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L AT T T R

ABSTRALY

Rocks of the 2one of Arofusulinells (Lower Atokan) of the Bird Spring Group at Arrow
Convon, Clark Countv. Nevags. accur In mine cycies., beginning at abr upt changes from shallow to
geeper water deposition. These nine cvcles are further orgamzed within four, symmetrica!
Cveles from ceeper 1o shallow to deeper water sediments.

Tne mogel of Punctustea Aggracationsl Cycles (PAC), proposed by (o0owin ang Anderson
(198510, for cycles of shallowing upward rocks, correlate with the nine cycles of lithologic
lypes Jestribed at Arrow Canyon  The four larger meQecycles of .pwardly fining rocks
correspond t0 the Yail curves of eustatic sea level changes (Vail et 8l , 1977)  Cerozei's
(1986 ) attempt to relste the shallowing upward sequences, similar to the FAC's of Goodwin and
Angerson. 1o the eustatic curves of Vail, according to nis “New eustatic mode! for the origin of
carbonate cyclic sedimentation”, however , does not appear applicable to Arrow Canyon. The
microfacies succession 1n the Zone of Srotusu/inelia 88 described Dy Heath. Lumsden and
Caroz21 { 1967), 088 N0t consistantly match my perception of environmentally signiticant umts
Chert of giffer ing morpnaiogy, ocCurs Cvclically in the Jone of A-visu/inel/isand these chert
Jycles par altel the cychicity of StRologic types  They 8108d 1n GBSCription and inter pretation of
anvironmental congitions  ang furnish an obvious "key” to Quick iy recogni2ing cycles In the

field
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CHAPTER |
INTRODUCTION

This study wes conducted to describe, 1n detail, the Zone of Provusulinelia{ Aoken), of the
Bird Spring Group ot Arrow Canyon, Clark County, Nevada, 8s measured and generally described
by VAM. Langenneim ( 1964) and C.P. wedel ( 1982) n order 10 correlate thess units with
the microfacies succession of Heeth ( 1965) and Lumsden ( 1965) Detatls of the succession are
then compared with the dsepening- shallowing cycles of Heath, Lumsden, end Caro22: ( 1967),
middiewestern cyclothems, Yail curves (Yail et al , 1977), and Punctusted Aggradetional Cycies
(PAC) of Goodwin and Anderson ( 1985). The environmental and stratigraphic significance of

chert in carbonate sadimentation aiso 1S discussed
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CHAPTER 1]
LOCATION

The saquance under study 1S 8xpased In Arrow Canyon, at the northeastern end of the AT row
Canyon Range Most of the range 1S Shown on the Arrow Canyon 15° Quagrangle, { 1958 smition)
of ths United States Genlogical Survey. The quadrangle is bounded by latitudes 36° 30° N and
360 45 N. and longitudes 114%45° W.and 114958° W (figurs 1) It's highest point reeches
an elevation of 5,226 feet ( 1593 m) with 3,220 feet (81 m) of relief

Arrow Canyon 1S super imposed across the nor thwest corner of the Arrow Canyon Range and ts
approximately SO miles nor theast of Las Vegas, (E1/2, sec. 11,5172, sec. 12, 7145, R64E and
SW1/4, sac 7, 7145 R6SEN Nigure 1) The section at the canyon can De reeched from Las
veges by taking Interstate 1S north to Glendale, Nevads From Glendele, procesd 14 miles
northwest on Nevads Roules 7, then turn left onto & secondary paved road  Continue down this
road for approximately 200 yards then turn right onto a jesp trail which runs through a refuse
dump and past a water monitoring well The section 15 located approximately 2 miles up the
canyon aiong this 1e8p trayl which can easily be travellsd by venicies with high road clearance
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Figure 1 LOCBION map  Arrow Indicatas Jocation of sactiorn
¢! Arrow Canyon
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CHAPTER 1]1
GENERAL STRATIGRAPHY

Mid- Mississippian through Parmian strata are exposad on both walls of the narrow canyon
in the canyon the beds strike about NZOE &ng dip 30- 35 degrees southeast

Pennsylvanian rocks 1n tne ares originally were placed 1n the Lallville Formation, in the
Muddy Mountatns and ot Arrow Canyon, by Longwell (1921,1928) The Bird Spring Formation,
descr 1bed in the Spring Mountains by Hewstt (1931) 15 composed of Late Miss1ssippian thr gugn
Permaan rocks 1n the Bira Spring Range west of Las Vegas The sequence al Arrow (anyon more
closely resembles the Bird Spring Formation than the Callville Formation which & more
ar endcecus and pussessing more unconfor mities (Righ, 1971) Therfore, thick, "geosynclinat”
sequences, As At Arrow Canyon, are generally referred t¢ A% the Bird Spring Formation
Langenheim gl gl ( 19€2) further divided the Arrow (anyon saction into five, informal,
Tor mational units, elevating the kird Spring Formation 0 group Statys

The Bird Spring Group 1s gominated by himestone and renges from 1000 to 7000 feet thicr
(20-2135 meters) The five formational units recogrizeg within the Birg Spring Group at
Arrow Canynn are the Battlesr:p wash For mation (Langenne'm ang Langenheim, 1965, Indan
Springs Formatior ( Webster and Lane, 19€7), and three unnamed umits BSc, BS0, ang 5%
(Langenheim gl gl , 1962;

At Arrow Canyon, rocks of the Bird Soring Group 11e conformably on Mississippian Monte
Cristo Limestone and are over lapped by Tertiary Muddy Valley Formation to the east, and by
Quaternary alluvium

The car bonate rocks of the Bird Spring Group at Arrow Canyon were deposited on the egstern
eage of the Bird Spring Basin, 1 the southern part of the Cordilieran Miogeosyrcling (Rich,
1971)  The miogeosynciine borderea the Antler Orogenic Belt to the west and the Las Yegas
Wasatch Line to the east At the time of deposition, the basin was character 12ed by changes In
$12¢ and therefors sediment accumulation as sea lsve! fluctuated Wilson ( 1975) has inferred
transgressions during the Morrowan, Desmotnesian, and Virgilian and regressions during the
Atokan and Missourian. Heath, Lumsden, and Carozzi (1967), however , hiave documented a
complete cycle of transgression and regression. 8tArrow Canvon, detween Early Morrowsn ang
garly Missourian,



CHAPTER IV
GEOLOGIC SETTING

The Arrow Canyon Range 15 within the Basin and Range province in which north-south
trending mountain ranges ore separeted by broad valleys filled with alluvium.  Some
Precambrian rocks ocour 1n the southern parts of the province, but folded and faulted Paleo2oic
sedimentary rocks, products of the Nevaden Orogsny (Late Jurassic to Early Cretaceous) are
more character 15tic.

The basing and r anges resulted from block taulting wnich began in the Miocene and continues
toosy Tertiary voicamsm resulted 1n widespreed volcanic rocks throughout the provincs
Arrow Canyon is the product Of 8 superimposed stresm which eroded Tertiery and Quater nary
atluvial deposits which had filled the valleys by the end of the Pliocene

™he Arrow Canyor. Range includes 8 main ridge in the west and low foothills 1n the east
(figure 1) The western edge 0f the range drops off as a scarp face, the product of a nor mal fault
soparating the Las vegas Kenge from the Arrow Canyon Range Tne eastern flank of the main
50 107 Of tre rangs 11es par allel 1o the axis of & north-south trending <ynciine that 11es within

the main bodv of the range 8nd PIunges to tne north (Longwell gl ai , 1965) Stratigrapn'c units
of the easterr footrlls, which include the Arrow Canyon section, d1p esst 10 southeast



CHAPTER V
METHODS AND TECHNIQUES

Descr iption and measurement of section s well as sample collecting were done over 8 10-3Y
per fod in January, 1988. Unit descriptions given in this paper refer to rock units or iginally
cefined Dy Y.A Langenheym (VAL) (Werbel, 1982) Boundaries of the VAL umits later were
referenced to measurement markers placed at 5 faet (1.5m) intervaiz by Amoco geologists.
Detarled measurements within the YAL units were obtained at significant points using a 1 foot
hana ruler. Also, photographs were taken of the section Examination of rocks was 0one on the
macroscopic level using & handlens Attitudes were obtained using & Brunton compass. All dets
wrr 8 0D1atned from the nor th wall of the canyon



Figure 2 Upper Morrowari-Lower Atokan units exposad on
north wall at Arrow Canyon, VAL 96 through

104, (arrow 4
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Figure 3. Lower and Upper Atokan units 8xp0sad on
north wall st Arrow Canyon: VAL units
103E through 1 1SE
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CHAPTER VI
DESCRIPTION

Rocks of the Zone of Profusuline//a Lower Atokan), 8s identified by Cassity and Langenheim
(1966), in the Bird Spring Group al Arrow Canyon and a few fest of older rock, are described
heren.

The section has 8 total thickness of 141 8", of which the lower 20' 10" hes within the Zone
of /rllere//a (Upper Morrowen). The Morrowsn rocks have been included tn or der to begin at
the base of & prominent “sandstone” unit and thus 8id correlation with the Heath, Lumsden, ang
Coroz21 ( 1967) saquence of microfacies as well as to compere the cyclicity of the Arrow Conyon
succession with the P.A C. sequences of Goodwin and Anderson ( 1985)

Limesions dominates this section with lesser smounts of interbedded calcareous shale and
sandstone. The Timestone is abundently fossiliferous and contains much chert and flint. Calcite
filied veins and vugs also are present.

Four distinct Hthologic types have been identified. These are distinguished primarily by
overal! grain size (very fine to medium), bedding (thin to massive or nodular), weethering
characters, coior, occurance of silt or sang within the limestone, and dy the occurance of chert
according to type, thickness, and sbundence.

The first lithologic typs, "type 1, 1S massive, calcareous sandstone that is free of cher?.
This quartz-rich cliff former , westhers yeliow to rusty as result of the pressnce of iron oxides
It's basal contact s sbrupt with fine~grained limestone

The second lithologic tvpe, “type 2", 1s very fing-qraingd, argilleceous limestone
character 12ed by thin, isminee to noduler bedding. These units weather 1ight grey to yellow and
are recessed ond poorly exposed. Smail to medium stzed chert nodules, 3-4" in diameter, are
scattered throughout these units.

A third Iithologic type, "type 3", 1s fina-grained hmestone in thin, paralle! beds These
rocks weather grey and are characterized by discontinuous to continuous layers of noduler
chert, 4-3" thick. Their basal contacts are gradationat

The final lithologic type, "type 4", is limestone with madium, porailel to massive bedding,
-4 uck This type weethers grey to derk grey and forms cliiffs. Chert occurs &s lorge
noules that are either scattered or in \gyers, Layers of very large "cannonball” chert nodules,
6- 2" in dlen.eter 8is0 ot ur.

Periadic breeks 'n sediment accumulation tn which changes in Hithologic facies occur , appeer
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a5 abrupt contacts between un'ts of differing sedimentary types at 1ntervals within the section
These abrupt contacts mostly are at the base of units of !:thologic type 2, the very fine-grained,
argillaceous himestone. This stity limestone marks the shift to much finer -greined rock than
that of the medium to massively bedaed limestone on which 1t most genarally rests These abrup!
contacts bound what appeer to be a saquence of upwardly coarsening rocks, the individuat units
of which grage tnto one snother

There 1S no apparent evidence of disconformity at any of the unit bounderies within the
studied sequence. The bhasa! sandstone unit, however, which is at the bottom of the studied
sequence , doss appear 10 rast on an 8xposure 20n8.

fach of the above mentioned sequences of upwardly coarsening rocks consists of 8 cycle of
stratigraphic units referable to the four 1ithologic types descr1bed previously. There are ning
of these sequences In the stratigraphic column

The basal unit, YAL 98-99A, 1s & calcarsous sanastone and 1s the only occurance of & “type 1
Iithology in this section (figure 6) [t 1s bounded above and below by abrup! contacts and
therefore is 8 cycle in itself, starting with an exposure 2one

The next cycle contains VAL 998, “type 2" Hithology, 8 fine-greined argillaceous limestone
with noduler bedding, overlain by VAL 100, "type 3" lithology, fine-')yained limestone with
parallel bedding.

Cycle 3, which lies above these two units, contains VAL 101A at the base, aiso “type 2"
lithology and 1s over lain by YAL {018 of "type 3" lithology.

The fourth cycie consists solely of YAL 102, a single umt composed of several lithologic
types. At the base is a 4" siity layer of “type 2" lithology. This grades up into “type 3"
Hthology at the top of the unit. Therefors, this cycle which contains 8 sequence of lithologic
types 2 to 3 to 4, then back to 3, indicating @ reversal of the cycle which suggests a change from
on appérent regressive phase to an apparent transgressive phase.

The fifth cycle begins with VAL 103A which consists of “type 2" 1ithology grading up to "type
3". This isoverlsin by VAL 1038, C, and D, which together are "type 4" lithology.

The sixth cycle is & small cycie of one umit, VAL 103E, a1l of which 1s “type 3" 11thology.

The seventh cycle begins with YAL 104A of “type 2" lithology end is overlain by YAL 1048 of
"type 3° lithology.

Cycle oight begins with YAL 105 of "type 2" Iithology VAL 106-107 has 8 basal section of
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“type 3" ithology. A reversal in the cycle occurs in the center of the urnit with an inter bedded

5ilty layer, (“type 2"), 2 feet thick  This is overlain by an upper “type 3" sequence

The final cycle 1s very simiisr 10 cycie four 1n which the saquence 1520 304103 The
tower portion of YAL 108 is of “type 2" and orades 1nto the upper portion which 1s “typs 2°
YAL 109 1s0f "typs 4", however, it is less well geveloped than the “type 4" in the fourth cycle
Cannonball concretions are absent, altnough & laver of large, distinct chert nodules occurs at the
top of the unit. YAL 110~ 111 signifies the unit at which the sequence reverts back to a “type 3°
lithology tndicating a change in bass leve

The nine “Cycies” ore defined as having abrupt basal boundaries which indicate an
Instantaneous change from an apparent regressive sequence 10 an apparent transgressive
sequence. Figure 4 shows these smali scale cycles, bounded by abrupt 11thologic contacts.

These small scale cycles represent apisodic events which occur over relatively short perods
of time and are generally of basin-wide extent Larger megacycles of global extent, which
represent events which occur over longer periods of time, can aiso be seen In the rocks of the
Bird Spr-ing Group 8t Arrow Canyon. In addition to the small scale cycles, there appear to be
four megacycles 1n the rocks of the Lower Atokan These are character 2ed by an overail fining
upward of the sediments and are on & scale of 20-S0 feet (65- 163 meters)

The lowest of the megacycles consists of the 20° 10" of Late Morrowarn rocks and comprise &
character 1stic sandstone-shale- iimestone, Tining upward sequence

The next megacycie consists of 486 of the basal Lower Atokan, units 998 to 102 At the
base, a silty un! grades up through cosrse, medium grained to fine grained himestone, 8lso 8
fining upward sequence The third megacycle ts 37' thick, units 103A to 103D, and follows the
ssme pattern as the previous cycle with a siity unit grading up to fine-grained limestone. The
upper most, fourth, megacycie follows the same pattern ano 1s 32'4” thick.

These cycles are of fairly uniform thickness and follow nearly 1dentical patterns indicating 2
repetitive nature to the depositionat conditions under which each was 1aid down, broken only by
an ep1so01C event which resulted in the coar sening of the sediments bémg deposited.



CHAPER VI
INTERPRETAT.ON

Microfacies studies of the Birg Spring Group bv Rich ( 19€7) and Heath, Lumsden and
Carozr (1967) have provided 8 basis for wnferring environmental conditions at the time of
depos1tion:, & well 85 revealing possible cyclic patterns of deposttion

Rich (1963), studhed Cnester 1o 10 Leonar dian rocks of the Birc Spring Group ot Lee Canyon,
45 miles southwest of Arrow Canyon. Hg concludad that the Bird Spring Group was dominsted by
fine-qrained sediments depostiad in fair ly deep seas with shight fluctuations between serobi; and
anserobic conditions Shallowing during the Late Morrowan was suggested by the occur ance of
warm water corals and calcareous aigee

Als0, dur 1ng the Atokan, warm, shatlow seas were 1ndicatad by abundant corals and calcareous
algae interbedded with silty calcarenite. Rich further noted & cyclical pattern of deposition
which he thought might have resulted from lateral shifts in ‘acies

However , Heath, Lumsden and Caroa22r (1967), firs! assigned a specific environment ot
deposition 10 each of the vartous hthologic types in the Bird Spring Group They established
eleven microfacies, based on éxamination of more than 2,000 ssmples from Arrow Canyon, and
inferred a depositional environment for each. Energy leve!, (maximuin grain size), and amount
anG type of debr1s were the parameters utilizeg

Only six of their eleven microfacies, 0-S | occur n the Zone of Arorusu/ine/ia, the other
five, 08-4a, being quart2-rich equivalents of 0-4, are absent in this part of the sequence.

Microfacies Cycles 1n which different environments of d8position ocCurring 10 repeeted,
stratigraphic order, were dsfined by Heath, Lumsden and Carozzy (1967). Their 1088l cycle
begins at . low energy, deep ocean environment, grades upwards 1o S, a high-energy, shallow
0ce8n environment and then returns to 0. Thirteen such cycles ars reportsd by Hesth, Lumsden
and Carazzi ( 1967), 8 occurring 1n the Atokan at Arrow Canyor

Figure 4 shows their bathymetric curve for the Zone of Profusu/inells adjusted 1o ft the
stratigraphic section 8s descrided for this study. The solid curve represents the observed
microfacies In specific samples plotted ageinst the stratigraphic column. The 0sshed-1ine
curve, the envelope curve, 1S believed by Hesth, Lumsden and Carozzi ( 1967) to represent
longer ~term fluctuations in water depth, a higher order depth curve. Microfacies 0 1s not



Figure 4.  Column of stratigraphic units with respective
Iithologic types and assaciated cyc ies
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represented 1n the Lower Atokan. Microfacies O signifies deep marine d8position and 1t's sbsence
from these rocks ndicates shallower 5685 S suggested by Rich (1963). Microfacies O,
nowever , does appeer nt the basal 11 of the section, which 1s Morrowan This cuincides with
Rich's { 1962), fairly deep Morrowan seas Figure 4 shows that the micrciacies curve agrees,
for the most part. with {he macrQscoupic succession  Some discrepancies, however, 4o 8xist. In
30me Instances microfacies are described 8s continucus across an abrupt lithologic contact
where 1n fact, an abrupt change in lithologic aspect would be expected to coincide with & change
In microfacies An exampleof tms occurs ot the abrypt contact at the base of VAL 108 Here s
an sbrupt change from  medium-grained, massive limestone (VAL 106-107) to the
fine-grainad, silty umt at the base of VAL 108 According to Lumsden (1965), these units
represent i, (VAL 106-107), and microiacies 2, (basal VAL 108) (ig 6), adefinite abrupt
change 1n lithology  However , the microfacies cur ve shows 81t of YAL 10€-107 ang VAL 108 88
part of & smooth continugus Shift to the deep water  low energy conditions of microfacies 1
giving no 1ngication in the apparent break in the cycie

Therefore, although there is some cor relatibibity between the microfacies turves of Heath,
Lumsgen, 8ng (ar022! ( 1467, and the stratigraphic successton, they can rot be related 1o all
the rock s 1n the section

That 15 not 0 sy, however, that there are ng cycles of apparent upwarg shallowing ang
INCreased energy conditions  There 1< 8 series of nine cycles, In the section, each of which
beging with an abrupt lithologic contact Each of these Cycies comprises 8 saquence of rock
representing upwardly shallowing conditions  Goodwin and Anderson( 1985), described sim:lar
cycles within the Late Devonian rocks of the Helderberg Group of esst-central New York
recognizing several small-scale coarsening upward cycles, 1-S meters thick, separated by
surfaces at which there 15 an abrupt change to a deeper facies These punctuated or episomic
events have Deen given the name, Punctuated Aggradational Cycles (PAC's), the punctusting
event being an instantaneous rise in base level which Goodwin and Anderson Delieve is caused by
glacial sustacy driven Dy orbitat perturbations

The nine cycles 1n the Lower Atokan rocks of Arrow Canyon, can be referred to s PAC's
However , braaks In the apparent shallowing upward sequence, 3s indicated by the reversals 1n
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lithologic types, indicate periods of apparent transgressions within the apparent regressive
PAL.

in the model proposed by Wilkinson (1982) and Jemes (1984).the shallowing upwarg
sequence 1s explained as 8 result of 8 constant rate of carbonste sedimentation with periodic
changes in the absolu:e position of sea leve! (sustatic) In contrast, Ginsburg (1971), suggests
that while there is & slow rise in ses level or a gradual subsidence, the rate of carbonate
sedimentation is also changing, as controlled by the subtidal source ares { autocyclic)

Schisger (1981), states that tn order for 3 flat, segiment-covered platform to build up and
prograde basinward (shailow upward), the amount of sediment coming in must exceed the
relotive rise ir sea leve! [n fact, based on his study of pre-Holocene prograding platforms, he
has determined that sediment accumulation rates range from 30 to SOOum/yr
(Schiager ,1981) He has 8iso determined that the average rate of basin subsigence ( ses level
rise), 1s 10-100um/yr , indicating that a carbonate platform does indeed have the ability to
build up at a faster rate than ses leve! rise (Schisger, 1981) Therefore, it is possibie that a
sequence of shallowing upward rocks (apparent regression), can form during per fods of stable
sea level as well 8s periods of sea level rise ( 8pparent transgressions), if the segiment produced
exceeds the rate of sea igvel rise, any changes in the amount of 1ncoming sediment would result
In leveling off or reversal of the deposittonal rock sequence s evidenced In the Hithologic type
reversals 0escrided in the Lower Ator.an rocks of Arrow Canyern

A new eustatic modsl for the or1gin of carbonate cyciic sedimentation has besn proposed by
Carozzt ( 1986). He attempts to eliminate the apparent discrepanciss sncountered when trying
to compare the autocyclic mode! of carbonate sedimentation, that of a slow, shallowing upward
event (apparent regression), followed by & fairly rapid deepening event (apparent
transgression), to the eustatic model propased by Vail gtal (1977), in which there 15 3 slow
rise in se3 level followed by 3 rapid fall in sea level. He suggests two possible ways of
comparing the two cycles. 1T 3 constant rate of subsidence 1S assumed, 8 Slow 158 In see level
can be outpaced by an Increase 1n sediment productivity and will result 1n 8 shallowing upward
sequence topped by an exposure 2one and 8 short bresk 1n deposition as 8y levels fall { Caro2zi,
1986). The sacond posstbtiily also assumes 8 constant rate of subsidence, but 8 varisble
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Incrogse 1n sediment productivity which may fell behing the rate of see level rise. This would
result 1n 3 shallowing upward sequence that does not result 1n an exposure zone, but 8cquires 8
thin sequence of disconformable, car bonate sediments or & complex lag deposit (Carazz1, 1986)

However , 8lthough Carozz) g1ves possible scoount for some of the discrepancies in cOmpPar ing
the two end-member modsls of repetitious shallowing upward sequences, his concept does not
appeer 1o be applicadle 10 the problems faced in interpreting the carbonate cyclicity 8t Arrow
Canyon

The global cycles of relative change of sea level (eustatic) (Vail gt al, 1977). sppeer to
coincice with the four megacycles described for the rocks at Arrow Canyon. The fin'ng upward
sequence bounded by on abrupt change to shallower water deposition fit the pattern of vail's
cycles which represent relatively slow periods of ses level rise followed by fairly rapid ses
teve! drops. As indicated by Vail gt gl (1977), these cycles occur as hierarchial pattern of
paracycles, cycles, and super or megacycles in which each successively larger cycle represents
8 ionger period of time Several smaller order cycles form a nigher order cycle with patierns of
successive rises and falls belween each mafor fall Therefore, the four megacycles described in
the section at Arrow Canyon can be said to fit the patterns assignad to Va1 1's cycles of eustatic ses
level chenges.

Cyclothemic coal messure depostts recognized by Uaden 1n 1906 and described by Weller
(1930), wanless (1931}, ang Moore (1931), characterize much of midcontinents! ang
esstern interior Pennsylveman sedimentation n North America. This series of beds
representing 8 single sedimentaty cycle, rangss from non-marine sand ang stit to brackish
swamps and marshes where peat deposits occur, {0 marine carbonate deposits The section at
Arrow Canyon consists entirely of carbonate rocks deposited in a miogeosyncline and do not
obviously conform to the cyclothamic pattern of deposition.

Extensive occurance of chert is an aspect of the carbonate rocks of Arrow Canyon. Several
gifferent types of chert occur 1n this section, sech related to 8 particuler tithologic type. Smail,
individual nodules of chert, 1-3" 1n 5128, generally occur in the fine-grained, silty limestone.
Lorger, tndividusl nodules of chert occur 1n medium-grained, medium to thickly, parailel
bedded limestone. The discontinuous to continuous bends of noduler chert tend to occur in the
fine-grained, thin to medium-badded 1imestone. Finally, the large, individus! nodules or



“cannonball” style chert oecur In the medium-graingd, massive, cliff -forming limestones

It hes been suggested by several authors (Mortimore, 1986, Clayton, 1986, Wilhams,
1986, Bromley and Ekdele, 1986, Felder, 1986, and seversl others), that chert occurance 1n
Cretacsous chalk 15 related to the depcsitions! history and 10 the @epositional interface of
corbonete sediments Based on the repested cocurance of chert of 8 perticulsr morpholagics)
type within 8 specific 11thotype and the cyclic pattern of 1ithotype deposition st Arrow Canyon,
this control of chert accumulation by or 1gina) depositional environments, also appears to be the
case for these Pennsylvanian rocks.

Chert formation 15 8 diagenetic event 1n which biogenic sitica (opal-A), produced by
dissolution of sponges or other sthiceous organisms, 1s conver ted to 1nter mediate Opal-CT by 8
process of solution-redeposition { Kastner ang Gleskes, 1983) Conversion of opal-CT to quart2
(chert) alsc 15 & solution-precipitation process (Carr ang Fyfe, 1958)

Based on their study of Cretaceous chalk sadimentation i1n southern England, Kennedy and
Gerrison (1975), suggest that if repstitive occurance of chert bands al regular intervals
perallels rhythmicity of chalk sedimentation, then 1t seems reesonable to assume that chert
deposition 1S an integral part of that rhythmicity

Distinct bang- of chert occur 85 8 result of 8 bresk 1n sacdimentation dur Ing which reduoed
sulphates are re-oxidized (Clayton, 1986) The boundery betwesn sulphste reducing and
ox1di2ing conditions localizes formation of banded chert, S-10 meters deiow the surfece
(Clayton, 1986)

A distinct bond of chert, approximately 6-8" In thickness, occurs within the section et
Arrow Canyon. [t lies at the top of YAL 102 and suggests 8 breek n sedimentation Detween YAL
102 and VAL 103A, during which & "redox" surface formed. This is supported by the existance
of an sbrupt contect at that point

The formation of certain cherts can by related to lithology The large chert nodules of the
“connonball” type in units YAL 102, VAL 1038, YAL 103D, and VAL 109 are an example. The
“cannonbalis” occur 8long distinct layers and ere evenly spaced. They occur in feirly
homogeneous limestone beds that are evenly beddsd. They are somewhat isolsted 1n thet they
occur in single layers 8s opposed to successive layers. Clayton's ( 1986) interpretation of thess
cheracteristics 1s thet the homogeneity of the rock unit results in uniform porosity and
permeability throughout. The sulphide reduction and oxidation 2one ( 2one of mixing), is
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umform. Therefore, when chert crystatlization begins 1t procssds uniformly on all Sides and
the circuler pettern of "cennonball” develops 8s each concretion continues growing until it
interferes with another or until renewsd carbonate sedimentation helts the diagenetic D Joess,

There appears t0 be a repetitive nature of chert accurance in the rocks at Arrow Canyon.
That s, they oocur in cyclic patterns within the lithologic cycles. PAC cycle four, described
previously, exhibits 8 symmetrical pattern of chert accurances from “cannonbsll™ type to
discontinuous noduler bends to continuous noduler bands, then back through discontinuous
nodular bands to " connonballs™.



Figure 5. Columnar saction of Arrow Camyon section
with vertical representation of micr ofacies

& recognized by Heeth, Lumsgen, ang
Carozz! (1967)
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AFPENDIX A
ARROW CANYON SECTION DESCRIPTION

Descriptions of the stratigraphic section of Middle Pennsylvaman strata (2one of
Profusuling!id 8t Arrow Canyon (E1/2, sec 11 and 5172, sec 12, 1145, R64E and SW1/4,
% 7, 7145, R65E) Umt number are thoseof Y A Langenhetm ( 196,4) and have been refer rad
105 "VAL" umits in the text  Total thickness of units is bases on surveyed mar kers placed by
Amoco figld geologists  These bench merks are referred to as "Amocs” numbers Bedding
thickness 1s fefined 85 lamwmate or convolute (less then 17) thin (17 16 1'), medium (1710 3'),
or massive (greater then 3'). Chert nodules range in diameter Trom very small ( less than 17),
small (17 10 3"), medium (3" 10 6”). or large (grester than €°) A1l chert 15 dark brown to
black with black fresh surface



umit(s} Ihickness Description

H10-111 iy Limestone, grey to medium grey, weathers derk grey. fine to
medium grained, thin to medium bedded, scattered to layerad
medium round dark brown chert nodules, few at base grading
upward to 4-5 distinct chert bangs 3-5" thick nesr top of unit
highly fosst1iferous tncluding brachiopads and cr 1nofd
fragments  calcite veins throughout, lower 1'S” a siity
limestone, buff to grey, westher s nodular to derk grey. fine
greined, thin begded. 1ttle chert, few fossi! fragments. basal
contact gradetiona).

109 7 Limestone, grey to medium grey, weathers aork grey, fine
growned, thin bedded tc massive, little cher t present except for
aistinct layer of dark nodules 6- 10 *hick at top of unit foss!
hash throughout but concentrated 1n bands 1- 2" thick : caicite
veins throughout, basa! contact gr a8t iona!

108 134" Limestone. [ight grey to buff, weatners bu!f to rust, fine
grained, thin-medium Dedmec. tands of 387k nadk’ar 1o layereag
Chert throughout 4-8" thick , caicite veins and vugs present.
bioclastic with some praguctide, grades up from 2'2° of sty
Hmestone. grey weathers Buff; fine-grained; nodular to massive
small dark chert nodules; fosst!iferous throughout
poorly exposed and lower portion recessed, basa! contact abrupt

106-107 s Limestons, dork grey westhers buff to grey; fine to medium
grained; massive; highly fractured; two 20nes of limestone
separsted by interbeddad silty units; soattered chert nodules




10S

1048

104A

103t

2'10"

4¢”

46"

82"

21
lower portion of upper 1imestone but two d1stinct layers
near top, lower layer consists of small, dark brown nodules
3-6" in dameter . upper layer consists of larger dark brown

nodules 8- 12" in diameter approximately ! from top of unit.

Stity limestone, light grey weathers grey very fing groned;
laminated to thin bedded; some very small chert nodules ;
highly fossiliferous, well preserved brachiopods, nacreous
layer stil) preserved on some, crinoid stems and bryozoen
abundent. unit grades upward 1nto calcareous shale, unit
recessed and poor iy exposed, basa! contact abr upt.

Lmestone, grey weather s grey 10 buff fine to medium gramned,
thin to medium bedded, distinct layer of derk chert

nodules 6-8" thick in lower half of un1t, two layers in upper
half of unit, absent from the rest of unit, section of
Interbeaded siity limestone near center  of unit, foss:)
fragments throughout with distinct, concentr ated fossii layer

I thick in central siity saction, bench for mer . basal contact
abr upt

Siity 1imestone; light grey weathers buff fine oraingd;
laminated and highly convoluted: singie layer of chert nodyles
6" thick, also convoluted, near center of unit, some calcite
veins; stickensiges;no apparent fossils, unit recessed and

poor ly exposed; basal contact gradational.

Limestons. grey weathers grey 10 buff; medium graineg; thin
bedded to massive; very fow dark medium chert nodules;
Timestone noduler at bese grading up into laminete 1imestons.

vl g e,
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distinct band of concentrated 1ossi! hash 1 thick neer

top of umit, calcite verns throughout, bench former . basa!
contact abrupt.

103D 58" Limestone, dark grey 1o grey weethers Qrey, magium grained,
medium bedded t¢  massive; unit very homogeneous through-
out; scattered dark chert nodules with a distinct laysr of large
dark brown balls of chert 8- 10" in diameter at bass of
umt, “cannonball” style, badhng piane 2/3 up from base. few
celcite veins, brachiopod end crinoid fragments
thr Jughout, basal contact gradational

103C S0 Limestone, dork grey to grey weather grey, firc to medium
graned, medium bedded to massive, very similar 1o 103D
6xcept for 9 distinct bands of darkbrown layersd chert 4- 6"
thick uniformly spaced 4- 8" apart; some calcite veins,
fossi! fragments trroughout, basal contact gragdetional

103k 3o Limestone. dark grey weethers grey. medium gr ineq,
massive, distinct 20ne of , medium round balls near center
of unit 8long bedding plane, unit of homogeneous 11thology
vith few calcite vetns, similar 10 103C & D, brachiopod
and crinoid fragments throughout, basal contact gradational

1034 74" Limestone, dark grey weesthers grey to duff. medium graned,
thin bedded in upper portion, laminated and convoluted
near base, small dark brown chert nodules scattered

throughout,; few fossils, brachiopod and crinotd fragment
basal contact fair ly abrupt

102 219" Limestone with interbedaded siity units, prominent siity unit
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4" thick ot Dese, derk grey 10 grey weathers grey; fine to
madium qreined; massive with some laminetions near base,
very hittlechert in lowsr portion of unit, distinct layer of
dork brown chert dells 8- 10" in hameter located neer center
of unit, also 3" band of Gork chert at top of unit; fossils rare
neer base of unit grading up into fosst) hash with brachiopod
and crinoid fragments. basal contect fairly abrupt

1018 10 Limastone, with inter bedded $1ity units, grey to buff
weathers nadulerly to grey; fine 10 madium grained, medium
bedded. small cark chert nadules thr oughout, but absent (-om
ity units, some calcite veins, Dioclastic in upper portion,

brachiopod, crinoid, ang bryszoen fragments; basa) contact
oradetional

101A I3t Limestone with siity limestone, grey weathers grey to buff,
madium gratned, medium bedded 1o massive; abundsnt
dork chert nodules scattered throughout with gistinctive
bands of lenticuler chert nodules 2- 10" thick , fossiferous

with lerge brachiopods, bryo2oan end cr Inoig fragments,
basal contect abrupt.

AIQKAN =~ Boundery ( Cassily and Langenheim 1 966, Webster .1969)
MORROWAN

100 76" Limestone, grey weethers light grey; fing to medium grained;
thin to medium bedded; abundant dark brown chert
occur ing 8s scattered nodules as well a3 bended layers of
lenticulor chert 4-8" thick; some interbeddad siity units
forming small racesess: fossiiiferous with brachiopads and
abundint golitery rur_.a corsls; bese! contect abrupt.
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998 6" Silty limestone, Tight grey, noduler ty weather ing buff to
rust; thin bedded, derk chert nodules throughout; solitary
rugosa corals; bassl contact sdbrupt.

98-99A 3" Calcoreous sandstone, buff westhers rust (iron oxide; fine 0
medium greined thin bedded to massive; distinctive
absence o1 chert; calcite veins in upper portion; Jittle or no
fossils apparent at bese, oreing up to sporse fossil hash
tn upper portion; upper portion forms sendstons cliff,
lower portion recessd and poorly 6xposed; basal contact
abrupt
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