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Petrology of the Lower Middle Cambrian Langston Formation,
lorth-central Utah and Southeastern

T'he Lower Middle Cambriar on lied he
Bear Ri Range of north-central Utah and southeasternmost Idaho an
the Wellsville Mountains of north-central Utah. The depositional
text ind se within the rocks were

racteristics of similar

rock to determine environments of deposition, paleogeography,

The rocks of the Langston Formation were divided into eleven

different rock types. These eleven rock types were formed within
four recognizable 1) upper peritidal; 2) inner
carbonate shelf; 3) inner clastic shelf; and 4) outer clastic shelf.

environment is inferred to have been a

to subaerial carbonate shoal complex. Clastic

periodically prograded
over the carbonate complex during times of relatively slow

The deposition of the Langston Formation mudrocks and
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structures, fibrous rim cement, compaction, and the
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s 3 a hararnte
o1 i 1S ¢charactie
N1 AmMmAa +5 ~ a A ~ 1 % " mai Y A =
101L0m1T1Za 1 na pr oiLuT1i0ne. Le 1etlc 1S
limited T L r Arin a8 L1 NT1LLINggy

interstitial fluids. These brines were

fresh water.

(166 pages)




TNTRODICTTON
LN LIOAVUUUVL LUV

summarizes a study of the environments of deposition
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I Midd]e S hps Lov gad Bavinats AR
Ccl Milaale Lvamprian Langston rormation
and north-central Utah. In the area of study the
T et Ay ‘e A 2~ L1 ~r] e 4+ - T O "hrd a
Langston is conformably underlain by the Lower Cambrian
» 1y rt o a nA ~xroar] n hir 1I5SAAdT e Camhrs T+ T ~N
DIl uartaz ind overiain o Mldale Lambrian ute Ol
The gston Formation ic carbonate unit in the
ambrian stratigraphic sequence of the study area. [t represents

on of the Langston Formation for study.

environments of deposition as indicated by lithology and sedimentary
!/ ~ . . .
structures; (2) to determine the paleogeographic setting; and (3) %o

determine the order of diagenetic events, with emphasis on

dolomitization.
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on south-facing slopes, and one on an east-facing slope. The lower

contacts in four of the sections (2,4,5,8) were well exposed,

graditional, and conformable. In three sections (1,3,7) the lower
contacts were covered but measurable to within f+ 2 meters. The upper
contact in all sections except section 6, was well exposed, sharp,

onformable. The top 30% of section 6 was covered in the area

©
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Q

measured, but in the same general area Rigo (1968) m

limestone-shale unit and an upper dolostone unit.




sec




7

RICHMOND




m ’ - T N 4 5 K o oo a e~ n
lnree sections y 2y were measured on ol the
ot Piaale ¥ = n = . + ( Y n S
Logan Peak Syncline. Three sections (4,5,6) were measured on the

No faults

=
0]
0
[ 5
|
H
V]
o)
F
B
pLo]
mn
=
£
@
o
furt
(32
ES
@
(@
t

I

U
[
5
[©
=
=t
=
e
t
o
O
=
O
Q
b
[
o}
o
.

were found within any measured section.

Extensive field reconnaissance of 14 sections showed that 6
msultable for ue to ulting and/or very poor expesur
lost sections were easily accessible by motor vehicle and onl
required 2-3% kilometers of hi to reach exposed

M s - : b ol
[he River Range occupies about 3/5 of the study area an
canad ate £ 45 +ad by Ianragss on Th PorrT s ey
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located to the west and contains Naomi and

Temple Ridge and Hayes Ridge faults. The front ridge is a
topographic high superimposed on a structural low, the Logan Peak
Syncline. The Strawberry Valley Anticline, to the east, runs

parallel to the Logan Peak Syncline (Williams, 1948).
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The f Wwork was | 5 981 and October
16 1 Q S T aan < | T lr 1 T11A a - -~ o
, 1981. teconnaissance field work included locating possible

sections for measurement using Williams' (1948) geologic map of the

Lo q ole 9 ] aecti 1 P Ana Apoa 2 : ooy % 1aca)
Lo juadrangle, and section locations described in Maxey (1958),
Oriel and Armstrone (1971) and Rico (1968) Once aectic wa
VrEiel an Armstrong (1Y/1), and n1go (19060). nce a section was
I A 3 ea > S5 1A >3 o) 34+ o Y s 4+ £ o q} o R ~ -
located in the field, it was then scouted for faults, large covered
or other undesireable features. Measurement
lescription of acceptable sections usually required 2 to 3 days.
1 - c r " a 1+ y
11 sections were measured witl
staff = to the methods and pro
) \ i Knat+ . (4665 e
Oc na KOTTLOWSKL (190D ). 1PU

attitude, exposure, nature of contacts, topography, thickness, rock

inic and inorganic features, and

-t

The rock-color chart of Goddard (1963) was used for determining

rock color. Average bedding thicknesses were recorded accordi to
the following scheme: thin bedded = 1-5 cm; medium bedded = 5-25 c

Organic sedimentary features such as pellets, onkoids, biotic
components, trace fossils, and cryptalgal structures, along with

inorganic sedimentary features such as peloids, pisoliths,

cracks, birdseye structures, cross- and

Q
Q

intraclasts, ooids, mud

eatures such as

Hy

parallel- laminations were recorded. Diagenetic
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stylolites, an¢ ractures were also noted. Representative samples
vere collected within each recognizable unit, and more than one
sample was ¢ a
11l t ( 15 | 5 1
I 2 V] 1 gt

collected. The laboratory work included preparation of cut and
polished slabs of 135 samples. Thirty-four thin sections were
cpared fr the samples of sections 5 and 8. Section 8, Miners
ollow, 1s repres ive of the n the of
> ud 1; similarly, section 5, Blacksmith Fork Canyon, is
representati of t ections in the southeastern part of the area.
An additional 24 S prepared from selected samples o
he remaining sect
The ections were sta >d with Alizarin S (Friedman
1959) to distinguish c from dolomite. Examination was

accomplished with the use of both binocular and petrographic

textures proved to be less than satisfactory without the aid of a
light diffuser (Delgado, 1977). Delgado recommended the use of a

r the thin section to

o

e placed und
be examined. He also stated a piece of white paper would give

« In this study a plain white paper diffuser was used

0]

imilar result

[47]

1

and found to be just as effective and much easier and less cumbersome
to use. The binocular microscope, used with the attached light

diffuser, also proved to be invaluable in determining original




(@)

textures. >andstones, mudrocks, and sandy carbonates were examined
by standard petrographic techniques, but the paper diffuser was alsc

great aid in their study

amounts of acid-insoluble residues and organic matter in 135

samples were . The insoluble residues were isolated from
the carbonate of each sample by digestion of the carbonate in 20%
HCl. They were rinsed three times in tap water, then once in
c-ionized o U ¥ then air dried until desiccation
features formed and then oven-dried at 70°c¢ for a minimum of four
urs . were ther . ~ganic was
ietermined using the insoluble residues. Organic matter was oxidized
in a %0% solution of Chlorox. They were rinsed a total of 5 times,
ncluding a le-ionized water. They were then dried

acid-insoluble residues.

weighed in the same manner as t

The percentages of ic matter may have a large error factor
due to the techniques used in washing the insoluble residues. During

the rinsing stages, the organic matter, being less dense, floated to

e, and large percentages may have been washed away.
However, organic matter percentages compare reasonably well with

average organic matter percentages found by Gehman (1962).

The mineral composition of each insoluble residue was then
prepared by grinding the acid-insoluble residues to a size which

would pass through a 60 mesh sieve. A powder-water slurry was then

placed on a glass slide and allowed to dry. It was then scanned from
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L¢ in B th Fork Canyon. a
letailed study of the sections and faunas following his initial
reconnaissance work (Wa t, 1908b, c, d). (1 )
lesignated on C as the type locality for the
Formation, but he st that it is most readily accessible in
Blacksmith F Janyon where he measured it. t, in all
publica tions, incorrectly identified lower shale member of the

Formation as the Spence Shale. The Spence Shale member is absent
in the Blacksmith Forl

The next study of the Langston Formation was done by Richardson

(1913) near Garden City, in the Randolf Quadrangle. In this study he
reaffirmed Walcott's 1908 name and definition of the Langston, and

the Cambrian

£

in a study of

section in the Ran

Blacksmitl

T ’r"r. - ]
, Walcott's names and

ol

o)

definitions were

southern Idaho.




Deiss in 1 (p. 1116) stated that Walcott's original
definitions of the Blacksmith Fork section " ... are nearly all so
brief, incomplete and alized that the formations cannot be

d from them." He emende 's definition of the
Langston Formation and designated the type locality as North
Cottonwood Canyon on the north side of Blacksmith Fork. The Spence
Shale member was still included in the Ute Formation.

Williams and 941, p. 279) defined the Langston as " ..
3 ence of shales, limestones, and dolomites that, though changi
laterally to some extent, consti a satisfactory mappable
(lithologi unit. The Spence Shale is a member of the Langston
Fo in a normal sequence from the Brigham quartzite
by only few feet of crystalline limestone." This was the first wor
that recognized the Spence Shale as a lower member of the Langston
Formation. Langston again from his

work

Masz

abnormal

He concl

4+
L

o]

(

with

h Maxey.
ey (1958, p. 669) stated Deiss's new 'type' locality was

of the formation should

D

Y]

limestone bed above the lower

e. He then remeasured the Langston Formation one mile south
's section in South Cottonwood Canyon, off Blacksmith Fork

TN

sandstone which Deiss had included.

the k section the best and most

D

uded that

ypical exposure of the Langston Formation" (Maxey, 1958, p.
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layered and intertonguing

1gues within the overall transgressive sequence of

the L

s g 5 =

rie y ( \ ~ A Ao ~ 3 s~ IS Tq

Jriel and (19 ) proposed modification of
Iofina +19 An +he T Q = 3 Thax NTAN ! +h -
definitic ya Y tormation. They proposed that the term
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ct
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Twin Knobs

r was Naomi Peak Tongue of
- " - . ’ e
Formation, one was designated as a new formation
the High Cr <
descriptions of the Formation formed parts of
larger works describing the Cambrian stratigraphy of the region.

Maxey's 1958 definition of the Langston Formation is used in this
ars to be widely accepted in Utah and because

report because i

between the 'new' formations of Oriel and Armstrong

nda

o
]
<
=

]
0]

are often gradational or unclear.

2 ] T I

The paleontology of the Langston
Spence Shale member, has been described by Walcott (1908b, ¢, 1912),

D 1 ‘racn ) D T
Robison (1969), Robisor

._,
jov)
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According to ) a carbonate
~ " canA P Aaga =09 Ao} n + - Yanl nat+te = 1v»+hanr
one composed of at least 50% carbonate. Carbonate ro« sre further

h odifier 'calc 1s' specifies that 10 to 40% of a dolostone is
calcite while the modifier 'dolomitic' specifies that 10 to 40% of
limestone is dolomite. A carbonate rock containing greater than 1C
of a mir ot dol te or calcite is sc in the

/ ; .
name (e.ge. juar > dolomlitic 1 )

The classification scheme of Dunham (1962) was ugei for textural
lassification.
r S nd

The classification and environmental significance of cryptalga

i

structures has been well documented by Logan et al. (1964) and

Aitken (1967). Cryptalgal structures are by definition «oe  Lhose

L)

believed to originate through the sediment-binding and/or carbonate-

precipitating activities of nonskeletal algae" (Aitken, 1967, p.

further subdivided on the basis of their morphology and an

(

abbreviated classification scheme is provided by Logan et al.
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pherical multiple

constitute a

set a size limit

Leighton and Pendexter (1962, p.

to an oolite, and

(or onkoids) by their concentric unbroken laminations and




= 1 = ey
implied non-algal origin.
- )
o -

re 1i 5
form allochems in form of broken pieces or whole biotic
Inits.
and Pelo
The term pell 1S 1S a term for a silt-to
S micritic grain, 1 internal structure, and having a
oval s Leighton and Pende 1962). ind
sutschick (19609) introduced the term peloid for a grain of ambiguous
origin, whic lude intraclasts, pellets, skeletal compon
ind ocoids (Petti 1 L1
imply fecal or

rrows, bioturbation,

fossils in that they " ... represent the behavior or activity by

organisms rather than the actual parts, or casts and molds of body

3

parts" (Frey, 1975, p. 15). The classification of trace fossils by

o

ed

1

.

When a sediment is "churned", the term bioturbated is ap

o]

[0)]

(Moore and Scruton, 1957). In this paper the term burrowed is usegd
/ L

n
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found that

(1957) found that initial porosities of c

In cont

J S

/ .
ompaction (Shinn et al., 1

paction of carbonate muds

This p

of compaction features,

a

arpbonate

rast, ancient limestones

977). Shinn et

can reduce original

orosity reducti

as shown by the

a

on

1l. have

-

have

ty.  This great reduction in porosity has resulted




some struct The concentration of organic matter
(and clay or fine silte results in compaction features termed

et al., 1977). The term compaction featur
is used in this report to describe structures which are
have formed by compaction. The term pseudostylolite is used
specifically to designate a type of which has the
ippearance of a wispy, stylolite-like structure.

Stylo ; from pressure solution, whictk
late stage compaction, or more precisely, lume reduction, in
carbonate rocks. Wagner (1913, in Bathurst, 1975 was the
first to lain stylolites in terms of pressure The
stylolit tion features of the Langston rocks are often
losely Compaction often appear to serve as =
nucleus or template for stylolite formation. This is shown by the

‘elationship of stylolites superimposed on compaction

ween stylolites and

clay/silt The term stylolite in this report is used to imply
an aggregate stylolite, rather than an intergranular stylolite (Park
Schot

Wanless (1979) stated that stylolitization, especially
non-sutured pressure solution, was reponsible for most of the volume
reduction in Paleozoic carbonate rocks. He stated that the physical

compaction of Shinn et al. (1977) was insignificant in volume

W

reduction. In a reply to Wanless (1979), Pratt (1982) disclaimed the
theory and supported the theory of soft sediment compaction as the

major source of volume reduction. In Wanless (1982), further




provided in support of the volume reduction theory. 1
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Birdseye Structures
R e bt L e e B ey il - sy 3 - [SPUIC T T™hoav
D1 ye structures, Or I1Ienestrae, are unsuppor ted vOoldSe. iney
r ~ + = | al 4+ 94 =] 1 1 ~Aatan
AT E with cryptalgal structures, but desiccation,
oxidation, and lithification are also i in formation
T \ ' ) \ NS T =T T = o~ 3
, 1974, p. 14). provided an excellent and
~ o | b o vy ~f5 Ty S AT +~7 -
1 f n of bir structures and defi 1 major types
lamino 1lar; and tubular. Two of these rpes, laminoid and
ar, are found in the ingston Formation.
Eva > Textures

sum with

in closely-packed nodules within the

host sediment. This produces a chicken-wire anhydrite texture

(Tucker, 1981, p. 163) or a nodular-mosiac (Maiklem and others,
- \ Y o . . Q 3 : :

1969, p. 196). When beds of evaporites are dissolved, the host

collapses to produce a brecciated texture (Maiklem et al.,
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rock type is classified as an algal

sections it is composed of dolostone,

line of measurement to dolostone on either side. The

ominant allochems are peloids or pellets, and intraclasts. Fossil

e and onkoids are never found.

sidue contents average 3%.9% and x-ray diffraction

Insoluble re

analysis revealed their mineralogical composition to be (in order of

decreasing abundance) quartz, illite, albite, microcline, and

kaolinite. Hematite pseudomo
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petrograpnlic examinatlolle.

color ranges from dark to crey ( the
organic ma averages 0.12%.

The most characteristic sedimentary structures of this rock type
are and small stromatclites. They are similar to
the structures produced by the smooth and tufted algal mats of Logan
et al. 1974). The tes fit in Aitken's (1967)
classification scheme as Laterally ). The
cryptalgalamin rerage about mm thick. thin the laminations
1re , and int ] which were deposited between
the S. Mud cracks are fa y common Fine to
medium 1 g i 1 yirdes] S 1 are
common 1 -

mostly limited fo stylolites.

e 1-5 mm, but are frequently very
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numerous and may represent a large amount of volume loss.

j=¢}
@)
o
=)

<

ol
0}
=

3 e I % o (=Z A rma
Rock type B is found in half of the sections (3,4,7,8) and forms

ding is highly variable and

[}

steep cliffs or resistant outcrops. Bec
ranges from thin to thick bedded, and may be massive. The thickest
2xposure of this rock type forms a unit of 40 meters, and comprises

up to 32% of a given section.
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Rock type C i
exposed as resista
forms units up to
section.
Peloidal-pelletal wackestones to packstones comprise the rock
types with recognizable textures (Fig. 4). e to diagenesis, manj
must be classi g lline carbonates. In ik
rock type is dolostone. The major allochems are
peloids lets.
« _ Far :
he mean i t is 5.0%, with dominant
minerals bei quartz, illite, and with in{t:. chlorite,
microcline, montmorillonite, and goethite occurring locally.

~ lr 4+<xrva
RockKk type U

T 2 )
light
mean organic matter content is 0.08%. This rock type commonly has

darker than the rock as a

)

streaks and areas which are just
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whole. These darker areas may be due to concentr

Thin to coarse laminoid and irregular birdseye structures are
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normally present. As in rock type B, re




FIG. 4 - Rock Type C, showing multiple FIG. 5 - Rock Type C, Subtype 1
orders of stylolitization.
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No inct compaction are observable but stylolites
are .
rock ype D
At oS G e Z B e % = i Do
Rock type D is found in 6 of 8 sections {1,;.3.1,3,‘). Rarely
loes it structure it is usually
~ T+ o 4 9 4 + A~ 1 = al=] +hA 1 fAarma 1 0
e. 1t occurs 1n units up to 19 meters thick, and forms up ToO
4 ~No! o
) O ~t o
Y~ Ui 2

This type is texturally a peloidal-pelletal wackestone to

ik < ] A T4 - ] S R s P T} s .
packstone (Fig. 6). It occurs as dolostone or calcareous dolostone
Peloids and/or pellets are virtually the only allochems, with a few

onkoids occurring locally. This rock type is gradational with rock

type E, and is dis large amount of
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bioturbation. The bioturbation usually produces an indistinct to

distinct mottled texture (Moore and Scruton, 1957).
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l'ype D has an average insoluble residue content of 0.94%, whic¢
onsists of quartz with lesser amounts

| R R S | -
been dadestroyeda as a

is preserved and enhanced by

I I OUrrows are on T
1 t least two episodes of organic activity, the latter less
intense than the former.
Paat1) poey o im3 + ma - ~ ~+4n Torv feo
features are limited mainly to compaction. Very few
stylolites are found in this rock type-.
Rock Type E
Rock type E is the most commonly found of the rock types and is

ot

found in all sections. It crops out in many forms, ranging from

rugged cliffs. Bedding size also

small, resistant ledges
t forms units as thick as 91

N = . e . 3 o P . . £.4
and comprises as much as 55% of a given section.
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oI rv fr o+ o lra+ A o i1
ns vary from mudstones to packstones, bu

portion of type E, although cs dolostones dolostones
locally in small amounts. Fossil ts, peloids,
pellets, onkoids, and intraclasts make up the suite of allochems
present. Peloids and/or pellets, and onkoids usually dominate, but

or intraclasts may predominate locally.

This rock type is invariably dark grey (N3), but locally may be

T P R )
compaction. Onkiods are
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also indicate early compaction. It is equally likely that these
flattened onkiods may simply reflect elongate nuclei. Many limonitic

silt and clay seams are often present in the samples. When they

®

matter, they are classified as psue
Trace fossils are present in the form of

m

feeding burrows, or Fodinichinia (Frey, 1975). Textural mottling

occurs to a limited extent, and may have resulted from organic

activity, selective dolomitization, or from areas of high iron-rich
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clastic concentrations. type of mottling is 1S

: : . 3 i i 1 & :
primary or secondary irregular layers according to Moore and Scruton
[ 4 =7\
\ 7 .

include compaction features and some

stylc silt and clay layers.
M e c }
Three subtypes have been

amonn te« -~ ¥4 +une

ymounts of . >ubtype

subtype 2 is similar to subtype 1 in t it contains more than
50% onkoids, but is distingu by its grainstone texture, and the
presence of 1S rim cement >d on the bottom of the
onkoids (Fig. 9).

Subtype 3 contains less than 50% onkoids. The onkoids are

supported in a matrix of peloids-pellets, and mud, in which the
peliods-pellets form more than 50% of the matrix. This subtype is

normally a wackestone, but when peloids are very abundant it is a

'pe 2 is dominated by equant onkoids with a diameter of
about 1/2 cm. Fibrous-cemented oval onkoids with elongate fossil
fragment nuclei are also classified in subtype 2. The onkoids o

subtypes 1 and 3 are oval to slightly round with a maximum length of
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FIG. 10 - Rock Type E, Subtype 3

mn PO .

FIG. 11 - Close-up of FIG. 7, showing compaction
features around spar-filled voids. Field of
view = 2 cm.
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Rock Type G
Riacke i W ey P o soatian 7 T+ &
190 . J PC I LS L OWIll alb SCcCLLOIL 9 SO TR
as bedded resistant outcrops Lk
) AT o A s i T L e
comprises 14% of the section in a unit 21 meters thick.
Lo e o1 Ao . 1 w3 an M4 VR TR 2d
include peloids, and piso . Textures range from
. . + . s =z M A 1 e = - -
wackestones to packstones (Fig. 13). The carbonate component is
lolomite.

1 \verag ubl ontent is 28.7%, and is composed of
juartz, illite, microcline, and orthoclase. These rocks have a
gradatio ntact with the the Brigham Group, and
high content of insoluble material is probabl lue the

contact. >se rocks grade upward into relatively
carbonates.
~ - B THSS =) \ (o7, .
G has an average content of 0.19% which is
Bl z S A + : o T g Lo S M & 1 1
often concentrated in wispy pseudostylolites. The general color is

medium grey (N4) slightly mottled with a light yellow-bro

=

> =
Compactio

AN
Cuzl

producing pseudostylolites. Stylolites often oc

pseudostylolites.

wn

oturbation.




ock type H is found in dded, ve units which are
e I=] = Ll e T 4 £ AP AYAE o 5y + 4 s
exposed as o8 I It forms units up to 12 me

e T TR S . L e e e S IR, r 14
1110 LT 18 classlilleqa as a crystaliine 0108 TONE \ 18 4 ).
111071 > ) ~N™m =] - ~Nr £ N\ 70 £ H ) p
Luble r les comprise an ave DI Ve fcp O T n, and
= of quart 3775 4o 1B . orthoclase.
3 O0I quartz, 1 e, L Cey & rtnoclase
m g ~ ~ v x 2 1 > r \ y ravn mat++ v
ine 0101 LS very 4l1 C rey NO ) and organic 1TTel

Rock type I is exposed as thin to medium bedded resistant

ledges. It occurs in units up to 16 meters thick and forms up to 10%
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Texturally, type I is a wackestone to a packstone (Fig. 15).

y limestone, but also includes end members of
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calcareous mudrocke. Allochems include peloids,
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sil fragments, whole fossils, and a few intraclacts.
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15 - Rock Type I

FIG.

FIG. 14 - Rock Type H
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albite, kaolonite, and chlorite.

T 173 ~ Tawrara ~ v ( \ w'} +he ~Alaa 3 =% =]

ine 11 e l1ayers ar (L y WNlle tTne ciastlcC areas
are of red or yellow. The er
content ia 0O.573 and o nrohahlo A rontrated | +1 arb o+
content 1s O.5)>% and 1s probably concentrated 1in thne carbonate
layers.

Sedimentary structures include irregular laminations and
interb of 'clean’ erarhonsat nd sil1+tv carbonate or
lLnteroed 9 i >lean Aroonat ANad S11TY carbonate 01

-

Rock type J is often exposed as weathered outcrops on

=) 3 r hiit+
istic but

]

mostly-covered slopes. Medium laminae are most characte
1 . . T . of ol
thin to medium beds are not uncommon. Type J comprises up to 29% of

a given section, and forms units as thick as 47 meters. It is found

in all sections except section 5, Blacksmith Fork Canyon.

Rock type J consists of mudrocks, more specifically, mudshales

. 5 5 1 / o~ )
with some siltstones and clayshales (Lundegard and Samuels, 1980).

£

The mudrocks are usually calcareous, and often contain lenses of
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. The dominant allochems are fossil frag
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and peloids. Whole-hody and trace fossils are common. Thi
k type 1s often interbedded with rock types I and E.
nsoluble recidue ;:?‘f)f,': and ro
Insoluble residues 2 1Y re y
= | < 4+ alhs 1~ 14 na + 1 - i 1 AV + o
1111 %ey, » albite, kaolinite, microcline, and chlorite.

The average organic matter content is 0.¢

o) °n appears to b in layers paral i Th
e ~ ardiaoaa FfrAm o AT Tz + A % Y 3 A% = — = s I
L. Arlies 1r0 1aTrK grey ) )y O yellowlsh grey L1 &8
- V= P scia 3 ) + = o 1<
1 rey L 2. ) w rten AGes 01 red occur on n Ly
red suriaces.
~A ne Ao N 1 xr T s arA ~F . Roxn i { 7} R s RSN ;
beddlng ces re 1ly wavy and often nodular. veatherin
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Rock type K is found in two sections (2,8) and is exposed as

A J I
to thick beds. In section 2 it forms a small unit at the base
of the section and grades upward into rock type E, and is also

he limestone. It forms its

e
ayers v

thickest unit at section 2, where it is about 1 meter thick, but

t section 8. It comprises
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FIG. 16 - Rock Type J

FIG. 17 - Rock Type K
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192). A great pool ol Knowledge CO carbonate
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tional environments has been accumulated within the past 2
lecades . bathurst 1975 3 >d much o nt
rbonat o yoe1 10y Sy nmey o T h j er
) ; \ ; , : \ ~ 3
] . +h o ( T + « Y 2 . h ¢ N A=t nhawv N 1
florida; the Gulf of Batabano, Cuba; the Trucial Coast and Embayment,
5 3 (3T F e nd Rrd +4 aV ) 1rag Cinat . 4 ~a 1+ + a2 n
lan Gulli; and i tisn nonauras. Ginsourg (1Y 1as edlted al
=3 9 "+ hook A £33 Jonaas +a wha o SAFaS A Wi . FaE
Xcellent DOOK On ti1dali aeposlits wnicn contains many 2Xamples.

itional
1ELONA 4
and anc

reconstruct ancient environments. As
slowly distort or destroy information once a rock.

understanding of & rock's ancient depositional history, and many

ers

4 1

s can not be overcome (Bathurst, 1975, p.

fficultie

T

that some organic criteria operating today

rian and Earl

presenc or absence
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abundance of individuals to discriminate between subtidal,

s nbantsd R 1w ronments! (Ravmond - 36
L) al, na supratlidal environments naymona, De 04

mA = +h A ~1 3 + A - ~ nalen~ T ~F TT+- 1
'o further complicate matters, the paleosg rapny ol tah dur
the Cambrian was characterized by a shallow epeiric sea
e
B |
(1Q7R

Sanders (1978, p.
epeiri is th are nowhere present in the modern world.

7 J O ol ¥ » +1 Pon [1 <4 o4 NS

f the ent 18 1 he key to past, at 1 some
probably most, of cal and c principles operating
oday must apply to the epeiric seas of the Cambrian. Friedman
QA 3 ra ~ 732 £ n4 «+ o +1 +h 1o Rah-« ‘
Sanders (1978, p. 373) further state that the Great Bahama Bank
presently the closest modern analog of the ancient epeiric seas.

+n Carbhonate Producti
in Carbonate Production

ite and high-Mg calcite are

minerals produced in the seas of the world. They can be precipitated
inorganically as in the Abu Dhabi lagoon or physiologically by algae
and other organisms (Bathurst, 1975). Depending on the chemical
circumstances, either aragonite or calcite may "gain the upper hand"

4+ HNroanT o 4+ 74 1 42 2 34
1t precipitant, but with time aragonit
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converted to calcite (Bathurst, 1975).



is basically controlled by
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additional factors. The solubility of (CaCO_in water increases with

®

4 A aq (618 ~Aa@ T ) on 1N o nT « 11 P 3 a + A B
increasing CO pressure, decreasing temperature, and is greater in

salt water (Deer et al., 1966). The principal control is the

s s d sl 25 s o0 ¥ = Y 2 4+
oncentration of CO_ affects above reaction tt the
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later in the text . Tucker (1982)

stated that some Precambrian dolomites may have been

urthermore that

Hy

deposited as the original carbonate mineral, and

during the Precambrian, dolomite may have been the principal
carbonate mineral precipitated from seawater. Was this possibly true
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for Lower to Middle Cambrian




Environments

2rl1t voOmpleX
Paordi+3AdAal rofaoara + anth-ao - 4+
reritiaal reiers 1o subject TO

. A peritidal complex can be divided

wWwalsroe W oW v v » 7 o 0 o
are always by water; 2) areas
that are covered and uncovered during every tide; 50 are
ST SR o A e NPT = A 1 5
covered and uncovered during some and 4) areas
overed by water only « tides. sone 1 1s the
] AT 70 & D A + 2 and o v A G«
ubtidal zone, zones 2 and yre the i1ntertidal zone, and zone 4 is
§ . P . - =
the s 11 zone iman and Se¢ g, 1978, ps 540) The
upper peritidal this report refers to zones 2 through 4, those
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rate radient

y Smoothn
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zonation. The upper
tertidal and supratidal zones are rarely flooded but are subjected

roundwaters and storm floods (Logan e

J ; 5

7 fag)

Upper Peritidal Zone. - Shinn et al. (1965) defined the

an area above normal high tide but periodically

flooded by spring tides and storm tides. The upper intertidal zone
is that area which is covered and uncovered by some, but not all
tides, while the lower intertidal zone is that area which is covered

by all tides (Friedman and Sanders, 1978, p. 540).



()

ct
]
Q.
o+
S
(O]
ct
ary
=]
o)
=
=
=]
o)
cJ.
o
=

F
o

ct
+

3
D
®
=
®
(@]
—
ct
)
v~

2

boundstones,

mudcracks, birdseyes, interbedded grainstones, lime mudstones,
onkolitic lime mudstones, and occasionally shales in the peritidal

d Cambrian Carrara Formation.
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Lucia (1972), in a study of Permian deposits, described
rregular 1la 1s, lithoclasts, desiccation features,
LLH-stromatolites, and quartz silt beds in At
Andros Is et al. (1965) found 1

mats, mud cracks, lithoclasts, birdseyes, and dolomite to be

o packstones, birdseyes, disrupted laminations,
few marine organisms, gypsum crystals and dolomite. Within the
intertidal zone, Shinn et al. (1965) found burrowed pellet
packstones, algal mats, gypsum crystals, and dolomite. Wilson (1975,
described birdseyes, mudcracks, storm layers, intraclasts, burrows,

ures commonly associated with intertidal deposits.
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Logan et al. (1974, p. 141) stated " ... the inter
supratidal platform is the main habitat of algal mats...". They

further stated (p. 184) that most cryptalgal structures are formed

in the lower to middle intertidal zones. The supratidal zone is

D
[
w

characterized by blister and film mats. The upper intertidal zon

4+

characterized by blister, film, gelatinous, tufted, and pustular
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environment can be inferred. Logan (1974) implied that birdseye
structures car CEUr imn subtidal to supra
nvironments, wittl cted to the 1lc¢
1l Zonee.
1908K1 Y 1K" 1 ~t+ated + "o rypsSum-anhvdrite
i JO1, Do -104 stated tTha S gypsum-annydrite
vele occurs in the high intertidal and supratida rones
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“hicken-wire anhydrite ire typical textures of t
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sulfate deposits. In the upper supratidal zone anhydrite 1is

precipitated as thin beds or layers of coalesced nodules. Wilson

colors as suprati

(oF

1 features. Dolomitization of carbonate particles

a

s 3

is commonly associated with gypsum precipitation (Tucker, 1981, p.
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medium irregular birdseye structures testify to the past presence of
1is rock type is inferred

to have been deposited in the middle intertidal to lower supratidal




ibclass 1 of rock type C contains brecciated evaporite
structures and was likely deposited in the supratidal zone.
Rock type B is usually darker than type C, ranging from medium
dark grey to light grey (N4-N7). It contains many peloids, fine to
1 +

medium irregular birdseyes, wispy irregular pseudostyloli

possible relict chicken-wire anhydrite structures. The
pseudostylolites resulted from concentrations of organic matter,
and give a wispy, irregularly laminated appearance to the rock.
Similar structures have been produced by Shinn et al. (- « These

S interpreted to have resulted from the
of organic matter in algal mats during compaction.

is inferred to have formed in the upper intertidal

LLH-stromatolites, pellets, intraclasts, mudcracks, and fine to

medium laminoid birdseyes. It is usually dolostone. Fossil

-
]

fragments and onkoids are very rare to absent. It is often

interbedded with grainstones to wackestones. Rock type A is inferred

o+

to have formed in the lower to upper intertidal zones.

Rock type H contains only medium irregular birdseye structures.

Dolomitization has destroyed all other original sedimentary features.

e

Shinn (1968) stated that the presence of only birdseyes indicates a
supratidal origin. However, Logan et al. (1974) found that medium

eyes may form within an intertidal pustular algal mat.
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type may have formed in eithe

The subtidal zone comprises all the area below the mean low tide

WA 3 ~~r7r1 haAd . 1 B . 3 AN -
-~ Wilson 1975 ) described a shoal environment

in ag iater tandard f belt 6. Belt 6 is
‘
characterized by depths of 5 to 10 meters to below sea level. High

roduces an inhospitable environment for m

Subtype 2 of rock type E is characterised by moderate to
well-sorted onkoids with a grainstone texture. The bottom side of
the onkoids are cemented with a fibrous rim cement. This rock type
probably formed in a high energy agitated shoal environment within an

helf.

n

inner carbonate
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in Wilson's (1975) belts 7 and 8, which are shallow water environments

with moderate circulation. Salinities may be normal to

Sediments may be exposed subaerially at times. Standard microfacies

16 (SMF-16) is a peloidal grainstone which was deposited in water
SMF-16 may grade into a peloidal

stone, and may contain thick, graded laminae and birdseye

X 18 peloidal p ne or instone whicl
e . i | 4+ a a me + ~ m A ~ ] & S
bccasionally contains medium to coarse laminoid birdseyes and

)
D

—

£ 5 = e o a [ah] o & 1 2 o / \»7:\
orm or Inner She Sea. - Wilson (1975)

described facies 7 environment with moderate
circulatior salinities. Such environments are located

in open lagoons, and bays behind the outer platform edge. Standard

microfacies 19 is a " ... laminated to bioturbated pelleted lime

(

mudstone-wackestone grading occasionally into pelsparite" (or
peloidal grainstone) " with fenestral fabric." (Wilson, 1975, p.
Standard microfacies 22 (SMF-22) contains onkoidal wackestones
or packstones. ©SMF-22 is characteristic of quiet water sedimentation

in shallow back reef environments.
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Rock type E was deposited in a shallow, low energy inner shelf
in a shallow
restricting

platform.

Rock type G contains peloids and pisoliths with a
vackestone/packstone texture. Pseudostylolites are numerous, and
probably reflect compactional concentration of organic matter and

lastic sediments. The average insoluble content is 28.7%. This
igh insoluble content may reflect either a nearby clastic source o
a large influx of clastic sediment at some distance. The pisoliths
! most 1s with their primary structure destroyed by

dolomitization. The high clastic content and well-rounded pisoliths

inner shelf sea during a period of slow subsidence as clastic
1’1_‘0‘3 1TS migrated seaward Irom an eastern source area.

R ~lr R T % a al al = roa v ~ e = ! £ g 1
Rock type I is a peloidal wackestone to packstone, with fossil

fragments and intraclasts abundant
average 28%. Depending on clastic content, rock type I may grade
into rock type E. Any one sample may be dominated by clastic
sediment or carbonate sediment, with carbonates generally dominating.

Rock I represents a change from an environment of

carbonate-dominated sedimentation (inner carbonate shelf) to one of
clastic-dominated sedimentation (outer clastic shelf). The limestone

was often deposited as lenses within the clastic areas. This rock

elow wave base at the boundary of the
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inner and outer shelf during a period of slow subsidence.
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often calcareous or they contain carbonate lenses. This reflects
a d fluctuating, carbonate-producing environment, and the
bf type J in the north and sout! t parts of the study

area reflects the progradation of clastic sediments from the two
ma jor source areas toward the carbonate This model is very
similar to the model proposed by Palmer and (1979) for the
Carrara Formation. J, of the upper shale member of

ions 4,6, and 7, inferred to have been deposited in a shallow,

energy inner shelf sea in the southeastern part of the section
and in a shallow low energy outer shelf sea in the north and western

of study. Deposition occurred during a period of slow
subsidence.

Rock type K is a calcareous sandstone which grades upward into
limestones with sandy layers. Depending on sampling location, this

may
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clastic material. When it
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is found only within the




ated, and of normal marine salinity. Shales

burrowed, thin to medium, and wavy to

Wilson (1975) stated that the carbonates and shales occur in
well-segregated beds. Potter et al. (1980) characterized the
clastic sediments in the outer shelf as being a few to tens of meter
thick, commonly to silty muds, which may contain fecal pellets.

olors may be grey, green, brown, and black. The biotic assemblage
is characterized by open marine and fossils may be
abundant. Deposition results " ... from suspension and biogenic
pelleti ., 1980, p. 63). The
clastic wave energy and clastic

then carbonate sediments
are deposited. It should be pointed out that the descriptions of the

mudrocks or shales of the inner and outer shelves by Wilson (1975)

and Potter et al. (1980) are very similar. Aitken (1978, P 523%)
stated, while describing the paleogeographic elements of the Cambrian
depositional grand cycles, that «++ it is not known whether the open

basin was oceanic or part of an epicratonic sea.

The Spence Shale, which occurs in sections 1,2,3%, and 8, is
characterized by thin to medium, wavy to lenticular bedding, with
open marine fauna, and often trace fossils. Color varies from shades
of green to black. The source area for the Spence Shale is to the

4+

north or northwest and is different from that of the southeastern
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Diagrammatic
Cross Section

Facies Outer Clastic Upper Peritidal Inner Carbonate Inner Clastic

Shelf Sea Shelf Sea Shelf Sea
Rock types J, 1 A, B, C,H D,E,F J, K G
Lithology Mudshales, and Wackestone/packstone, Mudstones to Mudshales,

silty mudstones and algal boundstones grainstones silty wackestones,

and sandstones

Color Green to black N6-N8 N2-N5 Green to black
Allochems Peloids and fossils Peloids, pellets, intraclasts, Peloids, pellets, intraclasts, Peloids and fossils

and rare fossil fragments.

fossil fragments,
onkoids, and pisoliths

Sedimentary Parallel to lenticular Birdseyes, mudcracks, Bioturbation and/or Parallel to
Structures laminations, cryptalgal structures, burrows lenticular
and burrows relict evaporites. laminations,
and burrows.
Insoluble residue 55.3% 3.4% 1.7% 62.3%
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ANALYSIS OF INSOLUBLE RESIDUE

"The small amount of terrigenous or biogenic siliceous clastic

materials in carbonate sediments may be very significant in

H

environmental interpretation" (Wilson, 1975, p. 90). The analysis

f the Langston Formation has provided some
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of the insoluble

MMaaafiil 3 £ b Y T . o - A A4 v
useful information. Data are in Appendix A.

Quartz is found in all samples and is the dominant mineral
species (based on x-ray diffraction peak heights) in all but one

and/or mica is found in 95%

K-feldspars or kaolinite. Albite is found in the samples,
~Ao! 3 . - 17 G . s o~ a5 v — 7
22%, and orthoclase in 6%. Kaolinite is found in 3%5%
- . o <2 - . o
chlorite in 12%, and montmorillonite in 2%. A small

portion of

goethite, >

samples through petrographic me

small
X-ray

cryptocrystalline iron hydroxide (Deer et al., 1966), is found

unnamed shale
+or - B T -, % B R4l ~ J e avdr  and S99 3 4
two different source areas. Both shales contain quartz and illite,

]

the dominant feldspar in the unnamed shale is microcline. This




general relationship holds true for the insoluble residue
carbonates: the north and east sections, which contain

Shale, are characterized by an abundance of albite and

o

the east or southeast. This conclusion is in agreement

lowlng assumptlons are va.

1 . . \ . 9
ed to climatic parameters; 2) clay mineral

pre-burial stability; 3) and clay minerals have post-buri
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Rateev et al. (1969) showed the distribution of illite
rated near detrital source areas ar
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control. The above indic
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Singer (1980) and Carroll (1970) stated that kaolinite is the

w

product of a high-leaching, humid tropical environment. Kaolinite i

\

9 ) .

N

C

rated along the equator (Rateev et al., 19

Singer (1980) and Carroll (1970) also stated that
montmorillonite is produced in areas of less intense weathering in
temperate or arid climates. Worldwide oceanic montmorillonite is

often concentrated near the equator in spots but also in areas with

). Montmorillonite and chlorite would

no make up a large percentage of the clays in a
S in a warm, non-volcanic, equatorial sea.
The Langston sediments are dominated by illite e
ith m amounts o nd montmo This clay
mineral assemblage indicates that the Langson Formation was deposited
in with
o 1979)
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Paleomagnetic and faunal studies
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area was warm to hot, and humid. Even

essentially all of the state was cover

sea. This environment was ideal for c
The creation of this epeiric sea

environments of deposition to the

time approached, a broad, linear,

shoal complex developed toward the edg
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of the Cambrian Period indicate
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ar or through Utah (Rowland,
aphic studies indicate a marine
1958, D.
F 2Ny 2

ed by
arbonate production.
introduced new and unique

allowed an unhindered tidal exchange,
€ in the inshore As time
matured into Aitken's 'Sullivan type'
COI 400 km wi and was
locations. This type of shoa
generated a tidal resonance

Cambrian shoal complex has

yet it restricted
progressed,
shoal complex. shoal

P4

T T e e MV 4 e
0O a large tidal range. L1 S
iouna 1n vamorian studles
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in northern Washington, northern Idaho, and northwestern Montana by

ischer (1981).

T A AN A 1 y o] -
Robison (1960) has shown that Cambrian

divided into an inner detrital belt, a middle (relatively clean)

carbonate belt, and an outer detrital belt. The middle carbonate

concluded that with these dimensi

. anced
bottom slopes ranged

kilometer (0.1 to 0.5 feet per mile).

s during the Cambrian. Grand cycles began with the

le carbona

deposition of another inner detrital facies, initiating the next

1d must span one to three trilobite

igo (1968) believed the shale members of the
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~\ 1 . . 3 5
1979) found a similar example and developed a model

S

and Halley
related to Aitken's depositional grand cycles. Their model related

the clastic and carbonate deposition to changing rates of shelf

J

subsidence. The Langston Formation qualifies as a grand cycle and

on was deposited in an area bordering the

Cordilleran miogeosyncline during the Lower Middle Cambrian as

3 A8 Fad A7 = + . - Qoo B n 3 1 \ anc tad
i cated by trilobite assemblages. Furthermore, it was deposited
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The Spenc

W of the study area was deposited in the belts 1
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upper unnamed shale mem in the southeastern part of the study
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my , £ o T A wresd
lThere were two major terri Langston
m £ 1 ~ = 1 ot~ P ~
. b of the area in western Idaho ozx

Utah sediments were shed into the outer detrital belt

eventually deposited

ar in fing the sediments area to a
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5 ( depositional environment at currents

the geography must have been c
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reverse currents passing by and transporting sediments from the

northern source area to the southern site of deposition (Fig. 24 ).

he east was a positive area of

=t Sl -l i M Al ' Tha ) P W e e sy 4P §
present day Uinta Mountains) which shed sediments into the inner

detrital belt (Williams, 1948, p. 1157; 1971, p» 61). 8o

o]
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in the southeaster

+

Subsidence was not uniform throughout the study area.

shows that the Langston north, and is f
in the south. Section 3, Smithfield Canyon, is
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a grand cycle) when subsidence slowed to the point where the
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ston Formation shows little evidence for large amounts
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much of the original depositional and

of rock type E have fibrous

e ,
Subtypes 1

cementation is characteristic of

y L ' Eh e e e 2 A mes +a (9 T 1978)

ce in to subtidal environments (Scholle, 1978).
m o " il - o R A L, N RS e R \
The fibrous cementation was followed by a coarse 1

e + T +he rA A} 1A 3 va he T Hhr 1 T an « N A1
within the voids bounded by the fibrous isopachous

indicates 2 stages of cementation: one ear which partially filled
the 31 pore space and prevented compaction; and one later,

®

the remaining por
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prominent compaction features, also indicating early cementation ol




occurred in the telogenetic environment
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rimary depositional
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n these rocks, well-defined and recognizable

peloid can be seen w one dolomite rhomb. This diagenetic

process is often associated with dolomite, and therefore most likely
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Rock types B, C, D, and E often contain some evidence of
compaction. Pseudostylolites are common, and areas of early

1ires above them.

A, cryptalgalaminated boundstone, contains no evidence

HAAT Ta ¥hat & ata wer
propanie nat, as mats were
+he al o £ 71 ame 4+ A A ~
thne \1__581 Il1iaments 0OC(« some

A nees Pl en b o hacsd
classliiication bpased

on two factors: 1) pure geometry; and 2) relation to bedding plane.
ication is -
\ b
; 2) suture 4) down-p
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