of Marathon Basin showing the division of

the basin into three structural domains. The study area lies in the

eastern domain. E=eastern domain; S=southern domain; W=western

domain (from Muehlberger et al., 1984).
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only 35 million years (Thomson and McBride, 1978). The two

thickest formations are the Tesnus and the Haymond; the former

was deposited during the Late Mlssissippian and Early

Pennsylvanian, the latter during the Middle Pennsylvanian (figure 2).

Both are composed of terrigenous turbidites and pelagic shales with

southern and eastern sources (McBride, 1978).

The Dimple Limestone which lies conformably between the

Tesnus and Haymond Formations is a carbonate flysch with a source

from the northwest (Thomson and Thomasson, 1964). It probably

represents a period of time when tectonic activity from the

southeast either stopped or slowed down considerably and activity

from the north increased. As a result, a carbonate shelf built up in

the northwestern part of the basin and turbidity currents

redeposited some of the shelf carbonates in the deep-water basin.

During the Middle Pennsylvanian (Atokan), the activity in the north

gradually ceased and picked up again in the southeast with the

deposition of the Haymond. Conglomerates in the Tesnus and Dimple

Formations and the boulder beds in the Haymond were deposited as

submarine debris flows and slides probably triggered by tectonic

events.

According to Thomson and McBride (1978), the uppermost

Haymond sediments indicate a change of depositional conditions.

They noted that the sandstone beds near the top of the formation
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Figure 2. Stratigraphic column of the Marathon Basin formations
(modified from McBride, 1978).
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contain features that suggest that the deep-water basin had been

completely filled and that depositional conditions had become

relatively shallow-water.

Ross (1986) postulated that faulting and folding of the basin

may have occurred in the late Desmoinesian and early Missourian

(Middle and Late Pennsylvanian). He believed the sediments that

filled the basin at that time became an accretionary wedge lying in

front of the orogenic belt between South America and North

America. He referred to this wedge which includes all the Lower

and Middle Paleozoic units as the "Marathon allochthon". In the Late

Pennsylvanian and Permian, it formed a highland. The shallow-

water sediments of the Gaptank Formation were deposited on the

eroded surface of this highland.

The basin deposits, however, do not have any of the

characteristics of accretionary wedges. They are missing melanges,

metamorphism of the sediments, and any substantial amount of

volcanic material. It actually is a foreland basin because it lay

between a thrust belt and the craton. Although it experienced

periods of rapid subsidence, it was filled by the end of deposition of

the Haymond Formation. As a result, the sediments of the Gaptank

Formation were laid down under relatively shallow water

conditions.

Muehlberger et al. (1984) divided pre-Permian Paleozoic rocks

of the Marathon Basin into eastern, western and southern structural
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domains. The study area lies within the eastern domain (Figure 1 ),

where only the Tesnus, Dimple, and Haymond Formations are

exposed. The uniformity of the flysch beds that compose nearly the

entire stratigraphic sequence of these three formations causes

them to deform as a single entity (Muehlberger et al.,1984). The

deformation of the three formations is expressed as a series of

large-scale synclines which are juxtaposed along northeast to east-

trending thrust faults. These faults commonly place Tesnus against

Haymond. The study area lies along the northwest limb of one of the

synclines.

PREVIOUS WORK

There has been extensive geologic work done in the Marathon

Basin. Some of the early workers include Hill (1900), Udden (1907),

and Baker and Bowman (1917). King's ( 1 937) classic study of the

Basin was the first comprehensive work on its stratigraphy and

structure, but his detailed study did not extend into the area

covered in this thesis.

Baker (Udden, Baker, and Bose, 1916) named the Haymond

Formation for the rocks exposed near Haymond, the former Southern

Pacific Railroad Station. Early workers limited their study of the

Haymond mostly to brief descriptions of its stratigraphy and
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lithology. More recently, extensive studies of the sedimentology

have been made by McBride (1964, 1966, 1978). Other recent

workers include Flores (1974, 1975, 1978), Flores and Ferm (1970),

and Dean and Anderson ( 1 967).

King ( 1 930) was the first to report the boulder bed unit of the

Haymond Formation at the Clark Butte locality, the same year he

discovered the Housetop Mountain locality (King, 1 958). Both sites

lie north of the present study area. King ( 1 937) made a detailed

study of these localities including a plane table and alidade map

showing the locations of the larger clasts at the Housetop Mountain

site.

Cotera (1962) first to reported the boulder beds examined in

this study and he named them the Shely Ranch Conglomerate. He

described the unit as a chert pebble conglomerate and proposed that

it was a channel deposit cutting a sandstone bed. However, his

description was based on a large clast within the olistostrome; he

mistook this clast for being in place. He also placed the boulder

beds in the Tesnus rather than the Haymond Formation, based on

King's reconnaissance placement of the Hell's Half Acre Thrust Fault

to the north of the boulder bed outcrops. This fault juxtaposes the

Haymond Formation to the north against the Tesnus Formation to the

south. DeMis (1983) relocated the fault to the south of the boulder

beds, which places them in the Haymond Formation at approximately

the same stratigraphic interval as the other boulder beds.
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DeMis ( 1 983) was the first to map the extent of the Shely

Ranch boulder beds, although this mapping was done mostly by

reconnaissance f ieldwork and air photograph extrapolation. He also

collected samples which Included Middle Cambrian limestone clasts

that are older than any stratigraphic unit exposed in the basin.

Palmer et al. (1984) published further studies of these limestones

and their regional Implications.

METHOD OF STUDY

The bulk of the field research was completed between February

15 and April 19, 1985. This work was followed by two field checks

for one week in August, 1985, and one week in May, 1986. At these

times bedding orientations and structural features were measured.

The measurements and formation contacts were plotted on a

topographic map with a scale of 1 : 1 2,000 (plate 1 ). Air photographs

were used as an aid to mapping in the field.

A detailed map (plate 2) was made of the boulder beds at the

base of Panther Peaks with use of an alidade and plane table. It is

both a contour and geologic map, compiled on a scale of 1:1200.

During each period of field work, samples were collected of

the formations in the field area. Particular attention was paid to

collecting a large and varied sampling of the olistoliths. Thin
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sections were made of some of these samples for use in

identifications and descriptions.

Insoluble residues of limestone olistoliths were obtained by

dissolving pieces of variable sizes in glacial acetic acid diluted 1:7

with hot water. The remains were examined under a binocular

microscope and fossils were picked and identified.

Trilobite and gastropod fossils present in the Cambrian

limestones were prepared for identification by careful removal of

the matrix around them with the use of an electric engraver fitted

with a sewing needle in place of the engraving needle. Latex casts

were made of some of the fossils preserved as molds.



STRATIGRAPHY

TESNUS FORMATION

General Features

The Tesnus Formation defines the northern and southern

boundaries of the study area (plate 1 ). It is commonly exposed in

valleys in the Marathon Basin, but is a ridge former in most of the

field area. This might be, at least in part, because the Tesnus in the

southeastern part of the basin contains less shale and has thicker

sandstone beds, some of which are quartzite lenses (McBride, 1978).

Along the northern boundary the Dimple Limestone is in normal

stratigraphic contact with the Tesnus. Along the southern boundary

the Tesnus is faulted against the Haymond Formation.

In most of the Basin, the Tesnus grades into the Dimple over a

16 m interval (Thomson and Thomasson, 1964), but in the study area

this contact Is very distinct and expressed as a small valley along

the length of a ridge (plate 1 ). Measurements of bedding

orientations in this area suggest that a low angular unconformity

makes this contact sharp. However, numerous small folds in both

formations make reliable measurements difficult to attain.

12
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Within the basin the Tesnus is a wedge-shaped unit

ranging from 100 m thick in the northwest to at least 2000 m

in the southeast (King, 1937). It consists of interbedded

sandstone and shale. The sandstone is pale green, well sorted,

fine grained, and structureless. It forms distinct beds aver

aging 20 cm. The shale is found as both thin black platy beds,

and thicker green beds. In the southern region of the study

area massive white quartzite beds can be traced for long

distances. These beds are up to 3 m thick and are more resis

tant to weathering than the surrounding sandstones, making

them easy to trace both in the field and on aerial photographs.

Age

Age diagnostic fossils are scarce in the Tesnus. Near the

base of the formation, conodonts found in the shales are Mississip-

pian in age (Ellison, 1962). At two localities early Pennsylvanian

conodonts were retrieved from the upper one-third of the formation

(Barrick, 1984). Plant fragments, located primarily in the upper

Tesnus, are the most common fossils. Although most of them are

poorly preserved and unidentifiable, some of the larger plant

remains were identified as Early Pennsylvanian (Pottsville) age

(King, 1937). Early Pennsylvanian foraminifera were collected from
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shale near the top of the formation, but they are extremely rare

(King, 1937). Overall, the paleontological control of the whole for

mation Is very poor. However, it appears that deposition began in

the Mississippian and ended in the Early Pennsylvanian.

Origin

There have been a variety of opinions about the source of the

Tesnus. Waterschoot Van der Gracht ( 1 93 1 ) and King ( 1 937), two of

the earliest workers, both proposed that the Tesnus was deposited

under deltaic or shallow-water conditions. King described the sand

stone as well-sorted, channeled, ripple-marked, and laterally con

tinuous for long distances as if caused by transportation by waves

and currents before it was deposited.

Recent workers generally agree that the Tesnus was

deposited in a deep water, rapidly subsiding trough (King, jn Flawn

et al., 1964; King 1 980; Johnson, 1962;Cotera, 1962, 1969;

Thomson and McBride, 1978; McBride 1970, 1978). These writers

also interpreted at least some of the sandstones to be turbidites.

Cotera (1962,1969) believed that only the thin sandstones of

the upper Tesnus are turbidites and the thick interbedded sandstone

and shale sequence are deposited by a series of coalescing deltas on

the basin slope. He based this on the presence of well sorted ortho-
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quartzite, poorly sorted subgraywacke sandstones, and thick shale

units.

McBride (1978) interpreted the Tesnus as a large submarine

fan deposit that was located in deep water, far offshore. He

proposed that the bulk of the sediments were transported along a

single submarine channel which cut through the shelf and slope

deposits. Tesnus beds exposed in the study area are mainly mid-fan

deposits.

Paleocurrent data of Johnson ( 1 962) and Cotera ( 1 962) (see

figure 3) as well as the thinning of the formation to the northwest

strongly suggest that the source area of the Tesnus was to the

southeast.

DIMPLE LIMESTONE

General Features

The Dimple Limestone holds up a ridge in the northern part of

the study area. It is thickest (300 m) in the central basin, along a

northeast-trending axis, and thins to the northwest and southeast

(Thomson and Thomasson, 1964, 1969). The study area contains the

southeasternmost exposures of the formation, and it is only 80 m to

130 m thick here. Precise thicknesses are difficult to determine
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Figure 3. Paleocurrent transport directions of the flysch
formations

within the Marathon Basin (from McBride, 1978).
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because of the gradational upper and lower contacts commonly found

in the Dimple. The transitional interval of the lower contact is

usually much thinner (about 16 m) than the upper contact (about 80

m). Within the study area, the transition from Dimple to Haymond is

gradual; however, a sharp contact with the underlying Tesnus may be

the result of an angular unconformity.

Limestone and shale make up most of the Dimple with bedded

chert and conglomerate forming minor constituents locally. The

dark gray calcarenite beds are 0.5 cm to 3 m thick and often snow

cross-beds and contorted bedding. The beds are generally laterally

continuous and do not thicken or thin. Brown shales are interbedded

with the limestones. These shales are fissile and form thin beds

that are laterally continuous for short distances. Their composition

has a high percentage of calcareous material, as much as 75 percent

lime mud and 25 percent terrigenous mud (Thomson and Thomasson,

1964).

Less commonly found are thin beds of black chert. They are up

to 1 cm thick and may display light grey laminations on weathered

surfaces. According to Thomson and Thomasson ( 1 964), the chert

consists almost entirely of fine siliceous sponge spicules.

Thomson and Thomasson ( 1 964, 1 969) studied the sedi-

mentology of the Dimple and separated it into laterally adjacent

shelf, slope, and basin facies. The following descriptions of the
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three facies are based primarily on their findings. They defined the

shelf facies as presently forming a 6.5 km wide band in the north

and northwest (figure 4). The rocks represent shallow-water

deposits of cross-bedded limestone. They are up to 3 m thick with

individual beds averaging 1 m. Ooliths are found in all the lime

stones and are a major contributor to some of the beds. The

lowermost part of the shelf section contains limestones inter

bedded with chert-pebble conglomerates. The conglomerates are

lenticular and regularly truncate lower beds. The shales found in

the shelf facies are light tan in color and are composed of 75

percent lime mud and 25 percent terrigenous mud.

The slope facies represents a transition from the shelf to the

basin and lies in a belt at present about 6.5 km wide (figure 4). A

gradational boundary separates the shelf and slope facies which

Thomson and Thomasson believed to indicate no prominent break in

slope. The limestone beds of this facies are up to 2.4 m thick and

maintain uniform thickness across an outcrop. They are medium

brown to dark brown in color. The beds are commonly ungraded in

their lower parts and have rare cross-beds up to 1 m thick. It is

common for the upper portions of the beds to be graded and have

laminations which may show convolutions. This upper fine-grained

portion of the beds contains abundant sponge spicules which are

rare in the shelf facies limestones. Their presence is attributed to

be a product of sorting. The conglomerates have chert as their
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Figure 4. Outcrop map of Dimple Limestone showing thickness,

facies boundaries, and paleocurrent transport directions (modified

from Thomson and Thomasson, 1969).



primary clast lithology and are found either interbedded with the

limestone, in the lower portion of the limestone beds, or as a

carbonate equivalent to terrigenous pebbly mudstones. The slope

shale is mainly composed of lime mud but has a richer terrigenous

clay content than the shelf shale.

The rest of the Basin, including the study area, is composed of

the basin facies (figure 4). The limestone forms beds up to 3 m

thick. The beds generally maintain uniform thickness across an

outcrop, although thicker beds may show irregular bases. Most of

the beds are graded, fining to a lutite tail of lime mudstone which

represents the tail of a turbidity current. Other sedimentary

structures found include horizontal, cross, and convolute lam

inations. Thomson and Thomasson noted that the structures

commonly display a complete or modified Bouma sequence. The

conglomerates exposed in the shelf and slope facies are absent in

the basin. Most of the material in the beds is fine to coarse sand

size. A positive correlation between bed thickness and maximum

grain size exists such that the thicker the bed, the greater the grain

size at the base. The limestone is interbedded with a black pelagic

shale and black chert. The shale is easy to distinguish from the

lime mudstone because it is mainly terrigenous mud. The chert

consists almost entirely of sponge spicules. This repetitive se

quence of limestone alternating with thin beds of shale and chert
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strongly resembles a flysch deposit of carbonate rather than

terrigenous material.

Age

The Dimple contains a diverse assemblage of microfossil

fragments which include conodonts, foraminifers (including

fusulinids), crinoids, echinolds, sponge spicules, bryozoans, and

brachiopods. Even with the presence of an abundant fauna, the age

has been debated over the years. King ( 1 937) reported that a

collection of macrofossils from the Dimple, identified by G.H. Girty,

was assigned a Pottsville age (Atokan).

Ellison and Graves (1941) studied the diverse conodont fauna

collected from localities in the eastern part of the Basin. They

correlated the fauna with that of the Morrowan Wapanucka

Limestone and the lower Johns Valley Shale in Oklahoma. Sanderson

and King (1964) examined fusulinids collected from Dimple outcrops

located throughout the Basin and recognized three fusulinid zones: 1.

The Zone of Mfllerena\ 2. The Zone of Profu$uline))a\ and 3. The Zone

of Fusuiineila These are Morrowan, early Atokan, and late Atokan,

respectively.

They reported a distinct geographic distribution of the three

zones in which the MWerella Zone is found primarily in the

southeastern part of the Basin (including the study area), the



Profusulinetla Zone lies in the central Basin, and the FusuhneNaloue

is in the northwest. The geographic distribution of their zones

suggests that the Dimple is older to the southeast.

The localities dated by Ellison and Graves as Morrowan lie in

the eastern region of the Basin where Sanderson and King dated the

Dimple as Morrowan to early Atokan. Ellison (pers. com., 1986) now

believes that the Dimple grades from the Morrowan to the Atokan

with an indistinguishable boundary, but that does not explain the

absence of more advanced fusulinids. There are other possible

explanations for the age discrepancies. The ranges of the diagnostic

Morrowan conodonts may need to be extended upward. Ellison and

Graves could have lumped the Morrowan and Atokan fossils together

as Morrowan, possibly because no Atokan Index fossils were found.

The Morrowan fossils may have been reworked and redeposited by

turbidites during the Atokan. Or if the biostratigraphy is correct,

then the shape of the bottom of the basin may have changed with

time, moving to the north.

According to Sanderson and King (1964), the fossil

distribution shows a general younging to the northwest without

major discrepancies. This suggests that the biostratigraphy is

correct and the axis of the basin probably moved to the northwest

with time. However, Thomson and Thomasson ( 1 964) proposed that

the Dimple deposits in the southeastern part of the basin are

composed of reworked material deposited by turbidites. The
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presence of Devonian conodonts like PaJmatolapi$\% further evidence

of reworking. The basin facies has a northwestern source, thus

Morrowan-age sediments must have been deposited on the shelf and

slope in the northwest and then redeposited in the basin to the

southeast. Sanderson and King do not show the vertical fossil

distribution at each sampling locality. It is possible that the base

of the formation is Morrowan in age throughout the basin. At that

time the central axis of the basin was southeast of its present

location. As the basin axis migrated to the northwest, the

turbidites no longer reached the southeastern part of the basin, so

no Atokan-age material was deposited there.

Origin

The exposed shelf facies of the Dimple was believed by

Thomson and Thomasson ( 1 964, 1 969) to be outer shelf or upper

slope. The abundance of oolites as well as the presence of

sedimentary structures formed by currents of constant competency

place the locus of deposition above normal wave base in a high

energy environment. However, the paleocurrent data show all

movement in the downslope direction. This is not typical of modern

carbonate inner shelves which show more paleocurrent variability

and also indicate that much of the sediment brought onto the shelf

is from deeper water (Ball, 1967). At present the exposed shelf



facies is quite narrow; it might be much more extensive to the north

and northwest but is now covered by Cretaceous rocks. Based on the

above, Thomson and Thomasson proposed that the shelf facies,

though shallow, probably represents the distal lobe of high-energy

sand belts, cut into by the conglomerate-filled channels.

The slope limestones may show crude grading in their upper

portion as well as the initial development of internal sedimentary

structures characteristic of turbidites. The lower portion of the

beds, however, may have features indicative of extremely variable

current velocity. Thomson and Thomasson suggest that the

heterogeneity of grain size in the conglomerate is because of a

short distance of transport. They propose that the conglomerates

travelled for a short distance through a muddy substrate and halted

before sorting could take place. The limestones are also interpreted

as sediments which were rapidly deposited after travelling a short

distance.

The basin deposits have many characteristics of a turbiditic

origin: graded limestone beds fining to a lutite tail, internal

sedimentary structures commonly lying in vertical sequences

typical of turbidity currents, absence of large-scale cross-beds, and

pelagic shales interbedded with limestone. These turbidites

periodically flowed down the slope and into the basin interrupting

the slow accumulation of basin pelagic mud with the deposition of

graded limestones. This facies is the carbonate equivalent to the
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interbedded sandstone and shale of the Tesnus and Haymond

Formations.

The Dimple Limestone represents a break from the

terrigenous flysch deposits of the Haymond and Tesnus Formations

and replacement by a carbonate flysch. This break Is also apparent

in the paleocurrent directions. They are from the south and south

east in the Haymond and Tesnus and from the northwest in the

Dimple. The complete absence of terrigenous flysch deposits within

the Dimple indicates that this formation was deposited during a

hiatus of tectonic activity in the southeast. However, faulting in

the northwest uplifted older Basin formations. Material shed from

the fault scarps was redeposited in both the shallow-water

conglomerates and the deeper-water flysch beds.

HAYMOND FORMATION

General Features

The Haymond Formation is a thick sequence of flysch deposits

whose outcrops forms valleys and low hills. No complete sections

of the Haymond are found in the basin, but a maximum exposed

thickness of 1 ,400 m was measured by McBride ( 1 966, 1 978) at the

base of Housetop Mountain. Approximately 900 m of the lower

Haymond is a flysch facies. The upper section contains olistostrome
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deposits and thick beds of coarse sandstone. The term boulder beds

was first applied by King (1937) to describe the olistostrome unit.

Only the flysch and boulder bed facies are exposed in the field area;

faulting has eliminated all higher beds (figure 5).

Flysch Facies

Ttte flysch consists of a repetitive sequence of brownish-

green sandstones interbedded with dark grey, fissile shales (figure

6). Within the field area, the sandstones weather to a reddish-

brown and may display liesegang banding. The sandstones are fine

to very fine-grained and according to McBride (1966) are immature

to submature quartz sandstones with abundant feldspar. They form

thin beds which range from a few mm to 10 cm thick, beds thicker

than 10 cm are generally composed of medium to coarse-grained

sandstone. McBride (1966) estimated the Haymond is composed of

more than 15,000 sandstone beds thicker than 5 mm. The beds over

1 cm thick are laterally continuous across an outcrop and they

maintain a uniform thickness. McBride (1978) reported sedimentary

structures in the majority of the sandstones; they include grading,

laminations, current-ripple bedding, convolute laminations, and sole

marks. He correlated the sequence of structures in the beds with

divisions A, B, and C of the Bouma sequence, and noted that divisions

DandE are absent.
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The shale beds which alternate with the sandstone range from

a few mm to 30 cm thick, but most are less than 8 cm. Petrographic

work done by McBride (1966) revealed that the shales are clay-rich,

primarily composed of i 1 lite, but also contain a varying amount (up

to 30 percent) of quartz-rich silt grains. Typically the shales are

highly burrowed but no body fossils have been found. This suggests

soft-bodied animals such as worms made the burrows.

Flysch Facies Origin

The abundance of plant remains and absence of marine fossils

In the lower part of the Haymond led some early workers to pos

tulate a deltaic, brackish, or fresh water origin (Baker, 1932; King,

1937). These beds of shale intercalated in sandstone are now

interpreted to be characteristic flysch facies rocks that were

deposited in a deep-water basin (Flawn et al., 1961; McBride 1964,

1966, 1978; King, 1980). McBride (1978) interpreted the shales as

representing a slow deposition of pelagic sediments which was

interrupted periodically by turbidites depositing sand. He based his

interpretation on the deep-water origin of the shale implied by its

large areal extent and lack of shallow-water fossils and the

sandstone containing internal structures commonly associated with

turbidites. He considered the Haymond to be a basin-plain deposit
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rather than submarine fan because of the absence of upward-

thickening cycles and a wide lateral extent of thin beds.

McBride (1978) reported that paleocurrent data was collected

from over 500 beds to determine sediment transport of the Haymond

(figure 3). From this data he determined that currents initially

flowed to the northwest down the paleoslope of their source area,

the hypothetical "Llanoria", which lay to the east of the Basin. In

the center of the Basin the currents were deflected to the south

west down the Basin's longitudinal axis. The paleocurrent data of

the Tesnus Formation does not show this deflection of the currents

(Johnson, 1962). This implies that the Basin had narrowed sig

nificantly by the time of Haymond deposition. Within the study area

sole marks are poorly preserved and are not very reliable, but they

also display a general northwestern flow.

Boulder Bed Unit

A boulder bed unit lies in the upper half of the formation. It

is found in several localities in the eastern Basin, most notably at

the base of Housetop Mountain and in the Clark Butte area (figure 7).

Detailed descriptions of these localities were made by King (1937)

and McBride ( 1 966), and summaries and comparisons of the different

localities will be given in a later chapter. The study area is a third

locality which was designated the Shely Ranch Conglomerate by
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Cotera ( 1 962). Cotera, however, based his descriptions on a single

clast within the boulder bed complex and placed it in the Tesnus

Formation. I am renaming the boulder beds in the study area as the

Martin Ranch Boulder Beds to differentiate them from the part of

the unit studied by Cotera.

At Martin Ranch, the boulder beds form a zone about 500 m

above the base of the Haymond. This zone has been traced laterally

for 6.6 km and attains a thickness of 230 m. At present Quaternary

gravel deposits cover parts of the boulder beds obscuring whether

the unit was originally deposited as one single sheet or as a series

of lobes. A fault which lies to the west of the boulder beds may cut

them off laterally. The Hells Half Acre Thrust Fault lies to the

south of the boulder beds and in some places is against them; it may

overlay their uppermost exposures.

Within the study area the unit is exposed along small hills and

ridges which are held up by large clasts of erosion-resistant chert

pebble conglomerate. The base of the boulder bed unit is a massive,

unstratified to thickly bedded sandstone; pebbly mudstone locally

lies at the base. The underlying flysch beds are extremely contorted

with much soft-sediment deformation caused by loading of the

boulder beds.

The boulder beds are divided into several interbedded units

(figure 5): 1 ) massive, unstratified, pebble- to boulder-bearing



mudstone; 2) unstratified to thickly bedded massive sandstone; 3)

lenses of pebbly sandstones; and 4) deformed flysch beds. The

majority of the boulder beds is composed of pebbly mudstone. It is

massive, unstratified, very poorly sorted, and ungraded (figure 8).

Most of the tabular clasts show a preferred orientation of their

strike subparallel to the regional strike of the Haymond; elongate

sand grains in the matrix, however, are randomly oriented. Quartz

composes an estimated 70 percent of the sand and silt size grains in

the matrix; feldspar, muscovite, and biotite grains, as well as silt-

stone fragments are minor constituents. Clay comprises 15 percent

or less of the material. Some exposures contain less than 5 percent

clay, but still have the same massive, poorly sorted, ungraded

appearance, and have few clasts larger than 5 cm. Most grains are

enveloped by clay. Some clasts of clay are still discernable though

they are generally deformed by quartz grains.

Thicknesses of individual flows which deposited the mud

stone are difficult to determine because of poor exposures.

However, estimates of maximum thickness of some flows can be

made. Large tabular clasts on the order of 10's of meters in length

lie stacked within the mudstone. These clasts were deposited when

the yield strength of the mud flow could no longer support them.

Two theories on the transportation of large clasts in debris flows

state they are either transported "floating" on and near the front of

the flow, thus representing the top and toe of the deposit (Ineson,
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Figure 8. Pebble- to boulder-bearing mudstone unit of the Haymond
boulder beds. Rock hammer for scale.



1985; Kessler and Moorhouse, 1984); or they approach yield strength

of the matrix and sink to the bottom where they are dragged along

until final settlement and represent the base of the deposit (Lowe,

1972, 1979). In either case they would not travel stacked within

the flow. Thus, the thickness of mudstone between the stacked

clasts gives a maximum estimate of individual flows. The boulder

beds that crop out at the base of Panther Peaks contain several

closely stacked clasts. These indicate an estimated maximum

thickness of 25 m for individual flow deposits. No determination

was made on mudstone in which the clasts are not closely stacked

because it could be composed of numerous flows that did not contain

large clasts.

The clasts exposed in the mudstone are matrix supported and

compose 10 to 20 percent of the material in the mudstone. They

range from granule to boulder size with no apparent sorting or

grading in the mudstone. There are four dominant clast lithologies:

chert (80 percent), chert-pebble conglomerate (10 percent),

Pennsylvanian limestone (5 percent), and Cambrian limestone (5

percent). Descriptions of the clast lithologies will be given in a

later chapter.

Massive, tabular sandstone units are found both at the base

of the boulder beds and interstratif ied with the pebbly mudstone

The sandstone may be exposed as a single bed or a series of stacked



beds. Individual beds range from 20 cm to 5 m thick. This unit

forms ridges which are laterally continuous for 500 m. The

sandstone bodies are mainly in the westernmost boulder bed

deposits and rare to absent in the beds at the base of Panther Peaks.

Although most are massive, laminations have been observed in rare

beds. Soft-sediment deformation is apparent in some laminations,

but no dewatering structures have been found. The sandstone is

ungraded, medium to coarse grained, moderately well sorted, and

composed primarily of quartz (an estimated 60 to 70 percent) with

minor amounts of chert, feldspar, biotite, and muscovite, and silt-

stone fragments. This sandstone contains a quartz cement and has

less than 5 percent clay matrix. The grain boundaries are typically

sutured.

The unit composed of sandstone to pebbly sandstone lenses

lies in both the mudstone and the massive sandstone. The base of

the lenses shows a sharp contact and scouring. These lenses range

from 40 cm to 2 m thick. They commonly contain sequences of

vertical fining consisting of a locally present pebble conglomerate

grading into a pebbly sandstone and then a massive sandstone. The

sequence shows a decrease in both size and abundance of pebbles.

However, the decrease in abundance is much more pronounced than

the decrease in size. Each sequence generally grades over a vertical

distance of less than 1 m and one lens may contain several stacked

sequences of the graded beds. The pebbles are moderately well
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sorted, average 1 cm in diameter, and commonly comprise 10 to 20

percent of the entire material. They are composed of several types

of chert, quartz, siltstone, and feldspar. Isolated blocks of chert up

to 20 cm in diameter are found in the beds.

Units of intercalated sandstone and shale are also a common

component of the boulder beds. These units achieve a maximum

thickness of 5 m and appear typical of the flysch in the lower por

tion of the Haymond. No lateral truncation of these beds has been

observed; thus, they may be in situ, but poor exposures make this

difficult to determine with certainty. Deformation caused by

loading of the overlying sediments is common. In places large

clasts are enveloped by these beds with a thin layer of mudstone

between the clast and the flysch. The extent of the soft-sediment

deformation of the flysch caused by emplacement of the clasts can

not be determine because of poor exposures.

Boulder Bed Origin

There has been much debate over the origin of the boulder

beds since their first discovery. Baker ( 1 932) and Carney ( 1 935)

both suggested the beds had a glacial origin. Carney's work only

appeared in an abstract but Baker wrote a detailed description of

the unit. In it he concluded that the unit was a shallow water



deposit in which boulders were rafted into place by glaciers and

debris shed off the melting ice contributed to the matrix.

A tectonic origin was described by Hall ( 1 957, 1 959). He

concluded that the boulder beds, in particular the chert boulders, are

not sedimentary layers, but rather cores of faulted folds formed

during the early Wolfcamp (Permian).

King (1937) suggested a sedimentary origin for the boulder

beds, but thought they were associated with subaerial or shallow

water mudf lows shed from advancing thrust sheets. More recently,

Flores and Ferm ( 1 970) proposed another shallow water origin. They

suggested a shoreline location was the site of deposition of
"

a

series of small deltas fed by streams from a nearby source that was

perhaps not spectacularly high but deeply dissected by steep gradi

ent and short headed streams." Periods of heavy rainfall flushed the

gravel and boulders out of the stream valleys, to the shoreline

Currents then reworked much of the material, but the larger boul

ders remained and were buried by the beach sediments. The largest

clasts were sloughed off steep cliffs along the shore during major

storms. Their proposal does not account for the high percentage of

clay in the mudstone nor the complete lack of sorting of the matrix-

supported clasts within the mudstone.

Other recent workers proposed a deep water origin (King,

1958, 1980; McBride 1964, 1966, 1978) in which the beds were

deposited in a "rapidly subsiding trough, with a technically



unstable, probably faulted margin" (King, 1958). McBride (1966)

modified King's interpretation by suggesting that the boulders were

emplaced by submarine slumps, debris flows, and mud flows.

Features of outcrops in the study area support McBride's

(1966) interpretation. The mudstone which consists of matrix-

supported, very poorly sorted clasts, lying in a massive, ungraded,

unstratified mudstone matrix, is typical of debris flow deposits.

Debris flows form by rapid deposition at the base of relatively

steep slopes with a position proximal to the source. The gigantic

size of some of the clasts agrees with a proximal position. Paleo

current data indicate the paleoslope dipped to the west implying an

eastern source for the boulder beds (McBride, 1978). Thus, the

debris flows were deposited along the flanks of the basin before the

currents were deflected to the southwest and down the axis of the

basin.

The clasts and matrix were probably provided by underlying

formations brought up on thrust faults. Earthquake activity has long

been known and well-documented as a trigger of slumps, slides, and

flows (Heezen and Ewing, 1952; Johns et al., 1981). Seismic

activity along the thrust blocks could have generated the flows.

Once started, the large boulders travelling downslope stirred up the

substrate, mixing clay and sand and including more blocks dislodged

from the fault scarp.



One of the most spectacular aspects of the deposit is the

enormity of some of the blocks transported in the flow. The ability

for large blocks to be supported and carried in debris flows is well-

documented (Leitch and Cawood, 1980; Lowe, 1972; Middleton and

Hamilton, 1973; Walker, 1975). The clay minerals and water in the

matrix of the flow combine to act as a single fluid which has both a

finite cohesion (strength) and a density greater than water, thus

providing greater buoyancy (Middleton and Hamilton, 1973). A clay-

water matrix of as little as 5 percent of the flow by volume can

provide buoyant lift and reduce the effective weight of the clasts

(Lowe, 1982). Flow turbulence, dispersive pressure, and escaping

pore fluids add to buoyancy and can actually provide lift of the

blocks within the flow. As turbulence dies or slopes become less

steep the larger blocks lose this lift and drop out or get dragged

along the base of the flow (Lowe, 1979).

The position within the flow of the large tabular clasts is

unknown. It is generally believed that large blocks are transported

along the top, possibly in a rigid plug (Lowe, 1979; Kessler and

Moorhouse, 1984; Middleton and Hamilton, 1973), but an upper size

limit has not been established. Glide blocks as large as 200 m by

800 m were reported by Ineson ( 1 985) to have been rafted in the

upper levels of a flow. After the flow stopped moving, momentum

caused outsized blocks to continue to slide downslope along thin

shear planes. Lowe (1972, 1979) suggested that very large blocks
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are passively rafted for only a short distance while turbulence is

still high, then they are dragged and bounced along the bottom until

final deposition. In the study area the low percentage of clay in the

matrix would produce a low yield strength; this combined with the

great size and density of the quartz-rich clasts makes it doubtful

that they "floated" near the top. However, proximity to the source

indicates the flow might have started high on the slope where the

dip was steeper and there was enough turbulence to provide some

initial lift of the outsized clasts.

Several sediment flow types probably were involved in the

deposition of the massive sandstones. Their lack of grading rules

out turbidites as the sole depositional process. Rather, they were

probably a combination of sandy debris flows, liquified flows, and

concentrated tubidity currents in a constant transition from one

process to another.

The lenses of sandstone represent channels incising the

flows. Normal grading of the sandstones is probably from turbidity

currents. The pebbles in the sandstone, which form conglomerates

locally, may have been reworked from the mudstone conglomerate.

The coarse grain size and angularity of the pebbles indicate prox

imity to the source.

Episodes of slumping and sliding were interspersed with

periods of normal basin turbidite deposition to produce flysch

facies rocks interbedded with debris flow deposits. The irregularly
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interbedded nature of the various sediment flow types shows that

not a single event, but rather a series of flows, slumps, slides, and

turbidites occurred in several pulses. During transportion of these

sediments there was a constant transition from one process to

another (figure 9). As a result, a chronology of events can not be

established.

Age

Like the Tesnus Formation, the age of the Haymond is difficult

to determine based on fossils. Plant remains, probably the most

common indigenous fossils found, were listed by King (1937) and

assigned an age of Pottsville (Early Pennsylvanian). Within the

study area plant remains were found in the lower part of the

Haymond and include the genera Artisia, Cordaftes, and Calamites, as

well as a lycopod. All of these are common plants of the

Carboniferous.

Atokan fusulinids are found in two calcarenite beds which lie

in the lower part of the formation (King 1937; Skinner and Wilde,

1954). These beds are calcarenite turbidites with a northwestern

source (Thomson and Thomasson, 1964). They are probably beds of

Dimple rock type, which like the Dimple contain fossils brought

from outside the basin and may be reworked (McBride, 1966).



43

>

o

TO

o
o

4~>
^

TO

Tn
o

Q.
<L>

CO

a.

"O =3

<x> CO
jC
4-> "O

a

TO

CO

$ $
o o
jC

CO <?

CO

to t_

t_ .Q

o> <L>

TO o

"O o>

c:
2*a

o i_

o TO

.Q
jO

TD z>
<U CO
M

"to o
c_ i_

o> <?

c CO
o> o
o <L>

.Q

c^
c_

a> ^ CO
t_ T3 +->

3
^

C7> 13 3
O TO

uZ .Q w



Other indigenous fossils include trails and burrows. These

trace fossils have no associated hard parts suggesting they were

made by soft-bodied animals. McBride (1966) reported abraded

fragments of fusulinids, echinoderms, brachiopods, molluscs, and

probably algae at the transition into the Gaptank Formation. He also

collected a few sponge spicules and a small foraminifer in the

northernmost part of the basin. None can be used as age indicators.

Based on the stratigraphy, a maximum and minimum age can

be estimated. The top of the underlying Dimple is believed to be

Atokan in age (Sanderson and King, 1964). The upper Haymond con

tact is not exposed anywhere in the basin and there is some contro

versy about its location. King ( 1 930, 1 937, 1 980) placed the base of

the overlying Gaptank at a lower Desmoinesian (Middle Penn

sylvanian) fltotftetes -bearing limestone bed in the Haymond

Formation. Ross ( 1 967, 1 986) located the contact at the base of the

conglomerate member of the Gaptank Formation which he stated

marked both a change in the depositional pattern and a major ero-

sional hiatus of about 14 m.y. This places the Cfiaetetes-bezrmq

limestone in the Haymond. Ross also collected fusulinids from

limestone and sandstone turbidites he believed to be in the Haymond.

He assigned these beds a late Desmoinesian age that is younger than

the Chaetetes-bezvmq limestone. So based on stratigraphy and



fossils, deposition of the Haymond Formation began in the Atokan

and ended in the early to late Desmoinesian.

Cambrian and Early Pennsylvanian limestone clasts found in

the boulder beds contain a diverse and abundant fauna. However,

indigenous fossils in the mudstone are extremely rare and limited to

plant fragments too small and abraded to be identified. The precise

age of the boulder beds has, therefore, never been determined.



BOULDER BED CLASTS

CHERT

General Features

Chert constitutes about 80 percent of the clasts (figures 10,

1 1 ). They range from 5 mm to 2.5 m in diameter, with an estimated

average of about 5 cm. Most of the clasts are angular to subangular;

a few, in particular the larger ones, are subrounded. The clasts are

typically equidimensional and none are found as slabs. Although

some of the cherts are banded, none display obvious bedding. They

come in a wide variety of colors: white, light gray to dark gray,

blue, green, brown, black, and black with light gray bands. In addi

tion to the varicolored chert, novaculite clasts are quite common

and there are also a few isolated boulders of brecciated chert with

quartz cement.

Age and Origin

In thin sections recrystalllzed radiolaria and abundant sponge

spicules are present In some chert. However, these could not be

used to determine a precise age. There is a strong resemblance to

46
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Figure 10. Rounded Caballos chert clast enveloped in pebbly

mudstone in the Haymond boulder beds. Rock hammer for scale.
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Figure 11. Angular, highly fractured, chert clast in the Haymond

boulder beds. Mechanical pencil about 6 cm long.



the cherts of the Caballos, Maravillas and Dimple Formations. All of

these formations are presently exposed in much of the basin and

have chert as a major component. The white novaculite and vari

colored cherts strongly resemble those of the Caballos Formation;

the black cherts and gray-banded black cherts are more reminiscent

of the Dimple and Maravillas. Based on color, an estimated 80 per

cent of the cherts are from the Caballos, and 20 percent are from a

mixture of the three formations; no attempt was made to separate

these. DeMis (1983) reported that of the chert clasts at the Shely

Ranch locality, 79 percent are from the Caballos and 21 percent are

from the Maravillas. The absence of Dimple cherts in his estimates

is probably a result of his finding no Dimple limestone clasts during

his reconnaissance studies. This apparently led him to believe that

clasts of Dimple were absent.

Housetop Mountain and Clark Butte boulder bed localities also

have chert as the primary clast lithology. At the Housetop Mountain

locality, McBride (1966) estimated that Caballos chert comprises

60 percent of all coarse debris, although Maravillas chert clasts are

rare. Chert is also a major constituent of conglomeratic units

exposed in the Maravillas, Caballos, Tesnus, Dimple, Haymond, and

Gaptank Formations.

The large chert clasts at both the Martin Ranch and Housetop

Mountain localities with few exceptions are from the Caballos



rather than the Maravillas or Dimple Formations. A few of these

large boulders are of brecciated chert with quartz cement. This

chert breccia is probably from the Caballos Novaculite where, as

King (1937) reported, they are exposed along thrust faults.

Dimple cherts have been identified in thin section. Although

no age diagnostic fossils were found, the highly spicular cherts

strongly resemble those of the Dimple (McBride, 1987, pers. comm.).

In addition chert is found In the boulder beds in large slabs of

fossiliferous Dimple limestone and chert interbeds. Aside from the

limestone slabs, the Dimple chert clasts are all pebble size.

However, nonbedded Dimple limestone clasts are found up to 2 m in

diameter. This difference is because of the thinly bedded nature of

the cherts in the Dimple Formation (only up to 1 cm) which con

trasts with the limestones forming beds up to 3 m thick (Thomson

and Thomasson, 1 964).

Conspicuously absent from the boulder beds are limestones

from the Maravillas Formation. If, as DeMis reported, 21 percent of

the cherts are Maravillas in origin, one would expect to find some of

the limestone which is stratigraphically interbedded with the chert.

Baker (1932) did report finding Maravillas limestone at the House

top Mountain locality, but it was scarce.

The upper part of the Maravillas Formation is dominated by

chert. If this upper portion is the source of the clasts, it would

explain the absence of Maravillas limestone clasts. In addition the
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southeasternmost exposures of Maravillas are primarily chert (King,

1 937). If there is a trend toward an increase in chert to the south

east, then the boulder beds which have a southeastern source would

have chert as the primary Maravillas rock type.

PENNSYLVANIAN LIMESTONES

General Features

Pennsylvanian limestone clasts vary in size from 1 cm to 4 m

in diameter, and average about 30 cm. Most are subrounded to

rounded and equidimensional, though a few are found as bedded

slabs. Five percent of the total number of clasts in the boulder beds

consist of these limestones. They are dark gray in color and com

posed primarily of calcarenites (figure 12). Surficial silicification

commonly enhances cross and convolute bedding formed by coarser

grains. These clasts are easy to distinguish from the Cambrian

limestones by their lack of macrofossils and their fine crystalline

texture.

The largest clasts are exposed as slabs up to 4 m in length

and 1 m thick. They lie parallel to subparallel with bedding and

show little or no rounding. These slabs have distinctive bedding

consisting of gray limestones, dark gray shales, and black cherts.

The limestone beds are generally 3 to 5 cm thick and maintain
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Bb.

Figure 12. Dimple Limestone clast resting on pebbly mudstone in the

Haymond boulder beds Rock hammer for scale.



uniform thickness across the slab. Cross-beds and convolute

bedding are common in the limestones. The shale beds are thinner

and have a uniform thickness from 1 to 3 mm throughout the slab.

The chert beds are rare and form less than 5 percent of the beds.

They are thin, up to 5 mm, and maintain uniform thickness across

the slab. Some display fine laminations.

Age and Origin

Identifiable fossils were retrieved from 15 samples (plate 3).

Because of great variations in clast size and in solubility of the

limestones in acetic acid, no attempt was made to pick fossils from

uniform sample sizes. Therefore, the results do not represent

actual populations.

The fauna is quite diverse and the different clasts have much

variability in their taxonomy (table 1 ). Some clasts have a dominant

cono-dont population; in others foraminifera and ostracods are the

primary fossils. Brachiopod spines, pelmatozoan stems, echlnold

spines, and gastropod fragments are limited to a few clasts; in

these they are common to abundant.

Three of the fossils identified are the fusulinid, nwerelta,

and the conodonts, Gnathodus and Oxignathus, which are all

diagnostic of the Morrowan. The conodont fauna appears to be nearly



Table 1. Fossils identified from each of the Pennsylvanian
limestone clasts. Number of specimens found in each clast is listed.

Subtype numbers for fish teeth and scales in sample 47 E from Tway
and Ziridek ( 1982, 1983).

FOSSIL SAMPLE NUMBER

23A 23C 23D 23E 23F 31B 31 C 40B 46F 46G 47E 56 68B 68D 68E

CONODONTS

Bactrognathus 1

Cavusgnathus 3 17 2 1 2 3 1

Gnathodus 3 1

Hibbardella 2 1

Hindeodella 13 1 2 4 3 2 8

Idioqnathodus spp. 1 3 9 1

1. delicatulus 4 15 1

1. sinuosus 6 7

Liqonodma 2 7 7 10 9 4

Lonchodma 2 1

Metalonchodina 1

Neoqnathodus 10 3 41 1

Neopnomodus 1

Oxinapnathus spp. 8 30 2 26 45 27 6

0. smuatjs 2 44 9 13

OzarKod:na sod 1 4 1

0 deli catula 2

Pa'-natcepis spp 1 2 1

P. Iiriqa'c s 1

P. qlab'a 6 1 1

P rvqosa 1

Sco'ODOdjs 2

Scat^oqnat^oojs 1 1 3 1 1

S!rep'oQna'h:-c^s 2 1

FORAMINIFERA

Ammcd.sc^ s 8 1 1 4

Arrirncver!9!'a 2 1 6 5 10

Ear'a~c s 4

<_3 C
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c 2 3 1^ 1 1

i Hap :p --:-: r
= 1 29 5 6 1 1 2

Hvpe'a~""
"

=
? 2? 2 7

3 1 34 1 ">

I 2
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Table 1. (continued)

23A 23C 23D 23E 23F 31B 31C 40B 46F 46G 47E 56 68B 68D 68E

OSTRACODS

Amphissites 3 1 1 1 5

Bairdia 2 8 7 17

Bythocyphs 1

Glyptopleura 17 1 2 4

Healdia 1 2? 22

Kirkbya 1 4

Pseudoparaparchites 8 6

Gen. and sp. undet. 2 22 1 3 10 3 1? 16 3 41 17

FISH TEETH AND SCALES

Subtype 007 1

Subtype 021 10

Subtype 032 8

Subtype 049 1

Subtype 056 5

Subtype 057 1

Subtype 091 10

Subtype 100 1

Subtype 104 1

Subtype 114 2

Subtype undet. 68

MISCELLANEOUS

BRACHIOPODS 2 1 2 11 16 4 5 2

BRYOZOANS 2 5 3 4

CRINOID STEMS 1 3

ECHINOID PLATES 1 1 1 2 1

ECHINOID SPINES 30 + 10+

OPHIUROID AMBULACRA 2

GASTROPODS 9 4 2 4 1 1 3

PELECYPODS 1

SPONGE SPICULES 1 2 5 1 2



identical to that found In the Dimple Formation (Ellison and Graves,

1941). The similarities include the presence of admixtures of older

fossils in younger rocks such as the Devonian genus Palmatoiepis,

found in both the limestone clasts and in the Dimple Limestone. The

admixtures probably represents reworking of Devonian strata and

subsequent redeposition into the Pennsylvanian formation.

The microfauna also strongly correlates to the assemblage in

the Morrowan-age Johns Valley Shale of the Ouachita Mountains,

Oklahoma (Harleton, 1933). The clasts and the Johns Valley

Formation contain many of the same conodonts, ostracods, and

foraminifera, as well as fish scales and teeth, which were found in

abundance in one clast.

Of the foraminifera identified, MWerelia was the only

fusulinid genus found in the clasts. A study done by Sanderson and

King (1964) on the fusulinid biostratigraphy of the Dimple Lime

stone found that the oldest (Morrowan) Dimple beds contain a fauna

in which MWerelia is the only fusulinid present. This suggests

that those clasts that contain MWerelia were derived from the

lowest part of the Dimple. In addition they noted that Morrowan

Dimple is only found in eastern Marathon Basin in what Thomson and

Thomasson (1964) described as the basin facies and the Dimple

becomes younger to the west. The Martin Ranch boulder beds are

exposed in the eastern Basin and have a southeastern source so, as



one would expect, the Dimple clasts are similar to the Dimple

outcrops in the area.

All the clasts found have the lithology characteristic of the

basin facies of the Dimple. There are no oolites, large-scale cross-

beds, or vertical grading characteristic of the shelf facies. Instead

the clasts are mostly massive limestones with rare small-scale

cross-laminations and convolute laminations. In addition to the

limestones, chert pebbles are present that strongly resemble the

cherts of the basin facies of the Dimple Formation. The large slabs

of Dimple exposed in the boulder beds also show the thin, inter

calated limestone, chert, and shale beds as well as the horizontal

and convolute laminations found in the basin facies.

The microfauna also seems to represent a basin facies. Bless

(1983) examined assemblages of Paleozoic ostracods to find fauna!

variations associated with specific depositional environments Van

den Boogaard and Bless (1985) expanded the study to include ostra

cods, conodonts, and foraminifers. They correlated these assem

blages with three shallow shelf depositional environments:

nearshore shelf, shallow offshore shelf, and deeper offshore shelf

and basin. Although their study was limited to sedimentary rocks in

Europe, the fossil assemblages van den Boogaard and Bless examined

are very similar to those found in limestone clasts in the boulder

beds. Thus, fossil assemblages found in both the clasts and the

European strata should represent the same environments.



The following is based on their findings and applied to the

assemblages found in the clasts. The nearshore shelf environment

is predominantly arenaceous foraminifera. In the clasts these are

represented by Ammodiscus, Haplophragmoides , and Ammovertella .

The conodont, idiognathodusdelicatus, is commonly associated with

these foraminifera. The ostracod assemblage representing the

nearshore shelf environment was absent from the Martin Ranch

clasts. The shallow offshore shelf environment contains both

ornamented ostracods (e.g. Kirkbya , Amphissites, and

Pseudoparaparchites) and smooth-shelled ostracods (e.g. Healdfa ).

Conodonts are rare or absent in this environment. The presence of

fusulinids, crinoids, bryozoans and the ostracod, Bairdia , may

indicate an open marine environment. The deeper offshore shelf and

basin environments contain mostly conodonts with few or no benthic

organisms.

Van den Boogaard and Bless noted faunal variations in

different localities and also stated that environmental boundaries

are not very clear. However, if their studies are correct and if they

can be applied to similar faunas in the Dimple Limestone clasts,

then there has been much reworking of these faunas into deeper

water. The clasts with few or no conodonts tend to have mixed

nearshore and offshore foraminifera and ostracod assemblages. The

samples that contain a large conodont population, suggesting deeper

water, commonly also have shallow-water foraminifera and a mixed



ostracod assemblage. Furthermore, the conodont, idwgnathodus

dei/cati/s, which is supposed to represent the nearshore, is found

only in clasts with a large conodont population.

The fossils in all the clasts could easily have been reworked

from nearshore to offshore and finally deposited in the basin by

turbidites. The absence of any definitive shelf facies assemblages

combined with the lack of shelf facies lithologic features, such as

oolites and large-scale cross-beds, indicate that the clasts came

from the basin facies of the Dimple Limestone.

CAMBRIAN LIMESTONES

General Features

Rounded clasts of Middle Cambrian limestones are found

scattered throughout the boulder beds at Martin Ranch (figure 13).

They comprise 5 percent of the clasts and are easily distinguished

from the Pennsylvanian limestones by their trilobite and

inarticulate brachiopod fauna and by their coarse crystalline

texture. The clasts are spherical to ellipsoidal, up to 1.5 m in

diameter, and average 20 cm. They are light gray to dark gray in

color and often display surficial bands of silicified material

composed primarily of shell hash. Although fossil fragments are
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generally easy to see on the weathered surfaces and commonly form

distinct layers, bedding is otherwise not obvious.

These limestones are exposed only at the Martin Ranch local

ity. Although found in all the outcrops, they are most abundant in

the boulder beds that lie in the western part of the study area. They

are exposed at all stratigraphic levels of the mudstone but are not

found in any of the sandstone lenses.

Three dominant types of limestone lithologies are found in

relatively equal abundance. All of them are biosparites with very

little or no terrigenous material. The first type is a light gray

biosparite with coarse calcite crystals, easily seen in hand sample.

This limestone is quite friable and contains few oncolites. The spar

is primarily equant. The limestone is rich in fossils which are

dominated by the trilobite genera, Marjumia and Modocfa
,
and the

gastropod, Heicioneiia. In thin section the fossil fragments are quite

distinct and show very little recrystallization. They are equally

distributed throughout the clasts and lie at random orientations in

the spar. Varying amounts of organic material are found in thin

sections of these limestones.

The second type is also a light gray biosparite, but this one

contains abundant oncolites up to 5 mm in diameter. They may form

layers but show no preferred orientation of their longest axis.

Recrystallized fossil fragments are common, and typically have a
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micrite coating. Because these clasts are well cemented, few

Identifiable fossils have been recovered. Although the biosparite

does have some porosity, no organic material was found in thin

sections.

The third biosparite contains medium crystalline spar with

rare oncolites. It is dark gray in color and quite hard. Lenses of

friable, white, coarse crystalline spar lie in the clasts. Fossils are

common to abundant and lie at random orientations. They commoniy

have a micrite envelope and display recrystallization in thin sec

tion. Although these clasts generally yield the widest faunal diver

sity, Asaphiscus is the most common trilobite genus found and is

abundant in some clasts.

Paleontology and Age

All of the clasts yield a fauna of limited diversity in which

trilobite parts are the most abundant fossils (plate 4). In some of

the limestones, the carapace fragments lie in distinct layers,

probably the result of sorting. Although specific genera may

dominate in one limestone lithology over another, all of the common

genera are found in the majority of clasts. Marjumia calas and

Modocia sp. are the most common trilobites and found in nearly

every clast. Cranidia of these two genera are nearly identical; the

pygidium is required for positive identification (Robison, 1962).



Unfortunately, in the clasts pygidia are rarer than cranidia.

However, of those found Marjumia pygidia are much more abundant

than those of Modocia . This is an unusual situation because Modocia

is generally more common than Marjumia (Robison, 1986, pers.

comm.).

Several species of Asaphiscus, including A. wheeler i and

Asaphiscus cf. A. laeviceps, are common in many clasts, and in

some limestones Asaphiscus is the dominant genus. Cranidia of

Asaphiscus cf. A. laeviceps were also found by Wilson (1954) in an

Upper Cambrian limestone clast redeposited in the Woods Hollow

Formation. He assigned it to Blountina aff. B. westoni\ Blountina

has since been included in the genus MaryvWia. Although the

published age ranges of Asaphiscus and MaryvWia do not overlap,

the evolutionary trends of genera within the family Asaphiscidae

are unknown. This species appears to extend into the Late Cambrian.

Because the published age range of MaryvWia does not extend into

the Middle Cambrian, the specimens in the clasts have been

tentatively assigned to Asaphiscus .

Other common trilobites in the clasts include: Bathyuriscus

fimbriatus, Olenoides spp., Hemirhodon spp., and Hypagnostus

parvifrons. Rare trilobites found in fewer than 5 clasts include:

Trymataspis spp., Spencella sp., Flrathia sp., Alokistocare sp.,

Peronopsis fallax
,
and Ptychagnostus hybridus .



Inarticulate brachiopods range from rare to abundant in the

clasts (plate 5) and include the following: Micromitra sp.,

Prototreta attenuate, Acrothele sp., and Lingulella sp. These genera

are typical of very shallow-water conditions (Palmer et al., 1984).

The mollusc, Heicioneiia arguta ,
Is common to abundant in

most of the fossil-bearing clasts. The specimens exhibit much

variation in both ornamentation and shape, which is common in this

species. The classification of this genus has undergone some debate

in recent history. Knight et al. (1960) placed it in the Class

Gastropoda. However, its morphology was proposed to be

intermediate between limpet-shaped forms and cyrtoconic

bellerophontids (Runnegar, 1985) and it was assigned to the Class

Monoplacophora by Runnegar and Jell ( 1 976).

Some of the limestones contain sponge spicules, but they are

scarce. All are simple monaxons and diaxons common in many

different genera. No attempt was made to identify them.

Hyaiitheius sp. tubes were retrieved from a few clasts.

Where found, they are abundant. The tubes were made by a sessile

worm-like animal from the Phylum Poganophora. Modern

representatives of this phylum are found almost exclusively in

water over 100 m deep and commonly live in dense clusters (Barnes,

1980).

This faunal assemblage is typical of the Middle Cambrian of

the Great Basin of the western United States. Although the fauna in



the clasts is less diverse, it is particularly similar to that of the

Marjum Formation of the House Range in western Utah. Trilobites of

this formation belong to the Bolaspidella Assemblage Zone of the

late Middle Cambrian. Detailed biostratigraphic work done by

Robison ( 1 962, 1 964) on rocks of the House Range and Drum

Mountains divided this assemblage zone into three subzones.

Unfortunately, low diversity of the trilobites, in particular the

planktic agnostid trilobites, in the clasts does not allow an

assignment to one of the subzones. The fauna only suggests that the

limestones were originally deposited during the middle of the

Bolaspidella Assemblage Zone.

The limestones represent shallow-water carbonate shelf

deposits indicated by the massive, coarse-crystalline limestone

with neither lime mud nor terrigenous material, the presence of

both algal oncolites and algal borings on the trilobite fragments,

and the shallow-water fauna (i.e. the abundance of inarticulate

brachiopods and benthic rather than planktic trilobites).

Origin and Regional Implications

During the Middle and Late Cambrian, broad shallow seas

surrounded the North American craton. Studies of Cambrian forma

tions exposed in western North America revealed three marine

depositional environments: an inner detrital belt; a middle carbonate



belt; and an outer detrital belt (Palmer, 1960). Continued studies of

the Cambrian of North America led Palmer to conclude that these

three environments existed concentrically around the entire craton.

The inner detrital belt consisted of light colored terrigenous

sediments which were deposited in shallow-water. The carbonate

belt was a wide carbonate bank consisting of relatively clean

limestones and dolomites representing extremely shallow-water,

restricted marine conditions. It was particularly prevalent during

the Middle and Late Cambrian. The outer margin of this belt

approximately defined the edge of the craton. The outer detrital

belt was dark gray to black siltstones, shales and rare cherts

typically found with thinly bedded limestones and silty limestones

which represented deep-water conditions. These three belts were

later divided into ten lithotopes by Lochman-Balk (1971).

Palmer (1979) noted distinct trilobite populations found in

each of these regions. The carbonate banks acted as barriers for the

migrating fauna. Thus, the inner detrital and carbonate belts had

restricted access which limited the population to predominantly

endemic polymerid trilobites. The seaward margin of the carbonate

belt and the outer detrital belt had a population of both endemic and

more widespread polymerids as well as agnostids which were prob

ably pelagic and had a cosmopolitan distribution.

The greater the barrier formed by the carbonate banks

between the inner and outer detrital belts, the more striking the



difference between the two populations (Palmer, 1979). The

barriers were great during the late Middle Cambrian. As a result,

trilobites of the outer detrital belt of the House Range in western

Utah correlate for much longer distances with other outer detrital

belt faunas than with inner detrital belt faunas (Robison, 1964).

Several factors indicate the original depositional environ

ment of the limestone clasts. They are typical of carbonate bank

deposits consisting of well-washed, oncolitic limestone. There is

none of the terrigenous material common in the inner detrital belt,

nor the siltstones, shales and thinly bedded limestones found in the

deeper water environments. Their fauna, however, correlates better

with the outer detrital belt than the carbonate and inner belts, and

contains both endemic and cosmopolitan species. The mixed fauna

suggests the clasts were originally deposited along the outer mar

gin of the carbonate bank where there were few barriers to the

outer detrital belt resulting in more faunal similarities than with

the carbonate and inner detrital belt. This area is Lochman-Balk's

(1971) sublittoral shelf-carbonate lithotope. However, she does not

distinguish between the carbonate bank and the outer margin of the

bank.

The faunal similarities of the outer detrital belt of western

Utah and Nevada and the shallow-water limestones in the boulder

beds show that the carbonate belt extended around what is now

southern Texas or northern Mexico during the latest Middle Cam-



brian. This provided free movement of even
the endemic species

between the two locations.

There are limited exposures of late Middle Cambrian sedi

ments in the region. The Hickory Sandstone Member of the Riley

Formation crops out in the Llano uplift region of central Texas and

part of it contains the Bolaspidella Assemblage Zone. To the west

in southeastern Arizona and southern New Mexico, the Bolsa

Quartzite also contains deposits of the same age. These are the

nearest well studied, late Middle Cambrian deposits to the boulder

bed. Both are primarily sandstone and dolomitic sandstone, repre

senting inner detrital belt deposits that lay landward of the origina

site of deposition of the limestone clasts.

Because no other carbonate belt deposits in this region have

been found, the original location of the clasts is important in

determining the position of the carbonate belt margin. Folding and

thrust faulting of the Marathon Basin after deposition of the

Haymond boulder beds resulted in a shortening of the basin by a

minimum of 3:1 to 4:1 (Muehlberger et al., 1984). This shortening

shifted the southern margin of the basin to the northwest by at

least 1 20 km. The boulder beds have a southeastern source, so

relocating the Basin to its position at the time of deposition of the

boulder beds places the source of the limestone, and therefore the

Cambrian carbonate margin, even further to the southeast. This



places the Cambrian shoreline and inner detrital belt margins to the

north of previously believed locations (figure 14).

Younger Cambrian limestones have been found in exotic

boulders from the Woods Hollow Formation and from in situ beds of

the Dagger Flat Formation (Wilson, 1954). The exotic boulders are

from several different assemblage zones of the Late Cambrian

including the Cedaria Assemblage Zone which lies immediately

above the Bolaspidella Assemblage Zone. These limestones have a

similar lithology and shallow-water fauna to those in the Haymond

boulder beds. They also represent the seaward edge of the carbonate

belt. Unlike the Haymond boulder beds, boulders in the Woods Hollow

Formation have a northwestern source.

Palmer et al. (1984) proposed that the northwestern source

direction for the Woods Hollow boulders indicated a landward

migration of the carbonate margin. There is no evidence of this;

instead it indicates a northwestern translation of the basin. Ross

( 1 986) placed the Marathon sediments on oceanic rather than

continental crust. This would put the basin south of the carbonate

bank within the outer detrital belt facies during the Cambrian and

Ordovician. The basin formations of this time reflect this

placement. The Cambro-Ordovician Dagger Flat Formation and

Marathon Limestone have thinly bedded limestones intercalated with

shale as well as a deep water fauna both typical of the outer

detrital belt facies.
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At the time of deposition of the Middle Ordovician Woods

Hollow Formation, faulting northwest of the basin exposed Late

Cambrian strata (Wilson, 1954). Erosion of these fault scarps

provided material for the conglomerates in the Woods Hollow (figure

15). Clasts found range in age from earliest Late Cambrian to Early

Ordovician. This indicates that the faulting exposed the entire Late

Cambrian stratigraphic section. Further erosion of the scarps after

the conglomerates were deposited might have exposed some of the

Middle Cambrian limestones.

The Tesnus and Haymond Formations are thick flysch deposits

with a southeastern source. The material for them was supplied by

thrust faults which uplifted older strata. During the time of depo

sition of these two formations, the entire Basin was translated to

the northwest overriding the entire Cambrian shelf section (figure

16). If the width of the proposed Middle Cambrian carbonate belt is

correct, the basin had shifted approximately 200 km to the

northwest by the time of deposition of the Haymond boulder beds

(figure 14).

During the tectonic activity, one of the thrust faults cut beds

of uppermost Middle Cambrian limestone, exposing slivers of it

which were redeposited into the boulder beds. These limestones

may have been from the same fault scarp that produced the Woods

Hollow Formation boulders. The Cambrian limestones must have



CRATON FACIES MARATHON FACIES

Figure 15. Block diagram Illustrating the concept of debris flows

eroding the scarp of a high angle fault and redepositing Lower

Ordovician and Upper Cambrian boulders Into the Upper Ordovician
Woods Hollow Formation. OOrdovician; UOUpper Cambrian; and
M=M1ddle Cambrian.
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Figure 16. Cross section showing the translation of Marathon facies

sediments overriding platform sediments. Striped unit represents

Middle Cambrian limestone, some of which were torn off and
carried

along the fault plane as slivers. Not to scale.



been uplifted as slivers because of the very limited age range of the

clasts and because their presence is limited to the Martin Ranch

locality. A similar situation in which slivers of carbonate platform

rocks were carried between younger strata along thrust faults is

found in New England in rocks associated with the Taconic Orogeny

(Stanley and Ratcliff, 1985).

CHERT PEBBLE CONGLOMERATE

General Features

Bedded conglomerates comprise about 10 percent of the

clasts. They are well cemented and quite resistant to erosion, and

form prominent ridges on low-lying hills (figure 17). The clasts are

usually found as slabs which show no evidence of rounding. The

exact sizes of the clasts are hard to determine because whole

clasts are rarely exposed; only the outcrop length and the strati

graphic thickness can be measured. These two dimensions of the

slabs range from 1 m long by 0.5 m thick to 90 m long by 9 m thick.

Boulders and smaller pieces of conglomerate which lie on the

surface completely exposed are probably float broken from the

slabs.
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Figure 17. North-facing view of 90 m long clast of chert pebble

conglomerate in the Haymond boulder beds. Its strike lies at a high
angle to the strike of the surrounding beds. Another large
conglomerate clast crops out to the east. Figures for scale.



The slabs generally lie with their strike subparallel with the

strike of the surrounding beds. The exception to this is found with

the largest clasts which lie in the westernmost exposure of the

boulder beds (figure 17). The strike of these conglomerate beds is

parallel with the direction of dip of the surrounding beds. This

orientation may be a result of rotation of these slabs during trans

portation so that the longest axis was parallel with the direction of

flow.

The slabs commonly lie on the massive mudstone subunit of

the boulder beds or may be completely enveloped by sandstone. More

rarely they rest directly on flysch beds. This last situation is

probably a product of submarine gliding; a process in which the

slabs have enough momentum to continue sliding along discrete

shear surfaces after the debris flow has stopped (Ineson, 1985).

According to Nardin et al. (1979), the characteristic of such a

deposit is a lack of internal deformation of both the transported

block and the surrrounding sediments. The latter will show con

tinuous bedding under and around the block.

The thickness of individual beds of sandstone and conglo

merate is not uniform in a single clast or from clast to clast. The

beds range from 10 cm to 10 m, but are generally from 1 m to 3 m

thick. The beds commonly display graded sequences in which a

conglomerate fines into a sandstone or pebbly sandstone which in



turn is incised by an overlying conglomerate (figures 18,19).

Theconglomerates show no grading in the lower part of the beds. If

they grade into sandstone, they do so in the upper 10-15 cm. Some

sandstones, however, become finer upward over a whole bed.

The conglomerate does not necessarily fine into sandstone. A

sharp contact is common between the conglomerate and the

sandstone. This contact is planar and shows no sign of soft-

sediment deformation. In places sandstone beds appear to incise

conglomerates.

The conglomerate clast lithology is different than that of the

lenses of pebbly sandstone which lie in the boulder beds. The lenses

have a larger variety of pebble types, including more feldspars and

larger biotite and muscovite grains. The conglomerate clasts are

better sorted with a more bimodal grain size distribution of pebbles

and sand matrix. The lenses also tend to have more clay in the

matrix (up to 10 percent).

The conglomerates are primarily chert pebbles in a sandstone

matrix (figures 20). The chert pebbles and cobbles are subangular

and range from 3 mm to 10 cm in diameter with isolated boulders up

to 30 cm. The fine- to coarse-grained sandstone matrix is com

posed primarily of quartz. Both the sandstone and the pebbles are

poorly sorted. The pebbles are matrix-supported. They range from

densely packed to widely spaced floating in sandstone. Most
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Figure 18. Graded sequence in a clast of chert pebble conglomerate
in the Haymond boulder beds. Handlens for scale.



Figure 19. Crudely graded chert pebble conglomerate clast in

Haymond boulder beds. A densely packed conglomerate truncates

matrix-supported pebbly sandstone at the level of the hammer head.

Rock hammer for scale.



Figure 20. Massive to crudely bedded clast of chert pebble

conglomerate. Rock hammer for scale.
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elongate pebbles show a preferred orientation of their long axis

subparallel to bedding.

The chert pebbles strongly resemble the chert clasts found in

the mudstone. Their colors include light to dark gray, blue, green,

white, brown, black, and black with gray bands. The percentage of

each type varies from clast to clast, as well as from bed to bed of

the same clast.

There are several possible sources of the chert. The white,

blue, green, gray, and brown pebbles are probably
from the Caballos

Formation. The black and black banded cherts could be from the

Caballos, Maravillas, or Dimple Formations. In thin section some of

the chert pebbles contain abundant sponge spicules. Highly spicular

cherts are not common in either the Caballos or the Maravillas, but

are very common in the cherts of the Dimple Formation. McBride

(1987, pers. comm.) believes these spicule-rich cherts
most likely

were derived from the Dimple Formation.

Pebbles with a composition other than chert are found in the

clasts, but they are quite rare. Sandstone and siltstone are the

most common nonchert pebbles. Also found in thin sections are rare

pebbles of metasedimentary, plutonic, and
volcanic rocks. These

are all too small to identify in hand sample and their sources are

unknown.



Only one Cambrian limestone clast was found associated with

the conglomerates. This clast, about 6 cm in diameter, was found at

the top of a conglomerate bed at the conglomerate-mudstone inter

face. Although it appeared to be a clast within the conglomerate, it

may have been deposited on top of the conglomerate clast in the

mudstone and then cemented to the clast during subsequent burial.

Because only one was found and it lay on the surface of the clast, it

seems unlikely that it was originally deposited as part of the con

glomerate. The rarity of the Middle Cambrian limestone clasts in

the Marathon Basin makes it doubtful that they would be deposited

in both the debris flow and conglomerates which were then redepos-

ited in the debris flow.

The gray sandstone matrix is predominantly quartz grains

which commonly show pressure solution boundaries. Besides quartz,

grains include chert, muscovite, and biotite. Clay forms less than 5

percent of the matrix. Much of the clay present is in the form of

clasts that have been squashed and deformed around quartz grains.

In some places the clast is still discernable, whereas in others all

that is left is a clay envelope around the sand grains.

A common feature in the conglomerates is chert pebbles that

have been fractured and then the fractures filled with the sandstone

that comprises the matrix. This is visible in both hand sample and

thin section. It suggests that after deposition, but prior to lithi-
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f ication, the conglomerates underwent a period of compaction and

stress strong enough to fracture the chert pebbles.

Age and Origin

The absence of any fossils makes an age difficult to deter

mine. Cotera (1962) interpreted the chert pebble conglomerate

clasts in the boulder beds as in situ shallow-water beach or bar

deposits. He described them as resembling river channel deposits

except the associated sandstones do not contain the sedimentary

structures found in nonmarine channel sediments. He found it

unlikely that these sediments were generated by deep-water tur

bidity currents. He described only the conglomerate clasts at one

boulder bed outcrop and its location is uncertain. At this outcrop he

believed several of the large clasts actually represented one bed

which was repeated by faulting. DeMis ( 1 983) also believed the

conglomerate clasts to be in place. He interpreted them to be

channels in upper-fan deposits.

Because of poor exposures, the nature of the boundary of

individual clasts with the host rock is not clear, and it is difficult

to establish whether the conglomerates rest in channels or whether

they are transported clasts. The evidence that they are clasts

includes: the conglomerates rest directly on flysch deposits,

smaller nontabular blocks (2 m on the longest axis) are clearly out



of place and overturned, angular unconformities exist between
the

conglomerate beds and the beds of the surrounding
sediments, con

glomerate bodies are tabular rather
than lens-shaped with sides

ending abruptly, there is soft-sediment
deformation of underlying

sandstone and flysch beds, lithologies of sandstones and conglo

merates of in situ lenses in the boulder beds are different than the

conglomerate clasts.

These conglomerate clasts probably were
derived from the

lower Haymond Formation. Although similar conglomerates are

exposed in the Tesnus Formation, Cotera (1962) noted than the Shely

Ranch Conglomerate is distinctly different than the conglomerate in

the Tesnus. The latter is cemented with chalcedony and contains no

sand or clay matrix. The former is more poorly sorted with a sand

matrix and a minor amount of clay. McBride (1987, pers. comm.)

also stated that these conglomerates are more reminiscent
of the

Haymond than the Tesnus. Finally, the Dimple chert pebbles,

abundant in the conglomerates, force an age constraint that
is

younger than the Dimple Formation. Thus, in order for the conglo

merates to be redeposited in the upper Haymond boulder beds, they

must have originally been lower Haymond deposits.

The tabular nature of the clasts and the planar bedding with

no sign of soft-sediment deformation indicate that they were 11th-

if ied prior to redeposition rather than a product of syndepositional

slumping. Their great thickness suggests they were originally laid



down more proximal to their source than the conglomerates found in

other formations in the Marathon Basin. These conglomerates have

moderately poor sorting, crude grading, and thick beds which are

commonly incised by the overlying beds. These are characteristics

that agree with DeMis' (1983) interpretation that the conglomerates

are redeposited from channels within upper fan deposits.

Postdepositional compaction of the conglomerates deformed

the clay grains and greatly reduced the porosity. Stress from com

paction or some unknown pressure was great enough to fracture

some of the chert pebbles prior to lithif ication of the conglomerate;

the fractures then filled with the sandstone matrix. The cementing

of the conglomerates must have occurred rapidly in order for the

conglomerates to be redeposited as lithified clasts in the upper

Haymond beds.

After uplift by thrust faults, the sheets probably formed

resistant ledges along the fault scarps. These ledges broke off

during debris flows and were passively rafted down the slope within

or upon the mass flow. By virtue of their great size, they were

transported in more or less the same orientation in which they

landed. The smaller nontabular boulders, however, rolled along the

substrate before the final deposition. The longest clasts may have

rotated horizontally during transport. This resulted in their longest

axis being parallel with the direction of flow and thereby causing
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the least resistance, in the same way tool marks are aligned in the

direction of flow.

Most of these tabular bodies were transported in the same

orientation as they were originally deposited. Thus, when they came

to their final rest, they were lying with their strike and dip subpar-

allel to the strike and dip of the underlying beds.

MISCELLANEOUS CLAST LITHOLOGIES

Pebble types not observed in outcrop were identified in thin

section. These pebbles include exotic plutonic and volcanic rocks,

metasedimentary rocks, and more commonly, sandstones and

siltstones similar to those in the Haymond and Tesnus Formations.

All of these pebbles seen in thin section have a maximum diameter

of 1 cm.

Well-rounded volcanic and plutonic pebbles and cobbles have

been found at the Housetop Mountain locality (McBride, 1966). The

plutonic pebbles are granites and granodiorites; the volcanics are

mostly rhyolites with some rhyodacites. These types of pebbles

were dated by Denison et al. (1969) to be 370-410 m.y (Middle

Devonian to Late Silurian). Although the rounded igneous pebbles at

the Martin Ranch site are too small to identify, it is reasonable to

assume they have the same age and source. Denison et al. speculated



that the source, which lay southeast of the present boulder bed

locality, formed by downwarping of the clastic sediments in a geo-

syncline during Silurian-Devonian time. Partial melting of the sedi

ments and associated volcanism occurred. This was followed by

mountain building of the geosyncline, which took place early enough

to provide a source for the Haymond Formation.

Clasts of sandstones and siltstones have the same charac

teristics as those found in the Haymond and Tesnus Formations.

They are primarily composed of well-sorted quartz grains and have

amounts of clay ranging from less than 5 to 15 percent.

The formation most notably missing from boulder bed clasts

is the Tesnus. Clasts of Tesnus sandstone, averaging 5 cm but up to

12 m in length, are exposed at the Housetop Mountain locality

(McBride, 1966). Although no sandstone blocks larger than 20 cm in

diameter are found at the Martin Ranch site, sandstone float is

abundant on the surface of the boulder bed deposits. The sandstones

from the Tesnus and the Haymond are extremely similar in

appearance in hand sample. Thus, it is possible that some of them

are clasts from the Tesnus that were mistaken for float broken

from the sandstone lenses and beds within the boulder beds.



COMPARISON OF BOULDER BED LOCALITIES

In the eastern part of the basin, boulder beds crop out in three

localities: the base of Housetop Mountain; the Clark Butte area; and

the Martin Ranch (figure 7). All three boulder bed units lie In the

upper part of the Haymond Formation (figure 21 ) and show clast

types and matrix similarities as well as significant differences.

Comparisons of the stratigraphy, lithology, and types of clasts at

each locality are given in table 2.

The three localities show much variety in the sources of the

clasts and in the sedimentary processes that deposited the boulder

beds. This is at least in part because of their location with respect

to each other. At present the Martin Ranch and Housetop Mountain

localities are only 12 km apart, but are separated by several late

Paleozoic thrust faults. King (1937) estimated about 2:1 shortening

in this region; therefore, at the time of deposition these localities

were separated by at least 24 km and possibly more. Because the

northeastern basin floor Is covered by Quaternary alluvium, the

spacing and location of thrust faults are unknown. Thus, the

position of the Clark Butte boulder beds with respect to the others

is unknown.
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Figure 21. Schematic diagram showing the inferred stratigraphic

relationships of the three boulder bed localities in the Haymond

Formation (modified from McBride, 1966).
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Table 2. Comparison of boulder bed localities. Clast measurements

indicate maximum clast diameter. (Data for Housetop Mountain and

Clark Butte localities from King, 1937 and McBride, 1966)

MARTIN RANCH HOUSETOP MOUNTAIN CLARK BUTTE

Stratigraphy

Thickness 230 m 300 m 10m

Height above base 500 m 610m 430 m?

Composition and Size

Matrix Mudstone Mudstone Sandstoni

Clasts

Chert 2.5 m 15m 3m

Dimple lm 4m 40 m Not given

Pennsylvanian lm Absent 30 m Not given

Conglomerate 90 m Absent Absent

Tesnus sandstone 20 cm? 10m Not given

Other sandstone ? 60 cm Absent

Exotic igneous 1 cm 25 cm Not given

Exotic schist 1 cm 8 cm Absent

Exotic Cambrian lm 1.5m Absent Absent



Housetop Mountain locality lies south of U.S. Highway 90

(figure 7). The boulder beds form a lenticular belt 13 km long and

reach a maximum thickness of 306 m at the base of Housetop

Mountain (McBride, 1966). They thin southward to less than 30 cm

at the location where they disappear along strike, 1.5 km south of

the old Bennett Place (McBride, 1966). King (1937, PI. 10) produced

a map of the entire Housetop Mountain boulder bed complex based on

plane-table and alidade measurements. It illustrates the general

stratigraphy and lateral extent of the interbeds and the size and

type of all clasts greater than 60 cm. However, because of poor

exposures and the scale of the map, the complexity of the inter

bedded units is not shown.

The bulk of the beds at the Housetop Mountain locality are

composed of mudstone; in addition there are sandstone, flysch and

conglomerate beds. According to McBride (1966), the mudstone beds

contain 90 percent of the gravel-size or larger material found in the

wildflysch and all clasts exceeding about 3 m in diameter. The

clasts are matrix-supported and poorly sorted; however, the large

clasts are found primarily In clusters (McBride, 1966; King, 1937).

Most of the mudstone contains 40 to 50 percent clay (McBride,

1966).

The sandstones are interbedded with mudstone at Housetop

Mountain. McBride (1966) describes these sandstones as lenticular



with irregular thicknesses which may be a result of incising of the

underlying layers. They are coarse-grained, arkosic, and well

cemented, making them resistant to weathering and easy to trace on

the surface laterally. The sandstones commonly contain pebbles

most of which are composed of chert. McBride reports that some

muddy sandstone beds contain pods of shale 5 to 10 cm in length,

most of which lie with their bedding planes subparallel to bedding.

Some pods are bent, indicating that they were not lithified at the

time of transportation. The shale is quite similar to normal

Haymond shale and probably represents rip-up clasts.

The flysch beds resemble those in the lower Haymond. These

beds range from undeformed to contorted into tight folds with an

amplitude of a meter (McBride, 1966). Boulders found in some of

these deformed beds are surrounded by a thin aureole of mudstone

(McBride, 1966). The description sounds typical of blocks emplaced

by submarine gliding; a process in which blocks continue sliding

after the debris flow stops.

Two unique conglomerates are exposed within the boulder

beds at Housetop Mountain. McBride ( 1 966) reported that one

consists of lenticular beds of chert pebble conglomerate 30 to 90

cm thick. The pebbles are angular to subangular in shape, and

composed of black, white, green, and brown chert ranging in length

from 2.5 to 13 cm. In most beds the interstices are filled, at least



in part, by chalcedony; in some beds coarse sandstone fills the

Interstices.

The other conglomerate is described by McBride (1966) as a

polymictic conglomerate bed, 60 cm thick, and exposed laterally for

a distance of 7.5 m. It consists of well-rounded subspherical

pebbles, of which an estimated 80 percent are from the Tesnus

Formation. These pebbles lie in a muddy, coarse sandstone matrix.

The Clark Butte boulder beds are distinct from the other two

localities in the limited variety of clasts and flow types repre

sented. The following description Is based on those given by King

( 1 937) and McBride ( 1 966). Mudstone beds, which form the bulk of

the wildflysch deposits, are absent at Clark Butte. Instead, the

boulder beds are composed mainly of chert pebbles in a sandstone

matrix. These conglomerate beds are lenticular units, 60 cm to 18

m thick, and are scattered along a 6.5 km outcrop belt. Bed thick

nesses are irregular because of deposition on a scoured surface. The

conglomerates are generally associated with a thick section of

coarse sandstone beds, and rest on either sandstone beds or on

flysch beds.

The bulk of the clasts in the Clark Butte boulder beds are

subangular pebble-size chert. Rare boulders are scattered through

out the outcrops. The pebbles comprise from 40 to 70 percent of the

total material in the conglomerate. Where the pebbles are densely

packed, chalcedony cement is common. The presence of chalcedony



as a diagenetic pore-filling suggests that either no finer-grained

matrix existed In these conglomerates or It was winnowed out

(McBride, 1966). Where the pebbles are dispersed they lie in a sand

stone matrix. Some beds exhibit crude grading, which consists of

densely packed pebbles at the base and an upward decrease of pebble

abundance rather than pebble size. McBride (1966) estimated the

composition of clasts, pebble size or greater, to be: gray, brown, and

black chert, 70 percent; white chert and novaculite, 20 percent;

limestone, 4 percent; and chert breccia, 1 percent. In addition trace

amounts of Tesnus sandstone, fossiliferous Pennsylvanian lime

stone, Maravillas limestone, and porphyritic rhyolite were reported

by King (1937).

The Martin Ranch locality consists of interstratif ied mud

stone, massive sandstone, pebbly sandstone lenses, and thinly

interbedded sandstone and shale. The mudstone is poorly sorted,

massive, and ungraded. It contains granule to boulder size clasts

which are mainly chert, chert pebble conglomerate, Cambrian

limestone, and Pennsylvanian limestone. The massive sandstone

units have a tabular geometry and are typically ungraded, medium to

coarse grained, moderately well sorted, and composed primarily of

quartz. The pebbly sandstone lenses contain chert pebbles in a

poorly to moderately sorted sandstone matrix. These lenses typ

ically display graded sequences. The thinly interbedded sandstone



and shale appear to be typical of the flysch beds in the lower

Haymond Formation.

The three localities display variations in both clast lithology

and clast size. Various types of chert compose the dominant clast

lithology at all localities. The different boulder bed localities

share the same sources of these cherts (i.e. older basin formations).

However, the size of the chert clasts vary at each locality. For

example at the Housetop Mountain locality, chert clasts are larger

both in maximum and average length than those at the Martin Ranch.

These size differences at the Housetop Mountain and Martin Ranch

localities are also true for Tesnus sandstone clasts and for the

maximum clast size of Dimple limestone. No average clast size

information has been published for Clark Butte clasts.

Variations in clast lithologies also are found at the different

localities. No clasts of fossiliferous, Pennsylvanian limestone,

other than from the Dimple Formation, have been identified at the

Martin Ranch, yet they are found at both Housetop Mountain and Clark

Butte localities. These clasts are apparently quite distinct from

Dimple Limestone and are up to 30 m in length at Housetop Mountain.

Exotic, well rounded, igneous and metamorphic pebbles and cobbles

are common at Housetop Mountain, but only observed in thin sections

of the mudstone at Martin Ranch. Furthermore, those examined in

thin section are too small to determine if they have the same

source. The Martin Ranch locality has two unique clast lithologies,



exotic Cambrian limestone and lower Haymond chert-pebble con

glomerate. The latter forms the largest clasts found in any of the

boulder beds.

Of the three localities Martin Ranch and Housetop Mountain

are most similar. Both contain interstratif ied mudstone, sandstone,

and flysch. The mudstone at both localities has the same poorly

sorted, ungraded, massive characteristics. However, the mudstone

at Housetop Mountain has a greater percentage of clay than that at

Martin Ranch. The sandstone interbedded with mudstone at Housetop

Mountain is similar to the massive sandstone beds at Martin Ranch.

The description of in situ chert pebble conglomerate beds at House

top Mountain strongly resembles the conglomerate clasts at Martin

Ranch. However, at Housetop Mountain chalcedony fills the pore

spaces, but chalcedony is very rare in the matrix of the clasts at

Martin Ranch.

Martin Ranch and Housetop Mountain boulder bed units were

deposited by the same sedimentary processes. The complexly

interbedded subunits were not from a single event, but rather

periodic deposition of different flow types. These processes

included debris flows, slumps, slides, grain flows, and turbidity

currents. Each process did not occur as a single event, but rather

one was followed by or triggered another in a continuous series as

the sediments traveled down the slope. Between the flows were



periods of normal basin deposition, resulting in the interbedding of

flysch with gravel-bearing units.

The unique clast lithologies indicate that the sources of

detritus at these two localities were distinctly different. At the

Martin Ranch the higher percentage of sand in the mudstone subunit

and the gigantic size of the conglomerate clasts may be the result

of a more proximal location to the source.

The descriptions of the Clark Butte conglomerates and the

chert-pebble conglomerate beds at Housetop Mountain are quite

similar and may have been deposited by the same mechanisms. The

ungraded to crudely graded, matrix-supported nature of the con

glomerates is typical of Walker's (1975) disorganized-bed model

which represents lag deposits formed by rapid deposition on rela

tively steep slopes. These deposits are found in the same proximal

position as debris flows. However, Clark Butte locality is missing

the debris flow deposits that dominate the other two localities.

The Clark Butte conglomerates appear to be primarily a product of

turbidity currents and proximal submarine channel deposits.



PROVENANCE OF THE BOULDER BED CLASTS

The sources of the exotic boulder bed clasts has been debated

for years. The pebbles and cobbles of igneous and metamorphic

rocks were derived from the hypothetical "Llanoria", the source of

the boulder beds, which lay to the east (McBride, 1966; Denison et

al., 1969). These clasts are well-rounded, indicating that they had

been transported a long distance. McBride (1966) reported that

their nearly spherical nature is more characteristic of stream than

beach abrasion. Thus, they were rounded in a stream and then

transported directly into deeper water without undergoing beach

abrasion. According to McBride, these pebbles were not derived

directly from fault scarps as has been proposed for the other clasts.

They probably were initially deposited in shallow water as delta

deposits in a fan delta associated with the stream that rounded

them. They were then transported into deeper water either as slide

debris associated with the debris flows or within turbidity currents

and then reworked with the flows.

Pennsylvanian limestone blocks do not show a high degree of

rounding or sphericity; some are tabular in shape. In addition some

of these clasts are extremely large boulders. The great size and
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lack of rounding and sphericity indicate that the blocks underwent

little transportation, except downslope. Presumably, these

limestones represent joint blocks brought to the surface by faults,

then shed off scarps and redeposited nearby.

Dimple Limestone is the source of some of the clasts, but

there are also other Pennsylvanian limestone clasts derived from a

different source. King ( 1 980) proposed that all Dimple-age clasts

were derived from an unstable shelf to the northwest. He based this

on the presence of a slab of Dimple Limestone he believed to be of

shelf facies. He proposed that the other fossiliferous Pennsylvanian

limestones had a similar source. There is, however, no evidence of

this. All paleocurrent data within the Haymond suggests a south

eastern source for the boulder beds and there is no indication of

unstable conditions in the northwest during the time of deposition

of the boulder beds.

A southeastern source for the Dimple-age clasts is much

more likely. During the Early Pennsylvanian, carbonate shelf build

ups were prominent features in the region. The Dimple Limestone

shelf facies represents one such deposit within the Marathon Basin,

and the Marble Falls Limestone Is its equivalent in central Texas. A

similar carbonate build-up to the east along the shelf of the source-

land could have been possible, although it would have required the

tectonic activity of the sourceland to cease for a period long enough



to allow the carbonates to accumulate rather than getting drowned

by terrigenous material.

The Middle Cambrian clasts apparently represent slivers

brought up by thrust faults and redeposited In the boulder beds. The

additional presence of Upper Cambrian limestone boulders in the

Woods Hollow Formation strongly implies that during the Middle and

Late Cambrian, extensive shelf deposits covered the region. These

deposits underwent many episodes of faulting which brought them

to the surface for redeposition. This faulting occurred at least as

early as the Late Ordovician when faulting, possibly related to the

Taconic Orogeny, exposed the Upper Cambrian shelf deposits, which

were then shed into Woods Hollow basin sediments.

Continued faulting is evident by the presence of conglom

erates In many of the basin formations which contain clasts from

older basin deposits. The material for conglomerates In the

Caballos, Tesnus, and Haymond Formations was brought to the

surface by faults as a result of erosion of hanging walls of thrust

sheets. Conglomerate clasts in the Dimple Limestone were derived

from erosion of hanging walls of high angle faults northwest of the

basin.

By Haymond time much of this activity was along thrust

faults that exposed formations originally more than 3000 m below

the surface. One of these faults brought up Middle Cambrian

limestone. However, it must have been that a sliver of limited



extent surfaced as indicated by the extremely narrow stratigraphic

range of the limestone clasts present and by the small area of

distribution of these clasts, known only in the boulder beds at the

Martin Ranch.

Chert beds in the Maravillas, Caballos, and Dimple Formations

form a small part of the total thickness of the basin stratigraphy,

yet chert is the major contributor to clasts at all the boulder beds.

Its abundance could be a product of its resistance to being broken

during the initial transport. The other clast lithologies show much

variety in abundance and size from one boulder bed locality to

another, Because all the sources of the clasts were brought up as

fault slivers; their abundance and maximum clast size at any

locality may be dependent on the size of the sliver exposed.



SUMMARY

Approximately 900 m of the lower Haymond Formation consist

of a monotonous sequence of brownish-green sandstones interbedded

with dark gray, fissile shales. The sandstones are found as thin

(less than 10 cm) fine- to very fine-grained beds and thicker medi

um- to coarse-grained beds. The grains are composed primarily of

quartz with abundant feldspar. The sandstones contain sedimentary

structures that include grading, laminations, current-ripple bedding,

convolute laminations, and sole marks. These structures correlate

with divisions A, B, and C of the Bouma sequence. The shales are

clay-rich, composed mainly of illite, with up to 30 percent quartz-

rich silt grains. The interbedded sandstones and shales are inter

preted as basin-plain, flysch deposits in which the shales represent

slow deposition of pelagic sediments interrupted periodically by

turbidites depositing sand. The source for these beds, determined by

paleocurrent data, was to the southeast.

A boulder bed unit lies in the upper half of the formation. It

is exposed at three localities within the eastern basin: from south

to north, Martin Ranch, Housetop Mountain, and Clark Butte. At both

Martin Ranch and Housetop Mountain pebble- to boulder-bearing mud

stone dominates the stratigraphy. The mudstone is massive,

unstratified, matrix-supported, and ungraded. Interstratified with
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the mudstone are massive sandstones, pebbly sandstones, and flysch

beds. At Housetop Mountain, beds of two different conglomerate

type are exposed. One lies near the base of the boulder beds and is a

chert pebble conglomerate. The other is a polymictic conglomerate

bed of rounded pebbles primarily composed of Tesnus sandstone.

Both Martin Ranch and Housetop Mountain localities are wildflysch

deposits that represent several processes of mass movement includ

ing debris flows, slides, slumps, and turbidity currents. Between

each of the depositional events, periods of normal basin-plain

sedimentation of flysch facies occurred.

Clark Butte differs from the other localities in its lack of the

mudstone unit. Instead, Clark Butte boulder beds are composed of a

chert pebble conglomerate with scattered boulders. It is similar to

one of the conglomerate beds at the base of the Housetop Mountain

locality. The Clark Butte conglomerates are associated with a thick

sequence of sandstone beds. They may be upper fan channel and

channel lag deposits rather than wildflysch. Chalcedony is a dia-

genetic pore-filling of the interstices between gravel-size grains of

the conglomerates. It indicates that there was either no finer-

grained matrix or it was winnowed out.

Chert is the main clast lithology at all three localities. Its

dominance is, at least in part, because It is common In many basin



formations and it is highly resist to erosion. The chert is derived

from the Maravillas, Caballos, and Dimple Formations.

Clasts of Dimple limestone are found at all localities.

However, at the Martin Ranch locality the Dimple clasts all appear to

be from the basin facies; this has been reported not to be true at

Housetop Mountain. Pennsylvanian limestone clasts, not derived

from the Dimple, are found at Clark Butte and Housetop Mountain

localities, but are missing at Martin Ranch. The source for these

clasts is unknown. Although King (1980) proposed that all Dimple-

age limestone clasts were derived from an unstable shelf to the

northwest, paleocurrent data for the Haymond indicates a south

eastern source for the boulder beds. The Dimple-age clasts were

probably from carbonate banks which formed offshore of the hypo

thetical "Llanoria". "Llanorla", which lay to the southeast of the

Marathon Basin, is the proposed sourceland for much of the terrig

enous material in the Tesnus and Haymond Formations. During the

time of deposition of the Dimple, there was a hiatus in the orogenic

activity of "Llanoria". As a result, shallow water carbonate banks

could have built up and later been redeposited as clasts in the

boulder beds.

Well-rounded pebbles and cobbles of igneous and metamorphic

rocks are found at Housetop Mountain and Clark Butte localities.

These rocks were dated to be 370-410 m.y. (Middle Devonian to Early

Silurian). Igneous and metamorphic rock fragments are found only in



thin section at Martin Ranch. The well-rounded nature of the pebbles

and cobbles is characteristic of stream erosion. These clasts were

not redeposited from fault scarps as proposed for the other clast

types. Rather they were derived from "Llanoria" formations, trans

ported by streams and rivers to the offshore, bypassing beach

erosion, and finally carried to the boulder beds in turbidity currents

or submarine slides.

Two clast lithologies unique to the Martin Ranch are chert

pebble conglomerate and Cambrian limestone. The conglomerate is

found in bedded slabs up to 90 m in length and 9 m thick, most of

which lie subparallel with bedding of the surrounding rocks. They

most resemble Haymond strata and may be derived from upper fan

channel deposits of the lower Haymond Formation.

The limestone clasts have a trilobite and brachiopod fauna

that represents the outer margin of the carbonate belt during the

late Middle Cambrian. The presence of these clasts adds constraints

to the location of the Middle Cambrian North American craton edge,

which lies approximately at the outer margin of the carbonate belt.

Palinspastic relocation of the Marathon Basin places it at least 120

km southeast of its present position during the time of deposition of

the boulder beds. The southeastern source of the boulder beds places

the North American cratonic margin even further to the southeast.



1
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EXPLANATION OF PLATE 3

Scanning electron microcope pictures of Pennsylvanian
conodonts, forminifera, ostracods, and fish teeth and scales

from limestone clasts in the Haymond boulder beds.

FIGS. \ Hindeodelta sp. Side view, X70.

2--Ligonodina%$. Side view, X70.

3 Idiognathoides sinuatus Harris and Hollingsworth. Oral view, X70.

4,5,-- Gnathodus spp. 4, oblique oral view. 5,o1iquesideview. Both X 50.

6-- Oxinagnathus sinuatus Ellison. Oblique side view, X70.

7,8-- Cavusgnathus spp. 7,8, oblique side views. Both X70.

9, 1 --Neognathodus spp. 9,10, oblique oral views. Both X70.

W Palmatolepis sp. Devonian admixture. Oral view. X70.

1 2- -

Ammovirtella sp. X50.

1 3- -

Ammodiscus Sp. X200.

1 4- -

Haplophragmoides sp. X200.

\^Millerella sp. X200.

\b--3airdia sp. X40.

\l--GIyptopleura sp. X40.

18 Amphissites sp. X40.

]9Heatdia sp. X40.

20-- Pseudoparaparchites sp. X200.

21-25Fish remains. 2 1
, subtype undet. , X40. 22, subtype 091 ,X70. 23,

subtype 049, X40. 24, subtype undet., X50. 25, subtype 021 ,X50.
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EXPLANATION OF PLATE 4

Late Middle Cambrian trilobites from limestone clasts in the

Haymond boulder beds.

FIGS. 1 -3Hypagnostus parviTrons ( Linnarsson). 1
, cephalon , X 1 2. 2 , pygidium ,

X3. 3, pygidium X20.

A-t--Bathyuriscus fimbriatus Robison. 4, cranidium ,
X4.25. 5, pygidium ,

X3. 6 , fragmentary thorax and pygidium ,
X4.

7 , 8- -Genus and species undet. Bathyuriscid pygidia with one pair of spines.
7

, pygidium , X2. 8
,
latex cast of pygidium ,

X2.

9- 1 1 -- Olenoides spp. 9, latex cast of cranidium ,
X 1 1 . 10, pygidium ,

X2.5.

1 1
, latex cast of fragmentary pygidium , X 1 .

12-14 Hemirhodon spp. 1 2 , latex cast of pygidium ( prepared by A. R.

Palmer), XI.5. 13, fragmentary pygidium, XI. 14, pygidium, XI.

15, )ttrathia sp. 15, cranidium (prepared by A. R. Palmer), X2.5. 16,
latex cast of pygidium, X2.

17-- Trymataspis sp. Cranidium ( prepared by A. R. Palmer), X4.5.

18, \9--Spencella sp. Cranidia ( prepared by A. R. Palmer), both X4.

20-- A lokistocare sp. Cranidia ( prepared by A. R. Palmer), XI.

21, 22-
-

Marjumia cat/as Walcott. 21 .cranidium X2.25. 22, pygidium, X2.

23 , 24- -Modocia sp. 23, cranidium, X3. 24, pygidium, X8.

25- -Genus and species undet. Pygidium ,
X 1 .75.

26--Asaphiscus laeviceps (Walcott). Cranidium, XI.25.

21Asaphiscus cf. A. laeviceps (Walcott). Pygidium, XI.25.

28, 29-- Asaphiscus wheelerv'Meek. 28, Cranidium, X2. 29, pygidium, X 2.

30 , 3 1 Asaphiscus sp. Fragmentary cranidia showing strong convexity and

faintly defined dorsal furrows, XI and X2.

32 , 33-
-

Asaphiscus sp. 32 , pygidium showing faint furrows and strong
convexity of marginal border, X2.5. 33 , fragmentary thorax and

pygidium, X3.5.
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Ill

EXPLANATION OF PLATE 5

Late Middle Cambrian Inarticulate brachlopods, molluscs,

pogonophorans, and sponge spicules from limestone clasts In the

Haymond boulder beds.

FIGS. \-ZLingutella$\>. All X 1 2. 1 , brachial exterior. 2, pedicle interior. 3,

pedicle exterior.

4-(>--Acrothetesp. 4, brachial exterior, X32. 5, pedicle exterior, XI 2. 6,

pedicle interior, XI 2.

1-WPrototreta attenuata (Meek). All X 1 2. 7-9, exterior vertical,
exterior side, and interior views of pedicle valve. 10,11, exterior and

interior views of brachial valves.

12,13Micrometra sp. Both X32. 1 2
, brachial exterior. 1 3 , brachial

interior.

14--Heicioneiia arguta Resser. X3.5.

15Hyalithe/us sp. X20.

16- -Sponge spicule. XI 2.
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