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ABSTRACT

The amplitudes, periods, and travel times of PKP or P!
and PP have been investigated. Results indicate that the
epicentral distance of the main P' foocal point varies with
period. Amplitude considerations indicate that the focal
point for short period waves is near 147 degrees; for longer
period waves the position is believed to lie between 147 and
143 degrees. The position of the end of the reversed segment
for wavesthrough the outer core is believed to be near 1857
degrees.

Travel times show thet the P' core waves are recorded
es three gzroups separated by intervals of about 10 and 20
geconds. Each group evidences separate focal phenomena.
This variation suggests dispergion ss an explanation.

Variations in energy eand period of the P" phase with
distance ere reasonably interpreted as a consequence of rapid
velocity increase with increasinz depth eppreaching the inner
core transition zone. Anomalous energy ratios for all P!

phases indicate complexities which are not yet fully understood.
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INTRODUCTION

Purpose and Scope of Investigzation

The present stage of scientific investigation of the in=-
ternal constitution of the earth has not yet progressed beyond
the stage of inference and extrapolation from observed physical
phenomena, Following this pattern of endeavor the following
date are presented to add to the array upon which our logical
deductions are based. It is hoped thet from these particular

data some additional inferences may be made, some current
diverzences of eopinion further clarified.

This investization has been directed to shed more light
upon the properties of the core of the earth, To this end
observations of amplitude, period, end arrivel time of par-
tiecular core phases have been recorded from a mumber of earth-
quake seismograms, In modified form these properties have
been anelyzed and variances are discussed,

Particular phases to;yhich this study applies are collec-
tively referred to as PKP or P! uhioﬁ consist of P", Pl" Pyt
and associated unnamed phases. These are longitudinal waves
which are recorded as the firgt distinet arrivals at stations
whose epicentral distances are between 116° and 180° of the
earth's eircumference, Generalized paths of these phases and

their time distence relations are shown diagrammatically in



Fize 13 path relationships as shown in Pig. 1, b, are taken
in modified form from Gutemberz and Richter (1939, p 123).
Data on the phase PP have been recorded to provide a base with
which the P' data may be compared.

Historical Summary

The first documented gseismolozical evidence which indiested
the existence of the core of the earth was furnished by Oldham
(1906)s TWhile the theories of dilatetionsl and distortional
wave forms were not yet wholly aecepted, Oldham expressed his
belief that the innermost fouretenths of the earth (by radius)
was characterized by some form of fluid state. However, Cldhanm
misinterpreted reflected waves and consequently his figure for
the radius of the core of the earth was too small, Gutenberg
(1914) from consideration of wave veloeities and time-distance
relations presented further evidence whioh indicated the redius
of the core to be 3470 kilometers, a figure still retained.
Independently of Cutenberg, Knott (1912) presented his third
paper on enerzy and velocity relations of elastio waves; he
expressed views on the earth's interior largely similar to
thoge expressed by Oldhem in 1906,

In 1925 Macelwane (1925) anmounced seismological evidence
for ghear or distortional waves through the cores (Gutenberg
in 1514 had presented calculations in predietion of the travel
times of these phases, which, then, had not been observed.)

However, Jeffreys (1926) showed that the rigidity of the earth
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migt be confined larzely to the mantle to be compatible with
lunar tides observed in the earth; the implication from
Jeffreys' work as to a"fluid"core possessing little or no
rizidity hes been variously sccepteds Results of further
investizations by Macelwane (1930) have given this author

pause. However, researches by various others have led some
seismologists to the belief that rizidity within the core may
be a function of the periocd of vibration. To date, no generally
accepted evidence hes been presented which indicates that
shear waves are propazated through the core of the earth,

large amplitudes observed at angular distances around 143°
were interpreted as indicating a fooal point; two branches of
the P' travel time curve beyond that point suggested & veloeity
variation with depth inside the core. The obgervations have
led to eamplifications of the orizinal theory, notably by
CGutenberz (1925),

Observations of P" phases at distances between 110°and
143° were initially interpreted as being the result of some
obscure diffraction process within the core, Consideration of
the characteristice of the P"™ phases led Lehmann (1937) to the
belief that these waves could be better explained as phases
refracted or reflected from a high wveloeity “inner" core; Miss

Lehmann presented qualitative calculetions in support of her



hypothesis. Gutenbers and Richter (1938) accepted Lehmann's
hypothesis and presented quantitative caleulations on velooity
distribution and travel times within the corej; these ideas and
figures were amplified by Gubtenberg and Richter (1939), Jef-
froys (1939 a,b) presented two papers on velocity and time-
distence relations within the core; these data were later amplie-
fied and published in collaboration with Bullen as the Jeffreys~
Bullen (or "J-B") Seismological Tables (1940).

The Gutenberg~Richter and the Jeffreys hypotheses have
divergent conceptss The main point from whence this divergence
erises is the velocity distribution at the contact of the inmer
and outer core; Gutenbers and Richter have made their inter-
pretations in light of & rapid inerease of veloeity with depth;
Jeffreys has carried out his investigations in light of a rapid
decrease of velooity with depth followed by an abrupt increase
(see Fig, 2).

The veloeity distribution just outside the boundary of
the inner core relates to the epicentral distance of the point
C 4in Figy 1 and to the existence of the reversed segment (C D),
According to Jeffreys'! hypothesis of a decrease in veloeity at
the inner core boundary, the reversed segment, if it existe,
is probably a reflected phase (Jeffreys, 1939%b, p 600) while the
point C, acecording to Bullen (1947, p 175), oceurs at around



147°, Aecording to the Gutenberg-Kichter hypothesis the reversed

sezment does exist by reason of refraction, while the point C

occurs at 169° (Gutenberg and Richter, 1989, table 23).
THRORETICAL CONSIDERATIONS

Energy Relations

The study of seismic waves is better integrated by consid=
ation of energy-distance relations. Results of the origimal
investigations of Knott (1899), and Zoeppritsz {1919), have had
wide application, An example, is the study of the "20° dis~
continuity™; more recent applications have been made by Outen=-
berg and Richter in the séudy of mantle structure, and by Moouey
(1950) and Mertner (1948) in studies of mantle phasess Indeed,

amplitude considerations of the P" group by Lehmann first led

to the search for new hypotheses to explain these waves, Hence,

enerzy relations have been considered in this study of core waves,
Gutenberg (1945 o, p 68) gives a method of comparing theo-

retical and observed energies by establishing a parameter from

consideration of theoretleal ground displacements and observed

anlit%aoco The basic formila for a displacement at the earth's

surface is given as

(F1,F2eeee)a gin iy dip A A

ls. uweQuzk 4 m
sin A cos i,
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from whence

2+ u,‘!‘.l:

T K1E

(F)aFpenes)a sin i, ai, A
Q,2 ,
gin A eos 10

The derivation of this equation,based upon the orizinal theory
of Zoeppritz, may be found in the original paper of Zoeppritz,
Geiger, and Gutenberg (1912); Gutenberz (1944,1946 a) disonsses
its application, The quantity under the radieal on the risht
hand side of equation 2 is direoctly provortional to the energy
which arrives at the earth's surface per unit area at arc
distance A, from a wave front with surface ancle of ineidence
i,3 the derivation may be followed in Bullen (1947, p 128).

In the gquantity K'Vi{,- K depends on the fraction of total
energy E; which goes into compressional or distortional motion
at the source. The parameters established from these relations

are:

(Fy,Pp..)e sin i), a1, dA

u,w
3s Arzc’.xagxﬂ"-'log..,}.. = C - log Q

gin A cos 10

w
4 A =¥~ legi;__ - G(Me7) *

where AT is the theoretically determined parameter and A " is the
observational parameter. Definition of A,r by equation 3 assumes
plane motion in medie whichare igsotropic betwsen discontinuities;
we infer from isotropy that motion may be purely compressional
and purely shear. A further essumption is that from & point

* Evaluation of A, is discussed on pages 11 and 12.
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gource energy is propagated equally in all directions. These

asoﬁmptions known to be invalid have been incorporated in nearly

all treatmenis of this subject; their use can be reconciled
only upon their suificiency in providing a first approximation.

Variances which may be found to exist between theory and obser-

vation mist be partly considered in this light, Evaluation of

AT in equation 3 has been carried out in this study as follows:

€ =--this guantity is dependent on energy distribution at the
source; it has been determined by Gutenberz (1945 a) to
have a value close to 6.3 for both lonzitudinsl end dise
tortional waves. This figure, herein used, was determined
statistiocally from observations and is subject to the
aforementioned assumptions.

&ih/iA -~this factor is teken equal %o di /da gsince core wave
rays follow nearly symmetrical pathsfor normal depth (25 km)
earthquakess In taking the logarithim of this quantity
any difference between dih/dA and dio/dA becomes
ingignificant ecompared to the accuracy with which either
may be determined, If we assume thgﬁ iy, the angle at
which a ray leaves the source, is equel to i,, the surface
angle of incidence of this ray at an angular distance A ,

Ay may then be expressed as:

5. ' (P.F, )ea tani di Aa
* sin A
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di,/AA ~-from zeomstrieal considerations the sin i, is approxie

mated to the ratio of ?o/v vhere Vg, ie the true su¥face
longitudinal velocity« V, the apparent velocity along
the surface, is equal to the iaverted slope of the travel

time ocurve.

¥ = (as/at) (110) km/sec.

By computing Vﬁ at 2 given distance the corresponding

i, may be determined. From a plot of i  versus /\ the

di_/dA slope is taken,

In this investization the apparent velocity becomes a& eritie
cal factor since small variations in V lead to appreciable chances
in i small errors in V are magnified in di /dn. To
minimize diserepancies from this factor, apparent velocities
were determined by mechanical differentiation of travel times and
by measurement of travel time slopes. "J~B" travel time data
and Gutenberg-Richter travel time data have been ussd to evalu-
ate dio/dA. Gutenberg=Richter travel time data mey hereafter
be referred to in this paper as "G-R" travel time data. MNodified
values of di_/dA from "G-R" travel time data determined by
Dana (1944) have been used in this study.

& =~ this factor may be expressed as e" " where k is the absorp~
tion coeffecient per unit of rey path D. As determined
stetistically by Gutenberz (1946 a), k has a value of

0.000lz/km for lonzitudinal core waves. Absorption thus



produces an additive amount of about 0.33 in the parameter
Ay for the core phases; for FP the effect 1; of course
more variable.

F == This factor is proportional to the amount §f incident en=
ergy which is reflected or refrtcfpd at a &incantinuity.
Determinaticn of this factor ie based upon the equeations
of Knott (1899) and Zoeppritz (1919). A discussion of the
Enott equations in modified form and their application is
given by Gutenberz (1944). In this study only the core
into mantle and the mantle into core refractions contribute
significantly to the theoretical parsmeter for core phases.
Values of F for core refractions have been determined by
Dana (1944) following the method and formiles established
by Knott (1899). F for surface reflections enters into
the theoretical parametsr for PP phases; this F has been
caloulated by Gutenberg (1944). At a discontimity be~
tween materials of given properties, the value of F is
dependent upon the engle of incidemce, The ancle of
1naidcneevat e discontimuity 1s determined from the ray
parameter, p, which is constant for each particular ray

throughout its path,

6s Pz (rsini)/Va (ro sin iy) ¥,

where tho'nubscript » 0, rafers to values at the surface of the
earthy mo subscripts refer to values at & radius r+ The

angle of refraction is readily determined by use of Suell's Law,
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The following veloeity distribution from Bullen (1947, p 209)

was used in this ealeculation:

dopth-km . P veloeity km/sec
sbove 33 6.0
Just below 133 TeT7H
Jjust above 2900 ¥m 13.64
Just below 2900 lm 8.10

Q =~ the ineident amplitude of a wave motion impinging on the
earth's surface, is regzistered by vertical (Z) and hori-
zontal (i) seismographs. In order that the displacements
registered by these components may be properly related to
the actual ground motion under different angles of ineci=-
dence, the faetor QH,Z has been determined; results of
this work have been presented by Gutenberz (1944) for
various values of Poisson's ratio, upon which factor
is dependent.

It will be noted that Ay has been determined for PP be=
tween 100o and 166 by Gutenberz (1945 b). It has been inde-
peadently recalculated here for congistency in results. The table
below shows the variances between the two sets of data. Re~
siduals are Ap (CGutenberg, 1945 b) mimus A’ (here caleulated)

for horiszontal (H) and vertical (Z) data.
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H Z H z
100 ‘0001 “0005 135 "0'0‘ “0.“
105 +0,08 +0,08 140 +0.,04 +0.03
110 +0Q.17 +0,.17 145 +0.09 +0.06
115 +0.08 +0.14 150 «0.30 -0.27
120 +0.01 +0.06 155 -0.34 -0.30
125 ~0.08 -0.08 160 -0.03 -0.08
130 -0 10 =04 14 135 -0.02 "0.0‘

These data are seen to be in good accord excepting at a dis-
tance of 150% to 155°, Por these distances the writer has used
a value of di /dA which is smaller than that used by Guten-
berg, whose values are based on empirically adjusted data for
P. Calculated values of Ap for horizontal and vertical com-
ponents are shown in Figs. 3 and 4 for phase PP, in Figs. 9

and 10 for phases P" and Py', and in Fig. 156 for phase F'.

The observed parameter, Ao, defined by equation 4, page 6,
is evaluted by measuring phase motions on seismograms written
by seismic disturbances of known magnitude and location. Am-
plitudes (A) and periods (T) were measured from seismograms of
horizontal and vertical instruments. The absolute instrumental
magnification factors determined by Martner (1948) were applied
to amplitude/period ratios (A/T) in caleulating displacements.
(w is wvertiocal displacement; u, horizontal xdupheount. is the
vector sum of the NS and EW displacements.) For instruments,
absolute magnifications of which have not been determined,
relative magnifications V were calculated from a formula given

by Benioff (1932, p 164).
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w!
Ve
(/% < /1) (/12 < 1P

where !‘. is the seismometer period, Ts is the galvenometer

Te

period, and T is the period of the applied motion.

¥Magnitudes (M) used in this study have been determined by
Gutenberg from consideration of trace amplitudes or displace~
ments reported by intermational seismologioal stations, Barthe
quake magnitude was defined empirisally by Richter (1935) in
terms of trace amplitude; in later investigations Gutenberg
and Richter (1942) estimated source enmergy in terms of magnitude.
The quantitye-G(M«7)eeis a consequence of the enerzy to mage
nitude relation; variation in the duration of & phase with
variation in magnitude necessitates this term. The faster G
equale O,1 for earthquakes of 6.5 to 7.6 magnitude; G equals
0+26 for earthquakes of megnitude greater than 7.5. BEmpirieal
sorrection factors for seismological stations considered in
this study have been determined by Gutenberz (1945 b)j; these
have been included in A;’ caloulations.

In order that the effect of the G(M=7) term may be obe-
served results of the observetional parameter computations
are plotted as Ay end as A,'; the primed parameter denotes that

the G(M7) term has not been included. It may be seen that
this term has the effect of reducing scatter of wvalues.
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data
A, and Ao'/?ram horizontal and vertiecal instruments are shown
in Figse &, 6, 7 for PP, in Figs. 11, 12, 13, for P" and Py°',
and in Figse. 16, 17 for Pz'.

Vbleeitz_ﬂglntionl

Depth-velocity distributions within the core have been
determined by Gutemberg and Richter (1938) and by Jeffreys (1989 b)e
Results of their caloulations are reproduced in Fiz. 2, The
approach used by these authors is one which has been attributed
to Wadati and Masuda. This method will be described briefly
eince Jeffreys and Guteunberg-Rickter have both followed this
caleulation and it has been partially fellowed in the present
study. |

The procedure is to subtract from the iravel-time and dis-
tance of the P' (and §') core phase the travel time and distance
of the PeP (and Sc8) phase having the same apparent velocitye~
hence, the same angle of incidence at the earth's surface. The
resulting figures represent the time and angular distance of wave
travel between points on the earth's core. This method requires
that the travel itimes be acourate.

To travel~time data for the core Gutenbergz and Richter
(1958 have applied the method of Wiechert, Herglotz, and
Bateman to determine the velocity~depth relation, lincelwane
(1986, p 216) discusses the limitations and procedures of this
methods the limiting factor is the rate of change of veloeity

with depth in relation to the velocity at a given depths This
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requires that no shadow zone exist in the core travel time eurve.

From ocnsiderations of the ray parameter, p, equation 6
page 9, and core travel time data Jeffreys (1989 b) finds that
& decreess in velocity is necessary about 1400 km below the
surface of the core; this decrsase is followed by an abrupt
increass, For azreement with the suriace observations of P"
at 1109. a velosity decrsase with depth is necessitated to
produce a desirsble variation in the parameter pe By such
procedure Jeffreys!' #aleulationz show agresment with observed
P! travel time date. The wvalidity of this velocity decrease
existence theorem is based upon preb#bility that the branch
€D, Fige 1, is a reflected phase.

PROCEDURES

imterials Used

S8eigmograms from seversl statione heave been included in
this study, Stations and instrumental characteristics of the

componeuts from which date were taken are glven below,

Period of Pariod of Peak
Station Component gulvanamatar seigsmometer magnification
Pasadens 2 0,28 1.0  short
& 90,0 1 +0 1 ong
N8 0.2 1.0 ~ short
s 90,0 1.0 long
EW 0.2 1.0 short
B 90,0 1.0 long
Tueson 4 Ca2 1,0 short
Huancayo s GobmmBeb long
EW — BeBwab B lonf:
Vietoria Z 4 o2 1.0 short



In addition to the above sources of data, readings of
amplitude, period, and time were taken from the station
bulletins of:

La Paz 2 11.7 10.0 long
Jena z 4.5 to 3.6 long

Peak magnification is arbitrarily designated as short if

less that 1 seo, as long if equal to or greater than 1 seoc.
Correspondingly, instruments with these peak magnifications

are referred to as being long period or short period instruments.

In making travel time curves of the core phases from par-
ticular shocks at epicentral distance of about 145°, the seis-
mograms were used from La Jolla, Tinemeha, Santa Barbara, Haiwee,
Riverside, Mount Wilson, and Pasadena., These stations all have
short period vertical instruments from which arrival times may
be accurately obtained.

Data from earthquake recordings from 1932 to 1945 are
included in this study. During earlier years most of the
Passadena instnuments had constants different from those now
used; as no absolute magnification ourves exist for these
instruments, only those readingswere taken which eould be
used with relative magnifications for comparison of amplitude/
period (A/T) ratios.
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In this study date from about 561 stationwearthquakes

were inspected. These data are proportioned as follows:

Pagadena 300
la Paz 124
Huancayo £ |
Tueson 50
Jena 16
Victoris 1

From these stationwearthquakes about 741 readings were
accepted from seismograms on which absolute magnifications were

known., These are proportioned as follows:

P" and Py 302
Pt 119
PP 320

About 50 readings used for ratio comparisons are not ineluded
above,

An insufficient number of short period horizontal P!
readings and readinges of PKKP, 8XS, and SKP which were
meagured have not been entered in this study. P' data from
about 100 stationesarthquakes of greater than normal depth
have not been analyzed.

Methods of Comparison of Nate

Using the previously discussed Ap and A, parameters three
types of comparison have been made on data of P" and Py', Py',
and PP, These comparisons, which have been carried out for
both horizontel and vertical components, ares

6. (Ag=Ap)PP,P'
be Ag(PP)eAn(P')

ee Ay (PP}=A,(P')
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The first of these quantities, a«, relates the observed
amplitude/period (A/T) ratios for & phase to the theoretical
ratios for that phase., The quantities which define this

function are:

“o"‘r) = log ;::{;;:’% -—W — G(M=T)=C=107 %—1—
where log(u,r/!')r is defined by equation 3, page 6; (u,v/'l’)o
is evaluated from seismogram meesurements. The quantity

VG (MaT)=C=log H’é_

should be equal to zero; this follows from definition of
magnitude (M) by Richter (1935), from relation of magnitude
to enerzy by Gutenberg and Richter (1942) and from evaluation
of constant C by Gutenberz (1945 a). Errors to whioh (Ag=Ag)
is subject are di_/dA , P, and measuring errors; in the (A =Aq)
caleulations the averaged value of the "J-B" Ap and the "GeR"
AT has been used for all phases excepting Pp', For Py'
appreciable diserepancies between the two Ar'n have warranted
separate residual computations,

A residuel (A ~Ap) equal to zero means that the theoretical
and observed amplitude/period ratios are equal; a positive
residual indicates that observed ratios are smaller than ex~-
pected from theory; & negative residual indieates the observed
ratiog are larger than expected from theory, (AO-A.T) residuals
are plotted for all components and all phases in Figs. 8, 14,

and 18,
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The second quantity, b, gives the comparison of theoretical
amplitude/period ratios of & P! phase to theorstical ratios
of the standard phase PPs This ealculation furnishes a base
to whieh the corresponding quantity from observed values (o)
may be referred. Theoretical ratios are caleculated from cone
giderations of travel time date; fectors which evaluate this

ratio are given by

Ap(PP)=Ag(P') = log %

where u,w/T is defined by equation 3, page 6. The factors
which may introduce errors are die/hzs and Fo These ratio
comperisons are plotted in Figa, 19 and 20; in these figures
the antilogs of Ap(PP)=Ag(P') = leg %%are plotted on
lozarithmic paper.

The last quantity, ¢., represents the comparison of
observed umplitudq/borlod ratios of the P' phases to ratios
of PP, Direct measurement of amplitudes and periods on

seismograms evaluates this function which is defined as:

- (u P!
AG(PP)‘AO(P*) z log 72

Errors to which this caleculation nfe subject are measuring
errors; these arise in view of the charaoter of the motion
which is recorded. It is often difficult to determine the
period related to maximum amplitudes, Superpositions occur

which can produce erroneous results if not recognized.
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Discrepancies arising from epicenter location and origin time
are believed to be of an appreciable extent; earthquekes to
which this study refers are chiefly those listed in Cutenberg
and Richter (1949). Instrumental response curves are assumed
to have an accuracy within the limits imposed by assumptions
of the theory upon which this study is based, Observed ratios
of P' to PP are plotted in Fige. 21 to 26 ine, for horizontal
and vertical instruments; in these figures the actual ratio
values are plotted on logarithmic paper.
OBSERVATIONAL AND THEORETICAL RELATIONSHIPS

Time-distance-enerzy rolationl

In the process of recording P' data, evidence accumlated
which indieated that no coherent pieture could obtain from
enerzgy relationships unless the amplitude/period data could
be properly related to time, Beyond 145° a miltiplicity of
pheses was noted; in many casesg the short and long period
instruments responded differently to ineident motion. This
suggested that different phases might contain different energy
oarrying periods. To resolve this complexity phase travel
times were determined and plotted; origin times given by
Gutenberg and Richter (1949) were used in this determination.
In aaecrﬁaining errival times greater reliability was placed
upon short period vertical recordinzs than upon long period
recordings for two reasons. First, the short perioed recordings

which were available are written with a larger time scale than
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are the long period recordings which were available. Second,
ghort period instrumente by virtue of their characteristics are
more sensitive to first motion than are longer peried displacement
meters.

Results of the travel time emalysis are shown in Fig. 27.
Three identifiable groups of P' waves were found to exist;
each of these has its own focal point and essoclated P", Pl" and
P,' phases. All of these groups are generally registered on both
short and long period instruments; however, the square roct of
the amount of snergy whieh is registered for a phase, as evidenced
by smplitude/period ratios, varies dependinz upen inetrumental
charscteristics,

The No. 2 and No. 3 Pp' phases (which are often not recorded
on short period instruments) represent a wide scatter of wvalues
throughout their extent and many very late arrivals (or later
phases) are noted; however, No, 1 Pp' is fairly well represeated
by aligned arrival times on short period recordin:s from 180% to
166°, At distances near the ‘ocal zome, extreme somplexity of
phases from well recorded sarthquakes renders phase identification
impossible. ?1' end P" phases are well documented for all groups.
No. 2 and No. 3 Py' phases are not recorded prominently beyond 157°
to 160°%; an unexplained segment, E, fades out beyond 160° Group 3
P" motions are noted with varyinz amplitudes at distances shorter than

130%; amplitude/pericd ratios for this phase at shorter distances
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have not been entered in this study.

The No. 1 group P™ consists of & mumber of impulses., An
averaze time value of these impulses has been plotted; it is
not imposeible that the impulses may actually represent a
geries of overlapping sesments. In traversing the travel time
ocurve in Figs. 1, &, from A to B to C to D to E, theoretieal
considerations require that on the aseending branches the angle
of incidence must decrease with the inereasing distance, There=-
fore, branches BC and DE should be concave toward the distance
axiss Since the No, 1 curve as plotted is convex toward the
distance axis around 135%, at least two gopnratc segments are
implied.

The outstanding feature associated with tho'f;avol time
ocurves is that the groups vary as to prineipal enerzy carrying
periods. Nos 1 group is zenerally registered most significantly
by short period instruments with the following exeeptions; from
147° to ebout 187° long period instruments recorded Ne. 1 Py!
motion with magnitudes comparable to the recorded motion from
Nos 8 Py's At distances greater than 157° long period instrue
ments recorded comparsble amplitudes from phases Mo, 2 Py' and
BE. Uoes 3 group phases are generally most significant on long |
period recordings; these phases are generally recorded as low
energy emergents on short period instruments. No., 2 motion is
generally registered more significantly by short period than

by long period instruments but on short period recordings sroup
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2 motion is freguently clouded by interference from group l.
The earliest arrivals between 130° and 160° sre most often noted
on gshort period recordings. From amplitude considerstions of
the materials which were inspected the position of the foeal
point is qualified thus:
Por motions of period eround 1 to 2 secs 147°
For motions of period around (2 to 3.5 sec.) 145%.146°

For motions of period around 3.5 to 10 sec, 143&”-14?”
For long period instruments the 1456° foocal point is the

most prominent. The extension to 1433° ag will be shown later
‘is based upon very few availsble dbiervationiqv Arrival times
have been ascertained as closely as possible from amplitude
considerationss Emergent phases: om long period recordings
cause uncertainty as to the time and distance of the No. 3
focal point, The arrival times which have been associated with

the focal zones are as followss

147° +19m 458
145%146° +19m 50s
1433°-147° up to 20m S8

It is indeed possible that the focal distances and times
as given may be subjeet to modification from consideration
of diffraction phenomena, Airy's theory of diffraction at a
caustic has been interpreted by Jeffreys (1939 a, p §53) to
be sufficient to produce appreciable lonz peried (10 sec)

amplitudes at distences up to 14° from the position of the
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caustio; however, for sherter period motion (1=-2 sec) this effect

is not belleved by Jeffreys to be appreciable heyond a few degrees.
Examples of reseption to groups 1, 2, and 3 phase motions

by instruments with different constants are shown in Plates

I, 1, 1Xl.

Energzy parameters by phases

Phase PP

A1)l data for the PP phase are shown in Figse 3 to 8 ine.
Theoretical data, Pigs. 3 and 4, indlcate that for vertieal
components energy should remain essentially constant from 100°
to 180° epicentral distance; horizontal components should show
a slizht decrease in energy (inorease in AT) with increasing
distence, Factors which assount in the main for wvariations
noted are:

dio/hzk-aeoountn for minor fluctuations.

F (at surface reflection), Q, and & increase with inereasing
distance while ainzﬁsaﬁa anzle of incidence terms decrease
with inoreasing distance in such amounts thet the effect is
nearly constant; for horizontal components decreesing terms
produce the dominsnt effect. Observational data on PP are
showi in Figse 5, 6, and 7. Tha‘wide seatter of points at
shorter digtances will be disoussed shortly; this scatier may
be related to angle of inai&a;co ige
(A =Aq) residuals of Fig. 8 indicate that theory and

observation are in excellent sgreement for the long period
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horizontal component of the PP phase. The slight upswing at
160° may be due to an insufficient nmumber of observations or
to veriations in d1,/4 A o

8hort peried vertieal residusls shown in Fig. 8, indicate
fair agreement between theory and observation up teo 145%; the
low at 1356° (positive residusls) indieates observed ratios are
too small, compared to theory, by & famctor of sbout 1.5
Similarly, the decided increase in observed values past 146°
indicates that observed ratios, compared to theory, are too
high by factors up to 2.5,

From the longer period nature of the PP phase, we might
expect our long period instyrumental data to approach theoretical
values more cinu-ly than do shorter component date, For long
period horizontal data, ag opposed to ghort perioed vertical
datae this is so. _Byyuvo:, obcorvntiogul data for long period
vertical inetruments, shown in Pige 5, show poor agreement with
theory. Values of Ap determined by CGutenberg, page 11, would
reduce long period vertical residuale in Fige 8 by an average
amount of 0.1 from 106° to 120° and would increase residuals
about 0,1 from 120° %o 135°% The net offect, in any event,
would be that the lonz period vertical observed PP ratios from
100° o 135° are too small by a factor of 2, or that theoretical
ratios are correspondingly larges

~ The ruaidu:lt of Fige 8 appear to be qpnlitiodly related

to components and their responses; this relation ean affect
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horizontal components but slightlye. Certeinly, the only
factor in our theory to whieix this partielity to components
end respouses oould be attributed is di/dA + This factor

is depsndent on velocity and is, & priori, & function of the
recorded period and wave lengths In light ér thig it seems
reasonable that components of wave motion are differently
affected by the path over which they travel, depending on
period and wave length, Recent siudies by Gutenberz and
Richter heve indicated complexities in the mentle structure,
offects of which are not yet fully known. The present results
indicale thatl the apparent velocities of long period motions
are affected at shorter distances while the short period
motions are affected at longer distances, I seems reasonable
that this may be related to a dispersion effect in the mantle;
very eonceivably this effeect could be dependent on the anzle
of inoidence of an incoming wave treins If dispersion is the
cause of these effects, at shorter distances ( and larzer
angles of incidence) longer period components of incident
motion should arrive at the surface more steeply, hence, at
vmucr angles of incidence. Thus, at shorter distances diéao
would decresse, while at longer distences di_/d A would increase.
It seems reasonable that layering with velocity variations in
the uppermost mantle could cause dispersion as deseribed; if so,
theory and observation for the PP phase may be brought inte

more reasonable agresement,

\
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Phases P® and 1?1'

Date for these phases which will be further discussed later

are shown in Fige., 9 to 14 ine. Funotors whiech largzely control

the theorstical values (Figs. 8, 10} are:

die/dA «~thig faetor incroases with increasinz distances, At

[ F=]

- - - oo

around 148° 41 /45 becomes infinite (point B, Fige

1, a); follewing the GutenbergeRiohter interpretation
di /dn beocomes infinite at 110° and 169° also. (The
169° fooal point refers to poimt €, Fig, 1, 8 in view
of variance of opinion as to the travel time and dig=
tance of peint €, foeusing effects are not shown here
in the theoretical parameters.) Effects of the focusing
in An}ation'to‘ energy distribution are not preecisely
known, large amplitudes are here shown to persist only
& short distance (3°) from the caustie.

varies little for verticel components; for horizontal
components Q decresses with inereasing distence (and
decreasing angle of incidence), At 180° Aq for horie
zontel components should show zero energy from consid-

eration of Q.

Observational data for P" and Py' are shown in Figs. 11,

12, and 13, These data have been taken from phases in groups

1 and 2, Long period data, except for infrequent observations

are takon'rron group 2 phases; thm period data with seattered

exceptions are taken from group 1 phases.
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8ignificant features which these observational data display are:
le Greater scatiering of energy is noted betwesn 110° and
145° than between 145° and 1756°,

2+ Long peried vertical instruments show an abrupt rise
in energy at 145°, while short period vertical instruments show
an abrupt rise between 145° and 147° (no readinges were obtained
at 146° from instruments whose absolute magnifications are sufe
ficiently known).

8¢ Long period vertical data show an abrupt drop in en-
ergy at 160°; ghort period vertical data show a gradual decrease
from 147° to about 160° but short period observations over the
larger part of this distance are too few and scattered for con~
ciusiongs Both of the long period components have A, values of
hizher average (lower energzy) beyond 157°,

4. Vertical instruments show a gradual rise in energy
past 160° and approaching 176°; horizontal data here indicate
thig rise poorly.

5« Vertical data for P" sugzest that enerzies oeccur in
overlapping levels. Since date are relatively abundant over
some intervals of distance and relatively sparse over other
intervals this overlapping of levels may well be cnly a pseudo-
effect caused by insufficient data,s As portrayed, however,
these data are suggestive., Widely scattered A, data of high

average (low energzy) value between 110° and about 1200 followed
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by relatively well grouped data of lower average value at
greater distances ’mig;ht suggest a shadow zone et distances
ghorter than 120°% Long period vertical date et 133° suggest
an overlap zone with emergy levels on each side differing by
a logarithmic factor of 0.5, Sparse horizontal date do net
indicate these variationsiA Variations in energy ss suggested
by AQ could not be connected to arrival times with any dezree
of certainty; howsver, it aaem;.rea:annblo that secattering of
enerzy betwoen 110° and 145° may be a con:oénanno of sez~
mentation of the P" travel time curves A further suggestion
for thiarrelatianahip’mgy be infqrxed from pq;ied&-distanea
data shown in Fige 285 in th;; iiggre are plotted the periods
of the P" and P)' phases which carry the maximum energies. 4n
incremse of period with inereasing distance is displayed for P",
Singularly emough, the 110° to 120° interval is characterized
by en average of 1.6 seconds for long period instrumente; beyond
the apparent threshold st 120° widely scettered, higher periods
are common, Inferences which these data imply may warrent
further 1mat:gation;

Residuels, C‘Q“‘T)! for P" and P’ are shown in Fig. 14
Variances between observational data and theoretical data have
been calculated from smoothed averages of the abservat;oﬂnl

datas It iz apparent that the long period vertical data are
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q uantitatively most nearly in agreement with theorye. Shert
pariod vertical data and horizontal data show large negative
residuals which indicete that observatiomal ratios of P° and ’
!’1’ are t0o large compared to theoreticel retios by factors
verying between 10 and 3. Interestingly enough, horizontal
component date which are very closely in agreament with theory
for the FP phase, here show the largest averago discrepancy.
Phase Pp'

_ Data for Pp* are shown in Figss 1B to 18 ines Theorstiocal
ratio ourves in Figs 16 show apprecisble difference between
those determined using Gutenberg-Richter travel time deta and
those determined using Jeffreys-Bullen dates FPactors to whish
ditferenses may lergely be attributed ares
éi/d A --this fuotor deoreases in walue from 145° to about

160° and fluctuates in value from 160° to 178°,

F ==Py! phases within the core bave the largest engles
of refraction and incidence, £mall variations of
the engle of ircidence or refraetion inside the
core cause léxfgo wmﬁia_m in the eamount of energy

~ refracted into lmgit»égigul um« Hence, travel |
time slopes for Py' are & oritical faetors The
eurfece angle of ineidence, 1,, Which is deternined
from travel time slope, is dependent upon angles of



incidence on and within the cores ©Small variations in i, thus
produece disproportionate variations in Fe

Observational date for Py' are shown in Figs. 16 and 17,
Secareily of short period readinzs at disiances shorter then
160° 45 occesioned by the complexity of phase motion from 145°
to 180°%; hence, only one reading was taken in this interval
end that was registered as Py's It will be noted that several
Py' reedings are shown in the long period component date of
Fige 16 ot distances between 145° and 180°; these obssrvations
which were recorded as weak emergeats or not at all on short
period instruments, represent foeal point observations of the
No. 8 group. Refersuce to Pig. 11 will show thet from long
period vertical recordings the average A;, of the Nos 3 focal
point is smaller (larger smergy) then the average A, of the
Nos 1 and No, 2 foeal points dy an amount 0«8 or by a factor
of 3¢ Another l_igr;iﬁqa:;t featurs of the i'z' observational
data is that energy highs, which might indicate & foeal point,
are not evidenced (except of eourse that at 145%),

@é‘%’ residnele in Fiz, 18 show that short period vere
tieal observed ratioe are too large compared to theory by an
averare factor of sbout 4.4 Ltmg: gﬁoriod date appear too lerze
from 180° up $o about vl»ﬁﬁ’.’@ Based upon the futerbers-Richter
travel time data, .‘bhqory and observation are in feir sgreement

from about 160° %o 175%, The Jeffreys-Bullen dete, if correct,



indicate that at 176% cbeerved horizontal and vertiocal ampli=
tudes are too large by factors varying from & to l4e. We might
reasonsbly expect our Py' motion in the neighborhood of 176°%
to have observed amplitude/period ratios which are sbout twice
that indicated from theorys This arises from the fact that
at distances near 130° Py' from one side of the earth is be
lieved to coineide with the Pyt arriving from the opposite
side of the esrth, However, we would not expect this rein-
foroement to produce unomclgn by factors of C o 14s

Ralatiomhips of P' to PP

Features and dlserepanciles of the deta for P' may be
further emluated by comparison to date for PPy Theorstical
and cbgervational comparisons are shown by Figse 15 %o 26 incs
It will be mfﬁea thet in these figures ectual values or antiloge
are plotted on logarithmic paper. Factors whieh affeet the
theoretical somparisons, shown in Pigs, 19 end 20, are those
which have been previocusly discused individuslly for Ay of P

Observational deta are shorm in Figes 21, 22, and 23.
For points on ébumt;eml curves clear identification of
both PP and P' from each selsmogran is ﬂecasﬁsar:}; such is
most frbqu-gnﬂy not the ocage, Hmvar, readings from Deniof?f
inﬂmml on which the absolute magnificetion is not known

may also be used in this comparison; relative masmificetious
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in thesge cases are ceslculated by use of formula 7, page 12.
Cbserved ratios while relatively fow ia mumber are of definite
welghts The only sources of error to which observational date
are mbjpc% are measuring errors.

Comparison of Pige 19 with Figze. 21, 22, and 23 shows
that amplituds/period ratics for P"/PP ars greater than theo-
retical values by an averaze factor of about §. TFrom proviously
discussed relationships of PP this veriance may be attributed
in the main toy?‘- The rapid inerease in value of sbserved
ratios from 110° 0 125° may indicate that existing travel
time slopes over this distance interval are in need of slight
modification, e N

Deta from vertical instrumente {Fizss 21 and 22) indicate
that between 120° end 145° amplitude/period ratios vary greatly
depending on instrumental charasteristics. Peculiarities in
these ratio comparisons add to the peculiarities that exist
in the A, paremster, in period variations, and in time~distance
relationgs All gouries of late imply eo~dlexities in the P"
phage, causes of which are not clearly understood.

?’1@. 21 and 22, in adéit;on to Fizs. 11 end 12 constitute
the evidence whieh can be presented to show vaéhticm in the
distance of the fucel point with perioed ef recordsd motion.

The oembination of Fizs, 22 and 12 affix the short peried
focal point et 147°, Long period date in Pig. 21 while less
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abundant indiocate that the focal point for longer period
motions is registered at distances shorter than 1457,
The inconclusive, scattered low values of A, past 167°
in Figes 11, 12, end 15 are clearly evideneed in Figss 21, 22,
and 23, From the two sets of eomparison, either a focal pe;nt
or an energy drop is indicated at 157° ai_1§8°¢ Short peried
data suggest & drop in energy between 147° and 167° and hence
a foonl point at J.S;?_’“; long period date in this distance ine
terval suggest s level of energy between 145° and 167° and,
hende, the end of & phage at 157°, The date which have been
discussed are believed to indicate that the polnt €, Figs 1,
is located near 167°, o
At distances just beyond 167° sll instruments (Figs 21,
22,23) evideuce a repid drog_ in energy reception which appears
similar to a shadow zone eflects A% distances approaching
to 176°, all instrumental deis indicate an ebrupt rise in
energys It is worih moting thet the horizontel mw@m:
at distances near 3.?3‘3 show & ratic level equal to em»htlf »
or one ~laard thai shown by vertical iusirumenis. While this
‘ ; . it is further
relationship way lie within limits of error/substantiated
m}iﬁtﬁwly by Figes 11, 12, and 13;  these daia near 170°
show an average of horizontal lé walues less than w:?t.ieal}
averages by logarithmic amounts of 0.8 to 1.0 whieh correspond

to fectors of one~fourth Yo one-tenth, We would ex;;eé;ﬁ
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horizontal instruments located at 1752 to register very little
motion from rays of the P' longitudinal wave which have traveled
nearly direstly through the earth and whiech reach the surface
with en angle of incidence less than one degzree, However, horie
zontel observational data of Fig, 23 indicate that the rays of
the wave arriving near 176° have an appreciable apperent angle
of incidence. Yet, our simplified theory as shown in Figs. 9
and 10 indicates that the magnitude of horizontal ratios near
175° should be only one-fiftieth or one-sixtieth the magnitude
of vertical ratios. This discrepancy in data from horizontal
instruments may sugsest the followingsy 1, thet the true angle
of incidence of Py' near 175° is actually much greater than supe
posed; or 2, that the wave does not arrive at the surface with
pure longitudinal motion; or 3, that wave enerzy in the Pl' longie
tudinal wave distributes itself or migrates within the wave front
and thus civee rise to e component of horizontel motion; or 4,
that small insccuracies in instrument instelletions result in
disproportionately large amplitudes from motion of small ineident
anzle., Of these sujzestions we mey immediately discount No., 1
from constderstions of travel time data; Fo, 2 and Fo, 3 will
require extensive consideration of elastic wave propagation theory
before they may be eveluated; No. 4 may well explain part of the
discrepancies noted,

Comparison of observed amplitude/period ratios of Pp' to
those of PP are shown in Figs., 24, 25, and 26, These data,
compared to theoretical wvalues of Figse. 19 and 20, further

substantiate A, data in that P,' ratios appear too high by



factors of 2, The rise in ratio values by factors of 2 to 3
from 170° %o 176° is of such magnitude as to sugzest a reine
forcement of phases as previously mentioned. Data at these
distances are too scant for conclusicns; nonetheless, it is

odd that the sparse observations near 175° should indicate a
horigontal component in Pp' less than or equal to that of Pyte
This is contrary to theory as evidenced by Figs. 9, 10, and 15,
Py' arrives near 176° with 12° angle of ineidence; at 175°, py’
with less than 1° angle of incidence should have & nearly une
obgervable horizontal component, This sugzests that the dise~
crepancies evidenced by horizontal instruments are related

to the angles of incidence,

POSSIBLE EXPLANATIONS OF VARIANCES

Multiple P' Groups and Foeal Points

The existence of mmltiple phases in the P' waves has
long been known., Gutenberg and Richter (1984, p 86«92) have
discussed multiplicity and listed travel times for multiple
phases of P'. Availability of additional data has made pose
sible the relation of period and multiplicity.

The P' travel time data which have been discussed sug-
gest dispersion; this is the dependency of velocity on wave
length or freguency. In a dispersive medium a single harmonie
train can be propagated without distortion of wave form; any
wave motion conteining different harmonic components will

undergo distortion which increases with time. Solutions of



the wave equation for the seismic case lead to expressions

for velocity of propagation which are dependent upon physical
| congtants; if these constants are such that fregquency of
vibration is not proportional to wave nmumber, dispersion can
result. Constants which determine velecity may vary spatially
or they may very with the frequenecy of applied motion., For
the case in which frequency to wave lenzth proportionality

is preserved, a harmonic motion containing n components is

propagated with & veloeity v defined in terms of frequensy 7

and wave nmumber k as

n
ve .}. Z Vi o)
Y ki and dV/dk = constant
(=/

FPor the case in which proportionality is not preserved

'#%'val/k and ggf(")

£(v), the variation of frequency with wave number, is called

group veloeity; if we express frequency V in terms of weve
length A and veloeity v

) 2k 9/A
then '

£(v) = dl’/dk g v+kdv/dk s v - Adv/a X
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which is the well known equation for group veloeity associated
with dispersion. Jeffreys (1946, p 479) has shown that periods,
wave lengths, and wave velocities are propagated with the group
velocity in dispersive media, while individual components change
their periods, wave lengths, end velocities as they travel.
This result may be realized by assuming that component amplie
tudes are a function of wave mimber and further that there exists
an optimum wave mumber which proparates the maximum disturbance.
We may reasoneably expect dispersion within the earth to ocour
under different sets of conditions. One o these refers to the
case of a harmonic motion traveling along layered media; the ine-
dividual layers may be isotropic, yet if each layer possesses
different properties, dispersion effects can result. Those
components of the motion which have larger wave lengths are sube
jeot to propagation with velocities proportional to the average
velocity of all transmitbing layers, while components of smaller
wave length are subjeet to propagation with the average vele
ocity of a fewer number of layers., Thus, depending upon vele
ocity distribution within the layers an instantaneous dise
turbance may be dispersed into a wave train in whieh the obe
served period, as registered by suitably chosen ingtruments,
is seen to inorease or decresse with increasinz time and dise
tance. An example of this type of dispersion is observed in

seismiec surface waves. This cese has been discussed by Munk
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(1947); from empirical evidence he has shown that surface w
wave period variations are of the ssme order of magnitude
as indicated by theory. Period variations with distance are
shown to be of the order leé x 10°° gec/em.

The second set of conditions which may lead to dispersion
are exemplified by motion trevelingz throuzh an anisetrople
medium, the anisotropism of which varies with path of travels
Anigotropism mey be in the form of spatiml veloeity wariation
or may relate variations in the reaction of elsstic constants
depending upon frequency of epplied motion; either of these
may be a funection of absorption, We may imagime media to be
composed of an infinite mumber of layers of nearly dimensionless
thiokness; thus, this set of conditions may become partially
analogous to the first case. If we reguire that the wave
front of the motion travels obligue to the layers, dise
persion offects may result which are different from those
disoussed aboves The problem of refraction in such sase
becomes very complex. Refraction at a discontimuity between
two dispersive media of different properties is discussed
briefly by Jeffreys (1946), By equations 3 and 5 (loc. eit,,
p 487), the travel time of the dominant period or predominant
disturbance is seen to be determined by group velocitiese

It is believed that the aforediscussed period relaw-

tions associated with the trevel time data may be intere
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preted as a consequence of some form of dispersion--e form
which may be analogous to the above. The theory for this
case might best be approximated by empirical relationships
as has been done for surface waves. Unfortunately, data on
the phase SKS (which is propagated to and from the core as
distortional motion) is necessary before empirical extrapo=
lations mey be positively established, This arises in view
of the fact that ocore travel times for shorter distances
can not be determined from P' data alone.

The core travel times have here been ealoculated from Fig.
27 by the method described on éagc 18, The results of this
procedure offer a means of evaluating, insofar as is possible,
the veristions in time, period and distance of the P' phases.
An assumption in 2ll core travel time caleulstions is thet
no noticeable dispersion effects exist for the PoP (or SeS)
phuuoa; Thus, the effects which appear to be confined to the
core, mey be more properly viewed as the result of dispersion
from passage throughout the earth. Results of the travel
time calculations for all phases are shown in Fig. 29, These
results are not to be construed as being quantitatively
correct., Apparent velocities for PeP and P' were determined
by unsmoothed slope measursments and ere thus subject to appre-~
cisble errors. The relations portrayed by Fige. 29 ere more clearly

visuvalized in Fig, 30, In view of the uncertainties attached
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to the caloulation of Fig. 29, path relationships as showmn
in Pig. 30 oan only be gualitative, An assumption in the
Fig. 30 portrayal is that the rays travel a symmetrical path
through the earth; points of entry into and exit out of the
core are determined graphically from core travel time data.
Path relationships which are shown within the core are in-
terpolated between the points of entry and exit. These in-
terpolated paths, while speculative, seem most reasonable.
Variations in distanoce and path depending on the character
of motion are evident, This is particularly clearly shown
by the long period Py' motion (waich from 145° te 157°
arrives with group 1 travel times) and the short perioed P
motion; these phases may arrive at the surface of the earth
at widely difflerent distances, yet they both enter the core
in the same vicinity. These variations may be interpreted
in light of either or both of the two following phencwmena;

1. Dispersion of elastie waves tuhq place within the
mantle. In this case under simplified conditions the initial
disturbance during its outward propagation tends to sort it-
self into individual groups which travel with individutllgroup
velocities as determined by their respective wave lengths. We
may reasonably expsct that dispersion varies with direction
of propagation in which event the individual groups may arrive

at different locations on the core. On refraction into the
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core the individual groups are refracted differently by
reason of their differing wave lensths; the dispersed train
is thus more widely spread by the core.

2. Digpersion of elestic waves teken place within the
cores In this case, for simplified conditions, the incident
motion is assumed to be dispersed at the core contacts The
individual components travel different paths with different
velocities, In this case the core of the earth may exhibit
properties more like those of a viscous medium for lonz period
waves. Elements of volume in the core may react quite differ=
ently te the short psriod components of an incident motion,

Both of these cases are subject to further complexities
arising from diffrectione-or the scattering which resulte
when & plane wave is reflected or refracted at a surface
with emall radius of curvature. Certainly the assumplion eof
plane motion can no longer be tenable for propazation in the
vieinity of the inner core,

At best it can as yet only be stated that effects of
diuporaio; are evidenced by the P' phases: No means are
available by which period, velocity, and distance variebles
may be differentiated. Whether the type of dispersion may

be normel or abnormal cannot be stated without additional date.
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The Point C, Fige 1

Date whioh have been discussed indicate that the point C,
Fize 1, is located at or near 157° epicentral distance. Ob~
served parameter relationships, Figs. 11, 21, 22, and 28 in-
dioate that an abrupt drop in energy occurs at slizhtly larzer
distances. Only the short peried, Fige 12, date indicate a
gradual decline in energy level over tha distance interval at
which longer period instruments record an ebrupt drops This
variation suggzests that the point € for long and short period
motions may be determined by different conditions.

For long period motion, Fize. 30 indicates that the point
C at 1567° may be determined by the size of the inner core.
Energy in thet portion of the wave which grazes the inner core
arrives at or near 167%; that portion of the wave which is
incident with large engle upon the highly curved surface of
the inner core may be so diffracted or dissipated asg to acocount
for the abrupt drop in the smount of energy (Figz. 14) re=
ceived at slightly larger epicentral distances. The phase
E (Fiz. 27) may represent that portion of the wave which is
diffracted around the inner core. Those portions of the
wave incident with smeller angle upon the inner core are
more easlily visualized as being refracted or reflected.

On the other hand it does not necessarily follow that

the path of propazation of short period motion would be the



seme as that of longer period motion. In a rezion charace
terized by a rapid inerease of veloeity with depth shorter
period motions, depending on the angle of inecidence, would
tend to follow more readily the path of refraction dictated
by the velocity variation. The gradual decline in energy
from 147° to 165° (Fig. 14) may indieate thet shorter period
components of motion are refrseted to shorter distances. This
is strengthened by the inorease of period with distance as
shown in Fig. 28, Thus, from the current data, the focel
point C for short period motions appears to be determined by
velooity distribution within the core. This is the result
which Gutenberg and Richter (1989, p 123) have shown, For
long period motions the point C appears to be influenced by
the size of the inmner core.

Anomalous Bxurgiu g_f_ _1:'_" Phages

Discrepancies between theoretical and observational data
for phases affected by the core of the earth have been noted
by Mertner (1948). Results from Martner's investigation, and
also the present one, indicate that horizontel components
exist in those longitudinel phases whose path of travel is
determined by the core of the earth dependent on the engles
of inecidence at the outer core contaet and the charscteristics
of the recording instruments. This discrepancy is not evie

denced to any degree beyond limits of error in data from these
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phases such as PP and P, Martner (op eit. p 37) has discussed
possible causes for the variations noted; he has concluded
that the causes do not appear reasonably related to the theo-
retical equation for displacement (equation 1, page 5) or to
any reasonable error in physical constants.,

In view of the near agreement between observational and
theoretical data for the phase PP (Fig. 8), the conclusion
saems warranted that the P' diserepancies of Figs. 14 and 18
ariss lurgoiy from passage in. the core. Tffsets vhish mav
be present, but unobservable, for PP, may be magnified by re-
fleotion and refraction phenomena at the core boundary. Con-
sidering the uniformly smaller residuals for longer period
vertical instruments, the discrepancies may be related further
to the period or wave length of motion. 8Still further re-
strictions may enter from oconsideration of'Pé' residuals ( Fig.
18) in relation to P* and P, residuals (Pig. 14). TVariation
in quantities here concernsd are small when viewed in light
- of possible limits of error imposed by theory and methods of
evaluation, However, this comparison suggests that for hori-
gontal instruments the discrepancy is larger for smaller angles
of inoidence since P,' angles of incidence vary from about 13
to about 9% (at the 145° focus), while P;! angles of incidence
vary from 0° at 180° opioonﬁral distance to about 6° at
shorter distances. Data from vertical instruments while

variable do not indicate similar relations.
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As has been indicated on page 40, dispersion within the
mantle is possible. A suggested cause or related faotor for
such dispersion may be anisotropism. }_f_ anisotropism is present
and is related to dispersion, the discrepancies which have been
discussed may conceivably be explained eas s oconsegquense of both.
The relation of anisotropism to elastic wave propagation hes
been discussed by Stoneley (1949); his results indicate that
under given conditions, elastic motion in anisotropic media
may be neither purely coupressional mor purely rotatiomal.
Considerations of anisotropism and dispersion combined with
resulting selective reflection end refraction at the core
boundary may lead to the explanation of the discrepancies noted.

Variations in Phase P"

Results of this study indicate that P" observational data
are characterized by anomolies which ineclude travel time ir-
regularities, period varistions, and smplitude/peried ratio
disorepancies, It ie believed that many of the anomolies which
have been disoussed from Figs. 11, 12, 21, 22, and 28 may arise
from the reaetion of dispersed components to veloeity distribu-
tion., This is suggested by peried variations with distance and
by the extreme variations shown in Pig. 21. No adequate theory
has been applied to the various ramifications of dispersion
end insufficient dats are at hand to analyze the diserepancies

or anomalies which have been discussed. It car only be stated
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that the discrepancies do not appear to be wholly unrelated
and thus they may be found to result from the effects of re-
lated phenomena. Adding to any complexities which may arise
from dispersion is the probability of energy loss at the inver
core contact, If the inner oore has rigidity of suffieient
amount, appreciable energy loss to distortiomal § phases
should occur. Depending upon the angle and periog of inecident
motion and the nature of the veloeity distribution at the

inner core contact widely warying effects may result.
SUMMARY AND CONCLUSIORS

Study of the P' longitudinal waves from seismic records
has revealed characteristics of such nature that dispersion
is indicated, Three different groups of P' waves have been
disclosed by travel time amalysis. The individual groups of
waves are recorded differently depending upon epicentral dis-
tance and upon the recording seismometers.

The first, and earliest arriving group is recorded from
110° to 176° with large amplitude/period ratios by short period
instruments; from 145° to about 157° the P! phase of this
group is also prominently recorded by long period instruments.
From energy considerstions the foeal point of thie group for
ghort period instruments ocours near 147‘; no prominent fooal

point is recorded in this group by long period instruments.
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The second P' group is well observed between 130° anda 160°

for P" and P,' phases. At distances shorter than 130° soattered
observetions mey belong to motion of this group. P,' phases

for this group are more predominant for long period recordings
but are scattered in arrivel time. For this group large ensrgies
ere recorded near 1456° by long veriod instruments.

The third and latest arriving P' group is alse well obe
served between 130° and 160° for P* and P, ' phases. The Pp'
phese of this group is generally recorded only by long period
instruments and with widely scattered arrival times. P! and P"
phases are here generally recorded prominently by long period
instruments. The position of the foocal point of this group is
not definitely known., In the neighborhood of the foeal point
| only long period recordings indicate large energy receptions.
The shortest distance st which lerge amplitudes were noted was
about 143°, the longest distance 147°. These observations
varied in time by & span of about 15 seconds.

Insufficient data are at hand to evaluate the dispersion
indicated. Variations in path of trawvel with period within
the core are suggested from qualita”ive considerations of
travel time data., Either abnormal or normal dispersion may
be present, It seems reasonable that the distortion of wave
motion may take place within the core, at the core boundary,

or within the mantle. If dispersion takes place in the mantle
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the effeots are possibly magnified upon reflection and
refraction at the oore boundary.

Consideration of P" energy relations and period waria-
tions with distance are reasonably interpreted to indicate
~ that & rapid inerease in veloeity with depth marks the sone
of approsoch to the inuer core. Complexities existing in the
P® phase are not fully understood; these may relate both to
vilecity distribution and to possible § phase geveration at
the inner core contact,

Amplituds/period ratios and energy parameters indicate
that ¢, ths peint of reversal of weves through the outer eore,
is loecated mear 157°, Qualitative nhnoump; suggest that
this is an end point for leng period motiom, & focal point for
shortsr perioed motion. Por short period motion, results of this
study are fotsomably viewed inm light of patk «:l.ticmsabips
determined by Gutenberg-Richter (1938, p 123),

Observed amplitude/pericd ratics and energy parsmeters of
PP eonform with limite dictated by classieal theory, Abnormally
high ratios and snergy parsmeters vor the P%, P;', and P;*
phases cannot be reconciled with the clagsical theory. Veriations
in degree of diserepancy with different instrumental components
and perhaps with angle of incidence suggest that the diserep-
ancies may be related to anisotropism and an associated dispersion
caused by absorption or by variation of physical constants with

the period of incident motion,
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SUGGESTIONS FOR FURTHER STUDY

Results of this study may be further clarified by inves-
tigation of the phase SKS. Completion of core travel time in
relation to period may permit determination of welocity vari-
ation with period and depth. Whether dispersion arises in the
mantle or the core or both should evelve from this 1§wnntigution.
Additional information should result from study of the phase
PKKP. less phase interference by reason of greater intervals
of time and distance between focal points should permit evalu-

ation and refinement of time, distance, and period variables.
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Fig30Path relationships of P' phases as suggested by travel time data.
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Plate I:
L N 76 E; magnitude 7.2.

Tops Riverside, Benioff, short-period vertical, epicentral distance about 144°.
Center:; Pasadena, Benioff shorteperiod vertical, epicentral distance about 14370
Bottom: Pasadena, Benioff long=-period vertical, epicentral distance ebout 143l°

Selsmobrams from earthquake of 29 February 1944 at 16:28;07 GCT, normal depth of focus, epicentre
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Plate II:

Seismograms showing different phases in focal zone.

Huancayo, long=-period horizontal (EW'component)~seismogram from earthqueke of 12 April 193

at 20:51:%0, normal depth of focus, epicentre 8 N 137z E, magnitude 6 3/4, epicentral distance
about 147" .

Bottom: Tucson photostat regroduction; same earthquake as described on Plate I; Benioff shorte-
period vertical at about 147

epicentral distance registers abnormelly high emplitudes (arrows).
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Plate III:

Huencayo seismograms showing different phases on EW long=-period horizontal components.
Top: 10 October 1938 at 20348:05, normal depth of focus, epicentre 27 N 126 3/4 E,
magnitude 7.3; epicentral distance about 156°. .

Bottom: 20 August 1937 at 11:59:16, normal depth of focus, epicentre 147 N 121% E,
magnitude 7.5; epicentral distance about 163°.
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APPENDIX OF MATERIAL USED
Following is a list of the earthquakes which have been
used for this study., These sre listed in chronological order
and are presented by serial numbers as given by Gutenberg and

Richter in Tables 17 and 16 of Seismieity Qf'Tho Earth, 1949,

An agterisk following the serial number denotes that the earthe
quake is listed in Table 18; no asterigk denotes that the earthe
quake is listed in Table 17. Earthquakes occurringz from 1946 on

are not listed in Seismicity Of The Earth; dates, origin times,

locations, depths, and magnitudes for earthgquakes during these
years are taken from files at the Seismological laboretory,
Pasadena.

In listing stations the following abbreviations are used:
P for Pegadena, H for Hueneayo, J for Jema, T for Tueson, A for
la Paz and ¥V for Vietorie, Station gomponents and epicentral
distances are given in the following manner:
76, 280-243 PSBZE, LBNE - 1293; HNE - 158; TZ - 1385,
From earthquake number 280, region 24, table 17, readings were obe-
tained at Pasadena, 1293°, from short-period Benioff vertical and
east-west (8BZE) instruments, from long=period Benioff northesouth
and eastewest (LBNE) instruments; at Husncayo, 168°, from northe
south and eastewest (NE) instruments--all of which are long=period
instruments, All Tucson readings are from short~period Benioff
instruments, all Jena and La Paz readings are from longeperiod

instruments.



1.
2
3e
4.
6.
6o
T
8.
94
10.
11,
12,

13,

14,
15.
16,
17,
18,
19.

20,

560=-333
880~331
220-14:
890=8:

630=11¢
840-11%
845~11:
T780=473
390=24;
100-16:
4656-23:
225«233

8T70=27¢

400-333
210-19:
131-22:
T60=243
150-19;
380=24:

500=33 3

PSBR
PSBN
JNEZ
JZ =
JNEZ
JNEZ
JNEZ
PLBZ
PEBZ

w8 T

1927-1932

- 176%.

- 140,

- 1617,

112,

- 171,

- 165,

- 165,

116,

- 1322,
133,
- 111,
161,

152,

1933

Z = 1763 HNE - 115,

136,

187,

- 128o

137.
163,

- 176,



21,
22,

23

24.
28.
26,
27,
28.
29,

30.

31.
32,
33.
34.

36,

37,
38.

39.

70-261
§80-10¢

460272

696=26:
640-22:
260-181
20-1861

140-151
200-22:

400-29%

676-261
200=33
40022
870-47:
180~243
640«10:
700=24 3
560=101

360-19:
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1933 cont'd
HEE-].SO.
PSBZN, LBZ « 120,

HNE - 149,

1934
HNE~158; PSLBZ « 116.
HNE « 185,

HNE - 141.

HNE « 117,

1193; JZ - 139.

5

1673,

8

HNE

138; PSLBZ « 117,

1935

HNE - 156,

PSLBZ - 144,

HNE - 160,

PSLBZ - 116,

PSLBZ - 120,
PSLBZ = 1203,

PSLBZ = 130; HNE = 169.
PSBZ - 1221,

HNE = 132,
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19356 cont'd
40, 170=16: JZ = 117%; HNE - 139,
41, 460~17; BHNE - 144,
42, 200-15: JHEZ - 139,

43, 560-243 PSBZE, LBZ - 132,

1936
44, 195-243 PSBIZE, LBZ = 122%.
45, 610-24:; PSBZE, LBZ - 131%.
46, 540-10: PSBZE, LBZ - 122.
47, 750-16: HNE = 147,
48, 256-24; PSBZ - 124,
49, 965-33: PSBIE - 152,
50, 50-23: HNE = 157,
61, 150-17: HNE = 147,
62, 525-24*%: PSBZE, LBZ - 129,
53, 320153 JZ - 1363
84. 850243 PSBIE - 127,
B5. 750-24%; PSBIE = 126,
56, 7T60=24%*; PSBZE, LBZ « 126,
67, 730263 PSLBZ - 114%; HNE - 154,
68, 520-19: HNE = 120,
§9. 200-21: HNE - 160,



60,
61.
62,
€3¢
64.
65,

66,

67,
€8,
69.
704
71.
T2e
78.
74,
76e
76,
77,

78.

=90

1936 cont'd
215-83; PSBZNE, LBZ « 149,
720-24: PSBZNE, LBZ - 1305; HNE - 169,
250-10%; PSBZE = 117%.
650-24: PSBZE, LBZ « 129; HNE - 169,
360-233 PSBZE, LBZ = 110; HNE - 1563,
140-19: HNE - 138,
640-19: HNE < 118,

1937
250-27: HNE = 156,
60«163 JNEZ = 139%,
950-16%; HNE - 148,
630-24%; PSBZE - 123; TZ - 129,
365-33y PSBZE, LBIN - 170; TZ ~ 174,
£90-22¢ HNE - 163,
200-10*3 PSBZE, LBZN =« 1185 TZ = 113,
360-10: PSLBZ = 119,
440-16: HNE - 127,
280-24: PSBZE, LBNE - 129%; HNE - 168; TZ - 135,
122-48%5 PSBZ = 109,

450-37y PSBZ ~ 134,



79

81,
82,
83.
84,
86,
86.
87,
88,

89,

91.
92,
93,

94.

96,
96,
97,

98,

«9le

1938
720-24%: PSBZ - 133,
720-103 PSBZ = 114,
40=243 PSBZ - 111,
970-33: PSLBZNE - 149; T2 = 152%.
80-16: JHNE - 1333 AZ - 137,
585-23: PSBINE, LBZF - 11633 T2 - 122; AZ - 161,
68=19: AZ - 147,
870281 PSLBZ = 1133 TZ = 117,
120-20: AZ = 160,
710-37: PSLBZ « 1433 TZ - 140%.
640-26; HNE « 163; AZ = 163,
690-24%; PSBZ - 132; TZ - 139,
240-23: HNE - 156,
420-24%; PSLBNE - 118}; T2 - 1223,
185-33: PSBZ « 143; TZ = 145,

720-373 PSBZ - 165; TZ - 151,

1939
340-16: JNEZ - 127,
200-16%; AZ - 1382,
220153 JZ = 132; AZ - 126,

8656-33; PSLBZNE « 138%; TZ - 1443; AZ - 152,
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1939 cont'd
99, 240-15: BHENE « 122; JNEZ - 132.
100, 370-19: AZ - 146,
101, 2786«18: AZ = 149,
102, 220-163 AZ - 145,
103, 310=33: PSBZ - 161,

104, 160-19: AZ - 1443,

1940

105, 180-14%; AZ - 113,

106, 140-18%; FENE « 138; AZ - 147,
107. 610-14*; AZ - 125.

108, 925-33; PSLBZ - 1663,

109, 180-16: AZ - 145,

110, 675-45: PSLBZ - 121,

111, B320-24; PSLBINE - 132; AZ - 156,
112, 690-22%; AZ - 172,

113, 260~16: AZ - 146; HNE - 143,
114, 60=1; AZ = 1203,

116, 810-24: PSLBZ, SBNE = 13133 AZ - 154,
116, 730-37; PSLBZ, SBNE - 152,

117, 260-16: AZ - 147,

118, 120=24: PSBZ = 117; AZ - 153,



119,
120,
121,
122,
128,
124,
126,
1286,
127,
128,
129,
130.
131,

132,
138,
134,
136,
136.
137,
138,

139,

I Fw

1940 cont'd
570«23%3 AZ = 160,
210-46%; AZ - 148,
196-23: TZ - 121,
990-193 AZ - 144.
700-203 AZ = 153%.
500163 AZ « 138,
TB=463 PSLEZ « 116,
60-22%y PSBZ - 1083,
780-24; PSBZ - 128,
10-243 PSLBZ = 111,
310-163 AZ - 149,
600-37; PSLBZ ~ 146,

240-18%; AZ - 148,

1941
250-23*; PSLBZ , SBNE - 112,
135243 PSLBZ - 118,
270-23¢ PSLBZNE - 113,
640-23%; PSLBZ, SBNE = 113,
60-37: PSBIN - 126,
550161 AZ - 134,
600-26%y PSBZ - 113,
600-26%; PSLEZ - 113,



140,
141.
142,
143,
144,
145,
146,
147,
148,
148,
150,
181.
152,
153,
154,
156,
166,
157,
188,
159,
1860,

161,

=F4-

1941 cont'd

200-24%#: PSLBZ = 112,

405-23; AZ - 162,

346-24%; AZ - 1563 PSLBZ - 118,
766-24%; PSLBZ - 132%,

540-24%; PSBZ « 121,

200-383 PSLBZHE - 132,

360-38; PSBZ - 116,

720-26: PSLBZ - 112,

986-141 AZ = 1223,

540-23; PSBZ - 112,

§56-23; PSLBZ - 112,

665«23;: PSLBZNE - 116,

890-24; PSLBZNE - 126; TZ - 130,
400-38: PSBZ - 116,

325-33; PSLBZ - 162,

885=241 PSBZ - 1255,

440-16: AZ - 154,

760-23%; PSLBZNE - 116.

640333 PSBZ - 1563,

440-22: AZ - 171%.
450-233 AZ - 1643 PSLBZNE - 114,

300-10%; PSLBNE, LBZ - 1183,



162,
163,
164,
1685,
166,
167

168,
169,
170,
171,
172,
173,
174,
176,
176,
177,
178,
179,
180,
181,

=95

1941 cont'd
540-20: AZ - 159,
6;O~33: PSLBZKE « 168,
420-24%; AZ « (166); 77 - 125; PSLBINE = 125,
860-28s PSLBZ - 117.
60=21: AZ -~ 172,
620«263 PSLBZ - 114.

1942
700-163 AZ - 149,
135-19: AZ - 146.
510-22: PSLBZ, LBE - 107; TZ - 112,
730-243 PSLBZ - 130,
720-23%; PSLBZ, SBNE - 113; T2 « 120; AZ - 160,
80-32; PSLBZ - 129,
80-18%; AZ - 123,
480-173 AZ = 151,
766«23: PSLBZ « 110; TZ « 118; AZ = 156.
976-33s PSLBZNE - 148; TZ - 1523,
580-37: PSLBZNE ~ 14C; TZ ~ 142,
260-22; PSLBZ - 108,
456-19: AZ - 122,

405-24*¢ PSEZNE, LBZ « 1183 TZ = 124; AZ - 153,



182,
183,
184.
186,
186,

187.
18s,
189,
190,
191,
192,
193,
194,
196,
196,
197,
198,
199,
200,
201,

=G

1842 cont'd
720-833 PSLBZEE - 152%; TZ - 148,
96-19: AZ « 147.
640-19%s AZ - 141,
640-183 AZ -« 149,
130-30: AZ - 108,

1943

B0=29s PSBZE, LBZ « 1225 TZ = 120,
190-48%; PSBZE, LBZ - 109,
680-10; PSLBIZNE « 120; T2 - 115,
580=161 AZ - 1263,
686-10: PSLBZ « 120,
725-37¢ PSLBZ, LBNE < 157,
360-24;5 PSLBZ « 132; AZ =~ 156,
340-18%; AZ - 150C.
470-223 AZ - 178,
190-223 AZ - 166,
480«243 PSLBZNE « 132; AZ « 168,
461-24: PSLBIZNE - 132; AZ « 168,
365-19s AZ - 1461,
376331 PSLBZE, SBE « 176; T2 - 1713,

240-23%; AZ - 1683,



202,
203,
204,
208,
208,
207.
208,
209,
210,
211.
212,
218,
214,

215,

216.
217,
218,
219,
220,
221.

360~24%;
540-24%;
120~11s
640-20¢
240«14 4
600-48+
606=33 5
450-26+
560~10¢
561«10s
380=142
T60~24%y
6550-16%;

470=152

430~24,
860«33
360-24%;
420-16:
390«16:

530~16¢

«3Tw

19438 cont'd

PSLBZNE - 119; TZ = 126,

PSLBZNE « 130; TZ = 1373; AL - 154,
PSBZNE, LBZ - 112; T2 - 114,
AZ - 154,

AZ - 111,

TZ - 1123,
PSLBZN « 169; TZ -~ 1633.

PSLBZNE - 118; TZ = 117; AZ - 1603,
TZ - 1185,

TZ - 115,
AZ - 113,

PSLBZNE - 132,

AZ - 144,

A7 - 1841,

1944
PSLRZ, LBNE - 133; TZ - 138%; AZ - 1641,
PSLBZN, LBE - 143; T2 - 147,

PSLREZN, LEE = 118; TZ - 124; AZ - 183,
AZ - 1543,
AZ - 156,

AZ - 1353,



222,
223.
224.
225,
226.
227,
228,
229,
239,
281.
282,

233,

234.
238,
286,
287,
238,
239,
240,
241.

«O8m

1944 cont'd
300-12%3 AZ - 104%.
890-233 PSLBZN, SBE = 1103 TZ = 1155 AZ ~ 161,
305-243 PSLBZ « 1303 TZ ~ 1363
675-19: AZ - 130,
391281 AZ - 161,
745-263 TZ = 114,
60=233 TZ - 113; AZ « 143,
820«14s AZ « 113,
80~181 AZ - 148,
360-35: PSLBZNE « 171; TZ - 166,
297-85: PSLBZ - 160; TZ = 162,
110«1: AZ - 113%,

19486

900~19: AZ = 150,

100-19s AZ - 146,

70-22%; AZ - 166,

946333 PSLPZ - 164,

240-24%; PSLRZNE - 1163 TZ -~ 123,
906263 PSBZ - 114,

726=-243 TZ - 134,

420-19%; AZ » 141.
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1945 cont'd
242, b530-23: AZ - 161,
243, B80-29: PSLBIZINE « 1203 TZ -« 1233 AZ - 134,
244, 680-16; AZ - 136,

245, 666-153 AZ - 136,

1946

246, 5 Jan, Osl93657320 168 167E h 250 Mg 7.3
AZ - 1173,

247, 12 Jan. 20:26:87 69N 147 W n Te2
AZ « 100,

248, 17 Jan. 09339:35 75 S 147X E 100 72
AZ - 141,

249, 26 Meh.  17:09:03 3 § 102 E n 6 3/4
PSBZNE, LBIN - 132%; TZ - 137,

250, 1 Apr. 12:28:5¢ 53 N 164 W n T4
AZ - 1082,

251, 11 Apr.  01:52;20 1S 142 W n Te2
PSLBZNE - 101,

252, 3 May 22428140 6 S 163 B n Tod
AZ - 138.

263, 8 May 05320322 O 993 E n 7el
PSLBZNE = 132; TZ « 137%; AZ « 159,

254, 12 Sept. 15517:;16 23 N 96 E n 7.6
AZ - 165‘%’,

266, 23 Sept. 23130500 6 S 145 E (100) 7.2
AZ - 141,

256, 29 Sept. 033013656 5 8 154 E n 7 3/4
AZ - 1333,

257, 26 Oot. 00321308 60 S 86 W n 6 3/4

PSLBZ -« 115,



258,

269,

260,

261,

262,

263,

264,

266,

266,

867,

268,

269,

270,

271.

«100=

1946 cont'd

1 Hove. 11:14:2¢
AZ - 112,

2 Novs 1F5a81:28

PSBZ, LBINE - 103%; AZ

4 Hove 21347347

Bl N 174 W

413 N 723 B

- 1390

39 3/4 N 543 E

PSBZ, LBZNE - 106; AZ = 127,

1947

17 Mcha 08:19:32
PSBZE; LBNE - 108,

2 Apre. 065489111
PSBZE, LBZNE - 102,

27 May 03134154
PSBZ = 1264

27 May 05158154
PSBZE, LBZNE - 106,

12 June  C9:02130
PSBZE, LBZ = 111,

23 July 171135222
PSLBZ - 116,

28 July 18:43:22
PSLEZ - 112,

23 Septs 12:28:09
PSLBZ - 112.

33 N 99 B
13 S 138 E
82 S 12¢ B
12 8 1851 E
1% ¥ 126 E
553 S 29 W

28 N 94 E

333 N 59 &

24 Dec., 06:22:00 (556 8 115 E)
PSRZE, LBZ = 141; TZ - 140,

1949

23 Jan. 06331:(15) 8 S 95 B
PSLBZ, LBNE - (140); 72 - (144).

7 Oots 12:02:(04) 331 S 58 E
PSLBZNE - (177); VSBZ = (165).

40

n

n

100

(s0)

740
746

Teb

746

Ted

7.2
6.6
748

6 3/4 |

(6 3/4)

6 3/4
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Y¥edison Group, smliw. +« View taken from above
second swite Tor wost; approximate height of eliff
900 feet.

A, Mesion Canyon Pormation; B, Lodgepole Formation;

¢, Upper Devonian? and Kinderhookian; D, Bighorn dolomite.
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PART 1
General Relationships

ABSTRACT

The Mission Canyon and lodgepole formations of the
Madison group are recognized throughout the Bighorn Basin,
Wyoming. The features by which these formations and their
members have been differentiated and correlated are de-
soribed. Limited paleontologiec determinations and litho-
logic similarities indicate that Kinderhookian and Upper
Devonian strate may be present along the eastern margin of
the Bighorn Basin. Variations which exist in porosity devel-
opments are herein related to solution activities, to the de-
gree of dolomitisation, and to the character of the original
sediment. Lithology and insoluble residue descriptions are
included in Part II.
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INTRODUCTION

PURPOSE AND SCOPE OF INVESTIGATION

Since the early 1920's the Paleozoic calcareous sediments of
Alberta, Montana, and Wyoming have yielded important gquantities of
petroleum. Yet within these formations much sedimentary detail is
relatively unknown--particularly how it may bear on the importance
of traps other than structural. Hence, the present study has been
concerned with determination of the characteristics of the Madison
(Mississippian) Limestone of the Bighorn Basin, VWyoming. The princi-
pal effort has been directed toward a correlation of lithologic
horigzons throughout the Basin. In this connection detailed sampling
was carried out at advantageous locations and megascopic and micro-
scopic properties of each unit were described.

LOCATION OF AREA

The area dealt with in this study is an elongate "basin®™ in
northern Wyoming and southern Mentana. The basin is bounded by the
Bighorn and Pryor Mountains to the east and northeast, the Owl Creek
and Bridger Ranges to the south, and the Absarocka Range to the west.
Other geographic features are given in Fig. 1.

FIELD PROCEDURES AND EQUIPMENT

To determine to what extent correlations might be possible
samples were obtained at six localities. These localities lie around
the periphery of the Bighorn Basin (see Fig. 2.)

In sampling an attempt was made to obtain for each stratigraphic



e
[ \
A \
| N :
. \ MONTANA
t. ) | \
L |
b 3. 3
-/ \|
) ) l" - ] ‘——‘\.
( \'\r'-"“ - \
) : I -
! I DAHO ‘ ‘
]
i | "WYOMING \\
L_.___ - — . — ——.—-.___l
Figure1. Index map showing location of areo.
M -0 N/ T AQ-;;-N A /)
/ 2 Y A <,
('J :_':?.04' é’ -——- : Ve ;
l_'_' o ‘/‘-\.!;__‘Z? B 7 NN SR, SR
'\ veuowstone, 8 & "% § //L
N \, NATIONAL 251 7% & .-G“f’O N . )5’
. PARK B T 2R3 - T e
73 . ?_‘l e, 1 - )L
l_ SO B U A
o ———- 25 2OV .o b 3
l 2z z '\,@4 "
T R 2 S
g ! ’ - :\\\6 — /‘5 “\\(‘f \
Ly W CREERD) " r.. . 0%6¢
o| W mance D ek
.o 4@/.‘
= SO
X W 'Y O M I N G

Figure 2. Index map showing sampling localities: |. Shoshone

River Canyon, 2. Crooked Creek GCanyon,

4. Tensleep Canyon, 5. Wind River Canyon,
of Owl Creek GCanyon.

3. Shell

Canyon,

6. South Fork -



~l=

interval a sample of rocks that approached a channel sample in
representation. Intervals were chesen on lithology or on bedding
characteristice; the average intervsl chosen was five and one-half
feet. Samples of chert were taken at all horizons where it was noted
megascopically. A 12x hand lens was used in making field descriptions.
Calcium carbonate rocks were differentiated from magnesium carbonate
rocks with dilute HCl.

Steel tapes, hand levels, and Brunton compasses were used in
measuring stratigraphic intervals. Overall thicknesses were checked
with a mountain-type, "high-boy" slidade and with a fifty-foot linem
tape. Four-pound manls and cold chisels were used to break fragments
from the outerop.

The Exploration Research Department of Stanolind 0il and Gas
Company prepared insoluble residues from the field samples. These
were described with a 36x binocular microscope. Accessories, quarts,
and cherts from the residues were immersed in index oils and studied
under the petrographic microscope. Clay fractions of the residues
were not separated from the coarser fractions.

Lithologic descriptions were made with a binocular microscope.
Particular outerop samples were studied by means of thin sections,
stained by KgCr0), following a method advocated by Holmes (1921).

Hany samples were studied by means of HCl etching on a smooth surface.
TERMS AND STANDARDS
The terminology and classification of H. A. Ireland, et al, (1947)
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is followed in the description of insoluble residues. The general
adjective, "meodified", is used to designate a quartz or chert

- whose natural form has been altered, e.g. dolomoldie, dolomorphic,
oolitic, etc. The general adjective, "ummodified", refers to the
unaltered or unmarred state, e.g. subhedral, euhedral, etc.

In the stratigraphic descriptions, am arbitrary set of bedding
standards was adopted. These standards were largely dictated by
the mode of occurrence of the Madison. The following classification
was found convenient:

Massive--largely devoid of stratification breaks.

Massive-bedded-~beds of greater than 7 feet thickness.

Thick~bedded~=beds from 3 feet to 7 feet thickness.

Medium-bedded--beds from 1 foot to 3 feet thickness.

Thin-bedded--beds less than 1 foot in thickness.

In lithologic descriptions terms from Shrock (1948) and Petti-
john (1949) are used. Sigze classifications of clastic and nonclastic
particles follow the Wentworth scale; however, "miero" is prefixed
for clay size particles. The following definitions may clarify their
usage heres

Granular or grained-—-this term, applied chiefly to dolomites,

designates rocks consisting of clastic or allocthonous particles;

the criteria used to determine this property were cross-bedding, de-
gree of fossil preservation, percentage and character of clastic in-
soluble residue, and particle shapes in thin section. The distinction
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has been made since appreciable differences exist between Madison
"erained® or "granular® dolemites and "erystalline" dolomites.
Crystalline-~refers to an "in situ" growth.

Lit) aphic to Wmﬁu extreme mimuteness of
indi 1 particles, cra not being evident under the hand lens.

Fragmental-—refers to a lithified rock consisting of 25% or more
of megascopically visible, clastic, calcareous particles; particle
variation mgy be from 1/16 to L mm. This term is analagous to the
fealcarenite” and "caleirudite" of Pettijohn (1949, p 300).

~ Calcarecus Sand-~a frisble, clastic carbonate consisting of
1/18 To 2 mm. particles.

Color designations are made in accordance with the standards

established by the Rock Color Chart Committee and distributed by the
National Research Council in 19L8.

Porogities were estimated during binocular examination. Designa-
tions are made in sccordance with Stanolind standards, i.e. "none",
"poor®, "fair®, "m;iiun", and "good®; in the chart on Stratigraphic
Sections and Correlations the following are used as equivalents:
inappreciable for "none to poor", intermediate for "poor to fair", and
appreciable for "fair" or better. Varisble porosity means poresity
which varies laterally and vertically.

PREVIOUS INVESTIGATIONS

Naming of the Madison limestone and ite first description are
credited to A. C. Peale (1893). Peale designated the age of the
Madison at the type locality in the Madison range near Three Forks,
Montana, as Lower Carbonifercus. For the nearly correlative sequence
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in the Bighorn Mounteins, Darton (190L) proposed the name "Littlehorn"
in view of indefinite stratigraphic limits; the term "Madison"™ heas
been extended notwithstanding the indefinite strabigraphic limits.

Following definition of the upper Hississippian Brazer forma-
tion by Richardson (1913), Mississippian sediments of southeast
Idsho have been divided into Madison and Brazer, the Madison being
of lower Mississippian age and the Brazer of upper Mississippian age.
The Carboniferous of southern MHontena and northwest Wyoming was studied
by Scott (1935). He showed that Peale's "Quadrant® formation corre-
lates with the dusl period Amsden as defined by Darton, op cit (190L),
in north central Wyoming. Between the Amsden and the Madison of the
Three Forks vicinity Scott delimited the Big Snowy group. Branson
(1937) proposed the name "Sacajawea" for a portion of the Mississi-
ppian Amsden; Love (1939) has preferred to continue use of "Amsden®
since Sacajawea sediments m:?eg;rdod by him as a mappable unit;
however, Pierce (1947) has indicated Sacajawea strata at Shell Canyon.
Basal limits of the Big Snowy, Brazer, and Amsden (as used) are not
correlative nor are they clearly defined, except as overlying the
"Madison"., As no detailed study of faunas and stratigraphy relstes
the age groups of the Mississippian of Wyoming, Montana, and Idaho
the delimitation of the Madison is not definite.

The Madison has been considered both as a "formation" and as a
“group®s This paper follows the "group" designation initiated and
discussed by Sloss and Hamblih (1942).
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Excepting the Silurian, all Paleozole periods are recognized within
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the Bighorn Basin. The stratigrephy is summarized below.
CAMBRIAN

Cambrian terminology varies with locality, although lithology
at different localities is similar.

Wind River Canyon Shoshone Canyon
Boysen Formation Gallatin limestone
Depass Formation Gros Ventre Formation
Gros Ventre member Flathead quartzite

Flathead member
Shoshone Canyon terminology follows earlier designations of Peale
(1893) with modifications by Blackwelder (1918). The Wind River
divisions and terminology were established by Miller (1936) and
modified by Deiss (1938).

Upper portions of the Cambrien consist of thin-bedded lime-
stone conglomorates, limestones, and shales; glavconitie horisons
have been noted by Tourtelot and Thompson (1948) in both the Gallatin
and the Gros Ventre formations. lLower strata consist of coarse- to
fine-grained sandstones with quartsitioc facies. The basal contact
is with pre-Oamdrisn metamorphics, Thickness about 1200 feet.

ORDOVICIAN

Bizghorn dolomite, Darton (1904): pmassive to thick-bedded dolomites,
relatively free of terrigenous material; locally characteriszed by pitted
surface dus to differential weathering, Blackwelder (1913). Beds of re-
worked sandstone loecally denote the basal contact; thickness inoreases

northward from sboat 150 to about 400 feet.

SILURIAN

None recognized.
DEVORIAN

Jefferson formation, Peale (189:):‘ brown to black, bedded limestones
and dolomites; subdivided by Sloss and Laird (1946) into lower limestone

and wpper dolomite members in central Montana. Jefferson sediments have
been recognised at Shoshone Canyon by Stipp (1947a). The basal contact
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of the Jefferson is placed with diffioculty when adjacent to Bighorn
dolomite. Thickness at Shoshone Canyoni20 feet.

Darby formatien, Blackwelder (1913): varicolored shales, dolo-
mites and sandstones. Beds of Darby age may be in part equivalent
to or younger than Jefferson gediments. Darby beds have been recog-
niged looally in the Owl Creek Mountains by A. E. J. Engel (personal
communioations) and by lLove (1929). Thickness in the Owl Creek Range
varies from 0 to about 150 feet.

Three Forks formation, Peale (1893): a varied sequence of shales,
dolomites, and limestones; locally with sandy facies in upper portions
(Sappington Sandstone, Berry 1943; Sloss and Laird 1948). Three Forks (?)
beds have been recognized along the western margin of the Bizhora Basing
thickness + 200 feet.

The presence of Three Forks beds along the eastern margin of the
Bighorn Basin has not been verified. As noted, page 22z, the presence
of Devonian (?) beds along the eastern margin is suggested from faunal
and stratigraphiec evidence.

MISSISSIPPIAN

Madison "fommation", Peale (1893)--raised to "group" rank, Sloss
and Hamblin (1942).

Madison sediments have been veriously subdivided. Peale (op eit)
recognized an upper Jjaspery unit, a central massive unit, and 2 basal
laminated unit. Darton {1904) recognized a lower, moderately massive-
bedded member and an upper more massive member. Sloss end Hamblin
{op ¢it) following an earlier division of Collier and Catheart have
proposed that in Montana the Madison group be recognised es consisting
of two formations~--the upper Mission Canyon formation and the lower
Lodgepole formation. The divisions titabulhod by these authors are

summarized below:
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white chert; intermittent breccias.

lodgepole formations

Woodhurst member: Osagean; laminated and bedded limestones
with varying amounts of fossil debris and varying high amounts of
clastic material.

Paine member: Kinderhookian; bedded, shaly limestones with
varying amounts of brown chert, fossil debris, and clastic material.

To the writer's knowledge, the formations of the Madison group
have not been previously recognized within the Bighorn Basin., To de-
limit these as closely as possible a section in t& Pryor Mountains,
about 15 miles southwest from the section described by Sloss and Hamblin
(op oit p 323) was sampled and described. The areal geology between
these sections was investigated to insure that no large scale strati-
graphic irregularities existed undetected. Details on which this
correlation was based are shown on Chart I, in pocket.

Around the Bighorn Basin bedded dolomites and fossiliferous
oolitic dolomitic limestones characterize the upper lLodgepole sediments;
banded, gradational limestones to dolomites are more characteristic of
the lower Lodgepole sediments. Only thin remnants of the Kinderhookian
Paine member are noted in the Bighorn outerops. Massive, cherty lime-
stones and dolomitic limestones characterize the Mission Canyon formation.

The basal Madison contact when adjacent to the Bighorn dolomite is
often difficult to define; when adjacent to Devonian sediments the gray
to green shales and sandstones of the Devonian delimit the contaet.
Thickness in the Bighorn Basin varies from 450 feet to around 700 feet.
From central Wyoming northward the Madison thickens at a rate of between
3 to § feet per mile.

Brazer limestone, Richardson (1913): a series of massive- to thin-
bedded, sandy limestones and dandstones; basal beds of this age may, in
part, be equivalent to the upper Mission Canyon formation of the Bighorn
Basin. The basal Brager contact is not always clearly defined. The
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possible presence of Brager (or Big Snowy) age sediments in the Big-
horn Basin outerops is recognized in the present study.

LOWER PERNSYLVANIAN AND UPPER MISSISSIPPIAN

Amsden formation, Darton (1904): medium-bedded, cherty limestones
and dolomites with interbedded shales and sandstones; locally red shales,
residual cherts, limestone conglomerates, or thick-bedded sandstone
(Darwin member, Blackwelder, 1918) ocour near the basal contact. Thick-
ness 100 to 400 feet.

Secajawea formation, Branson (1937): this name was suggested for
the Amsden beds of pre-Chester, Mississippian age. Amsden has since then
been applied, however, to include all beds of Mississippian age above the
Kadison.

PEENSYLVANIAN

Tensleep sandstone, Darton (1904): white to tan sandstones which
are commonly cross-bedded; locally with calcarsous facies. The basal
contact is poorly defined. Thickness 50 to 400 feet.

PERMIAN

Phosphoria formation, Richards and Mansfield (1912), Thomas (1934):
partly correlativewilt Embar, Darton (1906) and Park City, Condit (1918);
a phosphatic series of red and yellow sandstones, intermittent gypsum,
and interbedded shales; the basal contect is delimited by more thickly
bedded sandstones below; locally a thin, red shale occurs at or near the
base, Stipp (1947). Thickness 50 to 250 feet.

INTRODUCTORY STATEMENT

Correlations of the Mission Canyon and lLodgepcle formations of the
Bighorn Basin are here established. Five members have been recognised.
Genersal stratigraphic relationships and descriptive data of the members
are discussed below and delineated on Chart II (in pocket). Detailed
descriptions are given in Part II; stratigraphic correlations are showm
in Chart III.
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Beds of questionable age oceur below the Madison as here de-
scribed; these beds are also discussed.

GENERALIZED DESCRIPTIONS AKD RELATIONSHIPS

The Amsden-ladison Contact

This contact has been established in the current study by (1)
evidence of unconformities, (2) lithology. At the Owl Creek Mountain,
Tensleep Canyon, Shell Canyon, and Shoshone Canyoh locations, ggm
appreciable thickness of gradational beds ocoum between the massive,
cliff-forming Madison limestones and the superjacent, locally resistant
beds of Amsden sandstone. Unconformities exist within these gradational
beds; an unconformity which exists at the upper limit of these beds and
at the base of a sandstone series has been chosen as the Amsden-Madison
contact. The "Madison" as thus defined includes this sequence of thin-
to medium-bedded, gradational strata. By virtue of stratigraphie posi-
tion and unconformities the age of these beds may vary from Osagean,
to Meramecian, to Chesterian. Greater thicknesses and apparent con-
formable basal contacts to the west suggest that this sequence may de
remnants of Big Snowy or Brager equivalents. Identifications by Helen
Duncan, Pierce (1947 p 37) of fossils from the Shell Canyon locality
have also suggested a late lu.uiuippio“n age for these beds. These
Madison (?) strata will be herein referred to as Mission Canyon member
MC 1.

Evidences of unconformity noted at the Madison-Amsden contact are

(1) limestone conglomerates, (2) irregular, trensgressing contacts,
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(3) chenneling, (4) residual cherts, (5) sand-filled mud cracks (those
mentioned by Darton (1906) as cccurring at Shell Canyon were found on
the south side of the canyon about one-half mile above the Paton Ranch

bridge).
The Mission Canyon formation

This formation is subdivided into three members, designated from
youngest to oldest as MC 1, MC 2, and MC 3 (see frontispiece).
Member MC 1: Osagean (?) to Chesterian (17); thickness 10 to 80 feet.

Outorops of this member are often obscured by talus debris or a
heavy mantle of soil; where observed they weather from dark brown te
ulat; gray. Iron derivatives from the super jacent Amsden sands locally
yield red stains which "eascade" over the sediments below. Outerop
surfaces are hackly and rough in the dolomites; irresgular in the lime-
stones. This member is composed of a series of medium- and thin-bedded
fragmental limestones and orystalline dolomites. Thin stringers, 1/8
inch to 1/4 inch thick, of gquartzitic sandstone and yellowish-orange
to brown, flaky, calcareous shale are intercalated with the limestones
and dolomites. A facles of ysllow-tinged, chalk-like, platy, calcareous
delomite embodying small, limonite-centered, olay concretions is locally
present.

Porosities within this member are commonly poor. Brown to dark
gray, irregularly shaped, nodular aggregates of subporcelaneous cherts

and quartz are infrequent to common.
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Inscoluble residues consist of quartzitic sandstone aggregates,
infrequent silicified fossil fragments, occasional coarse sand grains,
dolomorphic quartz, dolomorphic and dolomoldic cherts, and clay (see
Plate I); percentages are variable (1 to 10%) but greater than the
member below.

The basal contact is locally slightly unconformable. It delimits
the massive limestone below, insoluble residues of which conaist pre-
dominantly of small amounts (21%) of silicified fossil fragments and
unmodified cherts.

Member NC 2: Meramecian (?) to Osagean (1); thickness 80 to 11J feet.

Outerops of this member ere dominantly massive and possess a dis-
tinct blue-gray color on the weathered surface. The outerop surface
is locally characterised by a pattern of silica rivulets resembling
"rillensteine” which stand out as the result of differential weathering.
8ilieified brachiopods and corals which weather dark brown dot the sur-
face; frequently the embedded portions of the fossils are not silicified.
This silicification is believed to be a surface phenomena; however
gilicified fossil fragments were found in rock of the relatively deep
interior. Locally, small horizontal ledges or shelves, discontinuous
laterally, denote horisons where thin films of argillaceous matter
collected during deposition. Irregularly shaped nodules of white and
gray, chalcedonic cherts which weather brown to light gray are very

common .«
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The lithology of this member waries, from south to north, from &
brown, sublithographic, sparsely fragmental, fossiliferous limestone
to a white and brown, fossiliferous, fragmental and oolitis, locally
coquinoidal, partly sublithographic limestone. Intraformational lime-
stone conglomerates are noted locally in the uppermost portions. This
member grades downward into & cavernous breccia and conglomerate,
characteristics and thickness of which vary. Lensss of guartzitie
sandstone and grecﬁ shale ocowr sporadically within the breccia which
lies on an irregular eroded surface.

Porosities within this member are very poor.

Insoluble residues from upper portions of the member consist of
low percentages (+1%) of siliceous fossil fragments and unmodified
chert while high percentages (10-20%) of clays, quarts, and sand are
derived from the basal breccia (see Plate II, III). Green shale frag-
ments in the residue from the breccia are unique in the Mission Canyon
sediments.

Member MC 3: Osagean; thickness 140 to 160 feet.

This member, which generally appears as a massive outerop when
viewed from & distance, is a series of thick to medium beds separated
by only indistinet partings. To the west the massive charaster gives
way to distinet thick and medium beds; to the south the outerops appear
nnqaivo in the lower portions while upper portions are thinly bedded.

Solution breccias occur sporadically.
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Surface colors vary from light gray on the fresh surfaces to
medium brown on well-weathered outerops. The surface of the domi-
nant lithology is very smooth, a distinctive feature. Granular,
laminated cherts weather dark brown and occur in persistent beds and
lenses.

Symmetrically shaped "baseballs" of zoned, chalcedonic chert
characterize well-bedded portions of this memberj the outer surface
of these weathers to a light gray tripoli.

In this member embayments of secondary quarts coincide with
dolomitized portions; these may be tracéd across bedding planes by
the darker color they display on weathering.

The dominant lithology is a white to medium gray, dolomitic
limestone with dolemite facies. The outstanding features are the
uniformity of texture and the near absence 51‘ fossils.

Porosity within this member varies from "none" in silicified
portions to "fair (2)" in the dolomitic limestones.

Insoluble residues consist largely of varying percentages of
secondary, micro-crystalline quartz and dark gray, granular to sub-
porcelaneous chert (see Plate IV). Where quartz is not a major con-
stituent, the residue consists of light gray clays and dolomoldic
chert.

The basal contact is slightly undulatory and marked by breccias.
High percentages of subhedral quartz grainsg and silts in the inscluble
residue from the member below delimit the basal contact.
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The Lodggpolo formation:

This formation is subdivided into two members, designated from
younger to older as Member L 1 and Member L 2.

Member L l: Osegean; thieckness 140 to 200 feet.

This member crops out as a series of thick- and medium-bedded
limestones and dolomites. The outerop is characteriszed by a weathered
color distinetly darker than the overlying Mission Canyon sediments;
the occurrence of beds which weather from light gray to white charact-
erize the upper portions (see fromtispiece). Outerop surfaces are
irregular; in the upper portiona differential weathering produces pitted
surfaces locally. Cross-bedding occurs frequently and characteristi-
cally.

. Lithology of the upper portions varies from fragmental and oolitie
limestones to algal-like limestones to granular (elastic) and erystalline
dolomites. Unaltered fossil shells are common in the granular dolomites.

Lower beds of the member include a hematitic, sandy, fossiliferous
facies lying just above a basal, erosional unconformity.

Chert is conspicuously absent throughout most of the member but is
present at the base. This ocourrence is in the form of one-half inch
thick, laminated beds of granular gray chert, and vari-sized, smooth,
symeetrical nodules of oolitiec chert and fossil fragments in a jaspery
matrix; the nodules have a thim tripolitic coating.

Porosities throughout this member vary from "none"™ to "fair";"medium"

porosities ocour infrequently.
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Insoluble residues consist of moderate percentages (= 2%) of
residual guarts and chert in upper portions and of frosted sand grains,
eilts, grains resembling oolites, hematite flour, and clay in the
lower porticns (see Plate V).

The basal contact is delimited by the sandy hematitic facies just
above a chert-marked unconformity; bselow are banded, crystalline dolo-
mites and fragmental limestones. The residue comsists of high percent-
ages of frosted sand grains, silts and clay fractioms above the contact,
while suhedral, twinned guarts orystals, residual anhedral quarts grains,
silicified fossils, and dolomorphic hematite in desreasing perecentages
characterize the uppermost part of the member below.
¥Yember L 2: Osagean; thickness 70 to 170 feet.

Upper sediments of this member frequently display leminations or
bending. .Theae are produced by alternate, gradational bands (+ 3 feet
thick) of erystalline dolomites and fragmental limestones. The lime-
stone bands weather to form smooth, blue-gray concavities; the dolomites
weather to form rough, gray-black, pitted prominences. Where dolomite
characterizes the entire member, laminations or bands aere fainter and
possess varying degrees of roughness. Besal portions are bedded and on
the weathered surfaces these greatly resemble the Bighorn dolomite;
chert is conspicuous by its absence.

Lithology in this member varies from dolomites consisting of anhed-
ral through euhedral crystals to fragmental oolitic limestones; these

latter decoms more magnesian to the south.
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Throughout this member porosities are appreciable.

Insoluble residues are characterized, locally, by very low per-
gcentages of petroliferous residue; uppermost strata contain varying
percentages of clay, dolomoldioc hematites, clay pellets and quart:
(see Plate VI).

Nearness to the basal contact is denoted by sheles and sand-
stones; unconformable relations are not always apparent. Tha residue
is delimited by increasing perecentages of clay in the basal Madison
and by the ocourrence of large amounts ( 20%) of frosted ssnd grains
and green shale fragments at the contast (see Plate VII), |
Unnamed Devonian (1) or Kinderhookian

Beds of Devonian age have not been distinguished along the
eastern margin of the Bighorn Basin. However, Stipp (1947, p 122)
makes mention of beds lying between the Madison and the Bighorn which
resemble the Three Forks (?) at Shoshome Canyon. His observetions re-
ferred to outerops at Tensleep Canyon, Shell Canyon, and east of Kane.
The present discussion refers to similar beds noted by the writesr at
or near these same localities.

The contact of the recogniszed, cliff-forming basel Madison with
the underlying sediments is a well merked unconformity. This horizen
and the strata immediately below are charscterized by some or all of

the following features at the localities noted above:
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1. An eroded irregular surface of two feet vertical relief.

2. Phosphatic coneretions up to 3-inch size.

S. Abundant fish bones.

4, Vell-compacted stringers of hematite or laterite on the

eroded surface.

6. Glauconite grains.

6. Conglomeratic beds.

7. Channeling and solution.

8. 8ilicification of underlying sediments where porous.

9. Loeally with intercalated black shale stringers immediately

below the contact.

The lithology immediately below the erosional horizon consists of
quartzitic sandstones, black shales, and varicolored dolomites. At
Tensleep black shales are absent but sandstone ocours in lenses from
0 to 2 feet thick; here the sandstone lies in erosional channelways
and fills solution caverns approximately 15 feet below its upper surface.
At Shell Canyon black shale stringers are intercalated with thin lenses
of sandstone and argillaceous varicolored dolomites to a depth of about
ten feet. At Crooked Creek Canyon limited outerops are found to con-
sist of incompetent, thin-bedded, fetid dolomites; these are cherty,
erystalline, and ocontain vugs partly filled with black carbonaceous
material.

From the sandstones at the base of the cliff-forming Madison, Dr.



22~

Wilbert H. Hass, U. 8. Geological Survey, has identified the following
conodonts and commented:

"Collection 187...Among them are many specimens of Siphonodella
duplicata, S. guadruplicata, Polygnathus inornata, and Spathognathodus
aofeﬁbnﬁaﬁus together with & fewer number of Siphonodella sexplicate
and Polygnathus communis. Dinodus ¢f. D. fragosus, Gnathodus sp.,
and Pse opa;ygnathun sp. are each represented by a single specimen.
This fauna is definitely from the lower Mississippien. There are,
however, four specimens of lcriodus in the materisl that was examined;
their presence indicates not only that the fauna is a mixed one but
also that rocks of Devonian age may be present in the vieinity of Shell
Canyon. Dr. David Dunkle of the U. 8. National Museum examined the
fish fragments of collection 187. He recognised them as belonging to
a member of the Bradyodonte sharks. These fish are typical of the
Carboniferous though he states that a few have been reported from the
Upper Devonian.

Colleotion 93...The collestion contains a single recognisable lower
Mississippian conodont, Polygnathus inornata. However, a larger collection
would need to be examined before any positive statement could be made re-
garding the age of the rocks from which the collection came."

On the fossils from the dolomite into which the conodont-bearing

sandstone of Tensleep has channeled, Dr. G. A. Cooper, Smithsonian

Institute, has commented:
"ceespecimens..93..poor....The Spirifers look like Three Forks Devonian
Spirifers but on the other hand they could be Mississippian.....Nothing in

the collection is even suggestive of Jefferson which has an entirely diff-
erent suite of Spirifers..”

The base of this sequence of doubtful age has been placed below 2
sequence of indurated, laminated, allcareous claystones at Tensleep. Here
a three-foot series of eroded, conglomeratic carbonates is believed to
denote the top of the Ordovician.

At Shell Canyon (see frontispiece) the base of the Devonian (?7),

Kindarhoakiag (?) sequence has been established on the basis of lithology
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and fauna. Lithologically, the base underlies a series of shales,
sandstones, and dolomites with high percentages of clastic residue.
Dr. G. A. Cooper has identified the following specimens from the
sediments below the Devonian (?) - Kinderhookian (?) sequense and
commented as follows:

"Locality Numbers 207 to 210 belong in the high Ordovieian. The
specimens are listed as follows:

207-208

Calymene sp. ?
Sowerbyella

E. Streptelasmsa
Rhynchotrems perlamellosa
Dalmanella aff. tersa

209 Austinella ? sp.
Rhymcotrema perlamellosa?
Opikina?

210 Dalmanellid
Sowerbyella

In light of the foregoing, it is here suggested that remnants of
Kinderhookian (7) beds are present both at Tensleep Canyon and at Shell
Canyon. By reason of faunmal similarities, mixed fauna, and stretigrephy
similar to that at Shoshone Canyon the beds immediately below the Kinder-
hookian (?) beds are designated as Upper Devonian (7). As postulated
above the maximum thickness of Kinderhookian (?) beds is about 10 feet.
LIMESTONES AND DOLOMITES s

With exception of the Madison section at Tensleep, the two upper

members of the Mission Canyon formation in the Bighorn Basin consist



-24-

mostly of limestones. In the remainder of the Madison section, lime-
stone percentages vary with locality and member. The table belowshows
this estimated variation.

Approximate Percentage of limestone and dolomitic limestone

Owl Crk  VWnd Rvr Tnslp Shll Orkd Ork Shshne
lllc& 2 65% 80% 30% 90% 70% 85%
MC 3 20% 5% =B% 20% -5% 26%
L1 T0% -5% -5% 40% 36% . 60%
L2 (0% exp) =b% 0 26% 35% 5%
% of 86% 19% 13% 43% 32% 43%
section

Average percentage of section in basin----35%.

The dominant limestones are fragmental, ineluding both calcarenites
and calecirudites (see Plate X). Madison limestones are very similar to
the second type of Pettijohn (1949, p 306). The existence of silicified
fossil fragments in a rock wherein whole fossils are unsilicified pro-
vides evidence of the character of these sediments which may in part be
washed debris from biohermal growths. At the southern extremities of
the basin the limestone lithology varies to caleilulites or sublitho-
graphic limestones with clastic affinities. This variation toward the
south is accompanied by & color change from shades of gray to shades of
brown; also, fossil content decreases to the south. These changes in

color, texture, and fossil content may well be related to distance from
the Mississippian shore line.
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Sloss (1947, p 110) cites the Mission Canyon formation of
central Montana as an example of & normal marine platform deposit.
Upper Mission Canyon sediments of the northern Bighorn Basin may
with modifications be similarly classed. From variations exhibited,
upper Mission Canyon sediments to the south may be more properly
classified as marginal deposits; it seems reasonable that in such
an environment chemical sublithographic sediments may be present.

The dolomites of the Madison ococur predominantly in the
Lodgepole formation and are most extensively developed in the L 2
member. That these sediments may have been deposited as normel marine
limestones is suggested by: (1) variations in dolomite texture which
can be interpreted as reflecting original limestone structures;

(2) fossil content; (3) association with what appear to be normal
marine, fossiliferous, fragmental limestones in the upper portions.
Whether an inferred diagenetic dolomitiszation proceeded penecontemp-
oraneously is, of course, problematical.

The dolomites of the uppermost L 2 member appear to have been
formed penecontemporanecusly or deposited chemically. Persistent
dolomite bands grade abruptly into limestone bands above and below;
while this mode of occurrence does not make for a unique interpre-
tation, it suggests, nonetheless, that dolomitization or dolomite
deposition proceeded prior to deposition of the overlying gradational
limestone bande. Thin sections of the dolomite, of the gradational

dolomitic limestone gzone, and of the limestone show every gradation
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from fragmental limestone through partly dolomitized, fragmental
limestone to dolomite. Near the contaet zone relic outlines of
limestone fragments are preserved in the dolomites. BEpigenetic or
diagenstic dolomitization which could select clear-cut continuocus
stratigraphis intervals should be evidenced in some manner by insol-
uble residue contents or partings between bands; such are not apparent.
Cloud and Barnes (1946, p 94)and Hewett (1931) have discussed similar
occcurrences of dolomite., It is interesting to note that these banded,
gradational, dolomites and limestones in the Madison ocour below an
unconformity; end further, the percentage of clastic insoluble residue
increases as the unconformity is approached from below. It would seem
reasonable in light of this that these banded dolomites are related to
changes in sea level. The statement of Twenhofel (1932, p 348) that
magnesium carbonate enriclment may be related to a base level of deposi-
tion could rea:anablyviq invoked to explain these banded, gradational,
dolomite depositas.

The carbonates of the L 1 member vary from dolomites through
caloitic dolomites to dolomitic limestones. A characteristic feature
of this member is the clastic nature of its sediments. The dolomitie
limestone and calsitio dolomite facies contain oolites, carbonate frag-
ments, frosted quarts graing and quarts anhedrons; these sediments
embody dolomitized fossil casts. Dolomitic facies are locally well
ocross~bedded and consist of anhedral, corroded, closely packed dolomite

grains and quartz silts with a small amount of interstitial caleite
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"flour” (see Plate XII). These sediments enclose fossil shells which
sappear to be of original material as evidenced by their pearly lustre.
This suggeste that from an original dolomitic limestone, the dolomite
particles were separated, by virtue of their resistant nature, sise,
or other physical property, and redeposited under current action.
Close packing of these clastic dolomites would prevent subsequent
leaching; coarser detrital limestones would, a priori, admit of sudb-
sequent solution work and leaching to a greater degree than would ob-
tain in the clastic dolomites. Pettijohn (1949, p 315) has remarked
that limestones which are incompletely dolomitized diagenetically
show euhedral dolomite rhombs, while complete recrystallization pro-
duces medium to coarsely crystalline anhedral dolomites. Examples
of diagenetically dolomitized limestones from the uppermost L 1
member are shown in Plate VIII. Textural variations between facies
of the L 1 member are interpreted as resulting from varying degrees
of diagenetic delomitization with subsequent solution and leaching
by marine waters. Features listed by Van Tuyl (1916e, p 258) which
suggest this type of dolomitisation are: (1) failure of dolomitiszation
to follow secondary structures, (2) existence of perfect dolomite
rhombs in imperfectly altered limestones, (3) uniform distribution of
mottling, (4) dolomites overlain by limestones or thick shale beds.
The presence of abundant fossils in the L 1 beds may account
for the dolomitigation observed; the unconformity above may be = neces-

sary factor. Sloss (1947, p 111) has mentioned that the scross-bedded,
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barred-basin dolomites of Montana are unfossiliferous, and evidence
precipitation from abnormally concentrated solutions. The presence
of abundant fossils in fhe'cross—bedﬁed dclomites of the L 1 member
tends to preclude this otherwise appliceble interpretatiom.

The lower Mission Canyon rocks may be veriously interpreted.
These sediments show varistions from dolomitic limestone to dolomites
(see Flate IX). The extreme peueity of fossils and uniformity of
texture and color suggest chemical affinities. Daly's theory (1909)
of direct dolomite precipitation is held to be objectionable by many;
the precipitation of dolemite is considered by Twemhofel (1932, p 339)
to lie entirely within the realms of theory. Nonetheless, the charac-
ter of these fine-grained sediments of Mission Canyon age are believed
related more to sedimentary environmental factors than to diagenetiec
processes. Bslow the MC § sediments is an unconformity merked perhaps
by desiceation (?) breccias, solution-worked deposits, or penecontemp-
oranecus conglagoratoa. Within the MC 3 rooks sre extensive collapse
brecciag; below them are no collapse breccias. Solution sectivities in
the MC 3 Mission Canyon sediments appear to have been confined, in the
main, to small areas. The inference that these sediments are related
to partially landlocked basins, perhaps with local evaporite affinities,
while specuiative, seems reasonable.

INSOLUBLE RESIDUES

The history of insoluble residues and their application to corre-

lation studies in Missouri was first published by McQueen (1931).
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Independent developments elsewhere indicated the widespread appli-
cation of insoluble residues to stratigraphic studies. A standard
nomenclature was necessitated by the provincial terms established;
standardization was completed by Ireland et al (1947). Recently,
Grohskopf and MoCracken (1949) have published an informative state-
ment on Missouri Paleoszoic residues; those unfamiliar with residue
preparation and analysis will find this paper a very useful guids.
Insoluble residues have been evaluated, generally, in regard to their
correlation properties; this has been their prime application. Few
results have been published which interpret residue material in light
of ledinQntary environments or in light of post depositional processes
to which the sediment has been subject.

Different workers have obtained outerop samples for insoluble
residues both by channeling and by spot sampling. The variations re-
sulting from an application of these different methods have been dis-
cussed by Goldich and Parmelee (1947); in their study no great differ-
ences were noted. In the present study an effort was made to obtain a
continuous channel sample. It is believed that sedimentation processes
can be extrapolated more exactly from the results of channeling procedures.
In correlation work constituents of insoluble residues are most gener-
ally used. A lesser use has been made of residue percentage. Cheney
(1940, p 71, fig. 3) has incorporated percentage information in corre-
lating Mississippian and Ordovician formations in Texas. Sloss and

Hemblin (1942, p 331) have presented amounts of insoluble residues as



volume percentages in their Montana Madison study. In the current
study percentages of residue by weight have been found of value.
However, the use of volume percentages is time saving and should
provide satisfactory results.

The residues of the Madison in the Bighorn Basin include vary-
ing percentages of silicified fossil debris, modified and unmodified
cherts, modified and unmodified gquartz, sands, limonite, hematite,
clays, collophanite, and minor accessories. Insoluble residue logs
and correlations of the Bighorn Madison are shown on Chart IV in
pocket. The following eriteria are established in relation to these
residues and their correlation properties:

(1) Fine to coarse quartz sand with finely pitted grains denotes
the base of Osagean Madison. |

(2) Waxy, green shale fragments in conjunction with high percent-
ages of clastic material mark the base of the Mission Canyon MC 2 member.
Low percentages of residue consisting of abundant fossil fragments
characterize the upper part of the MC 2 member.

(8) Aggregates and silts of very finely dolomoldiec, micro-
erystalline quartsz, finely dolomoldie cherts, and clays characterise
the MC 3 member.

(4) Chert forms resembling aggregates of small oolites or grains
in association with clays, quarts sand, silts, and hematite "flour"
characterize the Lodgepole L 1 member,
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(6) The virtual absence of residue, with few exceptions,
characterizes the Lodgepole L 2 member.

(6) Relatively high percentages of clays in association with
anhedral to euhedral quartsz frosted by micro-crystalline quart:
growths, cherts, and silicified fossil fragments denote unconformity
gones.

(7) Changes with depth (i.e. increases or decreases) in the
percentage curve of the clastie insoluble material may be used for
correlation. As may be seen on Chart IV a close correspondence
exists between variation in amounts of clastic material orfzklndl of
siliceous residue.

With the exception of the first two correlation criteria noted
above no single residue can be used to define positively a strati-
graphie interval; several residues from an intervel must generally be
used for this purpose.

It is believed that from chamnel sample residues changes in the
direction of slope of the clastic residue content curve may be of
value. By interpreting this information in combination with occurrences
of modified siliceous residue, enviromnmental and postdepositional pro-
cesses should become more clear.

BRECCIAS

Breccias are well developed in the Madison of the Bighorn Bgsin.

Certain of these bear relation to correlatable unconformities. In this

regard special mention is made of the Madison breccias.



Three types of breccias may be differentiated in the Bighorn
Madison; characteristics differentiate them. The first type is be-
lieved to be a landslide or slump breccia. Distinctive features
include (1) plastic deformation of cobbles, (2) gnarly, contorted
laminations, (3) erratic basal contact over short distances, (4)
relatively small stratigraphic thickness, (6) no foreign fragments,

(6) impersistency and lateral variations and (7) undisturbed bedding
immediately above and below.

Somewhat similar occurrences have been described by Euenen (1948),
v Straaten (1949), and numerous others. Deformations of this type may
be attributed to submerine landsliding precipitated by pressure varia-
tions from wave action, by seismic disturbances, or by gravity flow.
These breccias bear no apparent relation to stratigraphie position,
unconformity, or porosity. Examples are noted at Tensleep (390 feet)
and at Shoshone Canyon (200 feet).

The second type of breccia occurs at the Mission Canyon-Lodgepole
contact and loocally at the base of the L 1 Lodgepole member. This type
which bears definite relation to stratigraphic position, is believed to
be a modified "desiccation" or "sharpstone conglomerate®™ breccia. Some
or all of the following characteristiocs are noted:s (1) persistency over
long distances, (2) angular, pebble sisze fragments of hackly character
locally associated with subrounded, semi-smooth pebbles, (3) occurrence
of two or more beds of breccia within a given stratigraphic interval,

(4) chert fragments, (5) assosisted intraformational conglomerates and



33~

sedimentary hematite at nearby horizons above, (6) lithologic trans-
itions sbove the breccia conglomerate interval with local collapses
caused by solution, (7) large amounts of residual guarts frosted by
micro-crystalline secondary growths, (8) relatively large amounts of
clastic residue. (It was noted that in the intraformational con-
glomerates oolites with hematite and sand nuclei served ss a matrix
for wellerounded pebbles composed of similar oolites.)

Breccias with similar characteristics have been described by
Norton (1917, p 178), Shrock (1948, p 67, 69), Pettijohn (1949, p 210).
From the above associated features these breccias are believed to have
originated partly as the result of dessicatioh and partly as penecon-
temporaneous "sharpstone conglomerates”.

The third type of breccia ocours only at the base of the Mission
Canyon MC 2 member and is the most extensively developed in the Madison.
It bears definite relation to stratigraphy and porosities; lateral
variations in its characteristics appear significant, Typical outerops
are found at all localities, while variations are noted at the northern
and southern extremities of the Basin.

The distinotive features of this breccia are: (1) persistency
eccompanied by lateral variations in lithologic features, (2) locally
graded with smaller fragments at base of breccia, (3) conglemeratiec
affinities at base, (4) fragments with exotic lithology, (5) subangular
end angular fragments as well as plastically deformed fragments, (6)

varying degrees of cementation by a marly matrix, (7) gradational upward
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into massive limestone, (8) locally, boulders of bresccia ocour in the
breccia, (9) irregular basal contact marked by sporadiec occurrences
of green shale, (10) locally with contorted, indistinet bedding
planes, (11) fragments, whose lithology and insoluble residues are
similar to those of underlying beds, occur high up in the brececia
sequence, (12) the brececia delimits very fossiliferous, fragmental
rocks above from unfossiliferous, nonfragmental rocks below.

At what is believed to be the same horison in the Pryor Mountains,
Sloss and Hamblin (1942, p 323) refer to this interval as "solution
breccia”. In the Bighorn Basin diverse lithology was noted; fluorite-
bearing dolomites in the breccia at Shoshone were found elsewhere in
the Madison only at a horizon about 150 feet below the brececia; at
Wind River 1 foot thick sandstone lenses were found in the breccia;
at Tensleep discordant bedding planes were noted; at Owl Creek lenses
of dolomite were found in the breceia; at all localities green shale
fragments were found in the marly matrix. Berry (1943, p 16) mentions
a limestone conglomerate at the base of the massive " jaspery limestones"
of the Madison "formation" west of Three Forks, Montana. This conglom-
erate appears to be stratigraphically correlative with the breceia de-
seribed herein. Tourtelot and Thompson (1948) have noted this same
breccia in the Boysen Area, Wyomihg. Near Alcova, Wyoming, Lee (1927,
p 52) mekes mention of an "uneven contact as if by erosion" 735 feet

below the Amsden-Madison contact and at the base of & massive limestone;
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this surface appears to be stratigraphically correlatable with this
same breccia sequence. If the horizons noted by Lee and Berry are
correlative, indications are that the causes of the breccia-produeing
processes were manifested over a wide area. Breccias with some
characteristics similar to those noted above are desoribed by King
(1948, p 63, 86), MoKee (1938, p 126), Woodford and Harriss (1928,

p 279), Miser (1934), and Van Tuyl (1916b, p 122).

The characteristics which the breccias exhibit may be inter-
preted as suggesting an origin related to deformetion while sediments
were yet plastiec in addition to erosional and depositional processes
following & tectonie disturbance. The breccias are thicker and more
angular at the northern localities than at the southern localities.
Red Amsden silts which permeate the breccia at Crooked Creek evidence
postdepositional activities. It seems reasonable that tectonic wplift
may have resulted in submarine landsliding of plastic MC § sediments;
this uplift may have formed land masses to the south from which sands
and green shales were derived. Continued uplift may have resulted in
shallow basing where sorting and deposition continued. Locally, the
lithology and many of the features exhibited by the breccias suggest
the presence of reef structures. It ie conceivable that tectonie
uplift may have created enviromments favorable for biocherm development;
the overlying fossiliferous, fragmental limestones lend additional

support to this view. An unconformity of considerable extent resulting



from tectonie uplift is believed evidenced. While these breccias
may have an alternative explanation, it is difficult to conceive
how they may be explained solely as collapsesfrom solution of
eveporites or limestones, or from wave astion. However, it is in-
deed possible that uplift may have resulted in the fmntion of
landlocked basing wherein evaporites and limestones were deposited.
Continued uplift followed by erosion and by solution of the evapo-
rites and limestones appears reasonable from this point of view,
POROSITIES

Development of porosity in calcareous rocks has long been a
controversial subjeet. Insufficient analyses prevent a detaliled dis-
cussion of porosity at present. However, the features observed in the
Madison which pertain te this problem are summarised below.

(1) Progressing from southeast to northwest across the Bighorn
Bagsin (going seaward) the ratio of dolomites to limestones decreases.
Steidmann (1911) has discussed the relative solubility of limestone
and dolomite. The variation noted here may be a function of relative
solubilities. From the reasoning of Van Tuyl (Cloud and Barnes, 1948)
this variation may be related to water depth and temperature.

(2) Unconformities, dolomitigzation, and porosities within the
Madison sediments of the Bighorn Basin are qualifiedly related:

(a) Appreciable porosities were observed in dolomites and
dolomitic limestones below unconformities; on the other hand, some
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dolomites below unconformities were observed to have very insppre-
ciable porosity. The discrepancy appeared to be sclely a function of
varying resistance to leaching. Appreciable porcsities were noted in
slean dolomites embodying large wvugs, many of which reteined relio
fossil outlines, and in partially dolomitized limsstones from which
some ocalcite appeared to have been selectively removed. Inappreciable
porosities were occasioned by unlesched fossils and intergrain cal-
cite "flour™. One noteble difference obtains between these rocks.
Those which have little porosity consist of clastic, cross-bedded
dolomites. This suggests thet clastic dolomite facies were compacted
to such a degree that percolation or flushing phenomena were prohibited.
Porosity developments in these sediments appear to be directly related,
not to the amount of dolomite nor to the degree of dolomitization, but
to the "cleanness™ of the dolomitized rock.

{b) The degree of dolomitisation in the Mission Canyon MC 3
member was intimately related to growths of secondary, micro-crystalline
quartz which could easily be traced across bedding planes by observing
weathersed color and hardness; the quartz was associated omly with
erystalline dolomite. In addition to modified quarts sggregates in
the residue, a fine pattern of fracture-filling quertsz was cobserved.
Evidently, here fractures below an unconformity formed channelways for
sclutions whioch deposited silica thus reducing the porosity. Caleitie

rock which remeined undolomitized even though porous contained no
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appreciable quarts. Here, the close association of quartz and
dolomite implies a related growth. Silicification was more inten-
sive in the younger strata and outerop relations suggested that the
solutions came from above.

(3) A singular occurrence of dolomitisation may be seen at
Shoshone Canyon. Dolomitised portions occur as resistant, isolated,
bedded concretions or pseudo-boulders in a bed of highly-fractured,
fragmental and micro-granular limestone. These forms resemble small
bicherms, which their bedded nature shows to be untrue (see Plate
XIII). Dolomitization in this case seems to have proceeded upwards
from the fluorite-bearing beds immediately below. Forms similar to
those noted above have been described by Van Tuyl (1916a, p 255).
Isolated patches of dolomitisation in areas of ore deposition have
been described by Hewett (1928). This mode of occurrence suggests an
origin related to artesian percolation somewhat similar to that
suggested by Landes (1946). That dolomitiszation here was epigenetic
sesms most probable. If these features are correctly interpreted,
the circulation of artesian waters may have had significance in the

dolomitization of the Madison sediments of the Bighorn Basin.

CORRELAT ION DATA
STRATIGRAPHIC CHERT

Within the Madison formations, both the presence and absence of

chert proved helpful in correlating. The following generalizations are
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drawn between character, mode of occurrence, and stratigraphie
position.

Cherts vary from abundant to scant within the Mission Canyon
formation. Three distinet types, with nndifi@ationa, were noted.
These types, although not wholly analogous to the types described
by McKee (1938) show definite similarities.

Type 1 cherts occur in irregularly shaped nodules which weather
dark gray to brown. They consist of granular to subporcelanous chert
enclosing varying percentages of quarts erystals or grains. Miocro-
scopic analysis shows a gradation from well developed, coarse quarts
erystals through miero-crystalline quartz to finely granular siliea.
The same kind of chert is noted as occurring infrequently in thin beds;
this mode of occurrence shows paucity of quartz orystals or grains

but embodies abundance of silicic micro fossils and silicio fossil
fragments.

Type 2 cherts ocscur as irregularly shaped nodules and as con-
cretions; these are yellow, red, white, gray, and brown zoned cherts.
No fossils or recognizable nuclei were found in these forms. They
appear to vary from "jasper" to chalcedony. The surface is commonly
covered with a tripolitie coating.

Type 3 cherts occur in lenses conformable with bedding planes and
locally as layers in thin oross-beds; these consist of laminated, dark
to light gray, granular silica which weathers dark brown to yellowish-

brown. The bedding surfaces of these cherts are modified by depressions
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which resemble casts; however, weathering may have produced this
effeot.

Cherts of type 1 are dominant in the MC 1 member; they occur
sporadically in the MC 2 member. Cherts of type 2 are dominant ih the
MC 2 member only. Cherts of type 3 are dominant in the MC 3 member
but their presence is also noted in member MC 1. Modified forms of
chert residuals are found in the Wind River MC 1 membor (see Plate I, A).

Within the Lodgepole formation cherts are generally absent or
scant. They are present erratically in the top beds of the formation
and at the L 1--L 2 contact. The erratic cherts in the Lodgepole are
nearly always nodular or in small pod-like lenses. These lie conform-
able with the bedding.

A singular ogeurrence of white, graenular chert which varied to
chalesdonisc chert was noted in the Lodgepole formation at Shoshone
Canyon and at Crooked Creek.

The chert at the L 1 to L 2 contact, described on page 18, was
unique. Oolites in this chert have guartz centers which are surrouunded
by fine bands of red and yellow, "jaspery" chert, all of which are en-
closed in a red to gray matrix of chalcedonic to poreelanous chert,

N

INSOLUBLE RESIDUE CHERTS AND MODIFIED QUARTZ

Some noteworthy examples of modified siliceous residue were ob-
tained from the Madison sediments. Clay fractions were not separated
from the coarser portiong of the insoluble resgidue; separation of the
clay size fractions would have permitted readier distinction of the

constituents.
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Dolomeldic and dolomorphic "cherts” and unmodified cherts
were observed to bLe of stratigraphic prominence at or near uncon =
formities, e. g. MC 3+=3C 2, L 1--L 2 as shown on Chart IV. These
fcherts® were génerally of a finely granular variety. They commonly
vary to finely granular quartz. The modified forms of these tended
to be of larger average size than those of scattered occurrence in
the section; however, many exceptions to this exist.

Silicified foseil remains and quartz (both modified and unmodi-
fied) were observed below unconformities, e.gs L l=-L 2 as shomm on
Chart IV. The two were not always noted in econjunction. Silicifica-
tion has been related to unconformities by Howell (1931) in his study
of beekite rings. Whether silicified fossils and quarts at given
horigzons, may represent silicification during hiatuses of deposition
or during a subsequent percolation is not known. However, higher
relative amounts of anhedral frosted quartz may suggest residusl de-
posits; euhedral and subhedral quartz crystals mgy be interpreted to
indicate growth unimpeded by enclosing sediments which can be visual-
ized as occurring on the sea bottom during hiatuses in deposition or
in unsolidified sediments.

A preponderance of dolomoldic and dolomorphic cherts was obtained
from Misdon Canyon sediments (see Chart IV). These cherts occur in
the breccia at the base of the MC 2 member, sporadically in the MC 1
member, and in minor amounts in the MC 3 member; large fragments of
chert with infrequent casts (?) or pits on the surface were found pre-
dominantly in the MC 2 member.
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Oolitic granular cherts occur in the ¥C 2 and L 1 members at
Shell and Tensleep. From stratigraphic position those in the L 1
member are correlated with oolitic limestones at other localities.
Within the L 1 member these "oolites" exhibit no concentric structure
and occur singly as grains or in aggregates, which are commonly
surrounded by a delicate shroud of quartz.

Filigree, dolomoldic quartz is preponderant only in the MC 3
member (see Plate IV). Frequently associated with this quarts are
small chert granules. The granules grade from dark gray chert at
their interior through light colored chert and quartz to micro-crystall-
ine quartz at the exteriors. This is believed to result from solution
activity which was concomitant with or followed the MC 2 unconformity.
SAND ARD QUARTZ

Sand and quartz from insoluble residues of Madison sediments
furnish the most reliable single correlation criterion. In this study
quartz is divided into (1) umnmodified and (2) modified. The urmodified
refers to drusy quartz clusters and euhedral through anhedrsl quarts;
modified refers to dolomorphic and dolomoldic quartz. Using this
clasgification the following generalizations can be stated:

(1) Unmodified quartz and allocthonous quartz grains are charact-
eristic of the Lodgepole L 1 member. A sandy facleg is present at the
base of the memberj this sand is composed of rounded chert grains and
well rounded quartz grains wk;.teh have finely pitted surfaces. Size
digtribution varies from silt-size to very fine with occasional fine-

sized grains.
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(2) Medium-sizmed, angular sand grains occur within the MC 2
breccia in conjunction with high percentages of clay, low percentages
of diagnosiic green shale, and cherts. From their associations these
sands are easily differentiated from those in the L 1 member and those
at the bage of the L 2 member.

(3) Unmodified quarts of irregular shape and varied size, as
well as euhedral and subhedral quartz, marks the top of the Lodgepole
formation and the top of the L 2 member; these grains are commonly
frosted with growths of micro-crystalline quartsz.

(L) PFinely frosted sand grains of coarse to medium size charact-
erize the bage of the Madison at 211 exposed localities. These are
aasociated with infrequent grains of glsuconite and accessories.

GRAIN SIZE

CGrain sizes are of definite value in establishing correlations
within the Madison group. Broadly speaking, the Mission Canyon forma-
tion consists of micro-sized carbonate particles. The Lotigepole forma-
tion consigts of coarse to very fine particles. The following data are
found valuable for distinguishing the fomtion_ menbers.

The MC 1 and HC 2 members consist predominantly of irregularly
ghaped, varisiszed particles which consist of micro-granular carbonate.
Numerous micro and mega fossils are associated with these fragments.
The metrix varies from sublithographic limestone to coarsely crystalline
caleite; infrequently dolomite occurs as matrix material. The dominant
texture is micro-granular to sublithographic (see Plate X).
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The MC 3 member consists of micro- to very fine dolomite part-
icles in a micro-granular calecite matrix. Uniformity of texture is
very noticeable. Loocally the calecite has been leached away leaving
a miero~ to very finely orystalline dolomite (see Plate IX).

The L 1 member may be differentiated from the overlying MC 3
member by comparing particle sizes. In the clastic cross-bedded
dolomites the difference is not quite so apparent(see Plates XII,VIII).
The erystal and grain size of the uppermost L 1 varies from coarse to
very fine, distinoct from the fineness of the MC 3 sediments above.
Crystal development varies between individual L 1 beds; very finely
erystalline dolomite and calcite form the matrix of oolitic limestones
in lower L 1.

The L 2 member is not easily differentiated by ite grain sise.

An extreme variability is noted. The more porous portions are
characterized by medium to very fine sizes of euhedral and subhedral
dolomite crystals. The more compact portions seem toc be of smaller
sized, anhedral crystals or grains (ses Plate XI).

ACCESSORY Axﬁ CLAY MINERALS

Ho correlations could be substantiated on the basis of kinds or
amounts of accessories present. The presence of fluorite at Shoshone
Canyon (both in the MC2 bregeia and beds below) proved to be unique
in the Madison. King (1948, p 160) mentions a similar occurrence in
the Permian of Texas. Milmer (1840) has discussed sedimentary ocour-
rences of this mineral. No explanation is offered for its presence in

the Madison.



Clay minerals have been little analysed in this study. Through-
out the L 1 and MC 2 members appreciable percentages of clays were
noted. Increascs and decreases of these percentages offer corobora-
tive correlation evidence, as exemplified by the tasal sediments of
the Madison, the L l-+L 2 contact, and the MC 2 breccias. Relatively
high percentages of clay in certain gsones may possibly relate to sub-
serial soil developments. Correlation work by Grim (1937, 1947) has
indicated that clgys may be an important factor in correlations and
in petroleum recovery. It is not impossible that the kind of clay in

carbonate rocks may be a factor in dolomitization.

GEOLOGIC HISTORY AND SUMMATION OF SUGGESTED ROCK GENESIS

Exposed areas which contributed the clays and sands to upper
Devonian yediments had been reduced by lates Kinderhookian tims to
near base level. Nild diastrophism during lower Mississippian time
may have caused redistribution of existing sediments, thus giving
rise to the unconformity desoribed on page 21. In view of features
characteriszing the unconformity, local subaerial exposure seems probable.
Osagean Madison sedimentation is assumed to hu;e commenced with a lower-
ing of land levels which caused a southeastward transzressing sea and
gave rise to varying amounts of clay in the basal Osagean, Lodgepole
carbonates. Continued sinking and flooding gave rise to deposition of
fragmental and normal marine limestones. Muds and oozes of these sedi-~
ments were probably dolomitised before solidification; fossils and

fragments appear to have been leached after solidification when the



rock had strength to maintain the voids produced during leaching
processes. During late L 2 time sediments were built close to a
base level of depeosition; that dolomitisation followed changes of
the base level is suggested by the banded deposits discussed on page
25. Shallow water enviromments at the end of L 2 time are postulabed
in light of increasing emounts of insoluble residue believed in part
to be redistributed products from eroded L 2 carbonates. Erosion in
excess of deposition marked the transition from L 1 to L 2 time, as
indicated by lithology. Subaerial exposure within the area of the
Bighorn Basin during late L 2 time does not seem probable,

Following the hiatus at the end of L 2 time, clastic fragments
of limestone and sands were deposited in a shallow L 1 sea. L 2
sediments of southern areas were conceivably transported further from
shore. Sedimentation proceeded with sinking of the L 2 basin. Intra-
formational oolitic conglomerates with sandy, hematitio, and oalitio
matrizes were formed in shallower waters, presumably from wind and
wave action., Current action prevailed during this time of compara-
tively rapid deposition with clastic sediments predominating. Culmina-
tion of this period of deposition was caused by depletion of sourece
sediments or cessation of basin sinking; organic forms became abundant
and widespread. That the uppermost sediments were partially dolomitized
diagenetically through marine processes is suggested by textural varia-

tions; psuedobreccias were formed during the dolomitization process.
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Conglomerates and depositional breccias were laid down during the

L 1 to MC 8 hiatus; subaerial exposure may locally have been effected.
Conceivably, the formation of partly landlocked basins marked the end
of L 1 time.

Deposition in kc 3 time may have proceeded in more highly saline
and magnesisn waters since orgenic remains are not in evidence. Uni-
formity of texture and fossil scarcity suggest that sedimentary pro-
cesses during this time interval were dominated by chemical factors.
The end of MC 3 time appears to have been marked by differential
changes of sea level. At this time tectonic activity, suggested by
breccia fragments of diverse lithology, may have brought about -environ-
ments suitable for algal and coral growth. A widespread period of
erosion and solution is reasoned to have enmsued. During this period
solution may have caused local collapse breccias in the MC § member.
Distribution of secondary silica, dolomitization, and calcite solution
in NC 3 sediments are believed to have characteriszed this erosional
interval.

In NC 2 time & moderately shallow water, marine enviromment is
assumed in light of the lithology deseribed on page 24. Life became
prevalent; reef and biohermal growth may have prospered. Gradusl
regional uplift may have caused lagoonal and shoal enviromments, as
suggested by sublithographic textures in the MC 2 sediments. Fragmental
limestones may have originated from earlier deposited sediments or as

_orasional debris from MC 2 sediments.
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The transition from MC 2 to MC 1 time seems characterized by
influx of clay and sand. Additional influx of terrigenous material
effected by regional uplift supposedly marked the beginning of lower
Amsden time.

ECONOMIC POSSIBILITIES

Agide from structural traps oil possibilities within Bighora
Madison sediments are governed by sxistence of porosity variations,
fracture permeabilities, unoconformities, and reefs. It seems not
improbable that conditions favorable for economic accumulations may
exist within the Basin, and that favorable conditions may be indicated
in adjoining areas.

No appreciable porosity exists within the Mission Canyon MC 1
and upper MC 2 members which form an impervious cap over eolder sedi-
ments. Porosity below the MC 2 member is apparently related to the
MC 2--MC 3 unconformity. Within the MC 3 member porosities at Shell,
Crooked Creek, and Wind River are lacking in large part at Tensleep,
Shoshone, and Owl Creek; this lateral variation seems to be a function
of dolomitisation, solution, and silicification, Solution breccias in
the MC 3 member at Crooked Creek and Tensleep indicate removal of
appreciable quantities of material. This solution activity may have
created caverns and voids which are locally mpporeoé by competent
silicified carbonates, similar in form to occurrences of sscondary

porosity in the Kevin-Sumburst Field in Montana.



Porosities within the Lodgepole L 1 member vary; appreclable
porosities exist at Tensleep and Shell. While dolomitisation within
this member has been extensive at Wind River, primary porosities
here are inapprecisble and secondary porosities are not abundant.

Appreciable porosities occur in the L 2 sediments. These de-
velopments are largely a funotion of leaching and dolomitiszation;
secondary developments are more dominant than primary. Sediments of
Shell Canyon ylelded an oily to tarry insoluble residue throughout
this member.

The importance of unconformities in carbonate rocks has long
been kmown. Those unconformities within the Madison which delimit
porous gones are the MC 2--MC 3 unconformity and the L l-- L 2 un-
conformity. Extended correlation of these in conjunction with
isopach data may indicate areas worthy of investigation.

From examination of the Shoshone section, which has been sub-
jeoted to stresses, it would seem that the abundant fracture patterns
contribute much to the porosity developed there. Appreciable degrees
of fracturing were noted particularly in lower Mission Canyon rocks.

Worthy of mention is the possibility of reef structures within
Madison sediments of the Bighorn Basin and adjoining areas. Osagean
Mississippian reefs in New Mexico have been recogniszed by Laudon and
Bowsher (1941). The striking similarity of many features exhibited

in the MC 2 breccia to features of known Mississippian reefs suggests
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their presence in the Bighora Madison. It seems reasonable that
environments suitable for reef formation in the Wyomihg Madison may

| have existed by reason of (1) transgressing seas during lower L 2 time,

(2) regressing seas during upper L 1 time, (3) basin deposition during

lower MC 3 time and (4) shallow water enviromments during MC 2 time.

With little else to indicate losation of favorable enviromments, the

areal extent of evaporite deposits in Montana may have significance.

Sloss (1947) has notoé that the margins of tectonically negative

areas should be favorable for biohermal growth, Partial change of

facies is noted within the MC 3 member; fine-grained, wniformly

textured, chalky carbonates in the south vary to clastic limestones

in the northwest. This might be interpreted as suggesting that during

upper MC 3 time the northern Bighorn Bgsin was a near limit of basin

deposition.

RECOMMENDATIONS FOR FURTHER STUDY

Analyses of Madison ssmples to determine the Cal--Mg0 ratio might
aid in delimiting sones. Further advantages may be realiszed in dealing
with facies changes and porosity variations.

The occurrence of oily residus at Shell Canyon in the Lodgepole
L 2 member and at Owl Creek at the top of the L 1 member may warrant
further investigation. Dried carbonaceous (?) meterial in a wuggy,
orystalline dolomite at the base (7) of the Madison at Crooked Creek
may likewise be significant.
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Clay fractions noted in insoluble residues during examination
appeared in significant amounts. The character of these clays may
relate directly both to dolomitization and to porosity through solu-
tion. Analyses of clay fractions from different calcareous sediments
for correlation with lithologic features is believed worthy of con-

sideration.

SUMMARY AND CONCLUSIONS

The Mission Canyon and Lodgepole formations (Madison group) of
central Montana are rieogniscd throughout the Bighorn Basin, Wyoming.
These formations may be differentiated by lithology and by insoluble
residues., In the main Mission Canyon strata are more massive and are
characterized in residues by modified and ummodified cherts, fossil
debris, and quarts. Lodgepole sediments are bedded and are charact-
erized by insoluble content of clays and sands or silts. The Mission
Canyon sediments are divisible into three members: an uppermost member
consisting of bedded, calcareous sediments with intercalated sands and
shales; a central member consisting of fossiliferous, massive lime-
stone and basal breccia; a lower member consisting of massive and bedded,
unfossiliferous, even-textured, calcareous rocks which exhibit lateral
change of facies. The lodgepole sediments are divisible into two
members: an upper member consisting largely of bedded, fossiliferous,
clastiec, calcareous sediments; a lower banded and bedded member con-

sisting largely of dolomite.
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Remnants of Kinderhookian (?) and upper Devonian (?7) sediments
osccur along the eastern margin of the Basin.

Kadison sediments consist, in large part, of dolomite the per-
centage of which decreases seaward (northward and westward). Some of
these dolomites are potentially petroliferous. The dominant porosity
’1- secondary and is related principally to leaching; the degree to
which leaching has been completed is dependent upom the character of
the original sediment. Below unconformities leaching appears to have
been more appreciable. |

Litholegie features suggest that Madison sediments were deposited
in merginal platform and basin énvironments. Thickness varistions and
eclastic content indicate that distribution of the lower and middle
Kisslssippian sediments was controlled by regional uplift to the
southeast. Local deformations during upper Osagean time are evidencelby
lithologic features and by wnconformities.
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PART II

DESCRIPTIVE DATA

The abbreviations and contractions given below have been used

in the deseriptive data that follows.

arg
b1(-)
br(-)
cale
g
crto(lyi
dol(s)
drk
fa(ly)
gr(-)
gran
1s(s)
1t

med

argillaceous
black(ish)
brown(ish)
calcareous
conglomerate
coarse(ly)
dolomite(s)
dark
fine(ly)
gray(ish)
granulayr
limestone(s)
light

medium

or

pk(-)

rnd(ed)
sl
sudy

tre(s)

x1(s)

yel(-)

orange
pink(ish)
quarts
round{ed)
slight(ly)
sandy
sandstone
trace(s)
very

with
white
erystal(s)
erystalline

yellow(ish)



LITHOLOGY DESCRIPTIONS

OWL CREEK CANYON
WIND RIVER CANYON
TENSLEEP CANYON
SHELL CANYON
CROOKED CREEK CANYON
SHOSHONE CANYON

66

72
82
98
104
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ONL CREEK CANYON

Sampling was started in the NBE/4, Sec 31, T 43, N, R 100 W, at a
location due south of a deserted homesteader's shack in the adja-

cent valley to the morth. This locality lies about five miles upstream

from the Anchor Ranch.

Amgden formation

20" Cliff-forming, massive sandstone.
37 Thin-bedded, blocky sandstones and dolomites with partings
of shale and claystone.

Mission Canyon formation

Units 639 to 635 constitute a thin-bedded sequence of dolomites which
weather brown to gray (number 639 marks the top of the sequence, number
636 the base). Breccia intervals occur within this sequence. The top
of the Madison has here been picked by lithologic change from carbonates
to saendstone. This was done also at the other localities. However,
this sequence is not separated from the Amsden by any indications of
erosion or unconformity. Argillaceous dolomites characterize the
uppermost beds, while unconformity zones may be evidenced by brecocia
intervals below.

638, 0-2.0 dol: arg, v 1t gr, micro-gran; porosity nons.

638, 2.0-3.5 dol: arg, v 1t gr to 1t pk-gr, micro-gran; brown
flecks; porosity none.

637, 3.5-13.3 dol: 1t pk-gr to 1t gr, micro-xln; infrequent med
vugs, occcasional crse calcite xls; 3' cherty, breccia
zone at base of unit; porosity none.

636. 13.3-20.3 1ls: fossiliferous, br-gr, micro-gran and ersly frag-
mental w micro-gran matrix; porosity none.

Unit 635 is a massive bed of limestone which westhers blue-gray and
brown. The top of this unit is a breccia with scattered quartz grains.
This breccia appears to correlate with outeorops of red-stained soil
which are noted in the locality. The top of this unit is believed to
mark an unconformity because of the relations mentioned.

635. 20.3-32.3 1ls: fossiliferous, fragmental, crsely to med-gran w
micro-gran matrix; breccia at top of unit w sndy, gran
dol matrix; porosity none.
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Units 634 to 630 inclusive constitute a series of incompetent beds
which are generally obscured by mantle. Bedding varies from thin to
very thin. No cherts are noted. (Number 630 marks the base of the
segquence.)

634, 32.3-40.3 dol: 1t br-gr, w pk staing, silt-size gran;
interbedded w v 1t gr, arg, miero-gran dol;
1/8" seams of fnly-gran ss; porosity none.

633, 40.3-49.3 lss fossiliferous, partly fragmental, br.gr,
erse to fn fragments and micro fossils in a
micro-gran matrix; porosity none.

632, 49.3-58.8 ls: fossiliferous, same as above but largely
micro-gran; v 1% gr, micro-gran dol interbedded;
porosity none.

631. 58.8-67.3 dol: v 1t gr as ebove; porosity none.

630. 67.3-76.3 dol: sl silty, arg, v 1t gr, micro-gran; in-
frequent, cree calcite nests; porosity none.

Units 560 to 672 constitute a massive limestone which westhers brownish-
gray and blue. Chert nodules and silicified fossils weather to a dark
brown on the outerop surface. The outerop surface is irregular with
scallops and ridges formed by differential weathering. Massive character
in interrupted by a banding caused by fracture patterns and weathered
color. The base of this sequence grades into s breeccia and conglomerate.

660, 76.3-80.8 lss cherty, fossiliferous, fragmental, oolitie,
1%t br-gr to gr-br, crse to med ls fragments and
colites in a micro-gran metrix; porosity none.

661. 80.8~88.,3 ls: same as above; porosity none.
562. 88.3-96.3 ls: same as above but fnly to med-gran; porosity
none.

563. 96.3-101.3 ls: same as above, partly w clear xln caloite
matrix; porosity none.

564. 101.3-107.0 1ss same as above; a few v corse fragments;
porosity none.

66. 107.0-112.65 1s: same as above; porosity none.
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566, 112.5-120.5 1s: same as above; pebble to granule frag-
ments in a fragmental matrix; porosity none.

567. 120.5-127.0 1s: same as above w micro to fnly-xln cal-
cite matrix; porosity none.

568. 127.0-138.0 1s: same as above; largely fnly gran w micro
xln calcite matrix; porosity none.

5é9. 138.0-150.0 breccia: cherty, fragmental and micro-xln,
gr-br to 1t br-gr, angular ls cobbles to v
crse fragments in a micro-gran, arg dol
matrix; infrequent cobbles of drk gr, micro-
gran dolj porosity none.

570=-571
150.0-166.5 Dbreccia: cherty, angular to subrnded pebbles
to small cobbles of micro-gran, med 1t gr dols
and infrequent micro-gran lss in a v fnly
gran, arg dol matrix; lenses of v fnly gran,
% med drk gr, dol pass through unit; frequent
hematite pseudomorphs; porosity none.

Units 572 to 599 constitute a poorly defined sequence of thick and
medium beds. The contacts are very obscure and are largely grada-
tional. These "pseudo-beds" weather to form a gray and brown,

banded sequence in the upper portions. In the lower portions bedding
is more definite and the outcrop is not so prominently banded. Lami-
nations occur sporadically, while the characteristic smooth surface
noted at other localities is present only on some of the bands.
Cherts occur sporadically in lenses. Fossils are largely lxking.

572. 166.5-176.8 1s: gr- br, micro-gran; tiny caleite veinlets
and occasional large calcite xls; porosity none.

573. 176.8-180.3 dol: v 1t gr, micro-gran; tiny calcite veinlets;
indistinetly outlined med 1t gr, micro-gran,
angular pebbles of dol; porosity none.

57k, 180.3-188.9 dol: cherty, cale, v 1t gr to 1t br-gr, micro-
to silt-size-gran; porosity none.

575. 188.9-196.1 dol: cherty, cale, partly banded, br-gr, silt-
sige~xln; porosity none.

576. 196.1=205.3 dol 1ls: cherty, 1t yel-gr, micro-to silt-size~
xin dol w calcite flour matrix; porosity none.
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577. 205.3-209.3 dols cherty, partly breccia, 1t br gr, micro-
xln; hematite flecks; L" of angular pebble
size fragments at base in a micro-gran, cale,
arg matrix; porosity none.

578. 209,3-215.5 dol: cherty, 1t begr, silt-size to v. fnly
xln; porosity none.

579. 215.5-219,6 dol: 1t br.gr, v fnly to silt-size xIn; in-
frequent, fn, calcite~lined vugs; porosity
poor %o none.

580. 219.6-226.5 dol: cherty, same as above; grades into a
breccia w chalky-looking, micro-gran, calec
dol matrix; porosity none to poor.

581, 226.5-232.0 dol: cherty, silicic, v1it gr to 1t g, v
fnly xln; porosity none.

582. 232.0-237.0 dol: fossiliferous, partly silicic, 1t gr to
med 1t gr, silt-size-xln; infrequent med wugs
lined w anhedral calcite; hematite anhedrons;
porosity none.

583. 237.0-241.0 dol: cherty, partly silicic, same as sbove;
porosity none.

58L. 2l1.0-248.5 dol: cherty, sl cale, partly silicie, same as
above; poresity poor.

585. 24,8.5-355.8 dol: cherty, sl calc, same as above, porosity
poor to none.

586. 255.8-262.3 dol: very cherty, cale, 1t gr; 2! med-to crsely
xIin w intergran calcite flour, hematite flecks;
porosity poor. L.5' micro-xln; porosity none.

587. 262.3-268.3 dol: very cherty, partly cale, partly fossili-
ferous, v 1t gr, micro~ to silt-size-xln; ine
frequent leached fossil vugs; porosity none.

588. 268.3-273.8 dol: cherty, cale, v 1t gr, silt-size-xln;
porosity none.

589. 273.8-275.8 dol 1s to calc dol: arg, wh to v 1t gr, micro-
gran; hematite and pyrite tres; porosity none.



590. 275.8-202.8

591.  282.8-287.9
592.  287.9-290.6
593.  290.6-293.6
59k, 293.6-299.3
595.  299.3-303.7
596.  303.7-313.9

597 . 313! 9"318 . h

5980 318 oh‘32h07

Lodgepole formation
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dol ls: cherty, v 1t gr to br-gr, fnly to
med=-xln dol w interfragment caleite flour;
porosity none.

dol: silicic, v 1t gr, silt-size-xln; porosity
none.

dol:s silicic; same as above; porosity none.

dols sparsely fossiliferous, med 1t gr, micro-

to v fnly xIn; infrequent fn wvugs; porosity poor
to none.

dol: sparsely fossiliferous, same as above;
porosity poor to none.

dol: sparsely fossiliferous, calc, same as
above; porosity poor to none.

dols 1t br-gr, micro-xln; 3" layers of breccia
at basej; porosity none.

dol: breccia, cherty, silicic, angular cobble
to pebble fragments of v 1t pk-gr, micro-xin;
infrequent calcite xls and veinlets in a micro~
gran, calc dol matrix; porosity none.

dol lst med gr to med 1t gr, fn to med dol grains
in a micro- to silt~size-~gran ls matrix w
occasional crse xls of calcitejy porosity none.

Units 599 to 622 constitute a cliff-forming series of thick and medium
bedded strata which weather to a dark chocolate brown. Chert is absent.
Fossils are relatively abundant. Cross-bedding occurs sporadically in
the upper portions and is prevalent in lower portions of the sequence.

599.  32L7-331.7

600.  331.7-332.9

dol ls: very cherty, partly silicic, med gr to
med 1t gr, med grains of 1ls and oolite-like forms
in & micro-gran dol matrix; partly pebble to
cobble breccia w med-gran, dol matrix; porosity
none.

1s: fossiliferous, oolitic, med to crse oolites and
infrequent fragments in a micro-gran and micro-xln
matrix; poresity none.



609,
610.

612.

613.

332 . 9“'3th 3

340.3-348.4

3L8.L-353.L

353.L~359.L

359.L~360,L

360, L=365.6

365.6-373.0

373.0-379.5

379.5-388.8
388.8-396.5

3964 5-102.5

402.5-406.2

h06 » 2"'1‘08 2 2

hﬁs . 2“1317‘ 9
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dol ls: cherty, sparsely ocolitic, v 1%t gr
to 1t yel-gr, silt-sisze to v fnly xln;
abundant fn vugs; partly a micro-xln, cale
dols porosity peoor to fair.

ls: oolitic and fragmental, 1t br.gr to gr-br,
v fn to med-sized grains and oolites in a
micro-xln, calcite matrix; porosity none.

1st same as above; porosity none.

ls: same as above but more crsely gran;
porosity none.

dol: calec, 1t yel~-gr to 1t br-gr, med- to fnly
xln; porosity poor to fair.

1ss ocolitic and fragmental, 1t br-gr to gr-br,
v fuly to creely gran w miero-xln caleite
matrix; porosity none.

1s: same as above, partly w v fnly gran dol in
matrix; porosity none.

dol: sparsely fossiliferous, cale, 1t br-gr,
gilt-gsize~-x1ng infrequent fn wvugs; porosity none
to poor.

dol: same as abovej porosity none to poor.

1s: oolitic, 1t br-gr, med to crse oolites in a
micro~ to fnly xln, caleite matrix; porosity
nene. .

la:s same as sbove which grades to a dol 1s of v
fnly to silt-size-gran dol enclosing indistinet
oolites and irregular ls fragments; porosity none.

ls and dol 1s: fossiliferous; same as abovej
porosity none.

dol: banded, med 1t gr to med gr, v fnly gran;
hematite subhedrons; porosity none.

dol 1s: fossiliferous, partly fragmentsl, 1t bregr
w red stresks, crsely to med-gran fragments of 1ls
in fnlyegran dol matrix; infrequent rnded dol
pebbles; porosity none.



615.

616.

617.
618.

619.

620,

621.

117.9-l24.1

hzhc 1"!331-1

L31.1-439.6
1,39.6-4145.6

hhsoé"hﬂoé

L51.6-460.1

L60.1~L65.1

o

1s to dol 1ls: stylolites, 1t br-gr to med 1t
gr, crasely to med gran ls w varying content of
v fnly gran dol and calcite flour matrix;
poresity none.

1s to dol ls: fossiliferous, stylolites, frag-
mental, partly colitic, banded, crsely to med-
gran w oolites in a v fnly gran dol and micro-
gran calcite matrix; porosity none.

ls to dol 1ls: same as gbove; porosity none.

dol ls %o dol: same as above, grading to a fnly
to silt-gize-gran, calc dol; hematite flecks and
stains; infreguent fn wugs; porosity poor to none.

dolt cale, fossiliferous, sparsely crinoidal; med
gr to med 1t gr, fnly- to silt-size gran; infre-
quent fn, br-stained vugs; porosity poor.

dol: sl cale, gr-br tc 1t med gr, micro~ to silt-
slze~-gran; porosity none.

dols arg, wh to v 1t yel-gr, micro-gran; porosity
none.

Units 622 to 629 constitute a distinct massive-appearing sequence.
The uppermost beds (622-62L) are very thin-bedded and slabby; they
slump to form a ledge on top of the thick bedded units below. Locally
the outerop has a pitted surface caused by differential weathering.

Chert is absent.

&2.

623.

62l

625.

626.

1‘65 . 1"'1#66: 6

166.6-1168.6

468.6-473.8

L73.8-476.6

L76.6-U4B5.3

Fossils and fragments are noted.

1s: cherty, fragmental, oolitic, sl sndy, med- to
fnly gren; infrequent grains of chert (?) or gts;
porosity none.

dol ls: wh to v 1t gr, micro-xln dol in micro-gran,
calcite matrix; porosity none.

dol: cale, pale pk-gr to wh, silt-size-xln;
porosity none.

dol: sl calc, pale pk~gr to v 1t gr, silt-size~
xln, partly saccharoidalj poresity fair to poor.

del: &l cale, fossiliferous, v 1t gr, silt-size~
xln, partly saccharoidal; infrequent fn vugs and
occasicnal crse leached fossil vugs which are drusy
w anhedral calcite; porosity fair to poor.



627.

628.

629.

L185.3-1493.6

493.6-L97.6

497.6-509.7

b2

dol: sl cale, fossiliferous, sparsely cri-
noldal, med gr to 1t yel-gr to pale pk-gr,
nlcro~ to cilt-sgige-xln; partly w abundant,
fn vugs; infrequent crse calcite xls; porosi-
ty poor.

dol: calc, 1% brw-gr, micro- to silt-size~xlnjg
partly w black flecks surrounded by haloes of
stain; porosity poer.

dol: cale, fossiliferous, 1t brwgr to 1t yel-
gr to pale pk-gr, micro-xln w med-xln fnly
vuggy patches; porosity poors

Base of gection is not exposed.
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WIND RIVER CANYON

Sampling was started in the NE/) of Sec 32, T 7 H, R6 E, at a
location about 850 feet south of a point 1100 feet east of the
quarter corner of sections 29 and 32. This location is about
nine miles south of Thermopelis.

Amsden formation

No good outcrop of the lower Amsden sediments is found
at this locality. Thin beds of sandstone and shale
have been picked to mark the Amsden-ladison contact.
The lower Amsden forms a mantle~covered saddle between
the resistant Madison below and the uppermost, dolomi-

" tic Amsden. The uppermost beds of the Hadison are thin-
and medium-bedded. From residual cherts and varying
thicknesses of this upper bedded portion, an erosional
unconformity of appreciable extent is believed to mark
the top of the Madison at this locality.

Unconformity--evidenced by residual cherts and varying thicknesses
of uppermost liadison beds.

¥ission Canyon formation

Units L66 to L70 constitute a thin- and medium-bedded series of
limestones and dolomites which weather gray and brown. Chert
nodules and lenses are present. Contacts between uppermost unite
are sharp.

Lé66. 0~11.0 1s: cherty, 1t bregr, micro-gran and enclosing
fn to med, indistinetly outlined chert grains;
porosity none.

L67. 11.0-18.5  dol: cherty, cale, wh, v fnly xln; porosity poor
to none.

L68. 18.5-23.3  1s: cherty, fossiliferous, fragmental, bregr,
med= t0 crsely gran w clear calcite matrix;
porosity none.

L69.  23.3-27.1 dol: cale, 1t gr to med 1t gr, v fnly to silt-
size-gran, parily saccharcidalj porosity poor.



bl

Units L7C to LBL constitute a massive sequence of limestones
which weather to a blue-gray color. Chert nodules weather out
brown; exposed fossils are gilicified and weather brown also.
Scattered, discontinuous, depositional breaks interrupt the
massive character of the sequence. The outerop surface is
characterized locally by small valleys and ridges resulting from
differentisl weathering. At ils base this sequence grades into

a breccia.

k7o, 27.1-35.2
L71.  35.2-L1.2
1;72: hla2"‘h9»2
h?} . h912"53 ‘?
uTh.  53.2-55.9
h?S‘ 550 9"62ah
L76. 62.1=63.4
L717. 68.4~73.9
L78. 73.9-83.4
L79. 83.L~89.8
480. 89.8-92.8

1st cherty, fossiliferous, 1t br-gr, micro-

xln; partly fragmental w fn to crse fragments
in a clear xln calcite matrix; poresity none.

1s: cherty, same as above; porosity none.

1s: cherty, fossiliferous, fragmentsl, 1t bregr,
fnly to v fnly gran w micro-xln mabrixi porosity
none.

is: cherty, same as abovej porosity none.

lst cherty, same as & ovej porosiiy nonej
varies to a 1t bregr, micro-gran, calec dolj
porogity none.

1ls: cherty, fossilifercus, {ragmental, same as
above; porosity none. ‘

dol ls and calc dolt cherty, fossiliferous, v
1t gr, faly to med-gran ls fragments w micro-
xln, dol matrix; varles to a sili~size-xln,
fossiliferous, deol; porosity none to poor.

dol 1ls and calc dol: cherty, same as above;
porosity none.

dol 1s and calc dol: cherty, same as aboves
perosity poor to none.

dol 1s and dol: partly same as above, partly a
micro-gran, med 1t gr dol w infrequent crse
nests of calcitey porosity none.

1s: couglomeratic, 1t yele-gr to bregr, micro-
gran w infrequent nests of calcite; partly com-
posed of granules to pebbles of 1ss in & matrix
of fun to med, angular ss and fragmental lss;
porogity poors
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481--483.
92.8-111.8 breccia: cherty, angular to subrnded cobbles
to granules of 1t gr, arg dols and v infre-
quent granular lss in an arg, sndy, cale
matrix; euhedral pyrite, calcite veinlets in
cobbles and in matrix; fragments of green sh
in matrix; porosity none.

Units 484 to 492 constitute a sequence of thin-bedded strata which
weather gray. These are gemerally covered by talus and mantle,
making outorops poor. Contacts are sharp to indefinite. Cherts
are present in symmetrically shaped, gray-weathering spheroids.
Fossils are absent.

484, 111.8-124.0 dol: partly breccia, 1t gr, arg, mioro-gran w
scattered crse xls of pk caleite; basal portion
a breceia of sady, arg dols in a med-xln, partly
arg, dol matrix enclosing fragments of sh;
porosity poor.

485. 124,0~126.5 dol: med gr to med drk gr, micro-gran; infrequent
crse, oalcite~lined wvugs; porosity poor.

486. 126.5~131.2 dol: med gr to med 1t gr, micro-gran; veinlets
of calcite; porosity none.

487. 131.2-136.7 dol: cherty, sl cale, 1t gr to v 1t gr, micro-
gran; porosity none.

488. 136.7-139.7 dol: cherty, same as above w occasional angular
granules of drk gr to v 1t gr, micro-gran dol
embedded; porosity none.

489, 139.7-144.0 dol: cherty, same as above; porosity none.

450, 144.0-149.0 dol: cherty, med gr, miero-gran w infrequent crse
vugs; partly brecciated w 1t gr, micro-gran dol
filling fractures and cracks; conglomeratic at
base; porosity none.

491. 148.0-1556.8 dol: cherty, 1t gr to med 1t gr, micro-gran; in-
frequent fn vugs; hematite tres; porosity none.

Units 492 to 511 constitute a cherty sequence of beds which weather
tan and gray. Chert is present in nodules and lenses. The outerop
surface is smoothly granular and locally finely laminated., Beds vary
in thickness from thin to medium, but locally they outerop as a mass-
ive sequence. Fossils are absent.



492.

493.

494.

485,

496.

4987.

498.

499.

§01.

502.

503.

504.

506.

15503‘18205

162-5'184‘5

164.5-169.5

169.5-173.8

173.8-178.7
178.7-181.7

181.7’185.?

185.7-188.1
188-1“19801

13301‘20101

201.1-208.9

206.9-213.3

215.3-218.5

218.5-221.3

-66-

dol: cherty, partly banded, med gr, micro-

to v fnly x1ln; infrequent crse wvugs and nests
of hematite; upper portion brecciated w cal-
eite filling fractures; porosity poor to none.

dol: cherty, conglomeratic, med 1t gr; angular
pebbles to granules of micro-xln dol in a wh,
cale, miecro-xln dol and orssly-xln calecite
matrix; porosity poor.

dol: cherty, med 1t gr, miero-xln; porosity poor
to none.

dols partly cale, partly banded, same as above w
infrequent fn vugs; poresity none to poor.

dol: eale, cherty, same as above; porosity none.

dol; lsg med 1t gr, intermixed micro-xln dol and
calcite; porosity none.

dol, lst: cherty, same as above; porosity none to
Poor.

dol, ls: cherty, same as above.

dol: cherty, v 1t gr, micro-xln; porosity poor to
none.

dol: cale, partly banded, cherty, 1t gr to v 1t
gr, micro-xin; porosity poor to none.

dol: cale, cherty, 1t gr, miero-xln; infrequent
vugs w cale linings and calcite xls; porosity
poor.

dols cale, partly banded, cherty, 1t br-gr to med
1% gr, micro-xln; porosity poor.

dol: eale, very cherty, same as above; partly con-
glomeratic w angular pebbles and granules of chert,
gtz, and dol in a xln calcite and arg, cale matrix;
porosity none to poor.

dol: cherty, med gr, micro-xln; occasional crse
vugs partly lined w br-stained, anhedral calcite;
porosity none.



506, 221.3-226.0 dol: cherty, same as above; porosity none.

507. 2268.0-231.8 dol: eale, med gr, miecro- to fnly gran; mod-
erate fn vugs; porosity poor to fair.

508, 231.8-285.8 dol: sl calc, med gr to med 1t gr, v faly to
silt-size~-xln; moderate med vugs w bregtained
oale linings; porosity poor to fair,

509, 235.8~244.8 dol: cherty, same as above w infrequent fn wvugs;
porosity poor to fair.

510. 244.8-250.3 dol: cherty, calec, same as above; porosity poor
to none.

Units 511 to 525 constitute a series of indistinetly separated beds
which weather to form bands with different shades of coler. Cherts
do not ocour as lenses or beds; scattered gray nodules are present.
The Mission Canyon-Lodgepole contaet is difficult to define; lower
portions of this segquence are brecciated; sediments above the breccia-
ted interval resemble Mission Canyon sediments in lithology and out-
erop form ~- those below resemble Lodgepole sediments. The Mission
Canyon~Lodgepole contact is believed to lie within the brecciated
interval.

511. 250.3-253.0 dol: cherty, sparsely fossiliferous, cale,
miero~ to silt-size-xln; partly w abundant fn
round vugs; porosity fair.

512, 283,0-256.7 dol: cherty, cale, conglomeratic, med 1t gr to
1t gr, micro-xln, sub-rounded dol fragments in a
1t gr, micro-xln dol and xln calcite matrix;
porosity none to poor.

518. 256,7-260.7 dol: cherty, med drk gr, micro-xln; moderate v
erse vugs lined w anhedral caleite; porosity none.

514, 260.,7-262.9 dol, cale to do) ls: med 1t gr, miero-gran; in-
frequent crse wvugs; porosity none.

516. 262.9-266.56 dol, breccia: cherty, med 1t gr and v 1t gr,
angular, grenule to pebble size fragments of
miero-xln dol in a ersely-xln calcite and 1t yel-
gr dol matrix; soft, porous chert; porosity none

to poor.

§16--521.
266,5-288.9 dol, breccia: cherty, brecciated, same as above,
porosity none.



622.

523.

524.

288.9-295.9

293.9-299.1

89901“30302

.68“‘

dols cherty, brecciated, 1t gr to med 1t gr,
miero-xln; interfragment calcite; infrequent corse
vugs; porosity none.

dol: cale, partly brecciated, med gr, micro-gran;
porosity none.

dol: cherty, sl cale, partly brecciated, 1t br-gr,
miero- to silt-size-xlnj; infrequent vugs surround-
ed by fnly-xln, dolomitized haloes; porosity poor
to none.

Units 525 to 557 constitute a series of medium and thick beds (predomi-
nantly) which weather to black and shades of gray. Cherts are absent.
Llocally, thin-bedded portions slump to cause ledges and cliffs. Poorly
discernible color bandings are present in the lower portions.

62s.

h2e.

527.

528.

529.

§30.

531.

308.2-305.7

305.7-308.2

308.2-311.3

311.3-317.8

317.8-319.3

319.3-525.3

325.3~-331.6

dol: cale, 1t bregr, silt-size to v fmly xln and
micro-xln; 1" of sndy dol w euhedral and subhedral
gtz grains; porosity poor.

dols med gr, silt-size to v fnly xln; infroqucnt
med vugs; porosity none.

dols cale, v 1t gr, fnly to silt-size gran w
intergranular calcite flour; partly & micro-gran,
med gr dolj porosity poor to none.

dol: conglomeratic at top w interfragment calcite,
1t br-gr w wh mobtlings, micro-gren dol; numerous
fn to crse fragments of zoned chert; qtz grains;
infrequent, drk red dolomitic inclusions w indis-
tinot outlines; hematite stains in fractures;
porosity none,

dol: drk gr, faly xln; porosity nome.

dol: partly banded, v 1t gr, partly pk-gr, micro-
xln; infrequent orse vugs drusy w calcite; porosity
none to poor.

dol: partly fragmental, wh to pk-gr to 1t br-gr,
silt-size to micro-xln; partly w indistinetly out-
lined, med to orse fragments of v fnly xln dol w
a calcite matrix; porosity poor.
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532, 331.6-334.8 dol: partly cale, pk-gr to 1t yel-gr, mioreo-
to silt-size-xln; infrequent crse vugs w dolo-
mitized haloes; poresity poor.

533. 334.8-339.83 dol: med 1t gr to 1t br-gr, micro~ to v fnly
xln, partly med to fnly xln; porosity poor to
none.

634, 339.3-342.3 dol: fossiliferous, pk-gr to 1t br-gr, v fnly
to miero~xln; partly w abundant fn vugs; porosity
fair.

536, 342,3-345.8 dol: partly cale, 1t yel-gr to 1t br-gr, micro-
to fnly xln; porosity poor %o none.

536. 345.8-350.0 doi: fessiliferous, sl cale, pk-gr to 1t br-gr,
v faly to fnly xln; infrequent fn wvugs;
porosity poor.

537, 350,0-354.1 dol: same as above; porosity poor.
538, 364,1-358.8 dol: same as above; porosity poor.

588. 358.8-360.5 dol: banded, 1t yel-gr to med 1t gr, v fnly
xln; infrequent fn vugs; porosity none.

540. 360.5-362.7 dols arg, 1t gr to v 1t gr, micro-gran; porosity
none.

641. 362.7-369.4 dol: fossiliferous, med 1t gr, v fnly to fnly
xln; infrequent blue-gray, indistinctly outlined,
cale inclusions; porosity poor to none.

542, 369.4-374.4 dol: same as above; porosity none to poor.

548. 374.4-379.7 dols cale, partly conglomeratic w well-rnded
granules and pebbles of med drk gr, micro-gran
dol in a 1t gr, micro- to silt-sisze-xln dol
matrix; hematite stains; porosity nonme.

544. 379.,7-385.6 dol: comglomeratic, rnded and angular granules and
pebbles, same as above; calcite in fractures;

sh, 1" fissile, green w gtz clusters; porosity none.



545,

B46.

547.
548.
549.
580.
861.
662.
563.

554.

566.

566.

385.56-389.2

389.2-891.2

391.2-395.7

396.7-401.1

401,1-407.6

4010 6-414' 1

414.1-419.1

419,1-423.8

423,3-430.8

430.8-436.8

436.8-441.5

“1 . 5““6- 2

«T70-

dol: fossiliferous, ocale, 1t gr to med 1t gr,
micro~ to v fnly xln; partly moderately orsely
vuggy (leached fossil casts); porosity poor
but quite variable.

dol: fossiliferous, cale, same as above; in-
frequent wvugs; porosity as above.

dols fossiliferous, cale, v fnly xln w mioro-
xln pateches; moderate v fn to fn wugs; porosity
as above.

dol: cherty, fossiliferous, cale, same as above
w or-yel stained fractures; frequent erinoid
casts; porosity as above.

dol: fossiliferous, cals, v fn to micro-xlng
partly w occasional crse to fn vugs; frequent
erinold casts; porosity as above.

dol: fossiliferous, cale, same as above; porosity
as above.

dol: fossiliferous, cale, same as above w or-yel
oaloite linings in vugs; porosity as above.

dol: fossiliferous, calc, same as above; perosity
as above.

dol: fossiliferous, cale, same as above; porosity
as above.

dol: fossiliferous, calc, same as above; porosity
poor.

del: partly fossiliferous, 1t br-gr to 1t gr, fnly
to v fnly xln, partly w moderate fn and med wugs;
porosity poor to none.

dol: same as above; porosity poor to none.

Units 557 and 558 form a transition sone between "good" Madison and "good"

Bigh“no

The upper contact of unit 557 is somewhat gradational while the

lower contact of 5§58 is an irregular, mildly undulating surface. This
interval, which marks the Madison-Bighorn unconformity, may be Devonian.
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557. 446.2-451.9 dol: cale, v 1t gr, med- to orsely xln;
camps of green, waxy sh; hematite anhedrons
and subhedrons; porosity poor to fair.

558, 451.9~453.4 dol: calo, sandy; ss: same as above, grading
into a ersely to med-gran, partly friable ss
of spherical, subrnded %to rnded qts grains;
porosity poor to fair.

Bighorn Dolomite

569, 453.4-~ dol: v sl cale, 1t gr w moderate red stains,
fnly xln w patches v fnly to micro-xln; occasional
erse vugs; infrequent erinoid section casts;
perosity poor to fair.
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TENSLEEP CANYON

Section measured in Sec 6, T 47 N, R 87 W. Sampling started just
north of the Doyle residence located about two miles downstream from
the State Fish Hatchery. Surveyed thicknesses varied from 475 feet
to 525 feet.

Anmsden formation

30'-50" Cross-bedded sandstone of subrounded to angular, medium-
granular, quarts; locally stained red from overlying
sediments.

or-10t Thin-bedded, red, silty shale; characteristic of basal
Amsden in nearby areas but absent at this locality.

Unconformity~--An undulating surface of varying emplitude; limestone
conglomerates and sand-cemented breccias commong
channeling action to 10 feet depth.

Mission Canyon formation

Units 1-10 constitute a ledge-forming series of thin to medium~bedded
strata which weather from buff to tan and are locally red-stained.
Contacts between units sharp and partly marked by shale breaks.

1. 0-5.86 dol: cale, sl sandy, yel-gr, v fnly gran w
occasional crse calcite xls; minor fn wvugs;
perosity poor.

2. 5.5-9.3 dol: cherty, sparsely crinoidal, 1t yel-gr, v
fuly to fuly gran; sparse, crse, br-stained vugs
drusy w calcite and qtz; porosity poor to fair.

3. 9.3-12.5 .dol: partly sndy, sparsely crinoidal, 1t gr, v
fnly to miero-gran; moderate med and crse wvugs
stained brown by hematite; partly brecciated;
porosity none to poor.

4. 12.5-19.8 dol: partly arg, 1t gr, v fuly to miero-grang
infrequent crse clacite xls and veinlets; partly
breccia w pale green, calc matrix; porosity none
to poor.

5. 19.8-22.9 dols partly sndy and arg, yel-gr to tan, micro-
gran; infrequent v crse vugs drusy w qts; 3 seam
of v fn, angular gtz ss; 3" of lensing, yel-green
sh; porosity nohe to poor.



6.

8.

9.

10.

22,9=30,9

30.9-35.4

35.L-49.9

L9.9-52.1

52.1‘51‘.9

73~

dol: partly arg, pk-gr to tan, micro- to fnly
gran; infrequent med vugs; haloed hematite
anhedrons; poreosity poor to none.

dol: partly arg and sndy, yel-gr to tan, micro-
grang infrequent v crse vugs w calcite; porosity
poor.

dol: calc, arg, cherty, yel-gr, micro-gran; fnly
xin haleoes surround crse, br-stained, drusy qts
vugs; partly pebble breccia w v crse calcite
nests in calc matrix; porosity poor.

dol: cale, yel-gr, micro- to fnly gran; fnly
xln haloes surround moderate fn to crse vugs

partly drusy w qtz and calcite; porosity poor to
fair.

dol: med gr, partly br-flecked, micro-grang
porosity none.

Units 11-31 constitute a laterally varying sequence which weathers

blue-gray to tan.

Uppermost portiocns are thickly to thinly bedded.

Basal sections grade from massive rocks to rocks which are vaguely
stratified with discordant attitudes. This seguence grades into a
conglomerate~breccia.

1l.

12.
13.

5’40 9“58 .9

58.9-62.1
62.4-70.9
70.9-73.2

73.2"'75- 2

7502"’7807

dol: cherty, calc, med gr to 1t yel-gr, micro-
gran; varies to yel-gr, fnly to med-xln dol w
moderate med drusy gtz wugs; porosity fair to
poor.

dol: same as shove.
deols same as above.

dols cale, cherty, drk to 1t gr, partly br-stained,
micro-gran w moderate crse and med wvugs; partly
breccia w v crse calecite xls in calc matrix;

porosity poor.

dol: cherty, med 1t gr to yel-or, micro-gran;
locally fractured w interfracture qtz xls;
porosity poor to none.

dol: cale, 1t pk-gr to 1t yel-gr w br hematite
flecks, micro-gran w crse calcite xls; occasional
vugs drusy w calcite; porosity poor to none.
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Sample 17 marks the top of a distinct massive sequence which
forms an irregularly rounded outerop. In uppermost portions of
the sequence depositional horizons weather out locally to pro-
duce a bedded effect,

17. 78.7-86.9 ls: partly sndy and siliceous, cherty, stylo-
lites, 1t br-gr to med 1t gr, micro-gran to
sublithographic w cccasional crse calcite xls;
partly v fnly to v crsely fragmental and oolitic
w micro-xln matrix; porosity none.

18. B86.9-96.2 dol: v cale, cherty, 1t med gr to lt yel-gr,
partly br-gr, v fnly to fnly xln, scattered fn
vugs; porosity poor.
ls: 1'; fossiliferocus, 1t br-gr, fnly xln;
porosity none.

19. 96.2-101.0 dol: 1.8'; cale, 1t yel-gr, v fnly xin w
‘ occasional fn, partly calcited wugs; porosity
pocr.
1s: fossiliferous, partly crinoidal, cherty,
med 1t gr, fnly to med-xln; porogity poor to
none.

20. 101.0-106.5 dol: 2'; cale, cherty, 1t yel-gr, partly br-
flecked, fnly xin w crse calcite xls; occasional
fn vugs; porosity fair.
1s: cherty, fossiliferous, lt gr to 1t yel-gr;

v fn to crse, irregularly-rnded fragments in a
micro-xln matrix; porosity poor to none.

21, 106.5-110.8 1s: fossiliferous (partly silicified), cherty,
med 1t gr, fnly xin; partly w med to crse,
irregularly-rnded fragment s in a micro-xln,
calcite matrix; porosity none.

22. 110.8-118.0 1s: same as above.

23. 118.0-123.L 1s: same as above.

2h. 123.4~133.6 1s: same as above

25-31--these samples are listed collectively since they were taken
laterally.
133,6-1Lk.1 1ls: same as above; basal portions a cg consisting

of cobbles of fragmental 1ls in a fragmental matrix;
locally cavernous.
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Units 32-36 constitute a persistent breccia sequence of varying
thickness which weathers out to form caves with overhanging cliffs.
Uppermost units are characterized by occasional cobble to small
boulder erratics embedded in massive rock. Downward this grades
from a cobble to a granule breccia with laterally vanishing, rude
lines of stratification. The base of this sequence is an irregular,
undul ating surface.

32. 1h4.1-154.3 dol ls: fossiliferous, med 1t gr to v 1t gr,
fnly and med-xln; poorly outlined granules
of pale greenish-gr material embedded;
scattered med vugs drusy w calcite; laterally
contains cobbles of br-gr fragmental ls, br-gr
fnly gran ls, gr fnly xln dol, and chert;
porosity poor.

33. 154.3-161.3 1s: cherty, med drk gr, micro- to fnly xlnj
varies laterally to a poorly sorted breccia
w fragments of yel-or silt-size to v fnly gran
dol, med gr fnly to micro-xln ls, 1t br-gr
micro-xln ls, fragmental dol ls, and chert in
a 1t yel-or to 1t yel-gr, cele, arg dol matrix;
poerosity poor to none.

3Lk. 161.3-169.8  breccia: subrnded to angular, cobble to granule
fragments of dol, ls, dol ls, cherts, and
breccia in a micro-gran, arg, partly kematitic
dol matrix; fragments partly outlined w hema-
titic stains; porosity none.

35. 169.8-179.0 breccia: same as above.

36. 179.0-184.5 breccia: rnded to angular pebbles and granules
of 1t bre-gr, micro~xin to sublithographic lss
and med gr, micro-xln dols in a gr, cale, arg
dol matrix w hematite streamers; porosity none.

37. 184.5-190.3 dol: arg, med 1t gr to pk-flecked gr to yel-gr,
micro-gran w tiny calcite veinlets and dendritic
hematite seams; porosity none.

Units 38-Sh constitute a distinct cliff-forming series; thickly bedded
near top and pseudo-bedded downward by laminations on weathered sur-
face; fresh surfaces massive; solution breccia at base of sequence.

On weathered surface color varies from light brown in silicified por-
tions to medium gray in unsilicified portions. Chert lenses and beds
are less conspicuous than in the @ove sequences.
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38, 190.3-193.3 dol: partly arg, med gr to med 1t gr, v fuly
to micro-xln w cccasional crse calzite xlsj
infrequent fn vugs; poresity none to poor.

39,  193.3-199.5 bredcla: pebbly, angular Iragments of fnly
to v fnly x1ln, med gr dol; mabrix of 1t gr-
vel, micro-gran dol and crsely xln calcites
perogity poor.

Lo, 199.5-206.0 dol: partly silicic, cherty, med gr to 1t
yel=gr, v fnly to micro-gran; calcite vein-
lets; porosity none.

1. 206.,0-218.5  dols silicic, sl cherty, pk-gr to 1t gr, v
fnly xIn w scatbered med vugs drusy w qtz;
porosity poor.

L2-L5—

218.5-251.9  dols same as above.

k6, 251.9-25L.8  dol: v calc, 1t yel-gr, v fnly to fnly xln;
porosity poor (7).

L7, 254.8-261.6 dol: silicic, yel-gr, v fnly to fnly xln;
porosiiy poor te none.

L8, 261,6~267.2  dol: partly silicicj partly calc, yel-gr to
1t gr, v fnly xlnj porosity none to poor.

L49. 267.2-272.8 dolt same as above w drusy qtz in scattered
¢rse vugs; porosity poor.

50. 272.8-279.8 dol: same as above.

51. 279.8-284.8 dol: same as abovej cherts; basal contact
irregular; porosity poor.

52, 28L4.8-295.5  dol: solution-worked breccias cobble to pebble
fragments of partly silleic, cherty, cale, yel-
gr to 1t gr, v fnly to fnly xln dol in matrix
of same material; porosity none.

53~5k~-

295.5=308.7 dol: solution-worked breccis, same as above;

basal contact of 5L irregular.
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Lodgepole formation

Units 55-65 constitute a cliff-forming sequence of thick to thin
beds, which weather light gray te dark brownish grgy distinet from
the above sequence. Lowermost peortions of this sequence weather
te form a talused slope. Bedding planes are characterized by
calcareous, shaly psrtings. Chert is conspicuous by its absence
on the outecrop. Cross bedding is sporadically present.

55. 308.7-318.6  del: partly oolitic and cale, 1t gr wbl
flecks, fnly xln; scattered med vugs drusy w
qts; partly yel-gr, micro-xln; porosity fair.

56.  318.6=322.4 dol: same as above, porosity fair to med.
57. 322.4-326.3 dol: same as above, porosity fair.

58. 326.3-333.6 dol: same as above, silicic and w drusy qtz
in occasional crse vugsy porosity fair.

59.  333.6-347.9  dol: same as above w fewer oolites; scattered
crse caleite xls; porosity fair.

60  347.9=349.0 dol: calc, partly silicic, 1t bregr to med gr,
micro-gran to fmly xln; porosity pecor to none.

61. 349.0-355.8 dol: calc, partly silicie, yel-gr to sl pke-gr,
fnly to medwgran; moderate med vugs w drusy
celeite and gtz; O«3" bed of calcite at base;
porosity poor.

62. 355.8=361.7 dol: cale, partly silicie, 1t gr, v fnly gran;

minor In vugs w drusy qts; partly yel-gr, fnly
xln, sbundant fn vugs; poresity fair.

63. 361.7-365.1 dol: calc, 1t gr to 1t yel-gr, v fnly to fnly
gran w occasional crse calcite xls; porosity
POOT.

6h. 365.1-373.3 dols calc, 1t med gr, v fnly to fnly xlng
cccasional fn vogs drusy w qbz; partly a 1t
yel=gr, fnly to med-gran lsj porosity poor to
nonce

65.  373.3-373.4  dol: sl cale, med drk gr to med 1t gr, v fnly
gran; occasional fn vugs drusy w gqizs small nests
of crsely xln calcitej porosity poor.



66, 378.4=381.2  dol: sl fossiliferous, sl calc, gr-bl to
med gr, v fnly xIn w a few crse calcite xls;
minor br-stalned fn wvugs; porosity none.

67, 381.2-382.9 dols partly cale, med 1t gr to 1t pk-gr,
fnly gran; occasional wvugsy porosity poor.

68. 382.9-335.%5 dol: med 1t gr to pkegr, fnly gran w nests
of crse calcibe; moderate pin point wvugs;
porosity poor.

69. 385.5-394.2 dolst sl fossiliferous (%), 1t gr and partly
pk=-gr, fnly to v fnly gren; occasional crse,
yel-stained vugs; nests and xls of crsely xin
calcite; deformed lines of stratification;

porogity poor.

70. 394.2-396.0  dol: partly calc, med gr to sl pkegr and yel=
grs v Inly and fnly granj porosity poor.

L. 396.0-398.1 dol: partly sl cale, gr-bl to pkegr, micro-
gran w moderste to abundant crse wvugs drusy
w calcite; poresity poor.

72.  398.1-L06.7 dols fossiliferous, med gr to or-pk, and 1t
br-gr, v fnly to micro-gran; occasional fn
yel-gtained vugsj; porosity poor.

73.  L06.7-L11.7 dols fossiliferous, 1t brebl to 1%t pk-gr,
partly stained drk yel-or, v fnly gran; scatiered
fn, yel~-stained wugs; indistinctly ocutlined, gr-
green, calc, arg, granule-sized inclusions;
partly ned 1t gr, v fnly to med-gran ls; poro-
8ily poor to ncne.

L. L1.7-Lak.7 del: fossiliferocus, sparsely crinoidal, lami-
nated by hematitic bands, 1t med gr, partly br-
stained, v Ifnly to micro-gran; infrequent med
vugs; poroslty poor.

75. AL.7-lA7.1  dol: partly arg, partly fossilifercus, sl yel-
gr to pk-gr, fnly gran; crse rnded xls of cal-
cite; moderate crse vugs; med gr pebbles of
arg dolj porosity poor Lo none.
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17+

78.

117.1-423.1

1823 01"&25 . 0

426,0-133.7

T

dol: 1t med gr to yel-gr w color bandings,
nicre- to sili-size gran; deformed lines of
stratification; porosity none.

dol: partly arg, ned gr to yel-gr, microe-
grany scatbered clusters and xls of gis,
nests of creely xin calcite; partly a pebble
size cg of rnded to subrnded fragments of
micro-gran, 1t ned gr @ecl in arg, cale matrix;
contacts irregularj poresity poor to none,

dols parily arg, med gr to br-gr w color hand-
ings, micro-gran; crse calcite xls; partly
cobble to pebble cg of green, pk and gr del in
yel=gr matrix w scattered chert and gqbtz grains;
porosity poar.

Units 79-91 constitute a series of thick and medium beds which out-
crop as a banded massive sequence. Units are medium-bedded near
top and base of sequence, more thickly bedded in center. This se~
quence is characterized by a sporadically pock-marked, irregular
surface which weathers from & grayish-black through deep grayish-
brown to moderate brown, distinct from the atove sequence.

19

80,

81,

82.

83.

)-&33- 7"13}16 01

hh{)vl"'wo . 8

1150.8-156.8

i56.8-h62.8

462.8-166.1

dol: partly calc, sparsely fossiliferous,
partly banded, med 1t gr w br and pk stains,
v fnly and fnly xin; infrequent crse vugs;
tres of qbz grains; porosity poor.

dol: cale, partly fossiliferous, med 1t gr,
v foly to fnly xinj drusy calcite in br-stained
vugs; porosity poor to fair.

dol: med gr, micro-xln, thin horizons of
leached fossil vugs drusy w calcite; pprosity
pocr,

dol: sparsely crinoidaly med 1% gr, v fnly to
nicro-xin; scattered fn to crse vugs drusy w
calcite; partly breccia w rudely stratified,

soft calec, arg, matrix; porosity poor.

dol: same as above; basal contact irregular;
porceity poor to fair.



8h.

85.
86‘

87-
88.
89.

91,

héé-h“h?Z-l

L72.1-478.%
478.6-482.6
i82.6-491.5
491.5-L97.0
L97.0-505.0
505.0-515.5
515.5-518.7

5180?“522-0

~80-

dol: gl calc, partly siliecic, fossiliferous,
1% 2r to gl yel-gr w pk stains, fnly xinj
partly moderately crsely vuggy from leached
fossile; porosily poor lo fair.

dolt same as above.

dol: same as above

dol: same a3 above.

dol: same as above.

dol: saue as above

dol: arg; same as abovey porosity poor.
dol: arg, fessiliferous, med 1t gr, micro-
gran to v fnly xin; minor or-stained fn to
med vugs; tres hematite anhedronsj porosity
poor Lo none.

dels arpg, fossiliferous, silty, yel-or to
yel-gr to 1t ned gr w thin hematitic lsmina-

tions, micro-gran; drugy and anhedral calcite
in or-stained vugsj porosity poor.

KINDERHOOKIAN(?) and DEVONIAN(?)

Unconfurmity in Unit 93.

73.

9l

522.0-52L440

52L.0-5L1.0

ss to pebbly cg: 0-2'; conodonts, fish re-
mains, sh and dol pebbles and sccessories

in ss of med to crse, well-rnded and angular,
partly highly frosted, spherical, silica-
cemented qta; the ss which overlies and
channels inlc & 2! bed of dol is capped by

a 1/8" layer of miero-gran, compact hematite.
dols 2'-0'; fossiliferous, 1t gr w or-yel
flecks and stains, v fnly xin; yel-or-stained
vugs; porosity poor to none.

dols, ssi, sh:, sndy dols large scale solution
action and lensing in this unit.



Unit 94 cont'd

95,  5LL.0~56L.0

Bighorn formation

.81‘

dolt: v cherty, sparsely fossiliferous,
partly siliceous, bright sulphur yel, sacch-
arcidalj partly sndy, drk red, micro-gran;
partly v cherty, fossiliferous, 1t gr to
red, v fnly gran.

Sediments of unit 94 embody large solution
cavities (up to 10') filled with ss and sh.

dol: arg, v fnly laminated, thinly bedded,
pale red to 1t gr, micro-gran; thin, solution-
worked conglomeratic horizons of wh, micro-
gran, cale dol to 1ls at base.
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SHELL -CANYON

Sampling started on the north gide of the canyon in See 17, T 63
N, R 90 W at a location about § mile above the highway bridge
across Shell Creek just upstream from the Paton Ranch. Madison
thickness is measured from the Amsden-Madison unconformity. Sur-
veyed thicknesses varied from 625 feet to 6560 feet.

Amsden formation

20" approximately Thiok bYedded, finely to medium-granular sand-
stone which weathers brownish-gray.

o' -10" " Red, waxy-looking, impure siltstone to silty
shale which crops out very infrequently.

Unconformity--The unconformable Amsden-Madison contact on the south
side of the canyon is best viewed from across the can-
yon. From here variations in weathered color are easily
discernible. The contact is an irregular, undulating
surface of varying amplitude and is characterized by
sand cemented breccias, thin sandstone lenses, sand-
stone filled channels, and cavity fillings to a depth
of 60 feet below the contact.

¥ission Canyon formation

Units 96-100 constitute a poorly defined, deeply weathered sequence
of ochre colored beds which are generally covered on the north side
of canyon. Contacts are obscured by breccia action, channeling, and
sandstons cavity fillings. Outerops are generally poor.

96. 0=12 1ss 9'; silicic, v sparsely orinoidal, sndy, 1t
br-gr, miero-xln w infrequent orse calcite xls,
occasional fa vugs; partly med gr, v fnly to med-
gran ls greins in 2 micro-xln matrix; hematite
and solution stains along frasctures and in wugs,
partly a cherty btreccia w sndy matrix; porosity poor to
none.
1s:s 3'; algal.

97. 12.0-22.0 ls: cherty, 1t olive br, partly pk-stained, micro-
xln to sublithographic w v erse nests of ersely
xln caleite; porosity none.

98. 22.0-26.0 ls: cherty, pale pk to 1t olive br, micro-xln,
w small settlements of gqtsz; hematite stains;
porosity none.



98.

100.

26.,0-30.0

30;0'4000

83~

1ls: partly silty and arg, 1t yel-gr to red,
v faly to micro-gran; porosity poor to none.

ls: arg, silty, pk to 1t red, partly lami-
nated, miero-gran w scattered fn qtz subhed-
rons and clusters; partly w pebbles of med
gr, fragmental ls; porosity none.

Units 101-106 constitute a cliff-forming sequence--medium~ to
thick-bedded at top and massive at the base-~of rocks which weather
blue-gray to orange-gray and are locally red-stained. Contacts are
sharp but undulatory, and partly marked by shale breaks. The basal
massive portion varies in thickness and grades into a breceia.

101.

102.

103,

104.
108.

Hear the top of this
1s are enclosed in a
to ecobble brescia of
red-gtained matrix.

are present in lower

106, 76.1-91.9
107-108.
91 01*133 61

i0.0~49¢8

‘9.6“5&07

540?’61.2

61.2-69.6
69.6~76.1

1ss cherty, styolites, 1t br-gr te 1t gr, sub-
lithographie to micro-xln; hematite saturations
along fractures; porosity none.

ls: cherty, yel-gr, micro-xln w occasional crse
calcite xls; hematite tros; porosity none.

ls: fossiliferous, partly pk-stained, same as
above; porosity none.

1s: same as above.

ls: fossiliferous, partly conglomeratie, sparsely
cherty, red- and br-stained, gr, mioro-xln and
micro~ to fnly fragmental w micro-xln matrix;
oceasional orse to fn caleite x1s; well-rnded pebbles
of miero-xln to sublithegraphic, 1t br-gr ls em-
hedded; porosity nons to poor.

sequence boulder to cobble erratics of fragmental
micro-xln ls matrix; this grades into & granule
dols and lss w a miero-gran to med-gran, partly
Laterally vanishing lines of rude stratification
pﬁrtion.o

1s: fossiliferous, cherty, 1t yel-gr to pk-

flecked gr to wh, fuly to ersely xln; porosity
none.

lss same as above; partly fragmental.



109-110.
108.1-125.9 ls: cherty, fossiliferous, 1t gr, ersely
gran, rnded fragments enclosing indistinectly
outlined, randed cobbles of same; porosity
poor.

111. 125.9-136.9 1ls: same as above at top grading downward
to & well-defined, persistent breccia which
weathers out caves and forms abrupt cliffs;
porosity poor.

136.9-167.0 This sequence is plainly visible but in-
accessible; the base of this breccia is an
irregular, undulating surface of varying
amplitude; porosity at base varies from good
to none.

112. 157.0-167.0 dol: partly chalky-looking, sl cale, arg, v
1% gr to 1% yel-or; partly pk-stained, micro-
gran; hematite seams; locally find up to 6'
thick lenses of greenish-gr to pale yel-green,
cale, silty, non-fissile shale overlying this
unit; porosity none.

Unite 113-129 constitute a cliff-forming sequence of thick and medium
beds which are ledge~-forming in the lower units and whioh appear
massive when viewed from a distance. Weathered color varies from
orange-gray to grayish-black; laminations are present on the weathered
surface, absent on fresh surfaces; chert is present in lenses and beds.
Bedded breccia is present at base of sequence.

118, 167.0-173.5 dol: sl cherty, med 1t gr, micro-gran infre-
quent orse vugss partly a pebble breccie of v
1t gr to wh dol in a green to yel-or, arg, cale
matrix; porosity poor to none.

114, 173.5-187.5 dols cherty, partly siliciec, partly cale, v
1t gr to wh, miero- to v fuly xln; mihor fn
vugs; porosity poor to none.

115. 187.,5-196,0 dol: same as above; not silicie.

116. 196.0-202.8 dols same as above w moderate med vugs drusy
w aphedral caleite and chert; porosity poor.

117-119
202,8-224.7 dol: same as above; silicic.
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120, 224.7-2850.5 dol: v ecale, chalky, gr-wh to 1t yel-gr, v
' faly xln; tres of hematite; porosity poor to
fair.

121. 230.5-240.5 dol: sparsely fossiliferous (1), silicie,
med 1t gr, micro- to fnly xln; scattered qtz
xls; porosity poor.

122, 240.5-256.1 dol: sl arg, v eale, gr-wh, micro-gran;
porosity poor.

123-124.
256.1-2756.2 dol: same as above; silicle.

126, 275.2-282.4 dol: cherty, partly silieiec, 1t gr, miocro-
to fanly xln; porosity poor.

126, 282.4-293.5 dol: cherty, partly silicie, sparsely fossil-
iferous, med 1t gr to 1t yel-gr, partly pk-gr,
v fnly xln; porosity poor to fair.

127. 293.5-305.5 dol: cherty, sl cale, hematite tros, med 1t
gr to 1t yel-gr, micro-gran w infrequent crse
and med vugs; porosity fair (7).

128, 805.5-810.0 dol: same as above.

120, 310.0-317.0 dol: breccia; pebble to v erse fragments of
' gilicie dol w micro-grem, arg, calc matrix;
lenses of 1t yel-gr, v fnly xln dol in the
breccia; porosity poor to fair.

lodgepole formation

Units 130 %o 154 constitute a cliff-forming series of thieck and
medium beds whioch weather to a derker shade than the above hedded
sequence but have beds which weather light gray at top of sequenoce.
Chert is consplcuous by its absence on the weathered surface. Cross-
bedding is sporadically present.

Units 154-164 constitute a darker weathering series which outerop as
& band throughout canyon. The base of this sequence is marked by
channeling, breccias, and the appearance of chert; basal units
weather to form a small talused slope.



130. 317.0-321.9
1310 321.9'388-9
152. 32309’385.5
133-134.
3835.5-344.8
135. 34‘.8’549.8
136.  349.8-554.8
137. 354.8-363.1
188, 363.1-371.0
139, 371.0-377.8
140. 57705'38501
141, 385.1-388.1
142, 388.1-394.2

dol: cale, partly arg, v 1t gr to wh, micro-
gran, w occasional crse vugs partly filled w
hematite; 3" breccia zone in center of umit;

porosity poor.

dol: cherty, v 1t gr, v fnly to miero-grean;
hematite tres; porosity poor.

dols cherty, cale, med gr, partly gr-or,
irregularly shaped patches of miocro-xln,
silicic dol in v fnly xln dol; moderate med
br-stained vugs lined w fn chert ovoids;
poresity poor to fair.

dol: same as above.

dols fossiliferous, med gr, v fuly to miero-
x1ln, moderate med vugs w anhedral hematite
flecks end stains; porosity fair.

dol: same as above; more wvuggys porosity fair.

dol: same as above; partly w 1t br seler;
porosity poor to fair.

dol ls: fossiliferous, wh and med gr speckied;
faly to med-xln, dol rhombs mixed w and embedded
in v fnly to crsely gran ls; porosity nohe to
FOOT «

dol: fossiliferous, cale, 1t br-gr, v fnly gran
w intergrain calcite flour, partly w moderate
erse vugs; poresity poor.

dol: same as above; porosity poor.

dol ls: wh and med gr speckled; v fn te ersely
gran; subrnded to angular remnants of micro-gran,
1t br-gr 1s in a matrix of v fnly xln dol;
porosity none to poor.

dol and dol lss gradational kithology of 140 and
141; poresity poer.



143,

144.

146,

146.

147,

148,

149,

160.

151.

152.

153.

154.

155,

394.2-402.6

402.6-408.9

‘0905'41409

414.9-418.1

418.1-424.5
424.5-432.7

43207’443-7

44207‘4‘800

448,0-448.2

44902'454.0

454.0-459.0

459,0-463.7

463.7-467.4
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dol: med 1t gr end pale gr-or, v fnly gran
w minor med wvugs, hematite tres; poreosity
poor to fair.

dol: med gr w yel-or flecks and stains, v
faly xln; partly enclosing orse rnded ls
slx; porosity poor.

dol: cale, med 1t gr, micro-gran w minor
fn vugs; porosity none.

dols cale, 1t br-gr to 1t gr, miocro- to faly
gran; moderate med wvugs w or-gr, cale liningl 3
porosity poor to fair.

dol: same as above; porosity poor to fair.

dol ls: stylolites, mottled 1t yel-gr and 1%

gr, orsely and med-gran ls fragments 7 in a

v fnly gran dol matrix; porosity poor.

dol: fossiliferous, stylolites, 1t bregr to
med gr, v faly gran, w minor med wvugs; porosity
poor to fair.

dol ls: med gr and wh speckled, crsely and med-
gran, rnded ls fragments ? inh v fuly xlm dol
matrix; porosity poor to none.

dol: med drk gr w yel-or flecks, micro-xln w
v orse nests of orsely xln caleite; porosity
none.

dol 1s: fossiliferous; med gr and wh speckled,
ersely and med-gran rnded ls fragments 7 in a
v fanly x1ln dol matrix; porosity none.

dol 1s: same as above; partly miero-gran, drk
reddish-gr dol; porosity none.

dol 1ls: fossiliferous, silty, med gr to pale
purple; med~- and crsely gran, rnded ls fragments
in a micro-gran dol matrix; partly w hematite
flour cement; porosity none.

dol 1s: same as above, gr to reddish-purple,
hematite cement; porosity none.
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166. 467.4-472.9 dol ls: same as above; partly a og of well-
rnded granules and small cobbles of frag-
mentel and oolitic, purple 1ls in a similar
matrizx; porosity none.

157. 472.,9-479.2 dol ls: same as above; oolitic; minor amounts
of dol matrix; porosity hone.

158~159
479,2-487.5 dol ls: same as above, but w minor amounts
of dol matrix; porosity none.

160, 487.5-490.3 dol: v cale; v dusky reddish purple to gr-
red and purple to med 1t gr, laminated,
miero~gran; hematite flour; fnly wvugzy;
partly w 1ls fragments embedded; porosity poor.

161, 490.3-498.1 dol: arg, pale purple to gr-purple, micro-gran;
porosity poor.

162, 498.1-502.9 dol: arg, med 1t gr to pale reddish-purple
laminations, partly pk-gr to v 1t gr, micro-
gran del; channeling actions; 6" lensing zones
of calc pebbles; basal oontuet irregular;
porosity none.

163. 502.9-510.3 dol: cherty, arg, gr-wh to wh, micro-gran; 6"
to 1' of breceia in center and 2' %o 1' of
breccia at base w abundant nests of crsely
xln caleite; porosity none.

Deposition of unit 162 clearly followed after brecciation had
oceurred, for bedding laminations are completely conformable to the
irsegular surface of the uppermost brecocia.

164, 510.3-516.8 dol: arg, partly brecciated, same as above.

Units 165-179 form a distinet cliff-forming sequence which is well-
banded. Banding is caused by variations in lithology which weather
differently--dolomite to a dark brownish gray; limestone (dolomite
limestone) to a bluish-gray to medium gray. The dolomite and limes-
tone bands though clear and distinet are gradational into each other.

165, 516.8-522.0 1ss 1t br-gr to 1t gr, miocro-gran; partly med-
gran w micro-xln matrix; hematite anhedrons,
infrequent gtz xls; porosity poor to none.



166.

167.

188,

169.

170.

171.

172,

174.

176,

522.0-528.3

528.3-534.5

534,4-538.9

538,.9-548.9

5‘899'55808

556.8-562.2

562.2~-567.6

87106”57606

576.0-584.8
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1s: stylolites; sl cherty, 1t gr to v 1t gr,
v fa and partly crse fragments and colites in
& micro-xln matrix; porosity none.

dol: 8l cale, v sl cherty, med gr to moderate
br, v fuly xln, saccharoidal; scattered med
vugs; porosity medium to good.

1s: 8", 1%t gr, fragmental.

1ss stylolites, med gr to moderate br, v fn
fragments and oolites in a micro-xln matrix;
porosity none. ~

dols: 1° br-gr, fnly xln, saccharoidal; porosity
good.

ls: 9',1t gr, v fn to med fregments and oolites
in a miero-xln matrix; porosity nome.

lss 4',same as above, wh grades to saccharoidal
dol as above w br-stained wugs; unit porosity
poor to fair.

1s: fossiliferous, oolitic, 1t br-gr to 1t med
gr, med-gran; greades to a dol ls at base w ls
oolites in a v faly xln dol matrix; porosity
poor to fair.

dols 2', partly crinoidal, br-gr to med 1t gr,
v faly to faly xln, saccharoidal; porosity good.

dol l1s: 3.4', stylolites; 1t med gr to 1%t br-gr,
fn to ocrse ls fragments and oolites in a v fnly
xln dol matrix; porosity none.

dol: calo; same as above; infrequent fn wvugs
w anhedral calcite; porosity poor to fair.

dols 3.5', bregr to med 1t gr, v fnly xln,
partly saccharoidal; porosity fair.

dol ls: 4.5', fossiliferous, 1t dbr-gr, to 1t
gr, fn to v crse ls fragments and oolites in a
v fnly xln, cale dol matrix; porosity none.
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176, 684.8-591.83 dol 1s: 4.6', fragmontal as above.

dols 1.7', cale, br-gr to med 1t gr, v fuly
xln w inter-xl calcite flour; porosity poor
to none.

177, 691.3-587.1 dol: cale, partly saccharoidal, 1t br-gr,
partly stained pale red, v fnly xln; minor
fn wvugs; porosity poor.

178, 597.1-605.3 dol: same as above; porosity poor to fair.

Units 179-187 constitute a medium-bedded sequence which leocally
weathers out to cause slumping and talus. Weathered surface is
cavitied and pitted.

179, 605.3-614.1 dol: cale, fessiliferous, 1%t gr, v fuly xln
and partly miero=xln w abundant fn and med
vuge and leached fossil fragmente which are
br-stained and drusy w anhedral and subhedral
ecaleite; porosity fair.

180, 614.1-618.4 dol: same as above w numerous orinoid casts;
porosity poor.

181. 618.4-622.7 dol: same as above w br-stained vugs; porosity
none to poor.

182, 622,7-629.4 dol: same as above; porosity none to poor.
183, 629.4-635.7 dol: same as above; porosity none to poor.

184. 634,.7-639.7 dol: cale, 1t gr, micro-xln; moderate wugs
w or-gr cale linings; numerous leached fossil
fragments; porosity none to poor.

185, 639.7-647.0 dol: oalc, stylolites, 1t gr, partly w erqol
stains, miero-gran; partly laminated w 1/8
red-stained layers of med gr ocalc shj; perosity
none to poor.

186. 647.0-650.8 dol: calc, stylolites, 1t gr, partly w or-yel
stains, micro-gran; porosity none.



P

187. 650.8-651.5 dol: T, sndy, arg; 1t med gr, micro-gran.

sss 2"-1', orse to fn, well-rnded and frosted,
partly angular, high sphericity qtz w infre-
quent glauconite grains and accessories;
porosity none.

sh: -0, black, fissile, cale.
KINDERHOOKIAN(?) and DEVONIAN(?)

locally this ss of varying thickness becomes guartszose, and sontains
large, pebble-size, phosphatic, sandy, ccneretions. Fish bones,
immature brachiopeds, and conodonts are found in the ss. Locally

a 1/8" layer of micro-gran hematite covers the irregular ss bed. A
marked unconformity exists within unit 187 just above the sandstone;
this sandstone is belleved to be older than Osagean.

Units 188-202 constitute a ledge-forming sequence which locally forms

a talused slope below the Madison. Chiefly dolomites, these rocks are
argillaceous and silty to sandy with some beds of pebble to granule
conglomerate. Lensing and channeling characterize the uppermost units,
which vary in eolor from pink %o pale green to light brown to yellowish-
gray to gray. Shale partings and shaly horigons are common.

188, ©651.5~855.0 dol: sndy, sl calc, 1t gr, micro-gran w v crse
nests of crsely xln caleite; fn frosted gtz
grains; hematite; porosity none.

189, 655,-0-659.3 dol: arg, 1t gr, micro-gran, hematite; porosity
none.

190. 6569.3-859.8 sh: bl, irregularly fissile; grades laterally to
e laminated, arg, drk gr dol.

191, 659.8-665.1 dol: lemsed and channeled; arg, sndy, 1t gr,
pale green, yel-or, med pk, micre-gran; leocally
this unit is eapped by a 1/8" layer of mioro-
gran hematite which lies on an irregular bedding
plane; porosity none.

192-201.
6685.1~737.8 8 bedded sequence of dols; sndy, silty, arg.

202-203.
787.8-768.5 eliff-forming dol; silty, sndy, arg, partly con-
glomeratic. Irregular basal contact.



204. 756.5-776.5 incompetent, platy (3"), arg dol.
Ordovician-Bighorn Dolomite

205-208
776.5-809.0 dol: eliff-forming, partly fossiliferous,

med 1t gr, partly 1t purplish-gr, miecro-
to v fnly xln; partly crsely wvuggy;
porosities none te poor.
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CROOKED CREEK CANYON

This section was measured in the SE/h, Sec 21, R27 E, T 8 8,

in the Pryor lHountain Game Reserve, Montana. Sampling was started

on the west side of the canyon about 1.7 miles below the "Wyoming®

Camp Ground, Montana.

Amsden formation

Dolomites, sandstones, and shales overlie the lowermost
Amsden sediments. Oubcrops are generally obscured by a
heavy mantle of soil.

01301 These beds produce a red, silty soil; outcrops are poor.
The thickness of this interval is estimated from topo-
graphic expression. In view of the apparent variations
in thickness and topographic forms these beds are be-
lieved to lie on an irregular erosion surface.

Unconformity~--an apparently undulating surface.
Kission Canyon formation

Units 355-372-C constitute a cliff-forming sequence which weathers
brownish-gray. Medium beds characterisze the uppermost portions,
while the lower portions are more massive. Fossils weather out
on the surface. Varicolored chert nodules are common throughout
the massive portions; these nodules weather to a light gray to
brown. At the base this sequence grades into a silt impregnated
breccia and conglomerate.

355. 0-8.0 1s: cherty, fossilifercus, fragmentsl, 1t bregr;
granule to fnly gran w a clear calcite matrix;
red stained fractures; porosity none.

356: B8.0-11.7 dol 1s: cherty, fossiliferous, 1t bregr to 1t
yel-gr; v fnly gran dol and micro-gran calcite;
infrequent crse vugs drusy w calcite; porosity
none.

357+ 11.7-16.5  1ls&s cherty, fossiliferous, stylolites, frag-
mental; 1t br-gr, Inly gran w micro-xin matrix;
porosity none.

358, 16.5-25.3  1s: cherty, fossiliferous, 1t br-gr w pk stains,
mned-gran, rnded fragments and oolites--no matrix;
perosity poor.



388.

360.

361

362.

363.

364.

365.

367.

3es8.

369,

370.

25.8-28.8

28.8-35.8

3508‘4206

42,6-50.4

§0.4~57.2

5?08‘86.?

66.7-77.8

7?.8'8*01
8401‘99.1
9001'190-8
100.3-107.6

107.6-115.8
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1s: cherty, fossiliferous, fragmental, 1%
bregr, ersely to faly gran w clear caleite
matrix; porosity none.

ls: cherty, same as above, partly w micro-
xln matrix; porosity none.

dol ls: fossiliferous, partly banded, arg,
1t gr to gr-pk, partly dusky red, miero-gran;
poresity none.

dol 1s to ls: same as above w pk stained
stylolites grading into fragmental ls--v
crse to fn gren w clear calcite matrix;
porosity none.

1s: fossiliferous, fragmental, 1% br-gr,
fn to micro-gran; porosity nome.

1ls: fossiliferous, partly erinoidal, frag-
mental, oolitis, 1%t br-gr, partly w pk stains,
v ersely to fnly gran w misro-xla to micro-
gran matrix; poreosity none.

1ls: same as above, w infrequent crse red-
stained vugs drusy w calcite; porosity peor

to none.

1s: same as above, partly micro-grang
porosity none.

1s: cherty, same as above; porosity none.

breccia: cherty, fractured, miero-xln and
faly fragmental lss w arg, red-stained fract-
ures drusy w caleite; porosity none.

breccia: cherty, micro-xln and fragmental ls
w red siltstone in fractures; porosity none.

breccias cherty; dark gr crsely xln to 1t gr
micro-xln 1ss and 1t br to 1t gr miero-gran
dols; pale green sh and 1t br to yel-gr ocale,
arg matrix; porosity (matrix only) poor te fair.
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371. 118.8-126.1 |©breccia: cherty; micro-gran and fragmental
1lss, infrequent micro-gran dols; green sh and
erg eale matrix; porosity none to poor.

372. 125.1-135.1  breccia: cherty; dominantly yel-gr, arg dols;
infrequent 1t br-gr, miecro-xln lss; green sh
and 1t br, arg, cale matrix; porosity none to
poor.

Units 372-C to 391 constitute a gray and gray-brown weathering,
banded sequence. On the weathered surface this sequence is pseudo-
bedded. Brownish-weathering cherts are present in beds and lenses.
Infrequent laminations are noted; surfaces are rough, but regular.
Bedded breccias are present in the uppermost portions. Collapses
are noted in the basal portions. Fossils are generally absent.

372-C. 185.1-140.1 dol: arg, cale, v 1t gr, micro-gran; varying
thickness; poreosity none.

375. 140.1-145.6 dol: laminated, med 1t gr to 1t gr, miocro-gran;
partly faly xln w abundant fn to med wvugs;
porosity poor to none.

374. 145,6-148,7 |Treccia, dol: partly fossiliferous, med 1t gr,
mioro-gran; crse, leached fossil wvugs and casts;
ersely xln caloite matrix; porosity poor.

375, 148,7-151.6 del: 1t gr to v 1t gr, miero~ to v fanly xln;
moderate fn and med vugs; crse nests of calcite
xls; porosity none.

376. 151.6-1556.4 dol: cherty, same as above; partly a brecciaj;
poresity none.

377. 155.4~162.2 deol: cherty, med 1t gr, micro-gran; partly a
breccia w wh, micro-xln, sl cale dol matrix;
porosity poor to none.

378. 162.2-172.4 dol: cherty, partly brecciated, same as above;
med 1t gr and wh; porosity poor to none.

879. 172.4-178.4 dol: cherty, partly cale, v 1t gr to 1t gr, miecro-
xln; perosity poor to nene.

380, 178.4-184.9 dol: cherty, v 1t gr to 1t gr, micro-xln to v
fnly xln; partly w crse vugs stained 1t br; cal-
eite nests; poreosity poor to none.



381. 184.9-198.2

388. 198.0-206.0

384. 205.0-210.0

386. 210.0-217.0

386. 217.0-229.7-

88?. 329.7'28918

3889 23903'34‘00

388, 244.0-249.5

590. 249.5'25&05
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dol: 1% gr to v 1% gr, fnly and micro-xln;
infrequent v orse caleite xls; moderately

fnly wuggy; porosity poor.

dol: cherty, sl cale, same as above, partly
fnly xln; sabuhdant fa vugs; partly sacchar-
oidal; porosity poor %o fair.

dol: cherty, sl cale, med 1t gr to 1t gr,
micro-xln; infregquent fn vugs; pomosity none.

dols sl cale, 1t gr to v 1t gr, miero-xln;
infrequent crae calcite xls; porosity nome to
poor.

dol: fossiliferous, 1t yel~gr to med 1t gr,
micro-xln; infrequent fu wugs; porosity none
to poor.

dol: 1t yel-gr to 1t gr, miocro-xln and fnly
xln; infrequent fn vugs; occasional crse cal-
cite xls; porosity poor.

dol: cherty, sl cale, wh to v 1t gr, miecro-
xln; caloited fractures; poresity none.

breccia, dols cherty, same as above, w hematite
anhedrons and stains in fractures; porosity none.

breccia, dol: cherty, wh to v 1t gr fragments
in a med gr, micro-gran matrix; large inter-
fragment calcite nests; porosity none.

breccia, dol: cherty, calo, wh to v 1t gr,
micro-xln; chalky~looking; poresity poor.

Units 391 to 400 constitute a poorly bedded, cliff-forming sequence
which weathers to a grayish-brown. Fresh surfaces are light grayish
in color. Thin beds and lenses of brown and gray sherts are present.
Collapses are noted in the basal portions. Fossils are absent.

$91. 253.5-287.6

$92. 257.6-264.7

dol: cale, med gr to br-gr, micro-gran; porosity
none.

dol: partly calec, 1t br-gr to yel-gr, micro-
gran and v faly xln; partly moderately fnly wuggy;
porosity poor.



393.

394.

396,

396.

397.

388,

399,

Lodgepole formation

264,7-270.1

270.1-279.1

279.1-289.5

289,5-302.3

302.3-308.7

308,.7-818.7
318.7-828.7
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dol: sl cale, same as above; porosity poor
to none.

dols v 1t gr, miero-xln; infrequent med and
fn vugs lined w anhedral ealcite; porosity
néne.

dols orsely brecciated, cherty, med gr, miero-
xln fragments in a wh %o v 1t gr micro-xlm,
cale matrix; interfragment caloite xls;
porosity poor te fair (7).

breoceia, dol: cherty, sparsely fessiliferous;
wh teo med gr, miero-xln fragments in a wh %o
v 1t gr, miero-xln cale matrix; porosity poor
to none.

breecia, dol: same as above, no chert, no
fossile; porosity poor to ncne.

breccia, dols same as above; porosity poor.

breccia, dol: same as above; porosity poor
to none.

Units 400 to 439 constitute a well cross-bedded series which
weathers to a brownish-tan. Fossils are abundant. Chert is largely
This sequence is medium- to thin-bedded in upper and lower
portions while medium to thick bed eharacterize the center.

absent.

400.

401.

403.
404.

828 . 7"885 . 9

335.9-842.6

342.€6-346.6
546 . 3-352 01
862.1-3866.2

dol: cherty, fossiliferous, 1t gr to med 1t gr,
miero- to v fnly gran; porosity poor.

dol: cherty, fossiliferous, 1t gr to med 1t gr,
miere~ to v fnly gran; partly w darker-colored,
more compact, irregulerly shaped portions;
porosity poer.

dols cherty, same as above; porosity poor.
dolt no chert, same as above; porosity poor.

dol: same as sbove, partly fnly xln and saccha-
roidal; porosity fair.



405.

407.

409.

410.
411.

412.

413,

414.

415.
416.

856,2-368.4

358,4-363.7

868 oy‘MV' 7

367.7-373.8

375.5-376.8

37808“881.9
381.9"886 08

386.3-393.8

395.8-400.5

400.6-410.8

410.5-4156.0

415.0“ 42002

0”-

dol: sparsely fossiliferous, med gr to 1t
br-gr, micro- to v fanly gran; poresity none.

dols med gr to 1t gr, fnly gran w infrequent
br-stained vugs; porosity fair.

dol: fossiliferous, cale, yel-gr to v 1t gr,

v faly gran; moderate fn vugs drusy w anhed-
ral, br-stained calcite; occasional well-rnded,
poorly outlined, micro-gran, med gr, deol gran-
ules; porosity fair.

dol: fossiliferous, cale, med 1t gr, miecro- to
v faly gran: infrequent fn vugs drusy w anhed-
ral br-gtained calecite, hematite anhedrons and
stains; porosity none.

dol: fossiliferous, 1t br-gr to med 1%t gr fnly
to med-gran; ococasional v crse calcite xls;
porosity none.

dol: fossiliferous, same as above; porosity none.

dol 1s, 1.4's fossiliferous, fragmental, fn to
med-gran calcite w scattered grains of miecro-
to v faly gran dol; porosity none.

dol 3': fossiliferous, med drk gr, fnly to v
faly xln; porosity poor.

dol 1s to cale dol: fossiliferous, yel-br
(micro yel-flecked), micro-gran dol rhombs in
a calcite flour matrix; lenses of drk gr, fnly
gran del w scattered crse calecite xls; porosity
none to poor.

dol 1ls to cale dol: same as above; porosity none
to poor.

dol 1s to cale dols same as above; minor fn wvugs;
porosity poor.

cale dol: same as above; porosity poor to none.
cale dol: same as above w rnded pebbles of drk gr,

micro-xln, dol; basal portions grade to a frag-
mental and fossiliferous ls of med-gran, rnded

fragments; porosity poor.



417.

418.

419,

420.

421.

422.

4238.

424,

425.

426.

420.2-426.9

426.9-437.0

437.0-445.1

446.1-448.6

“8 . 8“51 .0

451.0-455.3

455.3~458.5

458.6-463.4

463.4-466.8

466.8-489.9
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1ls 4': fragmental, med- to ersely gran w in-
frequent fn wvugs drusy w calecite; porosity
poor to none.

dol 1s, 2.7': fragmental, seme as sbove w
fragments in a mioro-gran dol matrix; porosity
none.

dol ls to calc dol: gradational fram the above
to a med gr w or-yel stains, fnly te v fnly xln,
cale dol; porosity poor.

dol: calec, same as above, partly a med 1%t gr,
misro-gran, dol w abundant miero~hematite
flecks end stains; partly dol ls, fragmental
as above; porosity poor teo none.

dol cale to dol ls: fragmental, fossiliferous,
med gr, faly to med-gran, ls w v fnly gran dol
matrix, hematite flecked; porosity none.

dol ls: same as above, partly w well-rnded
pebbles; porosity none.

dol: cale, br-gr w pk stains, v fnly to miero-
gran, w frequent subhedral and euhedral hema-
tite pseudomorphs after pyrite; porosity none
to po@r .

dol cale, 1': same as above, wh grades to fnly
to med-grean, med gr dol ls w hematite stains
in fnly to micro-gran dol matrix; porosity none.

del 1s to cale dol: partly fragmental as above;
partly v fuly gran dol w rnded granules of micro-
gran, med 1t gr dol; porosity none.

dols eale, fossiliferous, med drk gr w or-yel
stains, v fnly to silt-size gran; fn wvugs
stained or-yel; hematite anhedrons; indistinetly
outlined, rnded granules and pebbles of mioro-
gran, med 1%t gr dol; porosity none.

dols calc, same as above.



427.

428.
429.

430.

431.

432.

433.

435,

436.

437.

438.

469.9-474.7

474.7-480.2
480.2-486.3
436.5-489.8

489.8-495.4

495.4-501.7
501.7-507.0

507.0-510.0

510.0-514.0

514.0-517.8

517.8-520.6

520.6-528.6

=100~

dols: sl cals, banded and laminated, br-gr
to med gr w 1t br partings and pk stains,
micro~ to silt-sisze gran; occasional orse
caleite xls; porosity none.

dol: same as above; poresity none.
dols same as above; porosity none.

dol: same as sbove and dol ls, fragmental,
oolitie, fossiliferous, sparsely crinoidalj
fn to med fragments in a v faly gran dol
matrix; poresity none.

ls to dol 1s: fragmental, fossiliferous, ocoli-
tie, orinoidal, 1t br-gr to pale purple teo gr-
red, orse to fn fragments in a matrix of clear
caloite, hematite and dol rhombs; porosity none.

1s to dol ls: same as above; porosity none.

calc dol and dol ls: laminated and banded,
partly same as above, partly a silt of hematite,
dol rhombs and calcite flour; porosity none to

poor.

dol ls: fragmental as above, w 1/8" stringers of
micro-gran hematite; porosity none.

ls: fragmental, fossiliferous, oolitiec, erine
oidal, bands of med gr to pale purple, fnly te
med-gran; hematite and calcite matrix; porosity
none.

ls: same as above; partly calec dol, med 1t gr,
micro~ to v faly gran; porosity nome.

dol 1ls: fossiliferous, med gr w br and or-yel
stains, fnly to v fnly gran dol and med~ to v
fnly gran 1s; porosity none to poor.

dol: med drk gr, micro-gran; micro~hematite
flecks; porosity poor to none.

Units 439 to 4563 constitute a distinctly bedded series which weathers
to white and different shades of brown. Concavities and prominences
result from varying degrees of resistance to weathering.



439.

440.

441.

442,

443.

446.

447,

449.

450.

529 . 8“‘5” . 1

533.1-540.0

540.0-540.8

5‘008'“6 o‘

546.4-549.4

549.4-5863.2

563,2-667.7

5567.7-562.6

562.6-566.6

566.,6-569.6

569.6-573.4

§73.4~-575.6
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dol 1s: fragmental, fossiliferous, 1t br-gr,
fuly to med-gren ls w a v fn to micro-gran
matrix; porosity none.

1s: 1% gr to 1t bregr, sublithographic-
looking 1ls w small bands of fnly gran ls em~
bedded; poroaity nene.

1s: 1% br-gr to br-gr, micro-gran w drk red
streamers and partings; porosity none.

dol: arg, irregularly laminated, yel-gr to 1t
br, miero-gran; porosity hone.

dol, cale and caleite: cherty, v 1t gr micro-
x1ln dols partly subhedral to euhedral calcite
w only irregular patches of dol remaining;
"brecciated~-looking” 3 porosity good to med.

ls: 1t br-gr to 1%t gr, micro-gran to fanly gran;
occasional xls of dol; hematite anhedrons and
stains; porosity none.

dol, cale and caleite: 1t gr, v fuly xln,
(saccharoidal dol) which replaces xln caloite;
porosity med to good.

dol 1s and dols 1t gr, faly to v fnly gran ls
end xln dol interbedded w drk gr, miero-xln dol;
porosity none to poor.

dol: 1%t gr, micro-xln wh varies to ealoite and
fnly xlan dol at base; porosity fair.

1st 1%t bregr to bre-gr, micro-gran (sublitho-
graphie~looking) which varies to a dol 1s at
base; porosity none.

1st 1t br-gr to bregr, miocro- to fnly gran;
dol, cale; 1t yel-gr, micro-xln w infrequent
fa vugs; partly saccharoidal and replaced by
caleite; poreosity fair to poor.

dol: med 1t gr, micro-xln, partly v fnly xln;
varies to a micro-gran, br-gr ls at base;

porosity poor.



451,

452,

£76.,6-579.1

579,1~580.3

~102-

dols ehor‘by, partly cale, 1t br-gr, v fnly
xln, partly saccharoidel; porosity poor to
fair.

dol: 1t yel-gr to yel-gr, v fnly xln,
saccharoidal; poresity good.

Units 453 to 462 constitute a cliff-forming sequence of medium-
bedded strate which weather brown to gray. Bedding planes ococur
only as depositional partings. The weathered surface is character-
ized by differential weathering pits.

453,

454,

468,

457.

488,

459.

460,

46l.

580.8‘582-8

58208”587.5

687.5-682.1

592.1-696.5

§96.6~-603.7

80307‘809.7
609.7-618.5

618.6-623.0

€23.0-626.6

dol: sl calc, 1% yel~gr, v fnly xln, w tiny
lenses and bands of cross-laminated, wh, micro-
gran, chert; porosity fair to med.

dols fossiliferous, 1t gr to mel l¥gr, v fnly
to silt-size xln; orinoid sections and fossil
fragnent casts; partly w moderate fn to med
leached wugs; poresity fair.

ls: fragmental, partly dolomitic, 1t gr to br-
gr, micro- to med-gran, rnded fragments (and
oolites?) w scattered grains and nests of silt-
size dol xls; porosity none to poor.

dol: cherty, br-gr, v fuly to silt-sisze xln,
partly saccharoidal; porosity poor.

dels fossiliferous, med 1t gr, micro- te silt-
size xln; infrequent crse calcite xls; moderate
fo to med vugs; crinoid end fossil fragment
castes; porosity poor to nonme.

dol: same as above, partly micro-gran; poresity
poor to noue.

dol: same as above, w infrequent bl-lined
(asphaltic?) v orse wugs; poresity poor.

dol: fossiliferous, 1t gr, v fnly to silt-size
x1ln; abundant fn vugs end crinoid casts;
porosity fair.

dol: same as above, partly micro-gran; porosity
poor to fair.



462.

626.6-632.6
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dol: cherty, same as above; poresity poor.

Below unit 462 the outerop becomes thinly-bedded and slumps eway
to leave an overhanging cliff above. This interval below 462 to
485 may mark the base of the Mississippian., Strata below are not
similar lithologically to the Bighorn dolomite sediments.

463.

465,

632.6-635.1

635;1"’639 -

659.56-647.9

dols: cherty, siliceous, partly same as above;
partly drk gr to med drk fr, fuly to v faly
xln w infrequent nests of orsely xln calcite;
irregularly shaped 3" nodules and streaks of
wh, partly porous chert?; porosity poor.

dols fossiliferous, cherty, med gr to or-yel,
v fuly to silt-sise xln; partly w abundant fn

" wugs and moderate v orse, bl-lined (nphtlttc‘!)

vugs; porosity poor to fair.

dols cherty, drk yel-or to 1t yele-gr w drk gr
mottlings, v fnly to micro-xln; porosity poor.

Base of seotion is not exposed.
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SHOSHONE CANYON

Sampling started on the north side of the Shoshone River in Sec
4, T 52 ¥, R 102 W, 4t a location about 1/8 mile above the in-
verted syphon. Madison thickness is measured from the Amsden-
Eadison lithologic contact. Surveyed thicknesses varied from 700
feet to 750 feet.

Ansden formation

0'~30" (approximately) Poor outerops of incompetent beds of varying
thickness are obscured by a red-colored mantle;
the basal contact of these beds appears to be
very irregular. Because of varying thickness,
sporadic occurrence, and an spparently undula-
tory basal contect of verying amplitude the
base of these beds is believed to mark an un-
c@nfomtys

Unconformity(?)=-
7' =-Conglomerate: limestone and dolomite cobbles to
granules in a sandy, argillaceous mgtrix.
18* --Interbedded sandstones and limestones.

2' --Sandstone: brownish-gray weathering, fine to
medium granular.

Miesion Canyon formation

Units 211 %o 222 constitute a series of thin- and medium-bedded strata
which weather blue-gray to tan. These beds weather to form a series
of ledges hear the top of the sequence, but erop out as a massive

unit in the lower portions. Chert lenses and nodules are fregquent.
Contacts between units are sharp near the top and become progressively
more vague downward.

211, O#3.5 lss: cherty, 1t br-gr, miero-xln; porosity none.

212,  8.5-7.7 st cherty, 1t br-gr, micro-xln; partly a 1t
yel=gr, micro~-xln, cale dol; minor fn wugs
drusy w qtz xls; porosity none.

213. 7.7-15.2 lst cherty, stylolites, sparsely fossiliferous,
1t br-gr to 1t yel-gr, micro-xln; partly frag-
mental; at base a dol 1s w infrequent fn vugs
lined w bl, carbonaceous (?) material; porosity
none.
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21k,  15.2-21.0  1ls: cherty, stylolites, 1t bregr w yel
flecks, micro-xlng partly a 1t yel-gr w
yel-or stains, micro-xln dol w infrequent
cse vugs drusy w qbz and calcite; porosity
none to poor.

215. 21.0-24.8  dol: cherty, stylolites, partly silicie,
cale, 1t yel-gr to med 1t gr, micro-xlng
yel~or stained fractures, minor fn wugs;
porosity poor to none.

micro~xln; porosity rone to poor.

217. 28.3-32.8 dols cale, cherty, med gr to med 1t gr,
micro- to v fnly xin; infreguent leached
fossil fragments; infrequent large nests of
ersely xln calecite; poresity pocr.

218. 32,8-37.8 dol: cherty, calc, 1t yel-gr to med 1t gr,
micro-xln; partly w med x1s of calcite;

infrequent fn wugs; porosity poor.

219! 3708"‘1]1‘«3 1" fﬂsailifmu!, “mtal’ Oolitic',
med 1t gr to 1t gr, fnly to med-gran;
occasional well-rnded ls granules and
pebbles and abundant oolites in a mirrow
xln matrix; partly w infrequent fn rhombs
of dolj porosity none to peoor.

220.  Lb.3-k9.9  1s: cherty, fragmental, 1t bregr to 1t gr,
fn to med fragments in a micro-xin matrix;
partly a v fnly xln, med 1t gr calc del w
hematite pseudomorphs; porosity none.

221. 49.9-52.9 dol to dol lst cherty, 1t yelwgr to v 1t
gr, v fnly xln w sbundant crse calcite xis
and inter-xl calecite flour; porosity poor
to none.

Unite 222 to 235 constitute a massive, cliff-forming sequence
which weathers blue-gray to grayish-brown. Depositional planes
and intervals are evidence by fracture patterns and varying de-
grees of weathering. Sporadic chert nodules weather out brown
to pale yellow. At the base, this sequence grades into a breccia
and conglomerate, which locally caves under to form a talused
ledge.



223.

22k,

225.

226.
227.

228.

229.

230C.

23l.

52.9=55.9

5549686

68,6-70.9

70.9~75.4

T5+1=79.9
79.9-87.0

87.0-91.0

91.0-103.8

103.8-109.1

109!1“11“.& 6
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1lst cherty, fossiliferous, v 1t gr to 1t

br-gr; v fn to granule sigze fraguments in a
micro-xln matrix; infrequent v crse vugs drusy w
calcite; porosity none.

1s: cherty, fossiliferous, partly crinoidal;

v fn to v crse fragments in a micro-xln mgtrix
varies to a 1t br-gr, micro-xln ls; hematite
pseudomorphs; porosity none to poor.

1s: fossiliferous, 1t gr to 1t yelwgr, v
fnly to micro-gran; porosity none.

1ls: cherty, fossiliferous, stylolites, 1t

gr to v 1t bregr, fn to v crse fragments w
micro-gran and micro-xln matrix; scattered
rnded granules; porosity none.

ls: same as above; porosity none.

1s: fossiliferous, 1t gr to med 1t gr, v fuly
to med-gran fragments in a micro-xin mabrix;
locally a cg of subrnded pebbles %o cobbles
of fragmental 1s in a micro~gran to crsely
gran ls matrix; porosity none.

1st cherty, fossiliferous, 1t gr te v 1t brgr,
v fnly to med-gran fragments and oolites in a
nicro-xln matrix; porosity none.

lss cherty, fossiliferous, cclitic w & med~
to v ersely xln matrix; porosity none.

dol, 23': calc, 1t yel-gr, micro-xin; lensing;
porosilty poor to none.

dols cherty, partly v cale, v 1t gr to 1t yel~
grs v fnly to miero-xlng porosity poor.

1s: v fossiliferous, 1t bregr, micro-gran at
top; grades into a poorly compacted, v crsely
fragmental ls w a micro-gran matrix; partly
crinoidal; hematite tresy v large brachiopod
casts (33"-L3"), large crincid sections and
nurerous horn corals are present among the ls
fragments; porosity poor teo failr,



232.

233.

23k,

114.6-125.6

125,6-128,6

128,6-148.6
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ls: fragmentsl, same as above, cherty;

porosity poor. (Laterally varies to a
boulder breccia.)

lst fragmental, same as @ove; partly con-
glomeratic w well-rnded pebbles of fragmental
ls set in & fr ental matrix; v fossili-
ferous w lu-ge cross-section) erinoid
stems and large (2"-L¥) fossil shell casts;
locally v friable; porosity poor to fair and
variable laterally.

breccia and cg: (a maximum thickness was
measured) rnded to angular boulders to gran-
ules of varied lithology; boulders of wellw
cemented breccia w different msirices present;
cobbles to pebbles of translucent micro-xin

ls and gr-bl, fnly xIn dol are lined w micro-
gran, and subhedral hematite; anhedral micro-
pseudomorphs of hematite are scattered through
matrices; fragments of chert lenses and nodules;
fragments of fluorite-bearing doly a pale green
to yel-or, shaly, calc, arg matrix is iineated
around fragments locally.

Units 235 to 255 constitute a series of medium- and thickly-bedded
strats which weather brownish-gray. Thin-bedded strata occur over
short stratigraphic intervals. Laminations and banding are frequent.
Sporedic breccias cccur. Chert lenses and beds are common. At the
bage of this sequence is a highly {ractured, massive bed which con-
tains conformsbly bedded, pseudo~boulders of dolemite. Fossils are
generally absent.

235.

236.

237.

238.

148.6-153.4

153.4-166.7

172.2-174.7

dol: arg, med 1t gr to 1t gr, micro-gren; in-
frequent med vugsj porosity nonecs

dol: cale, cherty, 1t yel-gr to 1t gr, micro-
gran; veinlets and nests of calcite; cg at
base of subrnded pebbles to cobbles of yelw-gr
to med gr, micro-gran to micro-xin dol in en
or-yel, calc matrixj porosity heme to poor,

dols chalk-looking, partly sil:mic, arg, micro=
gran; porosity none.

dol: cherty, med 1t gr, partly w hematite stains,
micro~xin; porosity none.



239.

2L0.

2la.
22,

174.7-182.8

182.8-189.6

189.6-198.6
198.6-203.L
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dol: cale, med gr to br-gr, micro-granj
basal 3" a dol 1s of v fn rhombs in a
cale matrix; porosity none.

dol: cherty, cale, sparsely fossiliferous,
med 1t gr, micro-gran; partly micro-saccha-
roidal; porosity poor to fair.

dols cherty, same as abovej porosity fair.

dol ls and calc dol: grades from a med gr,
micro-gran cale dol to a 1t br-gr, dol 1s
of silt-size dol rhombs in a cale matrix;
porosity none.

Local unconformity--marine erosion.

2L3.

2Lk,

245,

246,

2L7.

2L8.

2L9.

203.4-210.9

210.9-218.2

218,2-222.0

222,0-228.6

228.6-230.4

230.4=234.5

234.5-238.3

1s: thinly banded, 1t br-gr, micro-grang
also, well-rnded granules of micro-gran ls
in a micro-gran matrix; porosity none.

dols cherty, conglomeratiej subrnded to
angular, cobbles to granules of med 1t gr to
v 1t gr, micro-gran, calc dol in a matrix of
br-gr to yel=gr, micro-gran to v fnly gran
dol; porosity poor.

1ls: 1t br-gr, micré-granj nests and veinlets
of calcite; porosity none.

dol: &l cale, v 1t gr to med 1t gr, micro-
gran; porosity none.

1s: cherty, 1t br-gr, micro-gran; partly w
red-stained streaks; porosity none.

dol: cherty, cale, med 1t gr, micro- to v
fnly gran; irregularly shaped, granule-gize
inclusions of v 1t gr, micro-gran to v fnly
gran doljy porosity none.

ls: partly fragmentsl, 1t bregr, micro-gran;
partly w v crse to med fragments in a micro-
gran, calc matrix; porosity none.



250,

261,

262.

2863.

254.

255,

238.3-241.6

241.6-250.1

260.1-256.2

256.2-261.2

261.2-268.1

263.1-266.5
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doy: siliocie (?7), partly banded, 1t yel-or
ti med 1%t gr, micro-gran; poresity none.

lss cherty, 1t br-gr, micro-gran; partly
fragmental w ocrse to v fn fragments ih a
micro-gran cale matrix; porosity nome.

1s: cherty; same as above; partly a dol ls
w silt-size dol rhombs enclosing fn to orse
fragments of 1s; porosity none.

dol ls: cherty; same as above; minor v orse
vugs drusy w calecite; porosity none.

dol ecalc to dol ls: cherty, med 1t gr, micro-
to v fauly xln dol w interstitial micro-gran
ealcite; porosity poor.

dols cherty, sandy, erg, v 1t gr, miero-gran;
frequent grains of fn angular gtz and aggre-
gates of qtz xls; 1" beds of v fuly xln
fluorite-bearing dolomite; porosity poor.

Units 266 to 270 constitute a thin- and medium-bedded series of
strata which weather grayish-brown. Cherts are sporadically present
in lenses and nodules which weather to gray and brown colors. Small
scale chamneling is present throughout upper portions of the seguence.

Fossils are absent.

The Mission Canyon-lodgepole contact is marked

by a series of hematitic and conglomeratic beds which outerep in the
basal portions of this sequence.

256.

257,

258.

259.

260.

266,5-269.3

269.3-274.5

274.5-276.0

276.0-282.1

282.1-287.9

lst: v cherty, 1t br-gr, micro-gran; flecked
w micro-hematite; porosity none.

dol ls: v 1% gr, miocro-gran dol w miero-gran
caleite; porosity none.

ls: 1t bregr, mioro-gren; flecked w mioro-
hematite; porosity none.

dol 1s: v 1% gr to 1% br-gr, micro-gran dol w
interstitial micro-gran caleite; porosity none.

dols cherty, banded; med 1t gr, v fnly to miecro-
gran w thin 1/8" bands and streaks of wh, perous
chert; porosity none.
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261. 287.9-301.5 1s: sl cherty, 1t br-gr, fnly to med-fragment-
al w scattered dol rhombs; porosity nons.

262, 301.5-308.8 dol: cherty, 1t gr te med 1%t gr, mirco-gran;
porosity none.

263. 303.3-305.7 dol: cherty, cale, laminated, 1t gr to v 1t
br-gr, miero-gren; porosity none.

264, 305.7-308.5 1ls: 1t br-gr, micro-gran; porosity nonme.
Lodgepole formation

266, 308.5-310.8 dol: arg, banded; 1%t gr partly stained yel-or,
' micro-gran; pebbles and lenses of bl-gr,
micro-gran, arg dol; hematite anhedrons;
porosity none.

266. 310.9-312.2 dolt: cherty, arg, 1t gr to yel-or mottled,
micro-gran; infrequent nests and veinlets of
ealeite; porosity poor.

267, 312.2-315.0 1s: oherty, 1t br-gr, fnly fragmental to
micro-gran; porosity none.

268. $15.0-318.8 dols cherty, cale, v 1t gr, micro-gran;
porosity none.

269, 318.8-323.8 dol: cherty, silty, conglomeratie, 1t gr to
or-yel, silt-size gran dol w subrnded to
angular pebbles of v 1t gr, mloro-gran, arg
dol; micro-hematite anhedrons; nests of cal-
eite; porc "ity none.

Units 270 %o 320 constitute a oliff-forming series of medium- and
thin-bedded strata which weather to a darker gray than the above
sequences. Cherts are not present. Cross-bedding and laminations
ocour sporadically. Fossils are ebundant to moderate. Pseudo-
bedding is formed by stylolite ocecurrences.

270, 328.8-827.8 dol: cherty, silty, cals, v 1% gr to 1t yel-gr,
micro-xln; infrequent silt-size to v fn chert
and qts grains; minor fn vugs; porosity none to
Poor.

271. 327.8-3%2.8 dols cherty, partly arg, v 1t gr to yel-or,
miero-xln; partly miero-sascharoidal; porosity
poor to fair.



272.

278.

274.

278.

276.

277.

278.

zn‘

280.

281,

282

283.

332.8-333.8

333 v 8"335.0

385.0-886.5

356 <« S-Ml . 2

541.2-3562.2

3562.2-885.5
356.5-3567.4

35? . 4"360 . 2

360 L 2"3‘“ n‘

864.4-365.5

365.5-368.5

368.6-374.6
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dol: cherty, silty, v drk red to gr-yel, fn
to med-gran dol; irregularly shaped med size
grains of qtz and chert; hematite anhedrons
and staing; porosity poor %o none.

dol: cherty, yel-gr to gr-yel, partly stained
drk red, mioro-gran to micro-xln; partly miero-
sascharoidal; porosity poor.

lss coneretionary, 1t br-gr, micro- to v fnly
gran, pertly w med size nests of micro-gran
dol; cobble size, soned, well-rnded concretions
of med gran, miocro-xln, cale dol; poresity none.

dol: v 1t gr, and stained yel-or, miecro-gran;
occasional xls of caloite; anhedral hematite
in fractures; perosity nome to poor.

dol ls: sparsely fossiliferous, med 1t gr w
or-yel flecks, micro~xla to v fnly xln dol
rhombe in micro-gran ls; porosity none to poor.

dol ls: same as above; porosity nome to poor.

1s¢ sl dolomitic, fossiliferous, fragmental;
1t br-gr, granule to med fragments in a mioro-

gran to v faly gran dol ls matrix; poresity
none.

dols cale, med 1t gr, v faly to mioro-gran;
caleite in fractures; porosity none to poor.

ls: fragmental, sparsely fossiliferous, ot
br-gr, granule to fu ls fragments in a xln
calcite matrix; porosity none.

dol lss cherty, v 1t gr, micre-te fuly xln
dol rhombs in miero-grarc ls; scattered v eorse
vugs drusy w calcite; porosity none.

dol ls: fossiliferous, fragmental, 1t br-gr,
granule to fn ls freagments in a micro-gran,
cale dol matrix; porosity none.

dol ls: 1t br-gr, micro-xln dol rhombs in
micro-gran ls; porosity none.
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284, 874.6-377.5 dol: cale, fossiliferous, v 1t gr to yel-or,
‘miero-gran to v faly gran; partly a micro-
gran dol ls; porosity none.

285, 377.5-386.6 1s: fossiliferous, oolities, fragmental orse
to fn ls fragments and colites in & xln cal-
cite mabriz; porosity none.

286, 386.,5-390.5 1s to dol ls: fossiliferous, colitie, frag-
mental, same as above grading into a frag-
mental ls w miero-gran dol matrix; carbona-
ceous lined stylolites; i" crinoid sections;
porosity none.

287. 390.5-395.0 dol 1s: fragmental, same as above; porosity
none.

288, 395,0-396.5 dol: cale, med gr w or-yel flecks, micro-grang
porosity none to poor.

289, 396.5-408.1 1s: fossiliferous, oolitic, fragmental; ecrse
to fa fragments w xln calcite matrix; partly
w dolomitioc matrix; porosity nonme.

290, 403,1-404.9 dol 1s: 1t gr to 1t yel-gr, micro-gran dol w
inter-grain ealcite; porosity poor.

291, 404.9-409.8 dol ls: fragmental and oolitie, 1% br-gr, crsely
to faly gran w a micro-gran dol matrix;
porosity none.

292. 409.8~414.8 1ls: fossiliferous, ocolitiec, stylolites, 1t
br-gr, fuly to orsely gran w a micro-gran dol
matrix; porosity none.

295, 414.8-417.4 1ls: sl dolomitic, fragmental, ocolitie, 1t br-gr,
fn to erse fragments in a matrix of uicre-
gran ls and dol; porosity none.

294. 417.4-421.5 1s: fragmentel, ocolitie, 1t yel-br, fn to crse
fragments in a matrix of clear, xln calecite,
miero-gran calcite and micro-gran dol; porosity
none.

295, 421.56~-424.9 dol: cale, pale yel-br, micro- to v faly gran;
calsite veinlets; porosity poor to none.
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2968, 424,9-430.1 1ls: sl dolomitio, fragmental, yel-br, v
orse to fn fragments in a matrix of clear
xln caleite and micro-gran dol; porosity none.

297. 430.1-433.7 dol: ocale, pale yel-br w or-yel stains, v
faly to miero-xln; porosity poor %o none.

298, 433.7-435.9 dol 1s to cale dol: cherty, partly fragmental
1ls w miero-gran dol matrix; partly micro- to
v faly gran dol w inter-grain caloite;
porosity none.

289, 485.9-440.9 dol: 1t gr te 1t yel-gr, mioro~ to fnly xln;
: occcasional calcite~lined wugs; porosity poor
to fair. “

800, 440,9-446.4 13: oolitic, fragmental, orse to fu rnded
fragments in a micro-gran and fnly xln matrix;
porosity nons.

301, 446.4-448.9 1ls: same as above w hematite stains and flecks
in matrix; porosity nome.

302. 448.9-455.4 dol ls: fragmental as above, partly crinoidal;
partly pale lavender w hematite and faly gran
dol matrix; partly a med gr, v faly gran dol
at top; porosity nome to poor.

808, 455.4-464.8 1ls: cherty, fragmental, oclitis, partly crin-
oidal; well-rnded granules through fn frag-
ments in a mioro-gran 1s and dol matrix;
perosity none.

304. 464.9-472.8 1s: same as above; porosity nome.

306. 472.8-478.5 1s: same as above w occasional crse, sub-
hedrons of pseudomorphic hematite (after py-
rite); frequent hematite stains; porosity nome.

306, 478.5-488.2 dol ls: fragmental as above w micro-gran dol
matrix; frequent v fa to micro-siged hematite
aghedrons; porosity none.

307. 486.2-489.7 dol 1ls: same as above which grades into a

banded, med gr w yelwor flecks, v fuly gran dol;
poresity none.



310.

3il.

s12.

313.

314.

318.

316.

$17.

318,

489,7-493.9

493.9-498.0

‘9810‘561-5

601.5-508.0

508.0-518.0

513.0-516.3

£16.3-519.6

51906‘58308

623.3-526.8

528.8-531.5

531¢5’54@-7
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dol le: fossiliferous, same as above w
abundant pyrite and hematite flecks;
porosity none.

dol: cale, banded, 1t bregr, micro-gran w
layers of abundant hemetite and pyrite; partly
v eale and partly arg at base; porosity nene.

dol 1s and dol: scantily fossiliferous, yel-br
and med gr, partly fregmental w misro-gran

dol matrix; grades to a v sl cale, drk bl-gr
and or=-yel speckled del; del oolites poorly
preserved; hematite and pyrite flecks through-
out; porosity none.

dol: silty, calo, med gr w yel-or flecks teo
drk yel-br, miecro-gran dol; porosity none.

lss silty, fragmental, pertly w abundant py-
rite and hematite in matrix; bl-gr speckled
to red-gr speckled to pale purple; porosity
none.

dol ls: speckled 1t to med gr, oolites and ls
fragments in a mioro-gran dol matrix; grades
to a micro-gran, med gr, cale dol; poresity
none.

dol 1ls: cherty, med gr to pale purple, oolites
and fragments in a mioro-gran, dol matrix;

partly w abundant hematite and pyrite; poresity
none .

dol ls: fragmental, fossiliferous, 1%t br-gr %o
yel-br, w med gr granules of micro-gran dol;
occasional erse wvugs drusy w calcite; porosity
none.

dol: cherty, sl cale, 1t yel-gr, micro-gran;
porosity none.

le: cherty, stylolites, 1t br-gr, micro-gran;
porosity none.

dols cherty, fnly laminated, 1t yel-gr to med
gr, micro-gran; partly mdcro-saccharoidal;
poresity poor.



319.

540.7-647.6
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dols 3', 1t yel-gr, micro-gran; porosity
none.

1s ‘breccia: 3.8', angular cobbles to pebbles
of 1t yel-br, oolitic ls in 1t yel-gr, micro-
gran dol matrix; porosity none.

Units 320 to 347 constitute a dark weathering, cliff-forming se-
gquence; laminations ocour sporadically in bedded sequences of lime~

gstones and dolomites.

Cherts are absent except near the top of the

sequence where they ocour in large nodules. Lowermost portions of
the seguence are thin- and medium-bedded, while upper portions are
thick- to massive-bedded.

320.

321.

s22.

323.
324.

825.

526.

327.

328,

547.5-562.0

6562.0~565.9

566.9~569.2

569.2-564.3
564.3-669.1

569 & 1"574 . 8

674.8-579.6

579.6-587.6

587.6-595.4

1s: cherty, 1t br-gr, miero-xln; caleite vein-
lets and fraocture fillings; porosity none.

dol: cherty, cale, pale yel-br to 1% yel-or,
micro-xln; pertly saccharoidal; porosity poor.

dolt: cherty, med gr to 1t yel-gr, v fnly %o
micro-gran; caleite veinlets; porosity poor.

dol: cherty, same as above; porosity poor.

dol: cherty, silicic, arg, med gr, miocro-gran;
varies to & v 1t gr to med gr w yel-or stains,
fnly xln 1ls w scattered dol grains; porosity
poor to none.

dol: cherty, laminated, arg, med 1t gr teo 1%
gr, micro-gran; porosity nome to poor.

dol, 1': cherty, cale, 1t br-gr, v fnly to
miero-gran; porosity poor.

dol 1s: 3.8'; fossiliferous, orinoidal, partly
fragmental, med gr to moderate yel-br w bl
stains; fn to orse ls fragments in a miero-
gran dol matrix; porosity poor to none.

dol: cale, 1t yel-br, v funly xln; varies to a
med 1t gr, micro-gran dol; calecite veinlets;
porosity poor.

dol: eale, yel-br, v fnly to micro-xln; nests
of orsely xln caleite; partly colitie, micro-
gran 1ls; porosity none.



32¢9.

830.

381.

332.

333.

334.

385.

336.

337.

338,

339.

340.

341.
342.

586.4-601.8

601.8-607.0

807.0-612.1

612.1-620.2

620.2-624.7

62409‘83907

659.7'6‘5.1

6‘5-7‘6‘904

649.4-665.2

685.2'63‘02

664.2-670.4

670.4-674.3

674.3-676.4

676.4-678.3
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dol 1s: partly fragmental and orinocidal, med 1t
gr to 1t yel-br, mioro-gran to v faly xla dol
rhombs in a micro-gran ls matrix; partly fn

to med ls fragments and colites in a microegran
dol matrix; porosity nonme.

dol 1s to cale dol: fossiliferous, v funly xln
to micro-xln dol rhombs and micro-gran le;
partly fnly xln, ealc dol; porosity poor.

dol to dol 1ls: a cale, 1t yel-br, micre- to v
fnly xln dol which varies to a fnly xln dol w
med to crse xls of caleite; porosity poor.

dol: oalc, med 1t gr to 1t yel-br, v fnly xln;
infrequent fn vugs; porosity poor.

dol: calc, same as above w occasional large
vugs drusy w calcite and br-stained calcite xls;
porosity poor.

dol: fossiliferous, sparsely crinoidal, med 1t
gr to 1t yel-gr, v fnly to fuly xln w crase cal-
cite x1s and nests; infrequent leached fossil
vugs; br stains in fractures; porosity poor.
dol: fossiliferous, orinoidal, med 1t gr to 1%t
yel-gr, micro- to v fnly xln; moderate med wvugs
and leached fossils; porosity poor.

dol: sl cherty, same as above.

dols no chert; same as above w moderate crsely
xln calcite nests; porosity poor.

dol: same as above; porosity poor.

dol: cherty; same as above; hematite anhedrons
and stains; porosity poor.

dol: cherty; same as above, arg, flecks of foreign
material; porosity poor to none,

dol: cherty; same as above; porosity poor to none.

dol: cherty; same as above; partly w bl carbona-
coous material; porosity poor to none ?.



343.

344.

3485.
346,

347,

348.

349.

350.

351.
362.

6‘805"681 -‘

581-*-685.5

685.6-690.6
699 + 6“‘698 B 6

693 . 6'695 . 2

6956.2-702.2

?02 . 2'716 ® 2

716.2-722.2

722.2-782.2
732.2~

Madison Sample

363.
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dol: cherty; same as above; porosity poor ? teo
none f.

dols same es above; no chert; porosity poor ?
to none.

dols same as above; porosity poor ? to none.
dols arg, med gr, micro-gran w occasional orse
xls of calecite; tiny drk red streamers and
flecks; porosity none.

dol: same as above w occasional large nests of
red, micro-gran hematite; porosity none.

DEVONIAN(?) - THREE FORKS SHALE(?)

sh: green to drk gr w large qtz clusters;
hematitic fossil remains; scolecodonts and
conodonts; dendroids; porosity none.

dol: partly ripple marked, arg, cale, yel-or,
micro-gran; porosity none.

ss, sh, dol:

thin beds (1"-2") of fn to med, v hi sphericity,
frosted qts grains in a dol matrix w numerous
conodont fragments; varies to a green sndy sh
to sndy dol; porosity none.

ss, sh, dol.

sndy, arg dol.

Note: This sample is taken from pseudo-boulders in interval
represented by samples 251 to 254.

dol, calc to dol 1ls: 1t yel-gr to v 1t gr, v
fnly xln dol rhombs in a miecro-gran cale mabrix;
porosity fair.
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INSOLUBLE RESIDUE DESCRIPTIONS

OWL CREEK CANYON
WIND RIVER CANYON
TENSLEEP CANYON
SHELL CANYON
CROOKED CREEK CANYON
SHOSHONE CANYON

119
123
128
187
147
152
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OWL CREEE CANYON
MISSION CANYON FORMATION

Menber MC 1

639. 0-2.0 10.02%
Whitishe-gray, slightly slity clay.

638. 2,0-3.5 10.95%
Whitish~gray clay.

6370 3&5"1318 1084%
It gray clay, minor silt; accessory traces.

636, 13.3-20.8 2.48%
Crinoid debris; gray, silty clay; minor grains
of chert and quartz; limonite traces; accessory
traces.

635, 20.5-32.3 2.28%
Coarse quartz clusters with overgrowths of
chert; fine to med anhedral quartsz sands;
orinoid debris.

634"'6300

32.3-76.3 2.74%

Quartz evhedrons and subhedrons; 1t gray clay;
erinolid debris; traces of granular, gray chert.

Member MC 2

566- 76 08“8003 1021%
Quartz in clusters and in coarse to silt-size
grains or anhedrons; black clay; crinoid debris.

§61-62.
80.8-96.3 0.40%
Chalcedonie chert fragments; subhedral quarts
clusters; black clay; silt-size grains of guarts.
£63-64.

96.38-107.0 G'm
Crinoid and brachiopod debris; silt of guarts
and chert; dark gray to black clay.



565-67. 107.0-127.0
568, 127.0-138.0
569-71. 138.0-166.5
678, 166,5-176.8
Member MC 3

5?8"75- 1?6‘8“196!'1
§76-77. 196.1-208.3
573 . 299 08‘215 e 5
579-80. 215.5-226.5
581-83. 226.5-241.0
584-85. 241.0-258.8
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1.85%
Brachiopod and crinoid debris; silt of quarts
and chert; dark gray clay.

1.94%
Orinoid and brachiopod debris; fragments of
porcelaneous, gray chert; dark gray clay.

5.92%
White clay; orinoid and brachiopod debris;
chalcedonic, pearly chert; accessory traces;
geeen shale traces; occasional grains of
rounded, irregularly shaped quarts.

0.89%
Dark gray oley; orinoid and brachiopod debris;
flakes of granular chert; traces of green shale;
accessory traces; fine quartz grains.

1.82%
Finely dolomoldies, porous chert; chaleedonic
chert; dark gray clay.

4.72%
Unmodified granular chert; finely dolomoldie,
granular chert; black elay, collophanite treces;
acoegsory traces.

1.15%
Finely dolomoldic quartsz and chert; miero-xln
quartz silt; dark gray clay.

0.69%
Traces of finely dolomoldic quartz and chert;
evhedral quartz of silt-size; black clay.

4.80%
Finely dolomoldic chert and lacy dolomeldie
quarts.

0.47%
Black clay; traces of white, finely dolomoldie
chert.



586: 255.8-26208

587'88. 262.3‘273-8

5890 21508'275.8

6590+91. 275.8-287.9

5920 287-9'29006
595'95. 390.6'30307

596_97‘ 305-7-518-4

698, 518.4-324.7

Hember L 1
599- 32407'331-7

8000 5310?'582'9

601. 332.9-340.3

602‘04. 34003'3590‘

wl2]~

3.64%
Finely dolomoldic and compact, granular,
dirty gray chert; black clay.

0.97%
Black silty clay; limonite traces; traces
of dolomoldic gray chert; accessory traces.

2.42%
1¢ gray olay; quarts fragments; collophanite.

11.0%
Med dolomoldic chert; white, finely granular,
compact, porcelanecus chert.

11.16%
Finely dolomoldic chert.

0.42%
Black, silty clay; finely dolomoldie chert.

2.39%
V finely granular, pearly chert fragments;

flakes of granular chert; limonite traces;
coarse to silt-size quarts subhedrons.

0.75%
Dark gray, silty clay.

LODGEPOLE FORMATION

0.968%
8ilt of quarts and chert with dolomorphic-
like quarts clusters; collophanite,

0.60%
Black, silty clay.

4.97%
Coarse, dolomoldic, granular, gray chert
which grades to quartz; grains or fragments
of quartz and chert; crinoid debris.

0.72%
8ilt of quartz and chert; black clay;
Crinoid debris traces.



695 . 359 .4-550 04
606-07. 360,4-373.0
608-09. 373.0-388.8
610-12.  388.8-406.2
613. 406.2-408.2
€14-15. 408.2-424.1
glé. 424,1-431.1
617-19. 431.1-451.6
6201 45106"46&41
621. 460.1~-465.1
Member L 2

622. 465.1-466.6
623, 466.6-468.6
624‘26- *630 5-435.8
627"28 . 685-8"49706
829, 497.6-509.7
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0.29%
Oily material

0.45%
Black clay; silt.

0.49%
Gray olay; silt.

0.83%
Gray clay; silt of quartz; limonite traces;
collophanite.

4.24%
Fine quarts silt; 1t gray clay.

1.28%
Same as above.

1.13%

Same as above; collophanite.

1.91%
Quarts subhedrons and quartz silt with gray

clay; collophanite.

2.83%
Quartz silt; gray clay.

2.28%
Gray oclay; silt; limonite traces.

2.65%
Chert and quartsz silt; overgrowths of quarts
on silt fragments; gray clay.

8.14%
Whitish-gray clay; treces of quartsz clusters.

2.55%
Whitish-gray clay; traces of quartz subhedrons.

0.54%
Black clay; orinoidal debris; irregularly
shaped chert fragments.

0.34%
Black clay; traces of finely dolomoldic chert;
minor fine silt.



-123~

WIND RIVER CANYONW
MISSION CAUYOK FORMATIOR
Yember MC 1

48@86. 0-11.0 1.35%
Swooth, rounded, irregulerly shaped grains
up to granule size of granular, dirty white
chert; traces of limonite; black silty clay.

467' 11 09‘1808 5-99%
Chert es above but not so well-rounded;
traces of yellow shale; limonite traces;
acceassory traces,

Member MC 2

468-69. 18.5-27.1 1.43%
Black, silty clay; granular, porous chert;
erinoid debris; subhedral quartez xla.

470-73. 27.1-53.2 0.66%
Dark gray clay with silt of chert and quarts;
erineid and brachiopod debris; traces green
shale; accessory traces.

474-75. 58.2-62.4 1.94%
Gray olay; brachiopod and erinoid debris;
unmodified, slightly porous, white chert.

476-78. 62.4-83.4 1.26%
Oolitic 7 aggregates of white chert; dolo-
morphic quartz aggregates; abundant brachiopod
debris; unmodified, granular chert fragments;
gray clay.

479. 83.4-89.8 4,38%
811t to v fine size of angular quarts and
chert; finely dolomorphiec chert; brachiopod
debris; massive chert-cemented quarts: aggre-
gates; chalcedonic chert fragments.

480. 89 08“92 .3 16014%
V angular,fine to silt-size, quarts grains;
finely granular, porous, white chert; green shale
treces.



481-88. 92.8-111.8
484. 111.8-124.0
Member NC 8

4885. 124.0-126.5
486, 126.5-136.7
487-89. 136.7-144.0
490-91 144.,0-155.3
492-93. 166.3-164.5
494-97 164.6-181.7
498-99 181.7~188.1
500. 188.1~193.1
501-04. 193.1-218.8
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10.68%
Lt grayish-white clay; fine to med sand
grains; green shale; minor quartz clusters.

16.78%
Lt gray to white clay; quartz and chert silt;
green shale traces; accessory traces.

0.48%
Black, silty clay; minor dolomeorphie (?)
chert; unmodified, finely grenular chert.

0.32%
Black, silty clay.

1.81%
Med gray clay; fragments of pearly shalsce-
donie chert; minor silts; accessory traces.

0.75%
Traces of v finely dolomoldic chert; sub-
hedral pyrite; med gray, silty clay.

7.77%
Gray, silty clay; med dolomoldic chert; v
finely porous, compact chert; cemented
oolite ? clusters.

1.81%
Soft, finely dolomoldie (7?), porous, white
chert; med gray, silty clay; traces of un-
modified, granular chert.

2.98%
Micro-xln, dolomeoldio, lacy quarts; finely
dolomoldic chert; white and gray olay.

0.85%
Med dark gray, silty clay; traces of finely
granuler, porous, white chert.

2.0%
Angular quartz and chert fragments; minor
dark gray clay; finely porous dolomoldiec chert;
clustered quartz xls.



505"06 . 318 L] 5"‘228 .0

507-08. 226.0-285.8

509-10. 235.8-250.3
611. 250.3-268.0

512-13. 253.0-2680.7

514. 260.7-262.9

§15-18. 262.9-277.2

Member L 1
519-22. 277.2-298.9

623-24 293.9-303.2

526~-28 303.2-308.2

527. 308.,2-311.3
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3.49% (30%)
White, hard, porous and granular, dolo-
moldic (?) chert; dark gray to black, silty
elay; traces of soft, black, carbonaceous
material.

0.61%
Black and white clay; finely dolomoldie,
white chert.

0.47%
Black clay; finely dolomoldic chert.

2.11%
Lt gray elay; limonite traces.

1.3%%
Dark gray clay minor; massive, granular
chert mottled white and gray; finely granu-
lar, dolomoldie chert; chert and quartsz
fregments to silt-sise.

2.19%
Lt gray clay.

2.72%
Granular, dolomoldie, white chert (finely
porous); herd, granular, unmodified chert.

LODGEPOLE FORMATION

10.52%
Dolomoldie or dolomorphic [7) chert; gquarts
clusters; anhedral quarts xls; gray clay.

0.68%
Black clay; v fine to med quartsz subhedrons;
free chert oolites (?).

2.13%
Evhedral and subhedral, v fine quarts xls
(and clusters); black, silty olay minor.

3.61%
Whitish-gray, slightly silty clay.
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528-29 311.3-319.8 2.65%
Coarsely dolomorphie (?) and anhedral quarts
which grades to chert; minor blgek elay.

It to med gray clay; coarse quartz clusters.

532-38  331.6-339.3 1.0%
Seame as above; 1t gray clay with minor fine
to med grains of gquarts.

534. 339.3-342.8 0.59%

Lt gray silty clay; orinoid traces.
535. 342.3“345.8 6088%

Black, silty clay.
536-38. 845,8-358.8 0.83%

Lt gray, silty clay.
539. 358.8-360.5 2.56%
540- 860;5"38207 ' 1109‘5

Whitish-gray, slightly silty clay.
541-42  362.7-374.4 1.56%

Lt gray, silty clay.
543, 374,4-379.7 5.09%

Whitish-gray, slightly silty clay.
Member L 2
544. 379.7-386.6 4.09%

Pale pink clay; green, waxy shale; limonite
traces; euhedral and subhedral quarts xls
(partly clustered).

545"‘6. 885.5“591‘2 1061’
Green shale traces; gray, v finely silty clay.

547-48, 391,2-401,1 1.0%
Med dark gray elay; silts of chert and quarts;
limonite traces.

549-50  401.1-414.1 1.10%
Quarts silt; one cluster of quartsz; med dark
gray clay.



561-562.

555‘54;

§65-56.

587,

568.

569,

414.4-428.3

423.3-436.8

436.8-446.2

446.2-451.9

*5109‘453.4

453 .4~
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0.24%
Med dark gray to black, slightly silty,
clay.

0.13%
Black, fluffy clay.

0.10%

Same as above.

DEVONIAN?

1.17%
White clay.

13.37%
Angular to subrounded, spherical, med size
quartz sand; traces of green shale; white
clay.

BIGHORN DOLOMITE

0.20%
Traces of green, waxy, shale in fluffy clay;
occasional fine quartz xls.
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TENSLEEP CANYON
MISSION CANYON FORMATION

Member MC 1

1. 0-56.5 0.5%
Lt bright brown, flaky, silty clay; traces
of sand grains (v finos collophanite (1)
traces; carbonsceous flakes.

2v 5a8"908 1.99%
Chalky-colored, silty clay; traces of v finely
dolomoldic, granular chert; brachiopoed frag-~
mentss orinoid rings; a few quartz and chert
grains; limonite traces; accessories.

3. 9.3-12.5 2.49% |
Chalky-colored, smooth, earthy clay; scattered
carbon flecks; accessory traces; fossil frag-
ments; one anhedral limonite grain.

4. 12.5-19.8 3.28%
Chalky-coclored, smooth, earthy clay; accessory
traces.

5. 19.8-22.9 18.32%
Well consolidated grains (?) of gﬂmuln'. dolo-
moldie chert; fine sand aggregates; minor chalkyé
colored clay.

8. 22.9-30.9 5.86%
Dirty gray, powdery, weathered olurt or silica;
minor, coarse to fine quartz grains; anhedral
limonite grains.

7- ‘ 5009-35.4 10.1‘#
Dirty gray, powdery, weathered chert; spherical~-
shaped aggregates of quartsz xls; limonite traces.

80 35.4“49.9 5013%
Same as above; no limonite.

9. 49.9-52.1 1.88%

Dirty gray, flaky oclay; limonite and chert grains;
traces of erinoid and brachiopod debris.



190 52‘1'54.9
11, 54.9-58.9
120 53.9"62.4
15 . 8204‘7019
14» 70-9"78-2
16. 75.2-76.2
15. 7502‘78-7
Hember MC 2

17. 13.1"8509
18. 8509"98'2
1%. 96.2-101.0
20- 191 00'196 * 5
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5.24%

Dirty gray, pewdery clay; brachiopod traces;
limonite traces.

3.25%
Finely granular, grayish-white chert with
inclusions of drusy, subhedral gquartsz.

0.11%
8ilty, dirty brown clay.

0.23%
Brownish-cast, powdery clay; slight amount
of subporcelansous chert; v infrequent quarts
gr aing.

5.11%
Unmodified, porcelaneous, smooth, white chert;
1t gray clay.

16.62%
Unmodified, porcelaneous chert; moderate amount
of finely granular, drusy, subhedral quarts;
powdery, dark gray clay.

1.495%
Dark gray, flaky clay.

9.84%
Dolomoldic, med-granular chert; drusy, finely
granular chert; subhedral quartz aggregates;
scattered limonite.

1.42%
Dull gray, earthy clay; unmodified, chaleedonio
chert fragments; pyrite traces.

1.25%
Pyrite traces; dull, earthy, silty clay; un-
modified, chalcedonie chert fragments.

1.086%
White, porcelaneous chert; fragments of banded,
chalcedonic shert; limonite traces (minute
particles); earthy, silty clay.
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1. 106’5”11908 ’Qn 93%
Traces of brachiopod debris; finely granular
chert flakes; black, silty elay; traces of
limonite.

22. 110,8-118.0 1.28%
White, porcelaneous, chalky chert; clustered
and free oolites; brachiopod, orinoid, and
gastropod debris; pyrite traces; silty clay.

25.  118,0-123.4 1.21%
Seattered, finely granular, fossil fragments;
clustered oolites (?) of chalky chert; silty,
browmish-gray clay;

24. 128.4~-133.6 1.7%
Free and clustered, chalky, skeletal, concentriec,
" elongated oolites (?); fine grained fragments of
brachiopod and crinoid debris; silty clay.

Samples 25 to 31 inclusive are hese listed separately. These are
shown collectively in Chart II since they were taken from & short
stratigraphie interval; thickness range of this interval is 133.6-
144.1 :

26. 1.75%
Seme as above; fossid debris (brachiopods)
abundant; clustered and free, concentrie
oolites (17); clay.

26- 300“
Oolitic,(?), chalky aggregates; ummodified, gray,
chaleedonic chert fragmente; granulaer fragments
of fossil debris; gray, silty clay.

27. 20.59%
Translucent, chalcedonic fragments of fossil debris;
finely grenular, white oolite (?) eclusters.
These oolites (?) may be algal debris.

28, 1.55%
Translucent fragments of brachiopods and eri-
noids; limonite traces; infrequent, granular,
white oolites (7).

28. 1.16%
Pearly, translucent, chalcedonic chert with tripoe~
litiec coating; fragments of white, porcelaneous
chert; black, silty clay; collophanite traces.
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30. 8.58%
Banded, chalcedonic chert (white to trans-
lucent)jfree and clustered ocolites (7) of
chalky chert; powdery, silty clay.

31. 2.48%
Dirty white, porous, chalky chert; powdery,
silty olay.

520 14401'154.3 15038%

Ocmoldic and oolitie, chalky (tripolitiec ?)
chert; infrequent, fossil fragments; traces
of green shale and drusy quarts.

83.  154.3-161.3- 21.61%
Unmodified, white, porous, subporcelaneous
chert fragments with small, pearly, chalce-
doniec inclusions; limonite traces; subhedral
quarts aggregates which vary to porcelaneocus
chert.

34. 161.5-169.8 2.76%
Silty clay; limonite; v coarse grains of soft,
weathered chert.

35.  169.8-179.0 7.19%
Slightly silty, gray clay; traces of quarts
anhedrons.

36.  179,0-184.5 10.13%

White elay; porous, granular, gray chert; fine
to med, subrounded, sand grains.

37. 184.5-190.3 2.04%
Limonite and magnetite (corroded) traces; silt;
dplomite centered quartsz grains; green shale
flekes; accessories.

Member MC 3

38, 190,3-193.3 0.085%
Black, silty residue of clay with micro-sized,
euhedral quarts xls; traces of collophanite.

39. 193.8-199.5 3.32%
. Minor c¢clay; granular, white chert with v fine,
irregular dolomelds; finely xln quartes clusters.



40.

41.

42.

43.

44.

45,

47.

199-5“20600

206.0-218.5

218.6-223.5

223.5-281.7

28107“24‘-7

244.7-2651.9

251.9-254.8

25408'26106

261.6-267.2
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12.78%
Aggrogates of porous, granular chert with
poorly defined dolomolds; hollow, concentrie
colites (?) and oomolds (?); infrequent, fine
graine of quartsz; infrequent, fine euhedrons
and subhedrons of quarts.,

8.57%
Micro- to silt-gize, quartz subhedrons sbundant;
cellular, skeletal, finely xln, quarts net-
works which appear to be fracture flllings;
minor, gray, chalcedonic chert; overgrowths
of micro-xln quarts on granular, gray chert.

17.08%
Miero-xzln, quarts silt; some lacy, v finely
xln, dolomoldie quarts aggregates; some
cellular, white, chalk-like chert; several
aggregates of chalcedonic, chert grains en-
closed in micro-xlin, quartz matrix;

17.28%
Dolomorphic and dolomoldie, v finely xln,
quartz clusters and silt; moderate amount of
granular (v fine), compact chert; minor chal-
cedonic chert (as above).

11.79%
Micro-xln, porous aggreogates and silt of dolo~
morphic and dolomoldie quartz; minor, miero-
xln networks of fracture filling quarts;
fragments of nonporous, chalky, granular chert.

11.77%
¥iero-xln, quartz silt; trace of magnetite.

.935%
V finely to miero-zln aggregates and silt of
modified quartz; earthy, silty clay; pyrite
trace (one chunk).

20.46%
Miero-xln, dolomeldic and dolomorphic gquarts
aggregates; minor clay.

8.90%
Mioro=xln, dolomeoldiec and dolomorphic quarte;
many angular fragments of quarts; minor clay.



49, 267.2-272.8
50. 2%08-27908
51 * 379 33'38408
62, 284.8-296.5
53. 295.5-302.0
54, 302.0-308.7
Member L 1

55. 308.7-318.6
g6. 318,6-322.4
87. 322.4-326.3
88. $26.3-3383.6

-133-

6.43%

Micro-xln, modified, quarts silt and aggre-

gates; minor, interstitial elay.

4.14%
Dolomoldic and cellular guarts to silt-size;
inersasing clay conteat; some scattered, med,
quartz subhedrons; rounded fragments of porous
chert,

8.95%
Clay: angular fragments of compact, granular
(slightly porous) chert.

1.68%
Same as above; minor chert; pyrite traces.

6.47%
Dolomoldic and cullular quarts aggregates and
silt; fragments of porous chert; minor clay.

0.97%
Finely to silt-sige, xln quartz; clay; a few
dark colored fragments of compact, finely gran-
ular, poroelaneous chert.

LODGEPQLE FORMATION

2.4%
Euhedral to subhedral, gquarts xls; clusters of
subhiedral quartz; granular, compaet chert;
dolomoldle chert fragments.

0.42%
Med to silt-size grains of chert and gquarts;
dark colored oclay.

.865%
Spongy mass of clay.

16.955%
Oomoldic (end containing oolites), white chert
with interwoven, miero-xin gquartz; silts.



-184-

89, 333.6-347.9 -98%
Dolomoldic, finely xln, quarts aggregates and
f silt.
60, 547.9-849.0 1.278

Gray f{lakes of clay; minor silts.

61. “9.9"855 .8 2.60%
Fraguents of snhedral, xln quartz; traces of
dolomoldiec, laecy quartz; flaky, oellular
aggrezates of quarts,

62.  855.6-361.7 5.82%
Clay impurities; silt of anhedral quarts
fragments; infrequent, chalky, chert colites (7)
or grains; infrequent clusters of silt-sisge,

xln guarts.

€3. 361,7-365.1 0.18%
Dark gray, silty, flaky olay; tracss of magne-
tite.

64, 365,1-373.3 1.93%

Chalky, white, chert oolites (concentric),
free and clugtered; snhedral to subhedral,
quarts xls and clusters; scattered flakes of
fracture filling quarts.

65.  373.3-378.4 0,474
Black, flaky clay; traces of limonite; minor
amount of quartz silt; traces of a dark brown,
spongy, cellular aggregate.

66. 378""881:2 2072%
Thick flakes of v finely silty elay; traces of
limonite and magnetite; traces of cellular,
brown aggregate as above.

67. 38152"38803 ) 10125
Magnetite trace; slightly silty eclay with micro-
size flakes of chert.

68. 382.9"385-5 3-10%
Relatively pure, 1t gray clay; limonite trace.

69. 33505"39403 6040%
8ilty, gray clay.



79. 394;2-39&.@
71. 396,0-398.1

720 39801*6@3-?

78. 406.7-411.7

?‘v ‘1107'41401

?5‘ *1‘0?’&1701

Member L 2
76. 417.1-423.1

7. 428,1-426.0

78. 426.0-433.7

78. 438.7-446.1

80. 446.1-450.8

81. 450.,8-456.8

-135-

0.51%
Quartz elusters in quarts silt.

«49%
Med gray, silty clay; magnetite trace.

1.82%
Trace of black, anhedral material which
diffuses in index oil; micro-silt in gray
Gl‘y;

22.4%
Mioro~silt in gray cley as above.

6.97%
@Grayish-white, silty clay as above with a
moderate amount of finely disseminated limo-
nite.

2.27%
Whitish-gray, silty clay as above.

5.96%
Whitish~gray, micro-silty clay; microscopie
accessories.

2.54%
Sand and silt of tabular, prismatic, quarts

grains frosted by mioro-xln quartz; clusters
of anhedral quartsz.

2,925%
Med to coarse sized, subhedral and euhedral,
quartz xls (penetration twins) and aggregates;
clay pellets (7).

1.79%
Fine, anhedral guarts grains and quartz aggre-
gates in clay; trece of collophanite.

1.88%
Gray clay with a chalky, white material.

1.91%
Gray clay.



82.

83.

84.

85.

86.

87.

88,

89.

93.

94.

85,

456.8-462.8

462,8+-466.4

466.4-472.1

4?2 01"“73 . 8

478.6-482.6

482 L 6"431 . 5

491 05"‘97 -‘0

497.0-505.0

§05.,0~516.5

§15.6-618.7

518.7-522.0

522.0-624.0

524.0-544.0

54‘ . 0"5“ 00

«136~

0.24% ‘
Brown, micro-granular, silty clay.

.0285%
Same as sabove with {ine quartz clusters.

1.98%
Mioro-sized xls and dolomorphie~like clusters
of quartes; ome crineoid ring.

.165%
Mioro-xln, quartz silt in dark gray clay.
<16%
Same as above.
.19%
Same as above.
.38%
Lt gray, silty clay.
«28%
Same as above.
+82%
Hed gray clay.
4,58%
V 1t gray clay.
11.105%

Infrequent, micro~sised, finely pitted, sand
grains in white clay.

KINDERHOOKIAN(?) and DEVONIAN(?)

44.62%
YV fine to coarse, spherical quarts grains;
limonite traces; green shale traces; accessory
traces.

33.02%
Well-rounded, high sphericity, coarse to fine,
quarts graing; fragments of porocelansous chert.

.83%
8ilty elay with impurities (minor chert).
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SHELL CANYON
MISSION CANYON FORMATION

Member MC 1

960 0"‘1-2;0 10825
Numerous crinoid rings; grains of gray,
granular chert and of rose quartz; clusters
of oomoldic-like chert; clay; accessory
traces.

97. 12.0-22.0 1.35%

Small fragments of porcelaneous chert;
clustered and free ocolites of chalky chert;
dolomorphic (%) chert; magnetite specks; in-
frequent frosted sand grains; rose quartsz
fragments; crinoid debris; clay.

98» 22.0"‘2600 20665
Ochre and gray flakes in & tan to 1t bromm
clay; fragments of quartz xls; dark gray
porcelaneous chert fragments; hematite flecks.

99. 26.0-30.0 9.62%
Finely disseminated hematite; silts and v
fine sand grains in clgy; limonite flecks;
minor gray porcelanecus chert fragments.

100, 30.0-40.0 16.06%
Red silty clay with fragments of unmodified
brown and red, chalcedonic chert; coarse to
fine sand grains.

100, L40.0-49.6 L. b5%E :
Minor fossil debris; chalcedonic chert fragments.
102, L9.6-54.7 0.94%

Gray, silty clay with v fine, frosted sand
grains; accessories.

103. 5Le7-61.2 26.87%
Rose, chalcedonic chert; micro-gran, grgy chert;
quarts fragments.

10L. 61.2-69.6 1.00%
Fine to med quartz subhedrons in a silt of hemas-
tite, guartz and clay; minor miero-granular,
grayish~brown chert fragments.



105. 69.6-75.1
Member MC 2

1%0 75 ® 1"910 l
107 . 91 L 1"'99 . 1
108. 99.1-108.1
109. 108.1-114.1
110. 114.1-125.9
lll . 125 » 9"‘136 L4 9

«138-

+83%
Dark reddish-brown silt; infrequent granu-
lar chert fragments and quartz xls.

2.31%
Moderate to minor porous (ocomoldiec ?) chalky
chert aggregates; granular, chalcedonie chert;
fossil debris; tripoli (?); silty clay.

«59%
Fossil debris (bryogoa); minor oomoldie (?),
porous chert; chalcedonic chert fragments;
browm silty clay.

«23%
One crinoid ring; bryoszoa, brachlopod debris;
granular chert {lakes; maroon, silty c¢lay.

628
Brachiopod debris; jaspery chert flakes; hema-
tite flecks; traces of ocomoldic (?) chalky
chert.

«59%
Coral, crinoid, and brachiopoed debris; waxy
red shalej granular chert aggregates; silt;
some soft chalky chert.

1.07%
Flakes of red shale; infrequent frosted
quarts grains; large fragments of chalce-
donic chert; limonite traces; some soft
white material.

Inaccessible interval 136.9-157.0

112.

157.0-167.0

Hember MC 3

113.

167.0-173.5

8.79%
One well-rounded, v fine, spherical magne-
tite ball; limonite, hematite, and minor
chert grains in white clay; flakes of grayish~
green shale.

+95%
Limonite; 1t gray clay; minor finely granu~

lar, gray chert fragments.



115.

116,

117.

118.

119.

120.

122.

123.

124,

125.

126.

173.5~187.5

187.5#%0
196,0-202.8
202.8-211.0
211,0-217.3

217.3-220.7

224.7-230.5

230,5-2L0,5
2L0.5-256.1
256.1-264.6
2611,6-275..2

275.2-282.4

282.4-293.5

-139~

7328
Cellular, micro-xln fracture~filling quarts;
micro-dolomoldic (lacy) quartsz aggregates
and silty fragments of gray granular chert;
traces of fine quartsz subhedrons.

0.0L%
Dark brown, v fine silt.

0.19%
Nicro-xln gquartz; black clay flakes.

11.16%
Dolomoldic (lacy) quartz silt and aggregates.

15.94%
Quartz as above with some white, challcy chert.
11.68%
Quartz as above bubt slightly more coarse in
texture; zvay clgy flakes.

1.37%
Quartz as above; gray clay.

2.2h3

Dolomoldic and dolomorphic, lacy, micre-xln

quartz; browm clay.

1.56%
Clzy flakes; lacy quartz silt; limonite
trace. :

6.20%
Finely dolomoldic (lacy) quartz; finely xln
quarts anhedrons to subhedrons; minor dark
gray clay.

2.62%
Lacy quartz as above.

3.10%
Fluffy, lacy dolomoldie guarts.

2.00%
Fragments of chalcedonic cherts dark gray,
gilty clay; lacy, micro-xin quarts silt.



127. 293.5-305.5
128, 305.5-310.0
129. 310.,0-317.0
Meagber L 1

130. 317.0-321.9
131. 321.9-328.9
132, 328.9-335.5
133. 335.5-340.5"
134, 340.5-314.8
135. 3Lk, 8-3L9.8
136. 349.8-35L.8
137. 354.8<363.1
138 . 36301"3?100

«1440~

0.39%

Grey, silty clay; granular to chalcedon-
ic chert fragments.

0.48%
¥ed gray, finely silty clay; limonite
traces.

L.u5%
Finely silty, 1t gray clay; infrequent
guartsz grains.

LODGEFOLE FORMATION

0.2L%
Finely silty, med gray clay.

0.69%
Fragmente of gramilar teo chalcedonic pink
cherty clay; quartz silt with infrequent med
quartz anhedrons.

1.18%
Quartz silt; infrequent fine-siged ovoids;
minor clay.

£3 0'«’7115
Quarts silt with infrequent, fine quarts
anhedrons.

0.46%
Clay; white materialj trace limonite.

2.79%
Grayish-white clay.

1.k2¢
Powdery, fluffy grsy clay; minor lacy quarts.

0.38¢%

Dark gray clay; soft, white, weathered chert.
0.29%

Slightly silty, gray clay.



139.

1L0.

1L6.

1L7.

149,

150,

151.

152,

153.

371.0-377.3
377.3-385.1
385 01"‘388 '.1

388.1-394.2

39h.2-402.6
h02.6-h09;9
Lk09.9-L1k.9
L1k, 9-1n8,.1
\18.1-12L.
L2k.5-432.7

1432.7"’4’42-7

W-T—-M&S.O
LL8.0-LL9.2

Lh9.2-45k4.0

L5heC=L59.0

«1h1~

0s7h%
Pale black clay.

0.51%
Clay as aboves

0.95%
Clay as sbove.

0.12%
Clay as above; traces of micro-sised
colitie ¢ chert aggregates.

1.13%
Yed gray clay; limonite flecks.

1.50%
Clay as sboves limonite trace.

2.16%
Same as sbove; anhedral pyrite.

2.79%
Same as above; limonite traces.

0.85%
Darker gray elay; limonite traces.

0.67%
Tiny limonite flecks in slightly silty clay.

1.79%
Pyrite flecks in gray clay; v fine to med-size
frosted quartz and chert grains.

1.83%
Slightly silty gray clay.

7.51%
Lt gray clsy.

0.95%
Slightly silty, 1t gray clay; infrequent
limonite flecks.

0,848
¥V slightly silty gray clay.
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154 L459.0-163.7 1.213
Slightly silty, gray clay with finely
disseminated hematite,

Silty red clay.
156.  L6T7.h-lL72.9 3.43%

Silty red clay.
157.  L72.9-L479.2 2.90%

Hematitic, clayey silt of equidimensional,
high sphericity quartz.

158 ° h7902"24-8’-h O 2 € m
8ilt; hematite; infrequent v fine quartz
grains; traces of fossil debris.

159.  L8L.0=}87.5 2.69%
Silt; hematite; infrequent, v fine quarts
| grains.
160,  L487.5-490.3 3.68%
Blue-gray clay; infrequent, v fine, quarts
grains.
161,  }90.3-498.1 9.62%
Gray clgy.
Member L 2
1620 1&9801"’502¢9 701&
Whitish~gray clay.
163. 502.9-510.3 2.21%

Dark gray, silty clay; outgrowth chert on v
fine quartz; dark gray, chalcedonic chert.

16h. 510.3-516.8 1.51%
Silty, black clgy; euhedral quartz with pene-
tration twins; anhedral clusters of quarts;
hematite flecks.

165. 516.8-522.0 2.33%
Dolomorphic hematite to pyrite; limonite flecks;
finely xln, anhedral to euhedral quartsz which
is correoded by micro-xln overgrowths; gray silt;
accessories.



166,

167,

169.
170,
171.
172.
173.
17k
175.
176.
177.
178,

179.

180,

522,0-528.3

528,3-53L.5
53L.5-538.9
538.9-543.9
548,9~556.8
556.8-562.2
562.2-567.6
567.6-571.6
571.6-576.8
57648-5811.8
581.8-591.3
591.3-597.1
597.1~605.,3

605.3-614.1

61h.1-618.4

3

0.95%
Silty clay; hematite to limonite traces;
one piece of chalecedonic chert; brachiopod
(?) debris.

0.63¢%
0ily black clay.
0.30%
Same as above.
0.k2%
Carbonacecus tarry material.
0. hikg

Same as sbove.

0.28%
Same as above.

0.79%
Carbonaceous clay.

0.82%
Same as above.

0.51%
Same as above.

0.58%
Carbonaceous tarry residue.

0.52%
Carbonaceous tarry clay.

0.56%

Same as above.

0.02%
Same as above; one crinoid ring.

0.79%
Slightly tarry, brown clay; minor silts
and accessories.

1.27%
Same as sbove; moderate magnetite.



18.

182.

183.

18L.

185.

186.

187.

188.

189.

1%0.

191.

192,

193.

19L.

618.4~622.7

622.7-629.4

629.4~635.7

635.7=639.7

639.7=647.0

647.0-650.8

~1Ll~

1.25%
Same as above; moderate magnetite; one

erinoid ring; one coarse quartz grain.

1.07%
Brown carbeonaceous clay.

5.61%
Deliquescent tarry material.

2.37%
Brown clay and minor weathered chert (7).

3.67%
Gray clgy; v infrequent, yellow flecks.

10.82%
Whitish-gray clay.

KINDERHOOKIAN(?) and DEVONIAN(?)

65048-65145

651456550

655.0-659.3

65943-659.8

659.8-665.1

665.1~670.L

670.1~678.4

678.L-685.4

19.76%
Coarse, frosted, high sphericity, well-
rounded, quartz grains in silty clay.

l.92%
Gray =ilt with infrequent frosted fine
quartz grains.

11.95%

34.26%
Powdery, gray cla.

17.76%
Slightly clayey silt with meny quarts grains
as above.

33.01%
Same as above but not so silty.

32.56%
Coarse to v fine quarts grains in silty clay.

1.29%
Brown silt with infrequent frosted med
quartz grains.



25~

k95. 685.L4=691.L 15.48%
V fine sand.
196, 691.1=-702.9 1.54%
Dark gray silty clg .
197. 702.9-707.5 25.03%
Whitish-gray, clayey silt with some v
fine quartz grains.
198, 707.5-716.9 11.6%
Clayey silt with med and v fine quartz
grains.
199. T716.9-722.7 36.85%
Clay and v fine silt.
200. 7226 7"‘731 01 608”
Whitish-gray clay.
201 . 731 . 1"'737 L 5 60 755
Slightly silty, 1t gray clay.
202.  737.5-7hk6.5 6.20%
Dark gray, clayey silt; fine to v fine
quartz grains.
203. Th6.5-756.5 8.85%
Same as above.
204 756.5~776.5 8.63%
White, slightly silty clay.
BIGHCRN DOLOMITE
205,  776.5-78L4.0 1.25%
Blue~gray, v slightly siliy clay.
206,  78L.0~787.8 0.52%
Same as above.
207. 787.8-799.8 0.68%
Same as above.
208. 799.8-809.0 7.35%

Whitish-gray, slightly silty clay; frag-
ments of milky granular chert and white
chalcedonic chert.



16~

209. 809.0-819.0 9.50%

Clay; clusters of milky chert and grains.
210. 819.0- 2.55%

Slightly silty clay; infrequent frosted
fine quarts grains.
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CROOKED CREEK CANYON
MISSION CANYON FORMATION

Member MC 1

355-56. 0-11.7 1.35%
Dolomorphic and dolomoldie, granular chert;
erineid and brachiopod debris; magnetite
traces; flakes of chert; gray clay; silt of
quarte and chert.

857. 11.7-16.8 8.17%
Fossil fragments; minor white, porcelanecus
chert; 1t gray clay.

358-62. 16.5-50.4 1.87%

' Crinocid, bryozoan, brachiopod debris; gray

elay.

Member HMC 2

363-65. 50.4-77.8 3.48%
Spongy, oomoldie (?) chert; erineid and
brashiopod debris.

366-67  77.8-90.1 0.46%
Black clty.

368-71  90.1-125.1 3.8%
Spongy, porous chert; unmodified, granular,
gray chert; green shale; silty, 1t gray clay.

372 A-B  125,1-135,1 2C.18%
White c¢lay; fragments of anhedral quarts;
8ilt; green shale; limonite traces.
Dirty white, silty clay; quartz anhedrons.

375. 14’0-1"1‘506 0-85’
Med gray, silty clay.

574. 145.6-148.7 0.47%

Dark gray clay; soft, porous clusters of
white chert.



Member MC $

376.76.

377-78.

379.

380-88.

384-86.

387.

388-80.

380 A

391.

‘398“‘9* *

395-96.

895 A

148.7-156.4

156.4~172.4

172.4-178.4

178.4-2-5.0

206.0-229.7

229.7-289.2

239.2-249.5

249,5-258.5

258.5-267.6

267‘6‘3?901

279.1-302.3

-148-

5.91%
Dirty gray, silty clay; fragments of hard
porous chert.

2.55%
Dolomorphic chert; unmodified, granular
chert fragments; dirty gray, silty clay.

1.35%
Unmodified, grenular chert fragments;
silty clay.

0.76%
8lightly silty, gray clay.

0.89%

White, granular to porcelansous chert.

5.56%
White, granular to porecelansous chert;
minor, porous, granular, gray chert; minor
gray clay.

6.14%
Soft, dolomoldie (7) chert; hard, granular
grayish-white, unmodified chert; anhedrons
and fragments of quarts.

0.32%
Blackish~gray, silty clay.

0.15%
Blackish~gray, silty clay; infrequent frag-
ments of finely porous, white chert.

0.08%
Same as above.

0.39%
Med gray, silty clay; white, soft, tripo-
litic (7) chert.

0.72%
Gray clay. (lateral sample).



397-98. 302.3-318.7
598, 318.7-323.7
¥ember L 1

400“'401 . 328 L] ?"3&2 * 6
402-04.  342,.6-356.2
406. 356.2-868.4
496. 558 .4-—555 . 7
407. 363.7-8367.7
40810. 367.7-381.9
411. 381.9-386.3
412-13. 386.3-400.5
414-15 400.5-415.0
416+19 415.0-445.1

~149-

2.08%
Med gray, dolomoldie chert; ummodified,
granular, 1t gray chebtt; quarts clusters.

(Hot received).

LODGEPOLE FORMATION

1.08%
Subhedral to anhedral quartsz; black clay
end silt; rounded chert grains.

0.30% ;
Blackish~brown, silty clay.

0.26%

Same as above.

0.28%
Brownish~cast gray, slightly silty clay.

1.44%
Lt gray clay with infrequent silt-size

fragments of quarts.

1.68%
Same as above.

0.72%
Slightly silty, med gray clay; flakes of
shert and quarts.

1.15%
Gray clay; infrequent silt particles.

1.39%
Slightly silty, gray clay.

1.15%
Gray, silty clay; occasional anhedral
quartz clusters.



-150-

420-24. 445.1-463.4 2.68%
Gray, silty clay with subhedral pyrite.

426-26. 463.4-469.9 3.80%
Gray, slightly silty eclay.

427-30. 469.9-489.8 7.36%
Gray, silty eclays infrequent grains or frag-
ments of grey chert; v fine to med quarts
grains.

431-32.  489.8-501.7 2.36%
Coral 7, orinoid and brachiopod debris;

flakes and fragments of gray chert; pyrite
traces.

438-36. 501.7-517.8 4,85%
Limonite flecks; gray clay; silt.

437. §17.8-520.6 8.23%
Flattened oolites ? of chert; v fine quarts
silt; subhedral pyrite; oomoldic (%),
granular chert.

438-39. 520.6-533.1 6.49%
Finely porous, limonite centered, clay con-
eretions; fine quarts silt.

Member L 2
440-41. 533.1-540.8 6.83%
Quarts anhedrons and clusters; gray clayey
silt.
442-43. 540.8-549.4 4.01%
Quarts euhedrons and anhedrons; granular,
dirty gray chert; silt.
444-46. 649.4~-562.6 0.71%
Black, silty clay; scattered, fine xls of
quarts; traces of carbonaceous material.
“7"48. 58806"869.6 9.54’

¥V coarse to v fine quartz in xls, clusters,
and graine; black silty clay.



=151~

449-50. 569.6-575.6 2.06%
Traces of modified, cellular chert; fine
sized quartz and chert grains; gray silty
eclay.

451, 575.6-579.1 14.14%
V finely dolomoldic chert; porous, granular,
white chert; chalcedonic, zoned chert.

452-55. 579,1-582.8 12.22%
Finely dolomoldie, soft, white chert.

454. 582.8-587.5 3.34%
Dirty gray elay; minor silt portions; traces
of dolomoldic chert.

455"560 587.5‘59605 1026%
Dolomoldie or oomoldie, white chert (granular)
and chalecedonic chert; black, silty clay;
traces of brown oomoldic ? clay.

457-58. 596.5-609.7 2.42%
Oomoldic clay traces; orinoid debris; grenu-
lar, semi-porous, white chert; dark gray,
silty clay.

459-60. 609.7-623.0 0.58%
Black clay; minor, v fine silt.

461"620 623 .9-532 06 0040%
Same as above.

DEVONIAN(?) or ORDOVICIAN(?)

463-64. 632.6-639.5 1.50%
Black, silty clay; fragments of ummodified,
granular, gray chert.

465. 639.5-647.9 1.08%
Gray, slightly silty clay.
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SHOSHONE CANYON

MISSION CANYON FORMATION

Member MC 1

211-13. 0-15.2

214. 15.2-21.0
215"170 21 00"’52 08

2180 3208*37.3

21¢9. 37.8-44.3

220-21. 44.3-52.9

Member MC 2

222-23. 52.,9-68.8
22‘0 83.3-70.9

0.28%
Pyrite; limonite; infrequent v fine quarts
graing; finely dolomoldic chert; black
clayey silt.

1.33%
Collophanite traces; chalcedonic chert frag-
ments; subhedral quarts xls; flakes of chert
and quartz; finely silty, gray clay.

1.85%
Slightly silty, dark gray clay; infrequent,
fire sand grains; white porcelaneous chert
fragmente; chalky, porous, tripolitic chert.

1.34%
81ightly silty clay; flakes of white porcela-
neous chert; white chalky, tripolitie chert.

+615%
Crinoid end brachiopod debris; black, silty
olay.

1.32%
White and gray, chaloedonie chert in frag-
ments and flakes; dark gray silty clay;
white, soft, tripolitic chert.

.725%
Crineid, coral 7, brachiopod debris; chalce-
donie chert fragments; black to dark gray, silty
clay; traces of gquarts clusters; white, spongy
chert.

0.96%
Crineid and brachiopod debris; anhedral quarts
grains; micro-silty clay.
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225-26,  70.8-79.9 1.04%
Same as above with a cellular-like fossils
quartz anhedrons; granular, gray chert
fragment; dark gray silt.

227-29. 79.9-103.8 0.52%
Traces of pyrite snd limonite; brachispod
debris in blackish-gray, clayey silt.

230-32. 103.8-125.8 1.88%
Crinoid, coral ?, and brachiopod debris;
chalcedonic and granular chert; quartz ah-
hedrons; bleck, clayey silt.

258 - },25 ® 6”128 . 6 1 . 78%
Same as above.

234, 128.6-148.8 18.63%
Pyrite and limonite traces; blue-green shale;
drusy quartz clusters; chalcedoniec chert frag-
ments; a soft, white, fibrous, length slow, .
low-birefringent material; silts; clay.

Member MC 3
235-36. 148.6-166.7 8.56%
Aggregates of poorly dolomoldic (lacy),
miero-xln quarts; granular chert fragments;
black, clayey silt.
237-39. 168.7-182.8 0.72%
Soft, shite, porous chert aggregates; black,
silty olay.
240-41. 182.8-198.8 0.19%
Black, silty clay.
242-43 198.6-210.9 0.17%
Bleck, silty clay with one fine sand grain,
244. 210,9-218.2 1.11%
Gray, silty elay.
245-47. 218.2-230.4 0.29%
Fragments of porous, granular chert; silty oclay.
248, 230.4~234.5 T.29%

Black, silty clay; granular chert fragments;
porous, v finely dolomoldic chert and quarts.



249. 234'5’238 05
260, 2358.3-241.8
2561-53. 241.6-281.2
254. 261.,2-263.1
258, 263.1-268.5
266-69. 266.5-282.1
260"61 (3 282 .1-391 05
262-64. 301.5-308.5
Nember L 1

285. 308 05"‘31319
266-68. 310.9-318.8
2889, 318.8-823.8
279""71 ® 323 -8"532 L] 8
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0.115%
Black, silty clay.

{¥ot received).

0.135%
Black, silty clay.

(Not received).

7.0%
Anhedral fluorite; fragments of chaleedonie
and granular chert; gray, silty clay.

3.02%
Gray, silty clay; fragments of granular chert.

4.8%
Soft, porous, tripolitic chert; some irregu-
larly shaped voids in more compaset granular,
gray chert; dirty gray clay.

1.57%
Compact, grenular, gray chert; gray clay,

LODGEPOLE FORMAT ION

7.59% '
Whitish-gray, silty clay; fine to med, an-
hedral to subhedral quarts; accessory traces.

3.26%
Granular and porcelaneous chert fragments;
dirty gray clay; silt of quartsz subhedrons
and euhedrons.

_ 1.97%
Small, white chert; oolites (?)--clustered
and free; silty clay.

2.85%
Pree and clustered quarts subhedrons; poroel-
ansous chert fragments; gray, silty olay.



272.

2””40
2765-77

378“80:

281.

282,
283-84.
285“8? »

288"'89 .

290.

291.

292-98.
294-95.

3352.8-333.8

333.8-336.5
336,5-3556.5

355,5-364.4
364.4-385.5

365.5-368.5
588 .5-3”.5
377.5-396.0

395.0-403.1

40801‘404.9
404.9-400.8

409.8-417.4
417.4-424.9

~166~

8.77%
Fine and med, poorly dolomoldie chert;

. free and clustered guartz subhedrons of

fine and med size; minor clay.

0.37%
Blask, silty clay; mincy, granular chert.

0.64%
8il%y, dark gray clay.

0.41%
Orinoid and fossil debris; amber to rose to
clear-colored, micro- to fine siged quarts
anhedrons; dark gray, silty clay.

0.55%
Massive, granular chert fragments; fine to
silt-eize quartz grains in a dark gray silty
clay.

1.95%
8ilty, gray elay; accessory traces; magnetite
trace.

2.9%
Gray, silty clay with fragments of granular
chnrt.%

1.16%
Infrequent, fine quarts grains; pyrite %o

magnetite and impurities in gray silty clay.

~ 2.12%
Gray, slightly silty, clay.

(Not received).

1.52%
Gray, slightly silty clay.

(Fot received).

0.73%
Darker gray, silty clay.



296,

298,

299,

300.

301.

302.

303.

303.

305.

306.

307.

L2l 9-130.1

430.1-433.7

1‘33 . ?~h35 . 9

1i35.9-140.9

th.9-hh6-h

hhéo h“"hha - 9

hha 09"‘1355-!‘

455.=-L6L.9

L72.8-478.5

478.5-486.2

1486.2~489.7
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1.23%
Spongy, cellular, bromwn clay trace; v

2.59%
Fine quartz silt in clay; micro-flecks of
limonite and magnetite; same large anhed-
ral grains of quarts.

1.05%
Numerous limonite flakes; fine quartz silt

in clay; angular fragments of granular chert.

1.83%
Limonite flecks; micro-quartz silt and clg.

1.LLk%
Same as sbove.

1.33%
Limonite flecks; gray clay.

2.16%
Traces of limonite in silty, gray clay.

1.09%
Numerocus limonite flecks; med gray clay;

quartz silt.

1.65%
Limonite flecks; silty gray clay; occasiohal
rounded chert grains.

1.lag
Pyrite altering to limonite; silty gray clay;
coarse limonite grains; micro-sized magnetite
grains.

3.L7%
Hagnetite, pyrite, and limonite flecks in gray
clay; pink quartz xls (v fine); quarts and
chert silt.

3.30%
Same as above.



308 . h89a 7"1493»9
309. L93.9-L98.0
310, L98.0-501.5
311. 501.5-508.0
312. 508.0-513.0
313. 513.0-516.3
31}46 5164- 3“51906
315' 519‘6"523 . 3
¥ember L 2

316, 523.3-526.3
317. 526.3~531.5
318, 531.5-5L0.7

~157~-

1.75%
Lots of fine pyrite and limonite; gray

clgy and silt; infrequent, coarse, sube
rounded chert grains,

2.83%
Gray elagy and micro- quartz silt; tiny
limonite flecks.

h.21%
Lots of finely disseminated pyrite alter-
ing to limonite in silt and clay.

7.82%
Gray clgy and v fine silt.

3.33%
Blue~gray clay and silt; numerous pyrite
flecks; an occasional subrounded chert
fragment.

2.51%
Silt; reddish-tan clgy; numercus flecks of

limonite altering from pyrite; hematite;
minor v fine to fine quartz grains.

Pyrite and limonite; chert oolites; silt;
minor clay; infrequent irregularly shaped
cherts; anhedral fragments of quarts.

(Not received).

2.45%
White, granular chert fragments in slightly
clayey silt.

3.67%
Pyrite and limonite traces in silt; oolites;
zoned chert; infrequent fine gquartz subhedrons.

0.33%
Black, silty clay; colite sections; clustered
and free oclites of white chert.



319.

320,

321.

322.

323.

32L.

325,

326.

327.

328.

329,

Shoo 7"‘5147 . 5

5h7.5-552.0

552,0~555.9

555. 9"559‘2

559 -2‘56hv3

56’41 3"‘569 » 1

569 . 1"'57)44 8

57L4.8-579.6

587.6-595.4

595.4~601.8

<158-

2.58%
Clusters of quartz snhedrons; subrounded
chert fragments; silt with minor clay.

0, 76%
Chert and guarts grains or fragments;
black, silty clay.

0.67%
Traces of brown, oomoldic-like clay;
mumerous chert and quarts clusters; dolo-
moldic chert to guartz clusters; black,
micro-silt.

3.97%
Hed dolomoldic and ocomoldic, micro-granular
chert.

0.38%
Black, silty clayy dolomoldic chert.

19.53%
Dolomeldic md dolomorphic, granular, gray

chert; anhedrons to subhedrons of quartz.

21,43%
V fine Yo micro-sized grains of dirty white,
quartz and chert; angular fragments of granu-
lar chert.

0.39%
Dolomorphic (?), granular chert; black, oily
naterial; granular chert flskes and fragments
of small size; black clgy.

0.25%
Oomeldic-like aggregates of brown clay; black,
gilty clay.

0.24g
Black clay.

0.23%
Dolomoldic chert trace in black to brom

clay.



330.

331.

332.

333.

33k.

335.

3%.

337.

338.

339.

3kL0.

3L1.

601,8-607.0

607.0~612.1

612.1~620,2

62042=62}.7

62L.7-639.7

639.7-6l5.7

6L5.7-6L9. Lk

6494 L=655.2

655426642

661&.2"67001&

670.1~674.3

6Tk 3~676.4

676.4-678.3

678.3-681.4

159~

0.2L%
Same as above; no chert.

0.19%
Same as above.

0.25%
Brown to black clay; v slightly silty.

0.17%
Brown to black clay.

0.33%
Same as above.

0.613
Gray clay.

0.88%
Rose chert (1) fragment; oomoldic-like, brown
clay aggregate; blackish-grgy clay.

0.la%
Dark gray cliay.

O.12%
¥inor ochre and black impurities in med gray,

slightly silty clay.

0.9L%
Minor granular chert flakes in gray, slightly
silty clay.

2.8%
Slightly silty, It gray clay.

LeL5%
Same z8 above.

7.85%
Same as above.

2.62%
Same as above.

5.01%
Silty clay, dirty 1t gray in coloer.
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345. 685.6-690.6 S.T%
Same as above.

3L6-U7. 690.6-695.2 16.18%
Same as above.

DEVONIAN?

3L8. 695.2-702.2 69.55%

S8ilty clay and gray-green shale.

350“52 . 702 * 2“'732 . 2
Lt gray, silty clay; well-rounded, high

sphericity, frosted quartsz grains of
coarse to fine size.
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Plate VII: Uppermost Kinderhookian?~Upper Devonim?
Residue (scale division 1/64").

Finely frosted, rounded quartz grains.




Upper L 1, thin sections (plane light, x85), stained by K2CrO).

Plate VIII:
A, euhedral dolomite rhombs (1light) in partially dolomitized limestone (dark).

B, anhedral dolomite crystals in completely dolomitized limestone: clear
areas are vugs; note calcite (black) outlining interlocking dolomite
crystals. Black circles are bubbles that develop when cover glass is

applied to stained surface.




Plate IX: Mewber MC 3, thin sections {plane light, x85) stained by KpCrOj.

4, dolomitic limestone: large clear greas are volds; small gray particles
are dolomite; dark gray to black areas are interstitial calecite "flour®.

B, silicified calcite dolomite: clear areas are crystalline quartz; note
modified quartsz by arrows; gray areas are dolomite crystals with inter-
stitial (black) calecite. Micro particle sizes are characteristic of

this member.

-69'[..
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Flate X: Member MC 2, thin section (plane light, x85) stained
by K20r0).

Fragmental (calcarenitic) limestone: black areas are limestone
grains; gray areas are partially dolomitized matrix embodying
minor quartz silt. No ocolitic structure is found in limestone
grains (note irregularity of shapes).




Flate XI: Member L 2, thin sections {plane light, x85).

A, euvhedrsl to smhedral dolomite crystals (gray): large, light gray
arcas are partially leached vugs; smaller gray areas are partially
leached vugs and dolomite crystals (note crystal size variation);
black areas are calecitic.

B, euhedral to subhedral dolomite crystals (gray) from banded sequence:
clear areas are leached wvugs (note intercrystal calcite, black).

~TLT~
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Flate XIT: Member L 1, thin section (plane light, x85).

Cross~bedded clastic dolomite:

_ note rounded and anhedral
character of grains (gray), high degree of packing, and

intergrain calcite *flour" (black).
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