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PREFACE

The primery purposge of this paper is to present specific data
as a means of explaining the sedimentation conditions at the time of
deposition of the Oriskeny Sandstons. The data were obtained through
‘f:he use of laboratory methods upon specimens taken from several cut-
erops in the vieinity of Monterey, Virginia (see Dsrton*s U. S. G. S.
folio No. 61). In addition o= the presentation of objective results,
the author has attempted to meke tentative interpretations of them,
based primarily upon textural and shape analysis of the ssdiments.
The writer realizes that the investigation is inadequate in many
respects, due to lack of time available for field study snd collection,
end the little experience with similar types of problems., It is to
be hoped, howsver, that a morse complete report may be forthcoming in

the near future.

The writer wishes to acknowlsdge the assistence given to her by
Dr. Reuel B, Frost and Dr, Erwin C, Stumm of Oberlin College for help-
ful sm.ggesti'ons throughout the course of this study; she is indebted
slso, to Dr. Marcellus H. Stow, Washington and Lee University, for
information dealing with the mineralogy of the Oriskany sediments;
and to Dr. Arthur Beven of the Virginia Geologicsl Survey for meps
and valuable information as to the location of outcrops. Above all,
she wishes to express her appreciation to Dr., Fred Foremen of Oberlin
College, 2t whose suggestion and under whose direction this study has

been cerried on, for his constent interest and assistance in every

hase of the work.
? S. L. G
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CHAPTER I

GENERAL GEOLOGY OF ORISKANY SANDSTONE

Correlation and Hegional Stratigwaphy

The Oriskany sandstone is of Lower Devonian age and is believed
to have received its neme from Oriskany Falls in Oneida County in
east-central New York, wheres it occurs as a nearly pure gquartz sand-

stone not sxeseding 20 feet in thickness.

In the folded Appalachians the term Oriskany has come to be
applied to a series made up of two distincet phases shown to be some—~
what related faunally but decidedly unlike in lithology: the Lower,
or Ridgely Sandstone member snd the Upper, or Huntsrsville Chert.

The sandstone or Ridgely member, called the Montersy Sandstone by
Mrton,l is the formation dealt with im this paper. It is correlated
with the Ridgely sendstone unit in eastern Pennsylvania, New York,
West Virginia, and Gaspe Canada, but its type locality is believed to
be in Cumberland, Maryland. Although its thickness is greatly de-
creased and it contains many more impurities, its general lithologic

character, and the type fauna, i8 retained in the Monterey vicinity.

There have besn several other views as to the subdivisions of

1 TUnited States Geological Survey, Folio No. 61.



the Oriskeny series. Although the West Virginia Survayl refers to
the aforementioned Ridgely and Huntewxsville divisions named in ascend-
ing order, in Maryland, the Oriskany formation consists of a lower,
black cherty layer overlain by a eslcarsous sandstone, and these units
nsmed in ascending order are known as Shriver Chert and Ridgely Sand-
atone.2 In the Monterey, Warm and Hot Springs srea of Virginia, how-
sver, the Monterey sandstone, corresponding to the Ridgely sandstone
of Marylend and West Virginia, is the principsl division of the
Oriskany Formaetion. In the Montersy vicinity, also, the New Seotland
limestone member of the underlying Helderberg formation is immediately
overlaln by black cherty beds containing few fossils, which formmation,
acecording to Smwﬂa:r.'tiz,,:5 is the southernmost extension of the Shriver
Chert of Cumberlsnd. This chert is in turn overlain by the Oriskany
ssndstene, and has been the subject of extensive controversy as to
whether it is actually to be considered Shriver Chert, snd as such,

a lower division of the Oriskany, or whether it is part of the
Beeraft limestone and, as such, one of the divisions of the upper

Helderbergisn.

Aceording to Swartz, the stratigraphic positions of the Shriver
snd Becraft formations can perhaps be considered alike, for in sections

of Virginia especially, the displacement of the one lithologic unit

1 West Virginia Geologieal Survey County Reports, 1929, Pocshontas
County, p. 232.

2 Maryland Geological Survey, Lower Devonien, p. 91,

S Frank McKim Swartz, Helderberg Group of Parts of West Virginia and
Virginia, Shorter Contributions to Geology, Geological Survey

Professional Paper, 158, 1929, p. 47 et. seq.



by the other, is quite common. He has also suggested the possibillity
that the Shriver chert is nothing more than a muddy bottom phase
equivalent in time to the Becraft limestone, this statement being
based upon faunal snd stratigraphic reletionships between the two.
However, the problem is still an open one, since the fauna of the
Shriver Formation tends to tie it in more closely with the Oriskany

than the fauna of the Becraft would permit with that seme formstion.

The writer had the opportunity of studying the lower contact of
the Oriskany sandstone both in the Back Creek Mountein west of Warm
Springs, and in Monterey vicinity. In the Wamm Springs section the
sandstone rested upon a limestone that seemad essentislly ehert-
free, but further north, just east of Montersey, and in the Strait
Creek vicinity, cherty contact phases were evident, which, due to
the lack of indicative fossils, could not definitely be classed as

sither Shriver or Beseraft.

The upper contact of the Oriskany sandstone with the Romney
Shale, in the several places thet permitted study, appeared almost
Inife-edged in sharpness., Until recently it was gensrally believed
that the Orisksny series marking the end of the Lower Devonian showed
a striking hiatus of considerable magnitude betwesen the Lower end

Middle Devonian and in this respect, Dartonl points out an erosional

1 Op. ecit.



unconformity between the Romney and Oriskeny formations. Kindle,l
however, in a rather comprshensive study, called attention to the
pragence of Onondega fauna in basal sections of Romnsy, and thus
stimulated further investigation into the problem with the result
that todey, while such svidences as the sebrupt lithologic change from
Oriskany to Romnet’, avidence of erosion in some sections of the upper-
most Oriskeny beds, and iron deposits in these same horizons, does
give some weight to Darton's theory, the current belief is that a

rather ghort but definite erosional period did occur st that time.

Summerily then, the Orisksny Sandstone forms the upper division
of the Lower Devonian Rocks, lying beneath the Rommey of Middle
Devonian time and above the Helderberg Group of Lower Devonien time.
In this peper only the sandstone phase of the Oriskeny formation
was studied in the laboratory, and although the cherty phases arse
considered in a later discussion of the conditions of sedimentation,
their occurrences in the region under consideration appeared spasmodic
and variable, sometimes eppearing at the base of the formetion, other
times at the top of the formation, and at a few places at both the

bottom and top of the seriss.

Regional Geology

As the index map accompanying this paper (Plats I) indicates,

the specimens analyzed were taken mainly from the vieinity includsd

1 E, M. Kindle, Onondaga Fauna of Allegheny Region, United States
Geological Survey, Bulletin 508: 1912, p. 5 et seq.



1
in the eastern section of Monterey Quadrangle of Darton's folio,
only one sample, marking the southernmost limit of investigation,
occurred 3% miles south of Hot Springs on the Natural Bridge

Quadrangle.

Structure

This region is part of the larger Appalachian Moumntein Province
end therefore the dominent structures are the typical ones of the
provinee, where the strata are distorted into long narrow folds
generally in parallel srrangement with frequent overturned limbs and
thrust faults, which fact makes field study snd accurate placement
of sample with refesrence to upper, uiddle, or lower part of seriss,
axtrenely difficult, The folds strike in a northeast-southwest direc-
tion and the individual folds show a tendency to overtum %o the
northwest. As is to be expected, such anticlinsl and synclinal struc-
tures arse topographicelly manifested by parallel ridges and valleys
with the major streams frequently cutting mscross the general strike
in the form of deep gorges or gaps through the ridges; the tribu-
taries eroding the valleys, which are cu$ in the less resgistent lime-

gtone or shals.

Physiographic history

The physiographic history may be told from the three peneplanes

in evidence there todey,Lie., monadnocks of the Cretaceous peneplane;

i Op. cit.



subsequent uplift and dissection to the stage of maturity, with re-
duction to a new pemeplana level known as the Tertiary peneplane.

This peneplane with its monadnocks was again uplifted, and at the
present day is being further dissected below the level of the former
peneplene. For a more detailed discussion of the structure snd history
of this region the reader is referred to any one of the numsrous papers

1
given over to these particuler subjects.

Topography
Topographically the Oriskany is frequently expressed covering

gentle slopes and low ridges, and occasionslly gives rise to knobs
and arches. The samples here used were found along sides, east and
west, of the synclinsl valley in which the town of Monterey is
located, and also at the nose of this same synclinal valley in the
viecinity of Strait Creek. For comparison sske several specimens
were also taken further south, in Warm snd Hot Springs sections
where the Oriskany was found flanking the east 1imb of the Back
Crgek and Bolar Mountain anticline, and the southermmost extension
of the Jack Mountein anticline. The extremely variable occurrsnce
of Orisksny as esteblished both by outerops and vml].--drj.l_li.n_gs;,,2

presented numerous difficulties in the field, since 1n some places

1 The author suggesis for this purpose: Frank Wright, Physiography
of Upper James River; Bailey Willls, Mechanies of Appalachian

Structure, United States Geological Survey, 13th Annual Report,
1892.

2 Personal Communication with Dr. Arthur Bevan, Virginia Geologiecal
Snr?aYt



the formatlon seemed almost to disappear, and in others, it appeared
to have a rether extensive distribution., This is one of thes problems
for which an explanation is later attempted aided by the following

mechanical analysis,

Lithology of Oriskany Sandstones

Physical Characteristics

The Orisksny in this section of Virginia is a light-colored buff-
grey sandstone essentially quartzitic, more rarely calcareous, in
character. In sections it appears to be quite friable, and weathers
to an almost white, or light buff color on the surface but it is found
to be iron-steined within. On some of the gentler slopes it was seen
to disintegrate inbto sand and loose fregments -- and in othex places
it eppeared well cemented and quite resistant. It is quite thick-

bedded and in places appears massive.

Local Structures

One mile west of Monterey on the road to Hightown, the phenomenon
of eross-bedding was in evidence, reappearing again further south just
south of Cobbler Mountain. Other loeal struetures found in the send-
stone were iron and mengsnese "nodules™ or pockets. An attempted ex-

planation of these deposits is given at a later time in this paper.



Horizons

The formation also sSeems to possess variable "horizons®™ -- chexty,
nebbly, or conglomeritic being the most frequent. The possibility
of the conglomeritic phase being a weathering effect has been favor-
ably considered by the writer. This seems a likely explanation in
view of the fact that these horizons seem so irregular in their occur-
rence end becsuss it is quite possible that where the ssndstone is of
calcarsous nature, the cement might easily be weathered out leaving
quartz pebbles outstanding, and giving the rock a conglomeritic
character. The original source of the quartz pebbles, however, i=s

still not considered by such a theory.

Thickness

As heretofore mentioned, the thickness of the Oriskany is ex=
tremely variable. It appears to attsin its greatest thickness just
east of Monterey where it outcrops in the first foothills of Jack
Mountain, and has a thickness of about 235 feet. In the Hot Springs
section south of the nose of the Jack Mountain anticline, it is be-
lieved to be 125 feet thick. Generally, it is reportadl to vary
from 0 to 200 fest, but in most of the sections studied it ranges

from 100 to 150 feet.

Fosgils
The Origkany sandstone was found to contaln numerous marine

fossgil pits but meny were too poor in character to permit identifi-

1. Darton, op. cit.



cation. Also in some localities, where the sandstone seemed somewhat
frisble, the shells were almost entirely silicified, so that the ex-
ternal markings, and fregquently the internel structures, were quite
well preserved, the interior being either hollow or filled with loosa
sand. In these localities (Warm Springs Section), cavities of large
gastTopods were found, and more commonly, the internal mould of a
brachiopod was perfectly preserved. It is possible that such lsach-
ing was begun at a time soon after the deposition of the sediment

and continued by the percolating effect of the water from the Jeckson
River and itz tributaries, which might carry away any of the ecalcarsous
material of the Oriskany and replace the latter with siliea.l This
then causes weathering out of the actual fossil leaving only the silici-

fied shell.

Fossil evidence of merine life in the Oriskany, however, is
numerous. Spirifer arenosus is the guide fossil of the series; and a
form of frequent occurrence. This has a large somewhat trigonal
shell with coarsse rounded corrugations even in the area of the faint
lobe and sinus; and where a cast of the interior is exposed, a promi-
nent extension reaches beneath the beak of the shell. Hipparionyx
proximus is also a guide fossil to the series but not quite as
abundantly represented. The mark of the muscle attachment within the

shell is = conspicgous feature and closely resembles the fooiprint of

1 Maryland Geological Survey, Lower Devonian, p. 94.



a colt, thus the origin of its name, Other common forms identified
were:

Diaphorostoma desmatum
Leptaena rhomboidalis
Orbiculoidea ampla
Schuchertella woolworthana
Diaphorostoma ventricosum
Spirifer intermedius (%)
Eatonia sinuata
Rensselaeria oveoides

Chemical Composition

Nothing wes done in the laboratory along the lines of any actual
chemical analysis of the ssmdstone, but the suthor feels that Twen-
1
hofel's composite sandstone analysis might prove helpful:

3102-¢ao..-s.--?8056%
Tioanil.qouOUnu .25
M@s.l'....... 4.?8
Fezos-anootucoh “.08
Mﬂﬂ....-u..a.. 2ca
Fwoocilﬂvioll! .50
Caﬂ..n...--... 5.52
Msononooo.-enuc 1.17
Kzﬂ-.--.-.-.--- 1!32
Nﬂzﬂ.....n-.u -45
%20..--;.-...3 Igrg:‘s
Beocscsvancee ®
Hé’ootooobnv-ao 1.64 (includ.'es orgenic mttﬁr)

It must be remembersd that the above represents a very general
sandstone analysis and no doubt pressnts numerous discrepencies with
the actusl composition of the Oriskany. Several variations are evi-
dent to the writer at a glance, i. &., the great amount of manganese
and iron oxide actuslly present in the stone under consideration as

=

1 Williem H. Twenhofel, Treatise on Sedimentation, p. 3.
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contrasted with the "trace” and the 1.08% Fagas listed in the above
enalysis. These facts will be further discussed at s later time with
g view to determining whether or not they sre indicstive of the condi-

tions under which the deposition of the sediments took pleace.

Eeonomic Aspects of Oriskeny Sandstone

The neme Oriskany has been given to limonite ore in Virginia
since it was formerly believed that the ore occupied the position of
the Oriskeny sendstone. It has since been established, however, that
the Oriskeny iron-cres cccur in the upper beds of the Helderberg lime-
stone and only rarely in the Oriskeny Bands'bone.l It is generally
believed that these ores are secondary in origin, ccecuring as re-
placements and cavity fillings in which the ircon in solntion has been
carried by meteoric waters descending through the highly ferruginous
Romney shales. The Orisksny in the Hot Springs ares sppesred very
much more ferruginous then the outerops further north -- but the
actuael value of the Oriskany sendstone in Virginia as a source of

iron ore is not of great importsnce.

In Pennsylvanis the Oriskany sandstone has frequently been

found to yield oil and natursl gas in commercial quantities, and

(S
several studies of the ssndstone ss a source bed have been made. V%

1 Semuel E. Dosk, The Oriskeny Iron Ores of Virginia, Engineer =nd
Mining Journsl, Vel. ITI, No. 9, p. 386.

2 8. H. Hemilton, Oriskeny Explorations in Pennsylvanis and New York,
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In Cembridge, Ohio, in 1923, oil in commercial quantities was encountered
in the Oriskany horizon, end subsegquent discoveries of large volumes of
gae in the same horizon in Schuyler County, New York, called attention

to this formation as a possible sourcs of gas in the Appalachisn pro-
vines, In the section under considerstion no explorations have yet

been attempied but in view of the present structural conditions in
Virginia, it is hardly likely that eny such attempts would prove suc-

ecsssful.

The Oriskeny ssndstone presents other economic aspects aside from
the iron ores, oil and gas. In Franklin County, West Virginisa, the
material is mined for & low grade mangsnsse ore; and in ssctions
where the rock is somewhat calcareous and it becomes friable upon
weathering, it yields quartz ssnd which in Berkeley Springs, West
Virginia, is quarried extensively as a glass sand. Some of the less

pure beds are used for building purposes.

It will be seen from the foregolng discussicn that the extremely

variable occurrence of the Oriskany, along with other charascteristics

—

(con't.)
Americen Association of Petroleum Geologists, Bulletin 21, Part 2,
October, 1937, pp. 1582-1591,

3 Paul D. Torrsy, Natural Gas from Uriskeny Formations in Centrel New

York and Northern Pennsylvania, American Association of Petroleum
Geologists, Bulletin 15, Part 1, 1931, p. 671-68l.

¢ Charles R. Fettke, Oriskany &s a Source of Gss and 0il in Pennsgylvenis
and Adjecent Aress, American Assceistion of Petroleum Geologists,

Bulletin Volume 22, March 1838, p. 241.




peculiar to this stone, suggest somewhat exceptional conditions of
sedimentation. In the interpretations to be made based upon the

data secursd from the following enalysis, some attempt is made to

explain some of these conditions.

=15



CHAPTER II

METHODS USED IN INVESTIGATION

The mechanical composition of a sedimentery rock refers to the
relative proportions of particles of different specifisd sizes,
which ie one of its most significent lithologie cheracteristies. A
knowledge of such. proportiong serves as an index not only of the
genersl appearance snd behevior of the rock under ordinary conditions,

but es heretofore suggested, of its economiec value and geologic history.

Mechanical Analysis

The mechanical anslysis of a sediment involves four more or less
distinet problems:

l. Collection of specimens

2. Preparation of sample

3. Measurement of particle size snd determination
of frequency distribution, the latter being
measured in temms of weight-percentages

4, Presentation of data in readily ussble form

Collection of Samples

The irregular surface distribution of Orisgkany sendstone and
the dearth of availsble outerops of the stone presented ssversl dif-
ficulties in the collection of specimens in the field. Semples were
taken from Streit Creek Region south to Hot Springs (see Plate I for

exact locations) following along both sides of the Monterey synclinal



valley =nd elso along Back Creek Mountzin ené the southernmost exten-—
sion of Jack Mountzin. Wherever possible an attempt was made to teke
semples from upper, middle, end lower beds, thereby attaining verti-
cal as well as horizontal distribution.l Not a1l of the localities,
however, permitted such collecting. The writer at several outcrops
could not locate elther its upper or lower contact, and in meny in-
stences it beceme necessary to estimate roughly the proximity of the

chosen specimen to such contacts.

In every case the sample chosen was believed to be Trepresentative
of the larger area from which it was teken. In s few cases, however,
a sample was teken beecsuse it exhibited some unusual feature of in-
terest that might furnish some clue as to conditions of sedimentation.
Care was taken to avoid ercsiomal and severely weathered surfaces,
and each outcrop was clearsd of superficial materiel before the sample

was taken.

The ssmple was labelled immedistely upon Tecovery and note was
made upon a topogrephic map ad to its exmct location. Alsc = general
description of the outcrop was recorded in the field book as to
proximity of comtaects; field oceurrence or relations, and fossils
and orgenic deposits, the presence or sbsence of which might aid in

the later interpretations.

1 C. K. Wentworth, Methods of Mechanical Analysis, University of Iowa
Studies in Natural History, Vol. XI, Ne. 11, 1926, p. 9 et seq.
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The size of the samples teken ranged from two hundred to five hun-
(red grems, depending upon the reletive coarseness of the grains, i.e.,
the coarsser the grain, the larger the sample. In any case the sample
was large enough to yield 100 grams upon disintegration in addition to

a8 good-gize hend specimen for reference purposes.

Preparation of Samples

A pieece of the sample judged to weigh ebout 100 grems was broken
off from the larger semple. Many of the samples were difficult to
separate into thelr constitusnt grains snd required chemical aid as

a preliminary to the mechenical treatment.

For this purpose several methods suggested by Krumbainl were
experimented with. Boiling in sodium carbomate (Naacos), soaking
in sodium hydroxide (NaOH), emd boiling in sodium thiosulfate
(Nazsgos)) were found to be eguelly ineffective. In some of the
specimens, however, soaking in dilute hydrochlaric acid seemed to be
of some eid, These evidently contained some carboneste in the cement-
ing materiel, which. by such sosking would be dissoclved out, loosen-
ing the grains considerebly. Other specimens seemed untouched by
the acid, and these facts wers recorded to be utilized in later
interpretetion. When the specimens were soaked, the time allowed for

soaking varied from twe to five dsys, but in most cases the maximum

1 W. C. Krumbein, The Mechanicsl Anelysis &f Fine-Grained Sediments,
Journal of Sedimentary Petrology, December, 1932, p. 145.
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benefit derived was atteined at the end of two or three days, after
which time the scsking offered no further help in disintegration.
This is expléined by the fact that &8 scon as the carbonate was dis-
solved, the acld did not affect any of the other constituents.

Silica, of course, is insoluble in dilute HCl.

If the specimen seemed sofi{ enough to ensble elimination of the
aforementioned procedure, it was subjected immediately to mechanieal
disintegration., The specimens requiring such scakingwere washed
thoroughly with cold water and sllowed to dry owvernight before attempt-

ing further disintegration.

Mechenical Digintegration
A large white sheet of paper was pleced under a mortar and

pestle to recover grains that might otherwise be lost in the pounding.
To begin the bresking up of the larger pieces, =n unglezed procelain
pestle was used and the piecee were pounded, not ground, using a
moderste emount of pressure upon them. By trial and error method
mainly, the emount of pressure thet could be epplied without break-
ing the grains was determined. When the larger fragments were re-
dueed in size, a wooden pestle was substituted for the porcelain one,
It was constructed similerly to a dumb-bell in shape and was found
%o be superior to the porcelein one at this stage of disaggregation,
since it distributed the weight more evenly amongst the grains and
thus lessened the possibility of cracking them. Additional care

was teken in this respect, by $epping the fragments rather than



pounding them as wee done sarlier in the procedure, and here sgain
the pressure was reguleted by frequent sxaminations of the grains

under the mieroscope to debtermine whether any were being broken.

Bince few aggregates were found in the meterisl passing through
the 60 mesh sieve, it was simpler to crush a small smount of material
at a time and sift it by hend through this sieve, thereby separating
the coarser material which, as & rule, contained mumercus aggregaies

end had to be subjected to re-tapping.

A definite tendency existed for the smaller grains to adhere
to those of 3 mm, or larger. Separation of such aggregates was
effected by Tubbing them by hand over clsan heavy paper, since

pestling in this case broke too many of the grsins.

g_uartering

When epproximately 100 grams of the ssmple had besn completely
disintegrated and found by microscopic exemination to be devoid of
sgeregates, the sample was reduced to 25 grams by quartering pro-

1
cess as described by Wentworth.

In this method of guartering the 100 gram ssmple was poured
through a glass funnel that was fastened sbout three inches sbove a
large sheet of white paper. The resulting conical pile of fairly

well-mixed meaterials, was then flattened out to form a circulsr pils

1 | OEI Cit-. P 18.



of uniform thickness, and cut into quarters by two incisions made at

right-angles to each other:

The alternate quarters were then selected for repeated quartering.
From these chosen querters a new conical pile was formed and divided
as before. This time, two alternate quarters were chosen tc be the
final sample used in the mechsnical analysis, and the rejected meterial
of both times was bottled, labelled "unsifted” with the semple number,

end filed awsy for comparison with the separatss.

Welghing
The selected materisl was placed in a tared beaker and its

weight, which was epproximately 25 grams, was recorded to the fourth
deecimal place. In the specimens taken from Werm Springs and Hot
Springs districts, however, weighing was only made to the second deci-
mal plsce, The futility of any greater accuracy in the laborstory

was realized, in view of the numerous possibilities of error in the
originel collecting and subsequent enalyses, for in view of this,

in the finsl snalysis, accuracy to the second decimal place would still
far surpass accurscy in subsequent interpretetion. This is discussed

in grester detail immediztely after this section.
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Sieving

The weighed sample was then placed in the tower of a previocusly
standardized Tyler Sieving outfit, end plasced upon a mechanicsl shseker.
The sieves used were regulation size, & inches in dismeter, and the
following scale shows their openings in millimsters and the number of

meshes to the square inch:

Mesh Mm . Mesh Mm,
16 991 80 175
32 495 116 o184
42 - 150 -104
60 « 246 280 .0BL

The results of the separation, though sttained in millimeters, could

be easily reduced to the Wentworth scale.l Thig is uvniversally used

and is therefore employed constantly for reference and deseriptive

purposes in the presentetion and interpretation of these data:
Sediment Size of Particle in Mm.

BOWldﬂl‘.o....-.a-a-cooo-a-..-... 256
cObblB-.------a.u-.---cu--.«--.. 64

PBbble;.-:-c-noeno--a--.---.u:n: 4
wulﬁooneootoauoonqloo-n--n-'oo 2
Very coarse sanf.cescssccsonsasna 1
Coarss BofG.ccrisiseninesisvines .
Medium SahG.ceecssssasvscsnsssns ‘i

Fine sand...........‘...’.-...-‘. 18

Very fine sanf.cscsvesscssvoncas 1/16

N SR SRR s R 1/256
CloYecevesencsnsssossnssnnsecensss DLess than 1/256

The welghed sample in the tower of the sieves was sheken for ten

minutes and then the material in esch sleve was exsmined under the

l 02. cit-, ppu 21"24-



microscepe for aggregstes which were removed, broken up, and replaced in
the tower for en additional 30 minutes. (This wes the minimum time
found by experiment to produce efficient sifting.) The material from
sach sisve was weighed and placed in a small glass vial labelled with
the specimen number, size of the separate, and its weight. The weight
of size groups for each speclimen were also recorded in a motebook.
Plate 2 (p.27 ) shows a typical ecalculation sheet from the lshoratory
notebook. The loss during disintegreting and sleving, usuelly. hot
greeter than .1%, was divided smongst all the grades and the per cent

by weight of each grade was computed.

Throughout the entire sifting process; the sieves were exsmined
gt infrequent intsrvals to determine whether or not the holes werae
being enlarged and specisl care was tarken vhen the meterial from
each sieve wae removed,; to clean the sieve by meens of stiff metal
brushes end a very fine needle. This also prevented contsmination

of ssmples.

Sedinentetion

The dry-gleving method though effective for sepsrating materisl
coarser than 1/16 millimeter; did not provide for the separstion of
silt end eclay particles, which constituted the materisl passing
through the finest sieve (.06l mm.). Where the smount of this material
wag greater tham 10% by weight of the entire sample, it was subjected

to sedimentation process described here.

1 Chosen after consideration of several other methods, at the sugges-
tion of Dr. Fred Foremen, since this was most adaptable to avail-
able laboratory squipment.



The Pipette Method of Sedimentation suggested by Knmbainl is
based upon the rate of subsidence of particles in a liquid. When
grains are permitted to settle freely in & liquid, they do so under
the influence of grevity, the rate of subsidence of & particle being
controlled by its density, size, and shape, snd alsc by the density
and viscosity of the liquid employed. Thus such & separation spproaches
those conditions under which the sediments were formed if they are of

ageous origln,

In order to achieve satisfactory results in the pipetts method,
it is important that the sediment be completely dispersed in ths
solution. To sid in this the materisl to be sc separated was ﬁoiled
in spproximately 250 cc. of distilled water and .5 gm. of Hazcog, the
time of boiling not exceeding twenty minutes, since a longer pericd
is likely to csuse the formation of colloidal particles. The semple
was then sllowsd to cocl overnight, and if the supematant licuid re-
teined much of its turbidity, this was ususlly teken to indicate suc-
cessful dispersion. Complete cooling is necessary to avoid eny con-
vectional current effect, for if & particle should encounter a rising
current of warm water in the liquid, its setitling wvelocity would be

materially reduced.

1 0Op. cit., p. 18,

2 BSeparstion by sifting does not actually approach the originel condi-
tions, for in such & separation only the cross-sectionel size of
the particles controls the divisions into grades, ths density,
ghape and volume being of no account. Therefore, in the same
grades, the constituent particles will not necessarily act in &
similar way in streams or on beaches under natursl conditions.
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When the sclution was cool, it was trensferred to a 1000 cc.
graduated eylinder, diluted to that volume, sheken well for one minute
to attein a wniform distribution of the partieiea throughout the sus-
pension, and then allowed to ssttle. To determine the time reguired
for settling of the particles, Krumbein' sl Table which follows was
consulted:

Table Showing Time Required for Settling of Particles

Diemeter in  Velocity in K in Hrs. Min. Sec.

JU cm sec, G,

1/32 .08688 10 0 1 55
1/64 .02172 10 0 7 40
1/128 .00543 10 0 30 40
1/256 001557 10 2 2 40

)
Assumed conditions: Temp, = 20 C. Sp. Gravity 2.65

To quote from Krumbein:

"The principles upon which this method was based
rest upon the assumption that in e dilute suspension
the particles settle as individuasls, an assumption
which ig inherent in eny method of snslysis., If =
suspension is thoroughly shaken so that the particles
are uniformly distributed and then set at rest, all
particles having s settling velocity greater than
h/%, will have settled below & plene of dspth h,
below the surface, at the end of time intervael t.
All particles having a veloeity less then h/%, how=-
sver, will remein in their originsl concentration

at depth h, becsuse they will have settled only &
fraction of this distance in time +t.

L 02.- cit., P. i8.
2 Ibid., p. 18,



Therefore, if & small sample is teken from this depth at pro-
gressively lerger time intervals, concentrations of successively
smaller particles mey be found, and, by subtraction, the smount of

material in eny grade size may be computed.

In treusgleting settling velocity into diameters, Krumbein took

\
Tecourse to Stokes Law which in abbrevieted form reads as follows:

v = Grz

Where v = h/t, and C is & constent under eny given sst
of conditions.

The conditions here used were the same s those given at the bottom

of Krumbein's Table. Erumbein evelusted the constant and then multi-

plied it by the squars of the radius in centimeters; thereby obtain-

ing the settling velocity in centimeters per second. The velocity

mey then be converted into hours, minutes, and seconds, requiresd for

a particle to settle a depth of 10 centimeters by using the formuls
v =h/t

and then

After thorough shaking, then, a pipette was inserted to a depth
of 10 centlmeters when the suspension had bean allowed to settle for
1 minute and 55 seconds, end 20 ecec. of the suspension were drawm into
it. The contents of the pipette were transferred to a tared beaker
and evaporated to dryness over a stesam bath, after which it was
weighed and the computaetion made as noted on the caleculation shest.

The process was repsataed but the second time the suspension was allowed



=27

TYPICAL CALCULATION SHEET

Oy 4C
Total Time of Sheking: 40 minutes

Weight of Beaker and Sampls: 56.1138 gnms.

Weight of Beeker alone: 32,7688
Weight of Sampls: 23.3450 gus.

Separatlion by Sifting

Grads Size in Mm, W, of Wt. of Wt. of % of Whole Cumulative

Beaker & Besker Sand %

Send
495-351 34,2896 32.7638 1.5208 6.52 0
351=246 36.7475 32.7688 3.9737 17.10 6.52
246-175 37.0430 32,7688 4.27%2 18.21 23,62
175-124 39.2738 32.7688 6.5050 27.80 41.83
124-104 54.8064 32.7688 2.0376 8.58 69.63
104-061 35,2868 32.7688 2.5180 10.50 78,21
Less than 061 95,4122 32,7688 2.6434 11.30 88,71

Totals 23,2827 100.01

Plate 2



Anount of Material used: 2.6434 gms.

1.

2.

3.

Typical Calculation Sheet (continued)

Sedimentation

(Less than 061 mm.)

Tims of Settling: 1 min. 55 secs.
Wt. of Begker + material: 32,8054
Wt. of Besker alone: 32.7688
W. of material im 20 ce. = .0366
Wt. of materisl in 1000 cec. = 1.8330 gms.
Wt. of 1\'[&:201:.3 in 1000 ce., = o9
Wt. of actusal sediment laas
then 1/32 mm. = 1.3330 gms.
Wt. of materisl less than 1/16 mm.: 2.6434 gms,
Wt. of materlal lsss them 1/32 nm.: 1,3330
Wt. of material from 1/16 - 1/32 mm. = 1,3104 gus.
Time of Settling: 7 min. 40 secs.
Wt. of Beaker + matseriel: 40,1432
Wt. of Beasker aiona: 40,1252
Wt. of material in 20 ce, = 0180
Wt. of material in 1000 cc. = - 9000
Wt. of Nazc% in 1000 cc. = =
Wt. of actusal sediment less than 1/64 .4000 gms.
Wt. of sediment less than 1/32 = 1.3330
Wt. of sediment less then 1/64 = - 4000
Wt. of sediment in 1/32 - 1/64 mm, = . 9330 gms.
Time of Settling: 30 min. 40 sec.
Wt. of Besker + materizl: 42,7712
. of Beaker alone: 42,7560
Wt. of material in 20 ce.= .0152
Wt. of material in 1000 cc. = « 5600
Wt. of actusl sediment less then
1/128 nm, = <1600 gnms.
Wt. of Sediment less than 1/64 mm, = -4000 gms.
Wt. of sediment less than 1/128 mm, = 1600
Wto Of Sedment 1/64 = 1/128 - .2400 gﬂlﬂ.

Plate 2
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Typical Caleculation Shest (Continued)

Dats Showing Percentagze Frequency of Sizs Grades
Obtained by Above Sedimentation Method

Grade Size % of Whole Cumulative %
1/16 - 1/32 5.7 88.71
1/32 - 1/64 3.9 94,41
1/64 - 1/128 1.2 98, 31
1/128 - 1/256 o4 99, 51
1/256 = .0 99.91

Plate 2



to settls 7 minutes and 40 seconds, and the third time, if the remaining
amount of sediment warranted further separstion, the suspension was

allowed to sBsttle 30 minutes and 40 seconds.

It will be noted that in the computations allowance is mads for
the .5 gm. of NaBCo:; used to aid in the dispersion. Thue the final
computation gives the frequency of the sand particles in terms of
diemeters as determined by the sisving, and of the silt and elay parti-
cles on the basis of squivalent dismsters representing settling veloei-

ties,

Sources of Error

In carrying out a mechaniesl anslysis, it will be seen that the
chenees for, aund sources of error are manifold, coming from any ona
or all of the aforementionsd phases of the work, i.2., collecting,
mechanical and chemical disintegration, sifting, and sedimentation;
not to mention the errors of subsequent ploitting and intevpretation.
Wentworth has assembled all the possibilities for error into ths
table that appears on the following page.l However, it is belisved
thet even with all these chances of error; the results cobtained with
the use of reasonable care and accurscy in the laboratory will still
surpass the degree of accuracy attained in the collection and inter=-

pretation of the data.

1 Chart taken from Wemtworth, op. eit., p. 21.
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ERRORS IN MECHANICAL ANALYSIS
(after C. W, Wenitworth)

Sourcs

Result

c Sample not well located. General errTor.

3]

L Sample too small. Large errors in cosrse grades.

B Cuterop not well cleaned. Increase in either fine or

C coarse grades.

T Selective accldental loss Decrease in either fine or

I in collecting. coarse grades.

N Subsequent loss from Decrease in either fine or

G container. coarse grades,

P Unsound splitting method. Inerease in eilther fine ox

R coarse grades.

E Faulty splitting practice. Inersase 1n sither fine or

3 o coarse grades,

A Splitting to too small Large errors in coarse grades.

R fraetim.

A Loss of fine grades on cloth Decrease in fine grades.

Y or from blowlng.

I Error in assumption that Probable decrease in finest

o fine grades washed from grades with increass in

N sggrsgates are normal. intermediate.

A Frrors in sieve opening Local errors betwesen grades.

N ratings.

A Non-uniform sieve openings. Local errors between grades.

L Incomplete shaking. General increase in cosrse-

T ness indieated.

S Loss of fine grades by lodge- Decrease in finest grades.

I ment in sieves or elsewhers,

S Errors in weighing. Locel large error, small
general error.

Compu~- Errors due to use of slids Small local srrors.

tation rule,

snd Errors in plotting. Small local srrord.

Plotting

Plate 3



=32

During the analysis ssveral factors entersd which in some casas
interposed serious difficulties. Whers there was much manganese in
the sample, especially in the Tiner grades; it tended to cause floc-=
culation of the grains., Algo, during the pestling it was slmost im-
possible to keep the iron and mangsnese from being ground up tao the
degrse where it would increase the weight of the smaller sediments.
The problam arcse as to whether or not the weight of iron and mengemese
ought ta be included in the final caelculstion of pewcentage-frequsney
for sach grade. Aftsr seversl ezperiments with mechanical esnd chemieal
msthods,l howsver, it was found that no satisfactory method for the
separation of manganese without affecting the composition of the rest
of the sample was available, and therefore when the results did not
depart too greatly from those of the specimens lacking such material,

they wers used,

Another problem was that presented by enlargement of many of
the greins due to secondary growbh. This would, of course, tend to
introduce errors in the final results, but here again it was fel®
that since this condition did not exist very extensively, results

might still be attained which would closely spproach the exact ones.

Methods for the Presentation of Dats

After the sediment had bsen separated into grades or classes

based upon ite dimensions, snd the perceatage-weight of =sach grade

1 Privaie confersnce with Dr. Werner Bromund, Department of Chemistry,
Oberlin College.
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in relation to the whols had been computﬂd,l a satisfactory form had
to be chosen for presentation of the data thus secured. Since the
problem that was underteken by this paper is to deduce from ths data
conditions of sedimentation with speciel referencs to agencies re-
sponsible for, and the origin of, the composing sediments, graphs
mast be used that will permit rapid study and sase in such interpre-
tations, Several possibilities pressnted themsslves, and it is here
considered adviseble to diseuss, very briefly, the relative advantages
and disadvantages of each, thereby explaining the factors leading to

the finel choice of grsphical methods used in this report.

Histogram
The histogram is a rectangular plot in which the per cent by

welght of each grads size with refsrence to the whole sample is
represented by a shaded colunm, TIn the card ussed, the sbscissa
reprasented per cent, and the ordinates, the grade size in milli-
meters, A typical one may be seen on Plate 4. From it, it is evi-
dent that suck a plot is a strict presentation of numerical facts.

No interpretation is necessary and the results can be readlly
visualized even by those unaccustomed to its uss. For this reason
alone, many petrologisis have bezen inelined toward their uses, despite

the fact that they bring with them meny disadvantages.

1 During calculetions occasional check was made on the slide rule
results, but for most computations the degree of sccuracy obtained
from its use was ascceptable.
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TYPICAL HISTOGRAM
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An outstending disadvantage of the histogram plot is that the
size of the grade limits' used definitely affects the form of the
resulting graph, so that the same sediment cen be altered beyond the
point of recognition. ©Such sharp variability in a graphical piecture
of the ssme specimen would; of course, make its use as an exclusive
mathod of plotting, highly unsatisfactory. Another dissdvantage pre-
gented by the histogrem is that it implies from its form, that there
is a sharp break between grade slzes, which, of course, is not the

casa.

To overcome this difficulty msny petrologists have used the

Frequency Curve, which, eside from the faet that there cen only be

one such curve for sach specimen, also ssams to achieve greatsr ac-
curacy of presentation in the form of a smooth curve which emphesizes
the continuous variation in particle size. The importance of such

an advantage as this cannot be overleooked.

In graphing results of a mechanical anaelysis, the independent
variable.is, of course, the diameter of the particle. TFrom the nature
of tﬁe particles composing a sample, 1t is evident with perhaps e
few exceptions, that the diameters vary by infinitesimal smounts
slong the entire range of sizes represented, réther then by abrupt
changes from one size to the next; as suggssted by the histogrsm.

Tn statistical namenclature,l such a distribution is known as g

"eontinuous™ one snd it is, therefore, generslly conceded that =

1 F, C, Mills, Statistical Methods, p. 85.
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smooth continuous curve is best suited to reprssent such a gradation

in particle sizs.

In the frequency curve the choice of grade limits or class inter-
vals are somewhat arbitrary, and are usually determined by the naturs
of the data and the number of units]' best adapted to the pressntation

of a smooth curve of reasonable accuracy.

A few points of comparison between the histogram and frequency
curve might hers be worth considering.

1. The histogrsm is in reality sn approximaetion of the frequency
curve, but, while it is subject to srror by the introduction of chang-
ing grade limitations, the frequency curve is not susecsptible to such
error and is therefore a more reliable index to the true character of
the sediment.

2. bAny type of histogram may be developed from a definite fre-
qusney curve and conversely, a frequency curve may be developed from
a histogram.

3. In the frequency curve the propertion of material in any
size range may be determined, while in a histogram the areal rela-

tions are confined to the particular class interval.

From the foregoing, it should be evident that a combination of

both of the sbove graphical methods ought to prove satisfactory.

1 Each unit becomes a point on the curve.
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Cumulative Curves

The cumulative curve has been found to be of great value for
expression of results from routine analysis. Such a eurve when plotted,
1828 the cumulative per cent along the ordinafe; =s the dependent
variable, and the grade size as the independent variabls, along the
gbseissa. Cumulative per cent 1s calculated by cemputing the per cent
by weight of the produet that would remain on a testing sieve if only
one sisve were used in the separation of the entire sample. Thus the
addition of the weight-percentages of all materiel coarser than the
one sieve used, will give the cumulative per cent, and then oan the
cumilative curve, each point plotied will represent the per cent by
weight of the emtire sample that is larger then the particular size
plotted. Such a curve will, of course, be & smooth, continuous one
and its interpretation should prove fairly simpls, i.e., if the
curve tends toward the vertical, there is a preponderance of the size
indicated, whereas if the curve temds toward the horizontal, it
would suggest a relatively emall proporiion of the material of the
gize indicated. Also, if the curve occupiss the left-hand section
of the diagram, a preponderance of cosrse-grained sediments masy be
assumed, or, if the curve becomes prevalent toward the right-hand

side, it is fine-grained,

While the cumulative curve was found to be useful for simple
plotting, the similarity of the curves for many of the specimens made
it nsecessary to use an additional plot that would give some basis for

contrast, by permitting the adoption of such measures as means, standard



deviation, and skewness of the distribution. ©Such a curve was derived
directly from the cumulative curve aceording to the method given by
Kmbainl andl was plotted on the same sheet as the cumulative curve.
Since a correct interpretation of the curve requires some understand=-
ing of its derivation, = brief sxplamation is here given. The reader,
however, i8 edvised to refer to Krumbein's article for s more complete

discussion.

In ealenlus it may be demonstrated thet there is a definite rela-
tionsghip between the two types of curves, for every continuous curve
has associated with it an integral and derivative curve. In the in-
tegral curve the ordinate at any point represants the area under the
given curve up to that point. Thus the cumuletive eurve may be con-=
sidered the integral of its corresponding frequency curve. In the
derivative curve, the ordinate at any point represents the slope of
the curve at that point. Thus the frequency curve becomes the deviva-

tive of the cumulative curve.

An sttempt to show this relationship has been made in Plate 5A,
where the same sediment has been plotted in three diffewrsnt ways.
A single ordinate on the cumulative curve ensbles one to read the

total percentage of grains larger or smaller then the designated

1 W. C. Kmm‘bein, Size Frequency Distribution of Sediments, Journal
of Sedimentary Petrology, August, 1934, pp. 71-75.

2 The greater part of that which follows is taken directly from
Krumbein, but it is felt that the reader who is ndt already ac-
quainted with the use of this type of curve would benefit from
the reading of the more complete explanation.



diameter, It will also be noted that, in accordence with the preceding
discussion, the frequency curve reaches its greatest height where the
slope of the cumulative curve is steepest. The actual plotting of

the curve is based upon a tangsntial relationship of the two, end is

given in detail in the aforementioned article by Krumbsin.

In the presentation of the data of this anslysis sll three curves
were utilized, since it was felt that a combination of these methods
should give a reliable picture of the physiczl composition of the
sediment so far as the size of the grains a2nd relative proportions

of the latter are conceraed.

"Phi"™ Notation

In the plots that follow it will be notsd that the ordinates in
all cases represent the cumulative per cent and the latter is plotited
against the size of diameter represented slong the abscissae or hori-
zontel exis, The dismeters of the sand grains may be plotted direct-
ly as the independent variasble. However, since the data were assembled
in terms of Wentworth's grade scale (p. 22) and each succesding grads
is one-half as large as its predecessor (%, %, 1/8, 1/16 mu.ete.), the
rssulting graph necessarily appears quite unsymetrical end a poorly
sorted rock would require a very large diagram. (See Plate 5B.) Thus
to increass the symmetry, a plot in which the class intervals are squal
in width, producing a more compact graph, would seem advantageous. This
was achieved by plotting the negative logs of the diemsters. The nega-

tive log was ussd because sll results of the snalysis were ln terms of



particle diameters of less then 1 mm,, and its use avolds the necessity

of pletting negative numbers,

A scale based on the negaftive logs would necessarily be one that
would increase to the right as ordinary scales do, in contrast to the
direct plot which decreases to the right. (See Plate S5A and 5B.) This
method evolved by Kxumbein, is known as the phi methodl where the symbol
¢ equals the negative log of the dismeter-size to the base 2, thus
yielding a series of values free from the objections and inconveniences
of a geometric scale., Hers an inerease of one phl unit means the reduc-
tion of the diameter size by one-half, and, as previously mentioned,
the divisions between the class intervals are equal to each other and
40 one phi unit, The table which follows is tsken in part from Erum-
bein‘?‘ and shows the esase with which the phi seale may be converted to

the Wentworth grade limits., (See Plate 5D for the mathematical rela-

+ionship.)
Grade Limit in Mm. ¢
1 )
; *
< +2
1/8 +3
1/16 +4
1/32 +5
1/64 +6
1/128 +7
1/256 +8

-

W. C. Krumbein, Application of Logerithmic Moments to Size Fre-
quency Distributions of Sadiman'bs. Journal of Sedimentary 1 Petrology,
April, 1936, Pe2Be

2 Ibid., p. 38.
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Plate 5
A
A Cumulative, Frequency, Histogram Plot of the Same
Sediment™
rd
/2"/ A = Histogram
/ B = Cumilative Curve
/ C = Frequency Curve
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A
/
B Cc
Grade Sizes Plotted Directlyz Sediment Plotted with

Dismeters Measured as
Negative Logs
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We C. Krumbein, Size Frequency Distribution of Sediments, Journal
of Sedimentary Petrology, August, 1934, p. 68.

W. C, Krumbein, Application of Logarithmic Moments to Size Frequency
Distribution, Journal of Sedlmentary Petrology, April, 1936, p. 37.
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Plate 5 {Continued)

D

Relation Between Diemeters and Independant Variable ?1
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1 W. C. Krumbein, Use of Quartile Measures in Describing and Comparing
Sediments, American Journal of Science, Vol. 232, 1936, p. 105.
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But the graphical expressions by themselves are singularly in-
sffeetive unless thaylcan show the reader at = glance the degres of
Sorting of the sediment, the distribution of the particls size, the
average dismeter, end any other facts perisining %o the distribution
of the particles fhat might rendsr interpretation of the material more
complete and possibly more effective. Therefore, measures that would
descrihe the sédiments with respect to the sbove features were plotted
upon the curves, These, however, will be discussed in the next sec-

tion of this psper.

Heavy Minersl Sepsration

Because the study of heavy minerals in a sediment gives major
clues to the identification of its source rock, the previously graded
semples were submitted to such separetiun; in the hopes thst their
study would =id in the ensuing discussion on the conditions of sedi-
mentation. Heavy mineral separation wes preceded by chemical treat-
ment of grains to remove iron, which in many of the specimens costed
the grains and tended to make them hesvier end caused them td act as
heavy minerals during the separstion. To avoid this, the grains which
indiceted by their color thet they possessed a fair amount of iron,
were holled in 50 cc. solution of stenncus chleoride end 5 ce. of
dilute hydrochloric scid, The amount of stennous chloride used de-

pended upon the individual =sample and the reletive smount of iron

1 The procedure that follows was carried on according to method
suggested by Dr. Fred Foreman,
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present. The chemlicel asction here involved the reduction of ferric
iron to ferrous condition in order to make it scluble and sbls to ba

washed off from the surface of the grains,

The sample was boiled until the color diseppesred or the grains
became perceptibly lighter in color. Such boiling usually did not
last longer then fifteen or twenty minutes in order to avoid the
formetion of eolloidal particles in the suspension. The suspension
was then filtered, the filter peper having been previously marked as
to specimen end grade size, washed thoroughly with hot water, snd

ellowed to dry overnight or longer.

Meny of the samplss were weighsd both before and after such eleen-
ing and the loss in weight evidently due to the iron, varied from an
almost negligible smount to 4% of the original weight of that partlcu-~
lar grade size. As heretofore suggested, this presented the problem
of re-considering the original weight of the individuel grain sizes
since such a welght necessarily included the iron. However, this loss
in weight was found to be aguelly distributed throughout all the grade
glzes when 1t did oeccur, and therefore it would not apprecisbly slter
a grephieel picture of the sediment designed to show the relative

proportions of epach grede size to the whols.

After the specimen had been thoroughly drisd, the s=mple was
subjectsd to the heavy minersl trestment. In this, the sediments are
Tloated in a heavy liguid, snd here bromoferm, which hes & specific

gravity of 2.9, was used. The particles were thoroughly mizxed in the



liguid =nd then allowed to setitle for several minutes. Those thet sank
of course had & specific gravity higher then thet of the heavy liquid

and those thet flosted, lighter than 2.9,

The apparatus used conformed somewhat generally to the following
sketch which is self-explanatory. A4s a rule, however, more than one
separstion was carvied on at a timse.

1

A = Funnel containing the
bromoform end sample
from vwhich the heavy
graing are settling.

B = Pinch-cock on rubbser
tubbing attached to
funnel stem.

C = Labelled filter paper
for retaining the
heavy minerals. This
Pilter paper is leter
replaced for a elsan
one labelled with
specimen number, grade
size snd L.M.S8. into
which the lighter
minerels are later
emptied.

D = Brown bromoform bottle
to prevent action of
light upon the
bromoform.

E = Bottle into which
alcchol and bromoform
washings are poured.

When separation was believed to be complete, the stop-cock was
relesssd long enough to allow only the heavy minerals to drop into the

Pilter paper and the bromoform was recovered in its originsl botile.

1 H. B. Milner, Sedimentary Petrography, p. 43.
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The minerals were then weshed with ethyl alecohol end the weshings,
which slso inelude scme bromoform, were collected in a bottls labelled
as such end these were kept for subsecuent distillation and recovery
of the bromoform. This procedure was repested for the collection of

the lighter separates.

One of the major objections to this method of separation is the
repid eveporstion rate of the bromoform, its reasction to light, and
the fset that it is quite expensive to employ. Precsutionary messures
were therefore taeken. TFor exsmple, the fumnels conteining the bromo=-
form were kept well-covered with watchglasses, and the browm bottles
tightly stopped. Alsc several times during the procedurs the bromo-

form was recovered from the sleohol washings.

To accomplish such reeovery,l the wash solution was diluted with
water, well-sheken, and allowed to settle. The bromoform under these
cenditions would sebtle out, and by pouring off the supernstsnt
liguid, most of it could be recovered. It was heated to its boiling
point (15190.) Yo drive off any water or slochol that it may have

retained,

Several difficulties were encountered during the operstions.
Some of the specimens containing a great deal of menganese, had thelr

heavy minersl separate grestly conteminsted with mangenese fragments,

L Modification of procedure described by George V, Cohee, Inexpensive
Equipment for Reclsiming Heavy Liquids, Journal of Sedimentary
Petrology, April, 1937,




Several methods were attenpted, both mechenicel end chemical, for
separstion of the mengenese, but mechanical methods did not give the
desired results, and any chemical procedure which would remove the
menganess, would alsc have been detrimentsl to the guartz and other
minerals present. Also in a few of the samples whers the manganese
particles were present in sufficient numbers, thay tended to bring
dovn with them some of the lighter minerals. Agein, if the earlier
chemical trestment wes not 100% effective, quartz grains were carried

down with the hesvier minerals due to their coating of iron oxide.

Roundness of Grains

It 18 generally conceded thst studies mede upon ssnd grains to
determine their roundness or sphericity, can be of inestimable value
in determining the origin of such sediments. It is still, however,
e matter of universel conjecture as $to the relative efficiency in

accomplishing such study by use of the several methods available,

The writer has herself studied several of these msthodsl and a%
the sugegestion of Dr. Fred Foreman finally adopted Cox's method of
assigning numericel snd percentage values to the degree of roundness

of sand grains.

1 F. J. Pettijobhn, Determinations and Calculations of Sphericity
Values of Pebbles, Journal of Sedimentary Petrology, December, 1936;
Allen C, Tester, The Measurement of the Shapes of Rock Particles,
Journal of Sedimentesry Petrology, May, 1931;

G, E. Anderson, Experimnents on the Rats of Wear of Sand Grains,
Journel of Geology, V. %4, p. 144-158.

2 E. P. Cox, A Method of Assigning Numericsl and Percentage Values
to the Degrees of Roundness of Sand Grains, Journal of Psleontology,
Vol. 1, December, 1927, p. 179=183,




It wmight bhe well to note hers the esgential differencs in the
ises of the terms "roundness®™ snd "sphericity,™ for although many
petrologists have used the term "roundness” Vo designate simply the
degree to which the sherp edges and corners have been worn away,

Cox uses the texm to describe the degree to which & thres-dinensional
body spproaches & sphere. The measurements made to determine thie
factor present somewhat of & problem, for while the volume of the
grain may be feirly easily messured, the measurement of its surface
presents a more difficult problem, the solution of which is based upon
the thecory thset if & number of rsndom ssctions are tazken through a
large number of grains, the average of z2ll such sections will approxi-
mate the sverage section for the aversge grain and ths degree to which
this average section epproeches a circle, will be the messure of the
roundness of the grainsg. Thus the roundness would be measured by the
degree to which the ratio of the ares to the circumference spproaches
the ssme ratio for a sphere, which expressed mathematicelly would
read as follows:

ares = & constant

( perimet-eri ®

In a cirele the constant, "K" is %} « Then multiplying the squation

K = arsa 4&
perimeter

In a sphere XK = 1, but for any other shape the valus decresses as the

by 4}

percentasge of the area of the figure to be messured, decreases with
relation to the sresa of a clrcle of the ssme perimeter. In other

words, 1f a right isosceles triangle were measured according to the



above, it would be found to have & "roundneszs" Ffigure of .54 which
means simply that that triemgular form contains 54% of the area that
e circle with the same perimeter would contain. Thus it is eﬁidgnt
that the figure computed would be the sams For all Ffigures of the

same shepe regardless of size, i.e., & circle 1 inch in diameter will

give the ssme velue, which & 4-inch cirele will give, nemely 1.

In order to measure these values for the grains thet have Just
been analyzed, slides were mede for three size-grades in each sauple,
i.®., +=% mm., -1/8 mm., end 1/8-1/16 mm. These were referred to
as grades 1, 2, end 3 rvespectively (in terms of § units), end swall
portions of the grains from each grade were sprinkled over slides
covered with Canasde belsem, so that a series of slides were made, cne
for each sample, and esch one containing grains from each of the

three grade-gizes.

Form of Typicsl Slide for Study of Roundness of Grain

The grains were then projected upon a sheest of paper attached to
a screen, and the outlines of approximetely 26 grains from sach size-
group were traced directly onto the paper. The srea of each grain
was measured by means of a planimeter, and the perimeter by mesns of

a cyclometer, or map-measure.



o e

=50

Many srguments heve been proferred as to the relative walue of
such & procedure in the measurement of the roundness of the grains.
As was stated by Tester,l such a study does not consider the original
shape of the sand grains before abrasion was begun. For exsmpls,

Cox does not comsider thet the fragment just broken from = parent

rock sctuelly starts with zero roundness as far as its abrasional
history is concerned, but rather if it should happen to be broken

in the shape of the aforementioned isosceles right triangle, it
immediately assumes a ®"roundness" figure of .54. However, in view

of the fect that no other methods were availasble that were as feasible
for ordinsry lsborntory squipment, this one was utilized with full

realization of its drawbacks.

In tsbuleting the results of this study as they appear in the
following section of this report, the author delibevately neglected
to compute the aversge roundness of the entire seample. It was con-
gidered more pertinent to debtermine only the aversge roundness for
each grade-gize and to record the devistion from the mean in each
case., A cursory glance st the data should prove sufficient to con-
vince the reader thet such a figure as the average roundness for the
semple would not only be slngularly useless, but might lead to

serious misconceptions as to the true cheracter of the sadiment.

e

1 OE. cit., P‘ 4-5.



CHAPTER: ITI

PRESENTATION OF DATA

The rssults of the mechemicel snslysis of 45 specimens, by sift-
ing and sedimentetion processes, wers ploitted and recordsd, but for
finel discussion, it was considered expedient to eliminate eleven
specimene., The samples eliminated were done so for the follewing
ressons:

1. Two yielded results that could not possibly be teken as
approximating the true nature of the sediment due to the inordinste
smount of mangsnsese pressnt in gll size grades. This wes located
three miles south of Streit Creek on the road to Monterey.

2. One ssmple, taken south of Warm Springs, could not be ame-
curately located with reference to upper, middle, or lowsr beds of
the formetion and therefore wes useless in this study.

3. Dme seample tsken east of Montersy was highly cherty snd
could not be disintegrated.

4. Ssven samples were eliminated to avoid repetition, since
in the field, spsecimens were tasken at one-fourth mile intervsls
from Streit Creek to Monterey, and they did not differ emough from
those chosen from that seme region for this presemtation, to warrent

their ineclusion.

As heretofore mentioned, verticel as well as horizontal distribu-

tion of samples was sought. In seversl instances the writer was
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successful in thls attempt, but in an egusl number of instences, the
irregulay distribution and peculizr topography of the region made
guch a vertical colleection impossible., In seversl of the latter
cases, attempts were made to meke the distribution as near a verticsl
one as poseible. For exemple: Specimen No. 16 was taken 2% miles
south of Monterey, at the Romney or upper contsct, but hers collec-
tion of samples from middle and lower beds was not possible and
specimens from the latter two beds were taken one-half mile further

south where an outcrop permitited such eollection,

In the Warm Springs section, especizlly, were these difficulties
encountered and here only two sets of specimens give any sort of
vertical distribution. In this region, however, since samplss were
teken here mainly for comparisen purposes, and such specimens were
eveilable, the writer took ssmples from different parts of the anti-
clinal and syneclinal structures, i.e., limbs and center, to note

any poseible textursl differences between these,

Agegin, due to the irregular distribution of the Oriskeny sand-
ctone and its extrems locael thickening and thinning, specimens
plotted as representatives of the ™middle"™ of the seriss necessarily
vary as to their actual distsnces from the upper and lower contacts.
Wherever possible the spproximate distences from either of the con-
tacts is given, such distance belng detsrmined by pacing, due con-

sideration being given for the inclination of the sirata.



Resultg of Chemical Treatment

From preliminary iaboratory trestment described zbove, l.s., soak=-
ing in acid; it sppeared that the specimens from the lower teds during
such sosking effervssced considerably, and were decidedly esasier to
disintegrate after the treatment. The samples from the upper beds,
however, as well as most of the middle bed semples, although they
effervesced slightly, did not yeild to disintegration sny more easglly
after such sosking, despite the faet thet for many of them the con-
centration of the acid solution was increased, and the specimen was

kept in it for a longer period of time.

This fact suggests that the lower beds sre more calcarsous than
upper beds, the caleite evidently making up mueh of the cement, in
contrast to the upper beds which are chiefly silica-cemented, the
effervescence there probably being due to irregular snd infrecguent

distribution of ecalcite smongst the quartz grains.

In ocuterops from Strait Creek south to Montersy an intermittent
cherty horizon mede its appesrsnce at the base of the sandstone.
Samples et two locations were teken from this horizon but due to
their high percentsge of chert and iron, they wers unable to be
subjected to the sifting process, and although these did effervesce
when put into a dilute scid solution indicating slight lime content,
they were not noticeably softened by such soakiné, indicating their

essential ccomposition to be thet of silica.



As mentioned earlier in this paper, many geologists consider
this layer to be Shriver chert, a lower bed of the larger Oriskeny
Series, %nggrlying the Ridgely or Monterey Sandstone member. Since
this report concerns itself mainly with the sandstone division, no
further study was made on these cherty layers but their pressnce
was necesa;arily considersd in the discussion which follows, dealing
with the conditions at the time of the deposition of these sediments.
In reletion to this problem it is of interest to note that this cherty

horizon did not reappear south of Monterey.

Besults of Mechsniecal Analysis

Histogrems
The results of the mechanicel analysis based upon sifting and

sedimentetion were first plotted by means of the histogram or rec-
tengular plot (Plate 6). For convenience, the plots are arranged
in three vertical columns as indicated, representing upper, middle,
end lower beds, and ranging from Strait Creek vicinity at the top of
the paper to Hot Springs st the lower end of the sheet. Hesre the
reader is referred to the mep at the front of this report tPle.ta 1)
for more complete orientation. On this the dark dots represent the
locetion of the outcrops and their relationship to the surrounding

country may thus be seen,

Accompanying the histograms an index has been arranged glving
the exact location of the specimens according to the numbers that

appesr on each plot.



Index to Grephs

Index Geographic Lecation Stretigraphic Position
No.
1 1 mile east of Strait Creek Upper contzct
2 ¥ = Wi, % " 75 £+. below No. 1L
3 " N = noon " Lower contact
4 2 miles south of Strait Creek Upper contzot
5] L " R L Approximately 100 f£t. bslow No. 4
6 LA " LA " 50 ft. below Np. 5
7 3 miles south of Strait Creek Upper contact
8 LI " LA " Middle of series {Approximate)
9 " om " T M n Within 25 ft. of lower contact
10 1 mile sast of Montersy Upper contzet
11 o L it Middle of series
12 w n L " Lower contect

13 %+ mile south of Monterey (east TUpper conteact
L4 W
w w

14 L * (limb of 30 ft. below No. 13

15 LA | * (syneline) 10 ft. below No. 14

16 miles south of Monterey (west Upper contact

17 " " "  w(limb of  Approximately middle of seriss
18 " o w " n  "(syncline) Lower contact

19 3% miles south of Monterey (west Upper contact

20 R " " v  (limb of Middle of series

21 " n " w m (syneline)Lower contact

22 Just south of Cobbler Mt. (top Upper contact
of anticlins)
23 5%,'- miles south of Hot Springs Approximately middle of series
along Cedar Creek (east limb
of Collision Ridge enticline)

24 Eest limb of Collision Ridge

enticline Upper contach
25 West 1limb of Collision Ridge
enticline Believed tc be from middle beds
26 (Rast 1limb bf Back Creek Mt.,
4 miles) Upper contact
27 (Noxrthwest of Warm Springs) Middle beds
28 L " o " Lower contzct



29
30
31

32
33

3 miles west of Waxm Springs (east 1limb

"
"

”
"

n
"

Index to Graphs (continued)
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Kesping in mind, then, the fact that reading from left to right
glves a vertical distribution snd reading from top to bhottom glves
a north-south geographic distribution, a hasty study of the plots
should reveal to the reader the following facts:

1. The lower beds are coarser than the upper beds. In all ex-
cept plot No. 21 thelr graphs reveal as much as 50% of the grains
from each specimen to be within the size group ranging from % - % mm,
which, according to the Wentworth scale, represents medium ssnd. By
contrast, the upper beds have thelr maximum distzibubtion betWEem-%
and 1/% mm, , which, according to Wentworth, may he classed as fine
gand, and in these no one reveals more than 19% of the grains of
each sample falling Iinto cosrser grade sizss.

2. The lower beds contain relatively small amounts of materisl
less than 1/16 mm., silt and clay aceording to Weatworth. TIn all
cases, sxcept No. 21, less than 11% of the entire sampls consists of
silt and clay partiecless.

3. No definite econelusion can be derived from the histagramns,
as to the relative degree of sorting of the upper, middle and lowsr
laysers. Gensrally speaking, the samples from the middle layers are
more poorly sorted in most cases. Also the middle beds tend toward
a double or triple, and in plots 2, 5, and 11, a fourth maxima.

The sediments are concentrated in mediun, fine and very fine grades,
and in the latter three specimens the fourth mexima oceur in very

fine silt or clay division. This may represent colloidal clay
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developed during chemical treatment or possibly originating at the
time of deposition.

4, Specinens taken from the limbs of the synclines seem finer
than those from anticline structure. This is probably due to greater
compression in the syneclinal structure. This, therefore, camnot be
considered indiecative of the environment under which these sediments
were originally deposited, since meny of the quartz grains from the
middle of the anticline revealesd sscondary growth of siliea which

would account for the larger size grains.

Frequeney Curves and Measures

Although the histograus enable tae reader to get a general survey
88 to the character of the sediment, the fresquency curve pressnts =
more complete picture in that it ean describe for sach sample by means
of a mathematical figure or sevaral figures, the average diameter of
the grains, the degres of sorting, =nd the grads sizss eontaining the

maximun degrae of sorting.

The sssential features, the derivation and advaontages of such
eurves have already been treated at some length and will therefore
not be discussed sgain. In the graphs that follow both the cumula-
tive curve and its derived frequency curve were plotied for sach
specimen, As previously described, the ordinate of sach plot con-
slsts of ths percentags in temms of weight, and the abscissa rapre-

1
sents the diameter of the sediments plottad logarithmically.

L See peges 40-42 of this report for relationship between direct and
logarithmie plots.
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Thus a semi-logarithmic curve is developed and each point om the
cumilative curve represents tha percentage of waterial greater than

the particular size indicated.

For further description of sach sediment,; several measiures were
possible, Although every digtribution curve reveals the variation
in its distribﬁtian, snother equally important feature of & frequency
curve is 1its "eentral tendency"l or in thess instsncas, = tendancy
of the grains to mass together at certain points in the ecurve. Thus
it becomes important to knmow at what point in the curve this massing
is greatest, how much deviation there is from this central concentra-
tion, and on which side of the point of concentration the greatest
deviation occurs. These facts cen be told from several different
maasures. According to Trask,a the median and the coefficlents of

sorting end skewness describe the sediment accurately. These will

here be deseribed briefly.

The "medisn™ diemeter marks the midpoint of the size distribu-
tion, 1.=., 50% of the sediment has a diemeter less then the median
diameter, end 50% has one greatsr. It also shows the exact position
in the Wentworth scale ta' which the,K sample belongs, i.m., if the

median is 2.4 {phi unit) it is fine sand.

To debtermine the degree of sorting Trask has adopted an index

of sorting that is very widely used today. This is based upon first

1 F, C. Mills;, Statisticsl Methods, p. 107.

2 .P. D, Trask, Origin snd Envirommeni of Source Sediments of Petrolsum,
P. 6?""850

-



and third quartilss., Thess neasures along with the median separate
the entire distribution into four equal quai-ters 80 that one-fourth
of the weight of the sediment is larger in dismeter than the first
quartile (Q;) end three-fourths larger than the third quartile (Qsl.
This then meens that 50% of the welght of the sample lies between the
Ql and Q‘:‘S' Thus the cloger Q; is %o QB the better sorted will the
ssdiment be, and Trask caleculates this degree of sorting by the
formmuala

where So = coefficient of sorting. He has further sstablishsd a
scals placing the sediment into classes accordiag to thelr degree
of sorting, snd if So is less than 2,5 the sample i3 well-sorbed,
if it is greater than 4.5 it 13 poorly sorted,; whereass if it is
about 3.0 1t is normally or moderately well-sorted. The above

measure has been used with some modification, $o be discussed below.

In addition to determining the degree of plentifulness of parti-
cles of approximetely the same size as the median diameter (So),
Trask also calculates the point of maximum sorting or the "mode"
of the distribution by the coefficient of skewness. The formula
by which this measure is celculated ié as follows

Sk = @ x Qg
where M = median dismeter, While these measures are in their essamncs
used almost universally by petrologists, they differ radiecelly &3 %o

the method of computing them, Wentworthl advocates the use of moments

1 C, XK. Wentworth, Method of Computing Mechanical Composition Typss
in Sediments, Bulletin of Geologicel Society of America, Vol. 40,
p. 771-790, 1929,
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rather than quartiles. U&denl has also devised an index of sorting
based on average rate of decrsass in weight-percentage for each sub-
grade on elther side of the mode -- a method not well-adapted to an
enalysis in which complete size distribution is obtasinsed rather than
a series of subgroups. |

2
Krumbein also advocatss the use of moments but here the dstermina-

tions are made using the phi units instead of direct diamster that
Tragk utilized. On the basis of first, second, and third moments,
Krumbein derives a seriss of measures corresponding to the "mean® or
average diameter size, the standard deviation from this mean, end,
egain, the skewness. In the data that follow the arithmetic mesn and
stemdard deviation were calculated as follows: A tabular serlies of
values were set up as shown in Plate 7. The data are arranged in
Wentworth Classes (Columm 1), corresponding phi urits (Column 2),
end the weight-percentage frequencies,(f), (Column 3). In Column

4, (8), the maximum grade, is chosen as zers and gradas above and
bglow are numbered in sec.ence &s negative and positive integsrs
respectively. Based upon thse two columms all uecessary caloula-
tions are made. These maey be Tollowed without difficulty from the
accompanying table, where formulas sre given and caleulations ars

made for standard devliation snd mesn size.

1 J. A, Tdden, Mechanicel Composition of Clastic Sediments, Bulletin
of Geological Society of Amerieca, Vol. 25, p. . 655-744, 1914.

2 W. C. Krumbein, Application of Logarithmic Moments to Size Fre-
guency Distribution of Sediments, Journal of Sedimentary Petrology,
April, 1936, p. 35.




Krumbein also csloulated skewness derived from Do the third
momemt, but its use could nolt be recommended for sediments of such
a character as the Oriskany, 1.2., feaiturss such as large amounts of
poorly sorted clays and silts cause major fluctuations in its velue,

winich caused the writer to dizeard it.

For this report it was originally intended to base the discus-
gion of the curves upon Krumbein's moment measures since the moment
methad -cnnsidera the sntire renge of the size distribution, while
the gquartile messures are based on the central 50% of the distribu-
tion, However, as previcusly menitionsd, the peculisr charactsr of
several of the sediments, i.s., their "$ail"™ of silt =nd clay,
tended to throw off the moment measures to the degrse where, although
mathematically accurate, the pieturs of the sediment presented was
not a true one. For this reason the writer found it necessary to
calcoulate all measures inecluding the skewness, an the guartile
method, The mesn and stendard devietion walues of Krumbein's, how-

ever, arse also listed for the purpose of comperison,

Although the messures Tinally used represented in their essence
the ones of Trask, some modification had to0. be made in their csl-
culation since the plots are logarithmic ones snd the values were
determined in ¢ units.- Krumheinl has made such sp adsptation by

modifying Trask's original formulazs and ¥l developing conversion

1 W. C. Kyumbein, The Use of Quartils Messures in Describing end
Comparing Sediments, Americen Journal of Seience, 1936, p. 98-111.




Table Showing Compubation of Moments of Size Distribu-
tion of Sedimsnts

of
Sample 1 G
Grade Limits Grades in Wt.~% a f£d a® a8 & £a°
in mm. ¢ units (f)
1-1/2 0-1 0 - — - 5 -
1/2 - 1/4 1-2 6.00 =1 =6 1 +6.0 =1 -5
1/4 - 1/8 2-3 62,70 0 0 o 0 0 0
1/8 - 1/16 B4 18.00 +1 +18 1 +18.0 +1 18
1/16 - 1/32  4-5 7.50 +2 415 4 +30.0 +8 60.0
1/32 - 1/64  5-6 5.8 +3  +17.4 9 +52.2 +37  157.0
Totals 100.00 +44,4 +106.2 +229
n, = 44.4 = .444
100
n, = 106.2 = 1,062
100
n, = 229 = 2,29
100
Mean = M¢ -y * midpeint af 4 scele
M¢ = .44 + B = Z.44
Standard Deviation =a‘¢= W
6 =v1.06 - (.244)2 = /.863 = ,928

Plate 7



charts whersby the results, though obtained in t} units, could bs im-
nediately convertsd into the more widely used messures of Trask and
the latter's standard terms then applied. The major mod'ifications
will here be considered.

1, Sinee by the use of ¢ units the grade scals increases to
the right; Qz will be the larger unit (although still representing
the smeller grade). Alsc since in the logarithmie plot sm arithmetic
seriee rather than & geometric one must be dsalt with, the original
formule of Trask now takes the form

Wp=Q%-9

et
where QD¢ Tepresents half the spread between the guartiles., This
value, Q;%, may be comrertedl to So or Tragk's sorting coefficient
almost imstently, and the sample then classed according to Trask's

index of sorting.

In sieewness calculation, made upon this same basis, the vslue
fluctuates around zero, for in a perfectly symuetzrical curve the
median corresponds exactly with the point half-way batween Q; and
Qm, =nd the corresponding coefficient figure will bs zero. How
ever, if the curve is skewed, the arithmetic mean of the guartilss
departs from this median and the degree to which the curve departs

reprasents the skswness.

The skewness was therafore calculated by first dstermining the

mean of the guartiles and then subtracting the median from it. This

1 Tbid., p. 102.



is expressed by the formuls
SkqG = Q; + Qg il
2
Skq} cen them be converted to Sk, Trask's logarithuic measure to the
base 10.1 Thus if the value is a positive ons, the curve is skewesd
to the right, toward the finer sediments, and if negative it is

skewed to the left of the medien, toward the coarser sediments.

Baker's Msthod

2
The suthor also consldersd using Bgkez's factors to describe
the frequency curves of the sediments, Baker attempts to express
tvhe mechanical composition of the sediments by two numbers represent-

ing Equivalent Grads end the Grading Factor for each sample.

In plotting his curves, Beker uses a dirsct plot rather them
the logarithmic ons, and plots his percentages, as the abscisaa,a)
and the grade sizes (after Wentworth's scale) s the ordinates.

(Sse Plate 8). The figure representing the average dismeter and known
as the Equivalent Grade is obtained by dividing the area under the
curve by the length of base line repressnting 100% weight, and
interpreting the length so obtained, in terms of the scals of lengths
used to represent diameters. The resulting figurs is then teken as

a representative dismeter, and the fine sediments will therefore give

a8 low figure and coarser sediments s larger figurs.

L Ibidaa P 1090

2 H, A. Baker, On the Investigation of Mechanical Constituents of
Loose Arsnaceous Sediments, Geological Magazine, Vol. 57, 1920,
P. 363 et seq.




Sineca it is possible for two different curves to give the same
equivalent grads, a second figure must be found te completely and

aceurately ceategorize a specimen. JThis is known as the Grading Factor

and is based upon the reapective proportions of size grades. The area
enclosed between the first ordinate, the Equivalent Grade line znd
the curve, reprasents the measure of variation of the sediment below
the grade of the ideally psrfectly sorted sediment, snd conversely
the area enclesed between the last ordinate, the squivalent grads

line, =nd the curve, represents the variation above the ideal grads.

Therefore the sum of the two variations gives the fotal varia-
tion from the hypothetically perfectly graded sediment, end also may
be thought of as giving a measure of the tendency of the sediment
toward consteney of grading, or restriction of the diameters to the

one representing the squivalent grade sizs. Thus
G.F, = Total area undsr curve - Totsl veariation area

Total area under curve
where G.F,, or Grading Factor, represents actually the degres of
sorting of the pediment. As the velue approachses unity, gzrading is

more psrfect.

Although a description of a curve made on such a basls may
have the advantage that the sediment may be quite completely described
by two figures, for the purpose of gesgraphiec mepping, stec., the
writer found that its use wes not as universal as Trask’s measures.
It was also believed that since ths purpose of such a description

is tu present data in a readily usabls form, such figures would not
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serve as efficlently as the aforementioned messures, for they do not
present s visual, graphic picture of the types of sadiment as does
the frequency curve, one which can mors @asily bring enlightenment

o the inexperienced reeder in suech a study.

For purposses of cumparison the sams sample has been graphed
both ways on Plate € on the following pags. In the fregueney curve
bhe median is given in phi units but upon conversion corresponds
almost sxactly to the Equivalent Grads of Baker's. In both graphs
the numerical figure indicating degree of sorting shows a well-

sorted sediment.

Discussion of Curves

In the pages that follow each sediment is plotted in the form
of & cumulative curve and 1ts derived frequency curve. Theses are
given the same index number as those used in the histograms and
therefore the aforementioned index of locations is here introduced
again for the sake of convenience. The three plots on each page
represent in most cases, a sample from the upper, middle, and lower
beds. The =tatistical measures ere in two prineipal sets, i.=.,
those based on quartile measures end thoss based onuoments, and in-
clude the median (Md), first and third quartile (Ql and QB) , the
quartile derivation (QDp) end skewness (Skqf), arithmetic mean (MQJ’
end stendard deviation (69), each recorded below the plots, in §
units. In addition, Trask's coefficients of sorting (So) and of
skewness (log 31:10) were derived for the sake of rapid clcssifiecation

in larger groups, i.e., "well-sorted,™ "poorly sorted,"™ stec. Upon
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the cumulative curves heavy dots have been placed to mark the median,
and first end third quartiles, and upon the derived freauency curve
ordinates were erected representing the ssme measures. J1his anableg
the reader to tell at a glance in which phi unit 50% of the sediment
i8 concentrated, end also what the median size diameter is. At the snd
of 211 the plots, the statistical data have besn summarized in one

complete table (Plate 21).
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Index to Graphs

Index Geograpnic Location Stratigraphic Position
No. ]
1 1l mile east of Strait Creek Upper contact
2 " "n. % n b 75 ft. below No. 1
3 LU 4 LR L Lower contact
4 2 miles south of Strait Cresk Upper contact
5 LR " LA n Approximately 100 £t. below
No. 4
8 LA b weoon " 50 ft. below No. 5
7 % miles south of Strait Cresk Upper contact
8 oo i " ow " Approximately middle of series
9 "M n LAY g Within 25 ft. of lowsr comtact
10 1l mile east of Monterey Upper contact
11 LA We o i3 Middle of geries
12 LA "now " Lower contact

13 % mile south of Monterey {east limb  Upper contact

14 LA U " LA (of synecline) 30 ft. below No. 13

iS5 n " " " n 10 ft. below No. 14

18 miles south of Montersy (west 1imb Upper contact

17 n " " " (of syn- Approximately middle of series
18 n o w " " " (cline) Lower contact

19 5% miles south of WMontsrey (west 1imb Upper contact
" "

20 " " " {of syn- Middle of series

21 . = " " " {cline ) Lower contact

22 Tust south of Cobbler Mt. (top of Upper contact
(enticline)

23 3% miles south of Hot Springs along Approximately middle of series
Cedar Creek (east 1imb of Collision
Ridge anticline)

24 Fast 1limb of Collision Ridge snticline Upper contact
25 West limb of Collision Ridge enticline Belisved to be from middle

beds
26 (Bast 1imb of Back Creek Mt., 4 miles) Upper contact
27 (Nortawest of Warm Springs) Middle heds
28 " L " n Lower contact



29
31

32
33

Index to Graphs {continued)

3 miles west of Warm Springs (east Upper contact
" w " on "  (Bolar Mt. Middle beds
" oow w m om "  (anticline) Lower contact

6 miles west of Hot Springs (southern Upper contact
L L " (part of Middle beds
"noow LA " (Bolar Mt.) Lower contact
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Teble Showing Statistical Data as Expressed in
Plates 9 - 20

Index Sampl= Md¢
No. i

2
=
O
L

Q.D@ So H¢ a‘p Skq?s Log &k,

i B 4D 2.4 2.1 3.0 «+45 1.356 1.73 «705 +.15 -.09
2 24 2.8 2.1 3.4 .65 1.55 2.28 «982 +.15 -.09
3 448 2.0 1.5 2.9 « 70 1.65 2.35 +895 +.,29 =412
4 2C 2.9 2.1 3.2 + 85 1.45 1.75 .868 -+ 29 +,15
5 2B 2.9 2.8 4.0 «90 1.85 5.14 1.458 +.20 -.12
6 40 2.6 2.0 3.3 «65 1.55 2.75 1.1 +.05 =03
'y 2L 2.9 2,7 3.7 .50 1.4 2.58 1.08 +.30 -.18
8 2E 2.5 1.9 3.2 «65 1.55 3.51 1.16 +.25 -.15
9 P8 2.25 1.7 3.0 « 63 1.55 1.38 .877 +.10 =,06
10 1G 2.9 2.4 3.7 .65 1.55 2.44 . 928 +.15 =-.09
11 1ir 2.6 1.9 3.5 .80 1.75 2.87  1.50 +.10 -.06
12 1D 2.2 1.9 2.8 « 30 1.25 1.26 +2 8D +,15 =.0%
13 5B 2.6 2.2 3.0 -4 ,L.35 1.65 724 O 0
14 1H 2.0 1.9 3.2 « B 1.50 1.8 +921 +.05 =.03
15 1C Conglomeritic - no analysis
18. 34 &' 2 B3 « 95 1.45 £.31 .98 +.05 -.03
17 3C 2.2 1.7 2.9 .60 1.80 1L.33 869 +.10 =.06
18 2D 1.97 l.4 2.3 +45 1.35 2.47 « 792 -.02 +.02
19 3D 2.9 2.5 3.6 <55 1.45 310 - 961 +.15 -.09
20 2 2.5 2.0 3.4 .70 1.688 2.69 - 98 +.20 =12
21 BA 2.8 2.4 3.7 « B8 1.58 3.21 1.32 +.25 -.18
22 BD 2¢7 2.2 3-6 ! 070 1065 5-45 1.2 "‘.20 -.12
23 6A 2.4 1.9 3.1 « 60 1.50 1.467 <828 +.10 =.08
24 61 3.3 2.8 4.2 <70 1.65 2.535 1.17 +.80 o
25 6E 2.3 2.0 2.9 AT 1.38 1.589 «8 +,15 =.02

Plate 21
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Plates 9 = 20 (continued)

Table Showing Statisticel Dasts as Expressed in
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A study of the curves znd data besrs out the generel conclusions
mede from the histograms. Specifically:

1. The mediens of the upper beds renge in phi wnits from 2.4 to
3.3 placing them, according to Wentworth's scale, into fine snd very
fine send. The middle beds range from 2.2 to 2.6 with only one specimen
showing a medien of 2.9, These may be classed as fine sand but not as
fine as the upper beds. The lower beds, with the ohi uvnits renging
from 1.87 to 2.5 and one specimen in 2.8 group, cen be classed in the
medium to fine sand groups. Thus it is agein evident thet the beds
grafde decidedly from melium to very fine grained send from the bottom
to the top of the series.

2. TFrom the sorting factor, So, based upon Trask's index of
sorting, sll of the semples fall essily inte the category of "well-
sorted” sediments since s8ll So velues are well below 2.5, Trask's
eriterion for well-scrted sediments. From these same values, however,
there sppears to be no particular relationship between Tineness or
degree of sorting., In 50% of sediments the upper beds have the lower
So value, indiceting greater sorting and in the remaining 50% the lower
or middle beds give the lower sorting vslue. Alsc there iz no evidence
of gradation aseccording tc geogrephic distribution. The same variation
holds throughout from northernmost to southernmost semples. These
values, however, sre based only upon the middle 50% of the distribution,

%, From the skewness values, converted to Trask's messurs celeulatsd
as log to the base of 10, it can be seen that all except two samples have

their curves skewsed in a negstive direction, i.e., to the left of the
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median; indicating that the maximum degres of sorting tskes place be-
tween the first cuartile and the medisn, or on the comrser side of
the median., Since when the curve is perfectly symmetricsl, the skew=
ness velues will be zero, it is svident thet 21l the curves ezcept
two, both representing upper beds, end being perfsctly symmetricel,
i.e., havirg the medisn correspond with the point of meximum sorting,
ere skewed anywhere from -.25 to +.20. This mesns that the point of
maximum scrting cccurs from .2% of = Wentworih unit to the left of
the medisn (towerd coarser sediments), to .30 of & Wentworth unit

to the right of the medisn (towerd the finer sands).

4, The genersl shape of ell the curves reveals the cheracter of
typicel shallow water sznds deposited possibly in the zone of breskers.
A1l the curves are predominently sandy, but some carry a "tail®™ of
8ilt and clay rendering them asymmetrical. It is possible that these
"talle™ rspresent colloidsl clay particles == but as suggested by
Krumbeinl suek a trend in the cumulative curve Tevealing peorly sorted
clays and silts, might also be dus to pronounced current action in
weter where the deposit was made. All of these factors will be dis-

cugsed in grester detail st the snd of this report.

Results of Studiss in Roundness of Grains

The resulte of the roundness studies according to the method de-
scribed ir pages 47-50 sre tsbulated below. As was discusssd in that

section, the samples were assembled into three differvant size groups,

1 W. C. Erumbein snd Esther Aberdeen, The Sedimenis of Baratariz Ray,
Journal of Sedimentary Petrology, April, 1937, p. 13.




il.e.4 %ﬂi mm. (in a few seamples where send grains lsrger then & mm.
were present, they were included in this group), 3-1/8 mm., snd 1/8-
1/16 mm. In the tabulation thet follows these size groups ave called
group 1, 2, and 3 for convenience, and the average roundness for sach
of these groups in each semple is recorded. In addition, the highest
and lowest degrees of rounding for each group (representing sctuelly,
the deviation fyrom the mean) was considered important enough to be
tabulated. As heretofore mentioned, the author did not deem it neces-
saxy to determine the everage roundness of the entire sample, but
rather considersd such a figure to be mislesding. Comparisens were
therefors made on the basis of size-frectlon for size-frsction, rather

then for the ssmple in its entirety.

According to Cox's claesification,l it will be seen from the
tabulated data that elmost all specimens range from well-rounded to
engular in shepe, and & definite correlstion may be made batween
size of the grain aund the degree of roundnesgs. It will be ssen from
the data that the larger greins ere ususlly guite well rounded and
the smaller grains decidedly sngular. Thet this correlation doss
not depend upon the fact that the coarser grains are on the whole
more plentiful then the finer ones, is shown by the fact thel even
in the upper beds, predominsntly made up of very fine sands, this

reletionship still holds.

1 Op. eit., p. 181,



On the following pege, plots are made taking ssmples from upper,
middle, and lower beds -~ each plot showing the relationship between
average roundness of e given size fraction to the aversge roundness
of other size fractions of the semple., The number in the right hand
corner of each graph represents the Index number of the semple, the
same number used for previous plots, The abscisss of each graph
represents grade-size expressed in phi units, snd the ordinates, the

roundness in texms of Cox's percentage values.

From the plots (Plate 22) it is evident that roundness is some
function (not necesserily linear) of the size of the grain, the round-
ness falling off witk surprising regularity with decresse in size of
graine, However, it will be seen that no other correlation can be
made, i.e., geographic distribution seems to have no important bear-

ing on the roundness of the grains.

Plots slso reveal no relation between roundness of each size
fraction and the percentage of the whole which that size fraction

makes Up.

Possible Sigmificence of Data on Roundness

Very little is kmown as to the rate at which guartz grains will
become rounded. Anderaonl has done expsrimentel work on this problem

end concludes that "rounding of sand grains is an exceedingly slow

1l G. E. fnderson, Experiments on the Rate of Wear of Sand Grains,
Journal of Geology, Vol. 34, p. 144-158,
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Date Used for Plotting Roundness of CGrains

Index Sample Size Lowest degree Highest degree Average

No. No. Group of of Roundness
Roundness Roundness
1 4D 1 790 940 860~
2 768 996 840
3 796 946 842
2 24 1 782 974 824
2 870 954 824
3 666 926 812
4 2C 1 825 980 884~
2 646 942 814
3 526 796 719
6 4C 1 762 946 849
2 700 954 798
3 600 900 790
7 2L 1 - - -
2 7585 950 849
3 696 952 808
8 2E 1 750 860 850-
2 652 946 835
3 580 880 763
9 H 1 720 979 852~
2 724 964 83%
3 686 920 815
10 1G 1 790 978 861-
2 642 896 772
3 556 910 767
11 1F 1 760 978 895-
2 786 946 854
3 640 910 756
12 1D 1 826 947 896=-
2 700 946 836
3 855 965 834
13 5B 1 795 940 849
2 564 972 786
3 600 964 756

Plate 233



Data Used for Plotting Roundness of Grains

(Continued)
Index Sample Sizs Lowest degree Highest degree Aversge
No. No. Group of of Roundness
Roundness Roundness
14 H 1 780 905 854~
2 668 894 815
3 600 924 780
16 3A 1 720 900 838
2 700 924 824
3 666 940 818
17 3C I 776 962 860
2 675 910 790
3 860 960 839
18 2D 1 780 978 909-
2 716 920 826
3 600 820 776
19 3D 1 71 960 886
2 728 945 821
3 600 970 764
20 2 1 782 955 880=
2 762 956 836
3 700 916 810
21 5A 1 830 967 890-
2 664 924 820
3 600 946 819
22 6D 1 826 956 88l=
2 786 964 846
3 700 942 804
25 BA 1l 810 975 888~
2 M5 956 830
3 678 962 804
24 65 1 702 900 810
2 710 946 839
3 730 868 810

Plate 23 (continued)
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Data Used for Plotting Roundness of Grains

(Continued)
Index Sample Size Lowest degree Highest degree Aversge
No. No. Group of of Roundnesgs
Roundness Roundness
26 6E 1 800 951 875=
£ 634 942 826
3 714 928 808
26 6Q 1 725 a7 866-
2 675 956 868
3 642 954 824
29 6G 1 746 946 826
2 B84 942 802
3 640 946 808
30 6P ;i ! 774 964 876~
2 684 946 790
3 682 916 780
31 6% & 824 976 893-
2 615 920 834
3 634 928 769
32 EK 1 700 956 B875=
2 774 924 844
3 710 966 804
33 6N 1 820 940 880=
2 650 975 819
3 606 882 780
34 &M 17 gl2 946 872~
2 680 946 839
3 670 886 786

Plate 23 (continued)



=85

procese," and cther investigators conclude that the abrasion of quartz
send is a lengthier process than previously supposed. This fact sug-
geste that quartz grains, or the larger ones at least, had as thelr
immediete scurce other sediments; rather then crystelline rocks, for
the degree of rounding manifested by them certsicly suggests that the
sediments have passed through more than one cycle of erosion, It is
of interest to note here that some of the grasins showed sscondary
growth of sillca in microscopic study — bubt in msny of these cases the
secondary silica was sesen to be an outgrowth of 2 previcusly rounded
nucleus. It is therefore pessible that much of the angularity of the
second size group was due to such outgrowths. In the smaller paréi-
cles, however; the writer sought deliberately for such evidence but
here (1/8 = 1/16 mm.) the grains revealed grest angulsrity and no

evidence of secondsry outgrowths as a possible cause.

The degree of correletion revealed between roundness and size
grade Maccarthyl found to be typicel of beach ssnds. He explained
this by the fact thet smeller particles are carried through suspension
in the surf and are thersfore not roundsd as rapidly as the larger
greing which may originally have been sbraded by wind and reworked

-]
by water. Also, according to Galloway if less than 50% of the grairs

1 Gerald R. MacCarthy, The Rounding of Bssch Sands, Americen Journal
of Science, Vol. 225, 1983, p. 205; slso, Eolisn Sands - A Comparison,
same publiecation, Vol. 230, 1935, p. 8l.

2 J. J. Gaelloway, Value of ths Physical Character of Sands in the
Interpretetion of the Origin of the San&stones, Bulletin of Geologieal
Scciety of America, Vol. 33, 1922, p, 104,
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are well-rounded, the sediment is of marine origin., MacCarthy in his
treatise on Foli=zn sende also provad the greater efficiency of wind as
an sbrasive agent end explained the tendency of smeller grains to re-
veal grester sungulerity due to the faet thet they are more effectively

cushioned by air or water.

It may be pertinent to introduce here the fact thet meny of the
larger grains especilslly, showed ground glass or "frosted™ surfaces
which aceording to Twenhofell ars evidences of wind abrasion. Some,
however, have epparently been modified by solution end their surfaces
are shiny and glassy. The degree of glassiness incresses with decrease
in size grade, agein indicating the solution effeect. In the smellest
grade size the surfaces of the greins reveal no evideneces of wind

action.

Results of Heavy Minerasl Separations

Although heavy minersl separation was made asccording to procedure
discussed earlier in the paper, time did not pemit a petrogrephic
study end therefore no systematic identification of minerals was made.

2
According to Stow, however, well roundsd detrital grains of

tourmeline with Jegged sscondary growths, are present. Dr. Stow has
ascertained the secondary origin of thess growths but has declared it

to be more then a local phencmensa.

1 Wm. H. Twenhofel, Treatise on Sedimenteation, p. 57.

2 Marcellus H. Stow, Authigenic Toumsline in the Oriskeny Sandstone,
Americen Minsrologist; Vol. 17, No. 4, Private commmilestion, Marech,
1938,




During a hasty exemination of & few heavy mineral slides the
writer encountered such tourmaeline growbths in the form of splintery
extensions of the parent grain, in the samples from Montersy locality.

Zircon, leucoxene, and irreguler lumps of limonite were slso present.

The well-rounded appesrance of meny of these minerals and the
Pact that they are found emong the very fine sands, agaln suggests
that the round grains have gone through more than one svosicnal eycle.
According to Rubeyl such a concentration of heavy minersls within that
grade~-size (]/8 - 1/16 mm.) ss contrasted with the psucity in remein-
ing sizes, would be expected if the rock was derived from a previously
sorted sedimentary scurce rock or if it haé been subjected to con-

sidersble abrasion during transportation.

1 Wm. W. Rubey, Heevy Minersls Within Sandsfone, Journsl of Sedimentary
Petrology, April, 1933, p. 22-24.




CHAPTER IV

CONCLUSIONS

From the foregoing fiegld snd laborebory date, an attempt will now
be made to propose some sxplanation as to the conditions of sedimenta~
tion et the time of the deposition of the Oriskeny sendstone. It should
be remembered, however, that, since the aforementioned data sre not
complete enough to justify any final conclusion as to these conditions,
all such interpretations are to be regarded as highly tentative ones

subjeet to revision upon further study.

To date very little information on the ssdimentation of Oriskany
sandstone has bsen published, but material is availsble regarding ths
general paleography of the earlier Devonisn sediments, snd the writer
did not hesitete to incorporate all such data ss might seem pertinent

in the following discussion.

History of the Oriskeny Sendstone

General Fnvironmentel Conditions Previous to and Attendsnt upon

Deposition of Oriskeny Sediments '

It is generelly conceded that in the Early Devonien times the
inland sea of the eastern section of the United States was restricted
to the so-called Appalechian Basin, which setually represented an amm

of the sea in the form of a long, narrow trough, extending in & direc-
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the faunal evidences consisting of heavy shelled marine fossils, and
from the frequent evidsnces of cross=bedding, the sediments may bs
sonsidered as having been deposited inm shallow marine watsrs, probably
clese to the margins or easterm shoreline of the aforsmentioned sea.
This interpretation might explain some of the dats on textural analysis
of the stones. The fact that the coarssr grades of saend, in the lower
heds aspeclally, are so strikingly devoid of finer clay and silts as
contrasted to upper beds, can then be explained by agitation of the
shallow wabters, perhaps due to wave aetion.l Here the waves and cur-
rants would havs tc be strong szmough to wash thes coarser particles
frae of the finer ones but not strong emough Yo carry the coarser

particles sny great distence.

Thus moderete wave action in & shallow gea closs to a shoreline
might aecount for the high degrse of sorting throughout all the lowez
beds from Strait Creek to Hot Springs, the lack of a north-south
variation being exzplained by the faect that this entire reglon ran
parallel %o, W Wmm equelly distant from the shoreline, and the
character of the sediment is much more likely to cLange at a rapid

rate in a direction normal to the shore than parsllsel to it. Accord-

2
ing to Twenhofel wuniformity parallsl to the shoreline is to be expectad,

The gredation in size of grain from lower to uppsr beds, however,

hecomes a little more difficult to ezplain. If sorting action of waves

1 Trask, op. cif., p. 84,
2 QE- cit‘o, po 51.3.
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and currents have garried off the finer particles, these shonld be
deposited further west. No field or laboratory data from that region
are availeble, but according to Sehuchml the material tends to get
vary auch finer in the western section of the region "at timss how-
aver an ocecasional interstratified layer of coarse material may be
found."™ BEvidently, them, the sedimsnts wers not all deposited at onse
time, difference in carrying or transporting power heing the critsrion.
According to ’I'wenhofela such wertiecal gradation is common in shellow
seas as contrasted to deeper wabsr sediments which usually avtain
relatively uniform distribution over wide areas. Varisble ecurrents
and storm weves may be influential in causing such stratification,
since betwsen storms the transporting powsr ie lessened =nd finer
materisl will readily be devosited upon the former coarser surface.
Such tidal and wave effect might then explain the variation of the
middle beds, the relative fineness of the upper beds, and the high
degree of sorting throughout the entire series. 1TIn addition, it is
probable thet the wesbward trensgression of the ses believed to have
oceurred in late Oriskany time, resulted in lower carrying capacity
of water close to the shors, aznd the dvopping of finer particles which

later were to form the upper beds of the formation,

Source of Sediments

Such en sxplanation must be prefaced, however, by one sxplaining

the source of these sedlments., In early Devonlan times the land mass

1 Op. sit., p. 41
2 Op. cit., p. 312.
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along the eastern margin of the Appalachian $rough is bslisved to have
been hardly above sea lavel.l Thersfore, the supply of clastic sedi-
ments to this trough, 2s a result of stream erosion, wes negligible,
and it is possible thet over this low land on the east, chemical
rather then mechenical weathsring was guite widespread. According to
Fettke, taers is no svidence of extensive vegetsl covering in early
Dsvonian; and the climste was prabably sufficiently waru and moist to
permit such weathering to go on to maturity, altsring to the point of
digintegration and pulverization all the softer minerals, leaving the
more resistant insoluble quartz grains free. It i8 probsble, then,
that at this time these quertz grains and such of the minerals as
sscaped chemical disintegration were subjected to the setion of wind
which resulted in the accumulatlon of a s=ndy mentle over the lowland.
To the laboratory, evidences of wind erosion were sesn in the frosted
surfaces of some of the largsr greins and thelir greatexr degree of

mundlngv

During the latter part of Oriskany time the land mass on the sast
was upliftedz and stream erosion resulted in the shifting of these
sands from the mainland to the twough, =md the reworking of the pre-
viously wind-worn sands by stresms and waves as heretofore explained,
the highly pulverized and Alsintegrated meterials heing carried dowm

by the streams to form the clay and silt deposits, lald dowm upon,

1 C. R, Fettke, op. cit., p. 243.

2 Thbid.
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anf sometimes trapped smong, the previously deposited coarser sediments.
The aubseguent action of the weves and water upon the sand grains was
evidenced from laboratory study in the frequent pittsd surfaces and

the very glassy surfaces of some of the larger grains and 211 of the
smeller ones as a result of the solution effsct. The high degree of

sorting is of course anotzer result of wave action.

The fact that thess sediments were derived from pre-eoxisting sedi-
ments rether thsn erystslline rocks casnnot here be conclusively provaed
due to lack of petrogrsphlc study on heavy minsrals. Howevsr, a few
facts glesnsd from hasty laboratory study of the latbter presents svi-

dence that seams to point favorably toward such sn sxplanation.

It will be recalled that all the heavy minerals ezemined sppearsad
to be well-rounded and to be concentrated within the finer grades, i.e.,
1/8 - 1/16 mm. Rubeyl has found this conesniration especially typical
of sandstone source rock since the degree of abrasion of the heavy
minerals as deternined by their roundness and thelr concentration in
the smaller size, ig too great to have been svolved from only ons
eyele of ervosion. According to Barrell,z slthough larger, heavier
minerals elasrly suffer more loss by sbresion than smaller, lighter

ones in a unit distancs of travel, that loss is due mainly, not 1o

1 Wm. W. Rubey, Heevy Minerals Within Sandstone, Journal of Sedimentary
Petrology, April, 1933, p. 22-26.

2 H. Sternberg, cited by Joseph Barrell, Marine and Terrestrisl Con-
glomsrates, Geologleal Society of America, Bulletin 36, p. 327.
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their own movement which would be rather slow, but to the continuous
blast of the rapidly moving lighter grains which are always sweeping
vast them. Thus small fragments would be broken off and carried away
from the parent mineral, and the latter would them be subjected to
further sbrasion and sorting whieh eventuzlly places them amcngst the
finer grades and makes them relatively scarce in the coarser grades.
Tisg again would ssem to requlre more than one cyele of erosion to

attain the degree of sortiang evidenced in the Opiskany.

Degree of Transportation

Judging from the shapes of the coarser grains especizlly, one
is apt to decide momentarily that the Oriskany sediments have been
transported over long distances. Tun view of the foregoing discus-
sion, however, and the fact that the sediments are found closa to
what Is believed to be the former shoreline, being derivsd for the
most part from the mainland immediately bordering the trough, it
would Seem as though actually they had travelled relatively short
distances. Therafore, the explanation probably lies in the fact that

the inltial effect of a sedimentary source rock is likely to be simi-

-lar to thet of long continued transportation before deposition, snd the

Oyiskany sediments were probably transporited only a moderate diastance.

Another question arises as to whether all the composing sediments
of the Oriskany likely have the same source. Again a conclusive answer
cannot be given. However, the fact that the smaller grains show glassy

ratvher than Trosted surfaces and are decidedly angulay in shape raises
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the gquestion as to whether or not they mey have a more reeant origin
than the coarser sediments. While this is possible it does not ssem
probable, for MaeCarthyl presents a plausible explenation of this in
the statement that smaller particles are more effectively cushioned

by air orvr water end are taevefore not as easily aebradad as larger onss.
Thus it is probable that although the smaller grains do not show an
abrasional history comparable to the larger ones, they are of the

sam= age and orligin.

Secondary Deposits

Evidences such as secondary enlargsuent of quartz and heavy
mineral graing, and the formebtion of well-formed guartz crystels
in the Hot Springs arsa, notably, suggest the work of underground
water in interstices, fractures, and cavities of the sandstone. That
such secondsry deposition 1s als-a the cause of the iron =znd manganese
nodules seems a likely gonclusion. The fact that pockets or lens-
likes concentzations of iron oxide wers especlally numerous in the Hot
Springs area in the same vegion that revealed much secondary minseral
growth, bears out this fact. More recent investigations in the field
of Oriskany iron oresz have brought forth indisputable evidence that
such ores are replacement effects of meteWoric waters descending down

from rather ferruginous overlying shale, slthough it was origiaally

=~

Gerald R. MacOerthy, Bolien Sends, tmerican Jommel of Sciencs,
Vol. 225, 1933, P-

2 Samel E. Doak, Oriskeny Ixon Ores of Virginia, Fngineer's Mining
Journal, p. 386,
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contended that long exposure to atmospheric mgeucies before consolida-
ion of the sediments might, &t that time, have caussed iron oxide de-
posits to surround the gralns. If such were the case, however, the
lower layers espeseially should be universally brown in color snd possess
approximetely equal amounts of the oxide. This is mot so0, but rather

the pressnce of the menganese and iron deposits seams to he dirsctly

Telated to the degree of fracture of the containing rock.

Unseolved Problems

While the previous discusslion has attempted to theorize and sug-
gest possible interpretations of laboratory deta, many problema still
remain unsolved, Some of the latter remained so due to insufficient
field study, i.e., a thorough study of the occurrence and texbtursl
trend of the Oriskany west of the present outcrops is necessary to
desceribe adequately the irrvegular distribution and the gradation in
size grain from the lower to upper beds., Until such an investigation
czn be carried on the writer has entertained the theory suggested
originally by Susss and since elaboratsd upon by Sehuehertl of osecil-

lating shorelines as a possible sxplanation.

It is generally concedsed thelt the uplift of the eastern boundary
of the Appslachian Sea, hed a tilting effect that pushed ths Oriskany
sea westward and caused the sediments to be laid down im a shallow

trenggressing sea. Such a basin would, of course, be constantly re-

1 C. Schuchert, op. eit. p. 511,
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ceiving detritel materials and unequal lozds in different areas would
elter locally the depth of the sea and the width of the resulting
depozits. Also such unequal loads and subsequent loesl subsidence
wonld tend to cause the fluctuation of the shoreline and consequent

gradations of sediment,

The cherty phase underlyinc the Criskany sandstone, its occeur-
rence in Monterey vieinity northward, snd its absence in the Warm
and Hot Springs srea pressents another problem. If, as Swartzl suggests,
the Shriver Chert is a muddy bottom phase squivalent in time to Becraft
of Helderbergian age, the writer has no sxplenation to offer. If,
however, it may be considered the base of Oriskeny sandstone, younger
then Becraft, a possible oxplemstion lies im the fact that during
the latter part of the Heldexrbergian time, the sea was grestly re-
duced in size, snd locally much of the Helderberglan upper strata
was subjected to srosion. Simultaneously, local marsh lands and flats
still remained in which muds were deposited which later may have con-
solidated to form what is now known as the Shriver Chert. Before
eonsolidation, however, with the reflooding of the Appalachlan trough
and uplift of land mass on the east, the fauna which today character-
izes Oriskany so typiesily, was introduced and in this manner psrhaps
became buried in the uwnderlying muds. The Shriver is notably more

closely related faunally to the Orisksny than to the Becraft.

1 0Op. ecit.
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Summnary

The present psper has ettempted to evaluate the physical and en-
vironmental conditions under which the Oriskany sandstone was deposited,
based upon a laboratory study of the textural characteristics of the
sediments., The study included mechanical snalysis by sifting and
sedimentation metarods and the plotting of the results on histograms
and frequency curves. Additional studies were made on the roundness
of the grains according to Cox's percentage determination, and although
heavy mineral sepsrations wers completed for each sample, time did not

permit identificetion of the ssparates.

The summary conclusions derived from data secured from the above
investigations suggest that:

1. Oriskany sandstone represents shallow water deposits laid
down in an inland transgressing sea, quite closs to the shors.

2., The sediments weres probably derived from pre-sxistent sands
from lsnd mass just east of Appalachian trough, rather than crysielline
rocks,

3. Oriskany sands were trensported only s moderate distance be-
fore deposition.

4. Subseguent to deposition and consolidation, the sandstone
has been modified by ground water which has csused secondary efystal-
lization, enlargement, and intergrowth of quartz grains amnd which is
also responsible for pockets of iron oxide and masnganese found especial-

ly in the Hot Springs aresa.
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