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PLEISTOCENE FORMATIONSIN INDIANA

BY WILLIAM J WAYNE

ABSTRACT

The system of stratigraphic classification used in North Americafor all sedimentary rock units
except nonmarine depositsof the Pleistocene Seriesestablished groups, formations, and smaller units
based on objectively determined characteristics of therocksand not on geomorphol ogy or subjective
features, such as geologic time. Not all students of the nonmarine Pleistocene have kept these two
kinds of units distinct from each other.

The Pleistocene sediments of Indianaand the surrounding States are continental inoriginrather
than marine, and thus they show far lesslithol ogic homogeneity than sediments and rocks of marine
origin. Nevertheless, these Pl eistocene sediments can and should be grouped into logical and usable
formational units by means of lithologic characteristics. A classification based on lithologic
characteristics omits units that are wholly geomorphic, such asterraces, but it does not change many
time-lithic unitsthat are now shown on most surficial geologic maps. Instead, these units are given
names as formations or members or are regarded as facies.

Three of the six formations proposed in this study of Pleistocene sediments in Indiana, the
Jessup, Trafalgar, and Lagro Formations, are composed dominantly of glacially deposited mudstone
or till. These formations have upper and lower contacts that coincide with unconformities within the
Pleistocene. Other unconformities permit the separation of the Jessup and Trafalgar Formationsinto
members, named here the Cloverdale, Butlerville, Center Grove, and Cartersburg Till Members. These
unconformities generally are marked by key beds, such as paleosols and thin fossiliferous beds.

The remainingthreeunits, the Prospect, Atherton, and Martinsville Formations, consi st of several
related lithofacies, through most of which significant unconformities are difficult or impossible to
trace.

This method of classification permitslocal namesto be designated for lithostratigraphic units
in the Pleistocene Seriesthat areuseful infield studiesinIndiana Theseunitsareparticularly valuable
for usein problemsthat frequently arisein correlating rocks within afinely divided time sequence.
By meansof aclassificationsystemfor Pleistocene sediments, existing terminol ogy of glaciationscan
bereferred to readily and can be correlated as akind of geologic-time stratigraphy.

Fossil mollusks are found in two of the facies of the Atherton Formation and in thinbedsof silt
between barren mudstonesin the Jessup and Trafalgar Formations. Largely because of environmental
changes, the assemblages differ from unit to unit in vertical succession, but differences are slight.
Threerange zones based on forms of Succinea arenamed, indescendingorder, theS. vermeta, S.gelida,
and S. gelida var. Range Zones. In addition, the fossiliferous parts of the key beds that separate
formations and members are termed the lower, middle, and upper Hender sonia occulta beds and the
Vertigo alpestris oughtoni bed.
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INTRODUCTION

| wonder whether mankind could not get al ong without all these names, which keepincreasing every day, and hour,
and moment; till at last the very air will be full of them; and even in a great plain, men will be breathing each other's
breath, owing to the vast multitude of words they use, that consume all the air just as lamp-burners do gas. But people
seemto have agreat love for names; for to know agreat many names, seemsto look like knowing a good many things;

though | should not be surprised, if there were a great many more names than things in the world.
HERMAN MELVILLE, "Redburn," chapter 13

When man begins to accumulate and to relate bits of factual data, he generally finds the need to
classify them. He then finds, to Melville's discomfort, that to use and refer to his classified units he
must give names to them. Classification and the resulting terminology are a means to an end: to
provide aframework that will facilitate the study and better understanding of the data. Classification
asanendinitself isnever justifiable.

Stratigraphic classification involves the grouping of stratain the earth's crust on the basis of
specific properties or characteristics. Thus rock stratamay be referred to units of varying kinds and
ranks on the basis of such characteristics as lithology, fossil content, gross properties, and age.
Classification of rock units usually involves naming each unit; names of different units and groups
of units make up ajargon known as stratigraphic terminology.

Stratigraphers carry on this procedure because they have a threefold responsibility: (1) to
subdivide and describe local stratigraphic sections; (2) to correlate these sections with a standard or
type sectionunderstood by other stratigraphers; (3) tointerprettheselocal sectionsinorder topresent
the geologic history of the. area. The stratigraphic classification and nomenclature used among North
Americanstratigraphershavebeen formulated asameansof expediting thefirst two of thesethreetasks
(Rodgers, 1954). Thefirst,descriptivestratigraphy, isauseful and objectiveprocedurefor presenting
data. The other two, correlation and geologic history, involveinterpretation; thus they are subjective
procedures. Hedberg (1958, p. 1883) emphasized that, throughout stratigraphic classification, units
resulting from these same two fundamentally different types of stratigraphic practices are used.
Objective units are based largely on direct observations and measurements and imply a minimum of
interpretation. Such features as lithology,fossil content, and mineral content areusedtorecognizeand
establish objective wunits. Subjective wunits are based
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largely oninterpretations of observations. Time, climate, and environment are among the criteriaused
to establish subjective units.

Thisdual system of subjective and objective stratigraphic units has not been used generally in
the classification of nonmarine sediments of Pleistocene age. Rather, asystem similar to that used in
Europe, in which there is only a single set of terms, has been the basis for most of the present
classification of Pleistoceneglacial deposits, but there are some exceptionsto this (Fryeand Leonard,
1952; Frye and Willman, 1960; White, 1960). 1 intend to present in this report a brief review of
Pleistocene stratigraphic classification and nomenclature currently in use in the glaciated part of
eastern North America, to suggest some changes in the present classification of Pleistocene rock-
stratigraphic units, and specifically to proposeformational namesfor all sedimentsof Pleistoceneage
inIndiana

During the early phases of the development of this classification scheme, | was encouraged by
discussionswithHenry H. Gray, IndianaGeol ogical Survey, Gerald Richmond, U. S. Geol ogical Survey,
and H. B. Willman, Illinois State Geological Survey.

The rock-stratigraphic units that are proposed formally in this report have been applied in
preparing areal geologic mapsand reportsin diverse partsof Indiana. | have made use of some of these
formations in the mapping of Johnson County, Ind. (in preparation) and in the Pleistocene geology
of the Catlin and Mansfield Quadrangles (in preparation), Parke County, Ind. (fig. 1). Henry H. Gray
used four of the formations in mapping the unconsolidated sediments of the Hillham and Huron
Quadranglesin south-central Indiana (Gray, Jenkins, and Weidman, 1960). In addition to being used
for the maps cited, all prepared at a scale of 1:48,000 or larger, Allan F. Schneider and | used these
formations as basic map units for theIndianapart of theareal geology of theIndianapolisQuadrangle,
scale 1:250,000 (Wier and Gray, 1961). Areal geologic studies of both a detailed and reconnaissance
naturein many other partsof Indiana, includingin particular Fountain, Hendricks, Madison, Steuben,
and Wabash Counties, provided me with background information that was useful in establishing the
formations set forth here.

Namesof themajor stagesof the Pleistocene SeriesintheNortheastern United Stateswerereviewed
in several recent papers by Leighton (1958a, b; 1959) and in many earlier studies (Kay, 1931;
Thornbury, 1937). 1 have utilized these stages as part of the
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Figure 1.—Index map of Indiana showing county names, major drainage lines, and towns mentioned in the text.
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time-stratigraphic classification of the Pleistocene Series and have placed all newly proposed
formationsin correlation.

SUMMATION

Standard practices of North American stratigraphers have not generally been applied to the
classification of glacial sediments of Pleistocene age. The approach generally used has involved
interpretation alonerather than description of objectivestratigraphicunitsfollowed by interpretation.
Constructional geomorphic features make this subjectivekind of approach amorereliable method of
stratigraphic research in glacial sediments than in other rocks; changes in nomenclature and
correlation, however, have left many students of these. deposits without an objective and stable
stratigraphic framework. In an attempt to improve this undesirable situation, several formations are
herewith described as objectively as possibleto provide abasic framework of rock-stratigraphic units
for use in mapping thePleistocenesedimentsinindiana. Thispracticefollowsrecommendationsinthe
new "Code of Stratigraphic Nomenclature" (American Commission on Stratigraphic Nomenclature,
1961) that provide for multiple kinds of unitsin stratigraphic classification for use throughout the
geologic column.
1~ ThePleistocene sediments of Indianaare continental rather than marine deposits, and thusthey are
likely to show far less lithologic homogeneity and continuity than sediments and rocks of marine
origin.Nevertheless, itispossibleto group the Pleistoceneglacial and glaciofluviatil e sedimentsinto
usabl e rock-stratigraphic units. Thebasic principleslisted bel ow wereusedin defining thePleistocene
rock unitsthat are proposed in thisreport.

1. Currently standard techniques for field identification, description, and delineation of
unconsolidated sediments were used.

2. Becausemany individual lithologic unitsweretoo thinand (or) toolocal to map unlessthey had
extensive distribution as the surface material, the unconsolidated sediments were assigned to
units large enough to be meaningful.

3. These units were classified as formations, members, tongues, or beds or as lithofacies of
formations.

Two primary means of separating units were used: (1) lithologic characteristics and (2)
distinctive marker beds at major unconformities.

5. Mappable rock units were given local geographic names;
they were correlated with time-stratigraphic units already recog-
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SUMMATION 15

nized in the Pleistocenein conformity with established stratigraphic practice.

6. Geomorphology was recognized as an invaluable aid in determining continuity and extent of
rock unitsand in interpreting geologic history,but physiographic featureswerenot used as the
sole basis of the map units.

7. Biostratigraphic data, used in conjunction with other stratigraphic information, aided in
recognizing some of the rock units.

RESUME OF NEW PLEISTOCENE FORMATIONS IN INDIANA

The six formations discussed below are proposed for use as rock-stratigraphic units in the
Pleistocene Seriesin Indiana(f ig. 2). Their distribution is shown infigure5.

Martinsville Formation.--Named from exposures along White River north of Martinsville, the
Martinsville Formation includes two kinds of sediments that are treated here as facies. The alluvial
facies, consisting of muds, silts, sands, and gravels, are primarily fluviatile sediments of nonglacial
origin that have been deposited on modem flood plains. Locally this facies includes small areas of
slopewash (colluvial) deposits and quiet-water sedimentsthat commonly have high organic content.
Because these sediments have been deposited on flood plains, their areal distribution generally can
be outlined by the use of geomorphology. Peat, gyttja, marl, clay, and silt-quiet-water sediments of
nonglacial origin that have been deposited in sloughs, |ake basins, and bogs-are regarded as paludal
facies of the Martinsville Formation. The paludal sediments commonly are fossiliferous.

Thealluvial faciesof the Martinsville Formationis present throughout Indianaasrelatively thin
ribbons of sediment in stream valleys. Discontinuous |enses of thepal udal facies,of theformationare
scattered over thenorthern half of the State. The upper part of the formation has been deposited during
the Recent Age; the basal sedimentsin many of the lenses of paludal facies are Wisconsin in age.

Atherton Formation. -- The Atherton Formation is named from the village by that name
near Terre Haute. It consists of coarse- to fine- grained sorted sediments that weredeposited by
glacial meltwater and similar sediments closely associated and intertonguing with them (fig. 3).
The Atherton Formation has at least four distinct lithofacies: (1) gravel and sand of glacial
outwash deposits (outwash facies) ; (2) silts, sands, and claysof glacial |ake sediments (lacustrine
facies), which commonly interfinger with out
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Figure 3.—Block diagram showing gradational relationships of outwash, dune, lacustrine, and loess facies of the
Atherton Foramtion.

wash sediments; (3) sand of dunes (dunefacies), generally derived from and overlying outwash material; and
(4) silts and clays of loess deposits (loess facies), which have been derived f rom the outwash facies. The
Atherton Formation in some localities includes deposits of more than a single glaciation; such deposits can
be distinguished readily in vertical sequence only in the loess and lacustrine facies.

The outwash gravel and sand facies of the Atherton Formation is asurface unit of the Pleistocene
sediments, throughout Indiana. In the northern quarter of the Stateit is present in broad plainsand in valley
fill sediments, but throughout the remainder of the Stateiit is limited mostly to valleys. The distribution of
the lacustrine silt facies of the formation closely parallels that of the outwash facies. The dune sand facies
isfound along some: parts of the lower Wabash Valley and the valleys of both forks of the White River, but
the most extensive tracts of this facies are associated with the outwash and lacustrine faciesin northwestern
Indiana. Mappable areas of the loess silt facies lie only along major valleys, such as the Wabash and Ohio
Valleys, but tongues of loess -ire traceable into other Pleistocene formations.

Agewise, sediments of the Atherton Formation span the entire Pleistocene Series. Most of the
upper part of the formation, as shown on surf icial geologic maps, however, is assigned to the Wisconsin
Stage. Only in afew valleys in the southern third of Indiana is the surficial part of the unit Illinoian (or
Kansan) in age.

Fossils are present, and locally are even abundant, in the loess and lacustrine facies, but the
outwash and dune facies generally are barren of organic remains.

Prospect Formation.--TheProspect Formationisnamed fromthetypical exposurenear thevillage
of Prospect in Orange County. It iscomposed of gravelly and sandy silts, generally yellow brown to orange
brown, which ordinarily are mantled with a veneer of
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yellowish-brown clayey silts; thesedimentshavebeenweathered sothat thedeposit generally exhibits
azonal soil profile. Thickness of the unit is variable but generally ranges from less than 1 meter to
about 5 meters. The sediments of the Prospect Formation are primarily nonglacial and fluviatile in
origin and can be recognized from their position of preservation on old, high-level, abandoned flood
plains.Locally, theformationincludesglacial sedimentsthat aregenetically related tolacustrinefacies
of the Atherton Formation. So far the Prospect Formation has been recognized only in the unglaciated
part of southern Indiana. It correl ateswith sediments of the Sangamon Stage and with ol der sediments.

Lagro Formation.--Glacially deposited mudstone and associated lenses of clay, silt, sand, and
gravel, all of glacial origin, constitute the Lagro Formation, which isnamed from thevillage of Lagro
in Wabash County. The formation has three members, each of which has distinctive physical
characteristicsand separate geographic distribution; lithol ogically, two aredominantly clay-richtill,
and the third, which lies in the area between the other two, is silty, sandy, and gravelly till. The
easternmost of these members, the New Holland Till Member, is the only one named. Each member
includessedimentsof threeenvironmental facies: end morainetill, blanket till, and kame. Thethin (.45
to .80 meter thick) soil profile that caps all members of the formation has abrown B zone.

Theformation lies at the surface in the northern one-fourth of the State, mostly in theareanorth
and northeast of the Mississinewa, Wabash, Tippecanoe, and Kankakee Rivers (figs. 1 and 5).

The Lagro Formation islate Wisconsin in age and correlates, in part at | east, with depositsof the
Cary Substage and with the deposits of the upper part of the Woodfordian Substage of Frye and
Willman's (1960) classification.

Trafalgar Formation.--The Trafalgar Formation is named from the village of that name in
Johnson County. Thisformation is composed dominantly of massive conglomeratic mudstone, but
it includes minor amounts of gravel, sand, and silt. The formation consistsof two membersseparated
by athin fossiliferous silt bed, which isreferred to as the Vertigo alpestris oughtoni bed. The soil
profilethat capstheformation hasabrown B zoneand isleached of carbonatesto adepth of 0.80 meter
to 1.25 meters. A thin yellowish-brown silt layer mantlesthe lower member of the formation whereit
is not overlain by the upper member, named here respectively the Center Grove Till Member and the
Cartersburg Till Member. Each member consists of three environmental facies: end moraine till,

blanket till, and kame.
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TheTrafalgar Formationisthe principal surfacegeologic unitinthecentral third of Indiana, from
the Wabash River on the north to the Wisconsin glacial boundary on the south. Sediments included
intheTrafalgar Formation havebeen correlated, in part at | east, with sedimentsof the Tazewell Substage
and are included in the lower part of the Woodfordian Substage of Frye and Willman's (1960)
classification.

Jessup Formation.--The Jessup Formation, named from a village in Parke County, consists
dominantly of conglomeratic mudstone but includes minor amounts of gravel, sand, and silt and thin
beds and lenses of peat. In some parts of Indianathe Jessup Formation consists of two members, each
of which contains two units or more that are separated by thin fossiliferous silt beds. Where
the upper member of the formation, named here the Butlerville Till Member, is exposed at the surface,
the soil hasbeen|eached of carbonatesto adepth of 3to 4 meters. Wherethismember isburied, the part
of the pal eosol that has been |eached of carbonatesisabout 1.5 metersthick andinwell-drained places
ordinarily is distinctly orange brown. The newly named Cloverdale Till Member of the Jessup
Formation,whichunderliestheButlerville,isdominantly conglomeratic mudstonebutincludesminor
amounts of other lithologies. Locally, it includesthree, units that are separated by thin fossiliferous
silt beds, but all three have not been observed in asingle exposed section. The orange-brown pal eosol
capping the member whereit isburied beneath younger sedimentsis 2.5 to 3.5 metersthick. Inthefew
places where the Cloverdale is exposed at the surface, it has been leached of carbonates to depths
exceeding 6 meters. Lenses of peaty silt separate the Cloverdale andButlervilleTill Membersinsome
exposures.

TheJessup Formationisthesurficial unit of the Pleistocene Seriesin both the eastern and western
thirds of southern Indiana. North of the Wisconsin glacial boundary itisoverlapped by the Trafalgar
Formation but is recognizable in many outcrops. The upper member (Butlerville) of the formation is
assigned to the Illinoian Stage, and the lower member (Cloverdale) is assigned to the Kansan Stage.

BIOSTRATIGRAPHY

Three forms of Succinea, a pulmonate mollusk, allow three range zones to be set up for
the Indiana Pleistocene deposits. They are named the Succinea gelida var., Succinea gelida,
and Succinea vermeta Range Zones (fig. 2). In addition, nine fossiliferous beds
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are recognized in the Pleistocene deposits. Three of these beds are named tongues of the Atherton
Formation that are interbedded with thetill formations; the other six beds are thin lenses of silt that
lie between tillsin the Trafalgar and Jessup Formations (fig. 2).

Hendersonia occultais asignificant element of the faunain three of the key beds that are used
to mark formation and member boundaries. The lower Hender sonia occulta bed underlies the Jessup
Formation; the middle Hendersonia occulta bed lies between the Cloverdale and Butlerville Till
Membersof the Jessup Formation; and theupperHender sonia occultabed lies between the Jessup and
Trafalgar Formations. The thin fossiliferous zone that lies between the Center Grove and the

Cartersburg Till Members of the Trafalgar Formation isthe Vertigo alpestris oughtoni bed.

LITHOLOGIC TERMSFOR PLEISTOCENE SEDIMENTS

M ost of thedescriptivelithol ogic termspeculiar to unconsolidated sedi ments, such asmuck, peat,
gyttja, clay, silt, sand, and gravel, arefairly straight forwardandnotlikely tobemisunderstood. A few,
however, suchasmarl, loess, andtill, seem to have more than one connotation and requireclarification
of their usage in this report. Some terms have ' both genetic and lithologic meanings. "Outwash," for
example, refers to the origin of the sediment; sand and gravel generally are regarded to be the
equivalent lithologic term. The term "marl," though used in more than onesenseby geologists, refers
to a fine-grained, generally light-colored, and highly calcareous sediment deposited in fresh-water
lakes. Other terms, such as "loess" and "till," may have been wholly or largely descriptiveat first, but
by association they have taken ameaning that now includesorigin. Thisdual state seemsunfortunate,
because"till" and"loess" inparticular could beuseful inreferring to sedimentswith specificlithologic
charactersif their definitions had not been restricted to include only deposits of a specific origin.

Without reference to origin, most loess can be described simply as "massive silt." No purely
lithologic term that does not carry some implication of genesisis currently in use, however, for the
nonindurated sediments that, after diagensis, could be classified as conglomeratic graywackes.

With its current meaning (Flint, 1957, p. 109, 111-113) the word "till" may be used for any
sediment,al most without regardtoitslithol ogic characteristics, aslong asdirect deposition by glacial
ice can be demonstrated. This meaning is not fully satis-
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factory,becauseall the criterianecessary to indicate that asediment was deposited directly by ice may
not be available at the time that a field geol ogist describes the sediment. In actual practice, however,
most geologists imply a specific lithology when they employ the word "till" and probably would
hesitate to apply it to an ice-laid sediment that |acked certain characteristics normally expected in a
till.

Perhaps thereis aneed for such anongenetic term. Many authors seem to be groping for a word
with this meaning when they use such expressions as "till-like" and "till ?" or simply place quotation
marks around the word "till." "Till" appears in quotes presumably to suggest that the sediment in
question looks like and has thelithiccharacteristicsof till but thatit might conceivably havehad some
origin other than deposition by glacial ice. Many geologistswill undoubtedly continueto use "till,"
either in quotes, or without, as a relatively nongenetic lithologic term even though other terms are
proposed to replaceit. In this report | propose to use the term "mudstone" for lithologic description
and reserve "till" for use when | wish to imply genesis aswell aslithology.

"Mudstone," as| have usedit throughout thisreport, referstoapoorly sorted el astic sediment that
has a relatively fine-grained matrix, which is poorly to moderately well indurated. Pleistocene
mudstonesin Indianaare commonly clayey sandy siltsthat contain more or |ess abundant angular to
rounded pebbles, cobbles, and boulders, the softer varieties of which are likely to be scratched or
striated. The composition of the particles that make up the sediment is generally variable, and the
sediment ordinarily includes materialsexotic to thearea. Theterm "conglomeratic" isused to describe
those mudstones that contain pebbles or larger rock fragments in noticeable amounts. Most of the
glacially deposited mudstonesin Indiana are conglomeratic.

Mudstone isdistinctive because. of itswide rangein particle size and composition. It commonly
gradesintosilty clay, clayey silt, clayey sand, and silty gravel. Conglomeratic mudstonesare massive,
and they seldom show internal bedding, although both platy and columnar types of structure are
commonly observed. These sediments generally are some shade of gray or are brownish gray in places
where they have not been altered by percolating ground water. The color alteration most frequently
noted is produced by oxidation of ferrous compounds, and the result is a change in color from gray
to yellowish brown or orange brown.
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Pettijohn (1957, p. 261-275) had recognized and attempted to handle the terminology problem
when he proposed the term "paraconglomerate" for this rock group. He then used the term "till" for
paraconglomerates, that can be demonstrated to be of glacial origin and the adjectival "tilloid" as a
noun for sediments of roughly similar characteristics that can be demonstrated to be of nonglacial
origin. Flint, Sanders, and Rodgers (1960, p. 507-509) recently offered areview of thetermsthat have
been proposed for poorly sorted sediments composed largely of aclayey, sandy,andsilty matrix with
larger particles dispersed through it. They then proposed "symmicton” for the sediment that has such
acompositionand"symmictite” for itslithified equivalent. Coined terms, such as" paraconglomerate,”
"symmictite," or "rudaceous calcilutyte," as such asediment would come outinGrabau's(1932, p. 28)
terminology, even though well designed for a specific use, tend to remain unused by geologistsin
favor of termsthat may be somewhat less specific but that are more descriptive.

Miller (1953, p. 26-27) reviewed the terms available in the currently used classifications that
might be usable for sediments of thistype. He deplored their inadequacy, and then sel ected thename
"conglomeratic" sandy mudstone for a poorly indurated sediment that resembles many tills but that
he believed to be amarinedeposit. He used quotation markswithinthetermtoimply that theadjective
"conglomeratic" did not fully fit all characteristics of the fragmentsin the gravel fraction. Miller's
descriptive term, "conglomeratic" sandy mudstone, can be applied equally well to the poorly sorted
clastic sediment that generally iscalledtill intheMidwestern United States. Thissedimentary material
commonly is sufficiently well compacted to have a physical toughness and hardness comparable to
that of many sedimentary rocks that have undergone more extensive diagenesis; thus choice of the

word “'mudstone” isjustified.

REVIEW OF PRESENT PRACTICES OF CLASSIFYING AND
MAPPING PLEISTOCENE GLACIAL DEPOSITS

Classification of Pleistocene sediments has been approached from many different disciplines,
including physiography, sedimentation, historical geology, archaeology, and climatology. Because
emphasis has |ong been placed ondecipheringglacial history largely through physiographicstudies,
the stratigraphic record generally has received only secondary attention. Most North American
students of Pleistocene depositshave been geomorphol ogistswhose principal field research hasbeen

donein glaciated areas.
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Their dominantinterest hasbeentowork outindetail thegeomorphic history of aregion, and thusthey
have made extensiveuseof atime-stratigraphicclassificationonly. Whatever bitsof data-geomorphic,
paleontologic, stratigraphic, or archeologic could be pieced together have been used by glacial
geologists. A scarcity of good exposures and the almost ephemeral nature of many that did exist have
combined to deter geologists whose interests have been primarily stratigraphic from examining
Pleistocene sediments. Broad areas of youthful constructional topography, on the other hand, have
offered afertile field of study for geomorphologists.

Onebasisfor subdivision of the Pleistoceneisthe succession of climatic changesthat took place
during this epoch asinterpreted from studiesof soils, landforms, and fossils, aswell asfrom sediments
of glacial and nonglacial origin. Although Lyell did not originally defineit in thisway in 1833, the
Pleistocene Epoch cameto beregarded assynonymouswith " Great Ice Age" (Wilmarth, 1925, p. 43-53).

Standard procedureinmapping Pl eistocenegl acial depositshasbeentodistinguishall individual
lithic units that are at the surface. Each unit recognized has considerable geographic extent and
generally arecogni zablephysiographicexpression. A geneticdesignation, suchasend moraine, ground
moraine, outwash gravel, and lake deposits, is commonly used on maps showing glacial geology.
Thesesurfaceunitsordinarily arenot given any rock-stratigraphic name; rather, they arehandled rather
loosely withintheexisting time-stratigraphic classificationinwhich thestageisthefundamental unit.
Because of the lack of specific rock-stratigraphic units, names of constructional and erosional
geomorphic features (moraines and terraces) often have been applied locally to the lithic units
associated with the geomorphic features! Theresult has been ahodgepodge of terms, many of which
aredifficult to, use, and correlate. (See Hedberg, 1959, p. 676-678.)

Even though virtually all surficial lithic and morphologic units are shown on most glacial
geologic maps, similar geologic unitsthat lie buried beneath the surface generally areignored. This
mapping procedure has worked reasonably well if the mapping

Terrace names, such as the Shelbyville, Maumee, or Mississinewa Terraces are geomorphic terms solely and
ordinarily should not be used as rock-stratigraphic terms for the deposits that underlie the landforms (American
Commission on Stratigraphic Nomenclature, 1959, p. 671-672). Similarly moraine names, for example, the
Shelbyville, Champaign, and Valparaiso Moraines, and other names should not refer to the deposits that constitute
those constructional landforms.
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scaleisabout aninchtothemile(1:62,500) or smaller, but awkward problemscan ariseinrepresenting
geology along valleysif mappingisdoneonalarger scale. These problemsare particularly noticeable
in an area that has been so deeply dissected by streams that more than one unit of glacial drift is
exposedinavalley wall.

The problem is somewhat simplified on small- or medium-scale maps, because the scale may
precludethe possibility of showing avertical sequence of Pleistoceneglacial sediments, even though
established practice has |ong been to showthin bedrock units of formation rank on maps of 1:62,500
scale or larger. In preparing and using reasonably accurate maps with a scale as large as 1:24,000,
however, it becomes essential to show Pleistocene rock-stratigraphic, unitsthat crop out beneath the
surficial materials along eroded slopes.

Thetime-stratigraphictermsinusefor thePleistocenesedi mentshaveabuilt-in disadvantagethat
isnot common to most terms applied to the record of marine deposition. Deposits of the Pleistocene
ice sheets share the characteristic of other continental depositsin that they contain many hiatusesin
the record of deposition. Thus, ideally they should not have been chosen to represent the standard
record of the Pleistocene Epoch in North America; unfortunately, however, most of theareasinwhich
marine deposits were laid down during Pleistocene time are still under water and therefore are not
available for study except in drill cores and bottom samples.

All these difficulties point up the need to apply the same general stratigraphic, principlesin the
study and classification of sedimentsleft by Pleistoceneglaciersthat areused inthe study and classif-
ication of other sedimentary deposits, regardless of age or origin, and that were recommended in the
recent decisions by the American Commission on Stratigraphic Nomenclature (1958, 1959, 1961).

Glacially deposited units provide excellent examples of nonmarine progressive overlap and
offlap. (See Leighton, 1958b, p. 703.) The basic difference between nonmarine and marine
transgression is that marine formational units overlap each other toward the source of sediment,
whereas many nonmarine units overlap in adirection away from the source of sediment. (See Grabau,
1932, p. 739-741.)
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THE ROCK-STRATIGRAPHIC CONCEPT APPLIED TO
PLEISTOCENE STRATIGRAPHY

In North Americathe basic local rock-stratigraphic unit for many years has been the formation.
A formation is fundamentally a mappable unit of rock that can be readily identified in the field.
Ordinarily, a formation is a body of rock strata distinguishable by lithologic homogeneity; a
formation,however, may consist of stratathat are characterized by heterogeneouslithologic characters
(American Commissionon StratigraphicNomenclature, 1961, p. 650). Theextremelack of homogeneity
exhibited by many Pleistocene glacial deposits undoubtedly has been amajor deterrent to those who
may have~ wished to establish formational units for use in glaciated areas. The authors of the 1933
" Stratigraphic Code" (Ashley, and others, 1933, p. 441) specifically recommended that formal names
"not be applied to deposits of merely local extent"; this recommendation supported the philosophy
of treating Pleistocene glacial sedimentsas"athing apart.”

In theory, a formation should be independent of age considerations, but, in practice, many
formation boundarieshappento beroughly time-parallel and areso defined. Oneof themost important
elementsin the designation of aformation isits mappability over an area wide enough to make it a
useful rock-stratigraphic unit in areal geologic studies. The American Commission on Stratigraphic
Nomenclature regards delineation at ascale of 1:25,000 as adequate for establishing the mappability
of aformation.

A formation may be divided into members or smaller units if recognition of greater
lithostratigraphic detail is needed or desired. The formation may be completely subdivided, or one
member or more may be formally designated even though the rest of the formation may remain
undivided.Membersareuseful if itisdesirableto present greater stratigraphic detail than can beshown
by the use of undivided formations; whether or not these members are mapped depends on the scale
used in mapping and compilation. A named member may extend from one formation into another.

Formal nomenclaturenormally isnot appliedtothesmallest lithostratigraphicunit, thebed. Beds
are thin units; some of them have distinctive character and wide distribution.

In designating formations of Pleistocene agein thisreport, several principles have been kept in
mind. Foremost among these isthe concept that, with few exceptions, the lithic units now mapped on
most surficial geologic maps should not be changed.
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Most of the units now shown seem to be essential f or satisfactory interpretation of the geology.
Oneeffect of setting up Pleistoceneformationsin thismanner hasbeento eliminate unitsthat are
wholly geomorphicin definition, but | do notintend f or thisto prevent the proper use of geomorphic
featuresasamajor aid in delineating and interpreting mappable lithologic units. Erosional terrace
surfaces,for example, would not ordinarily be shown except on ageomorphic map, but sediments now

remaining in terraces might appear as a particular lithic unit.

Because of the transitory nature of most exposures of unconsolidated sediments, Leighton's
(1958b, p. 702) admonition is well taken; hence not only a type section but also a few additional
reference sections have been designated (Appendix A). Asold exposures become slumped or covered,
new exposures that can also be utilized for reference will turn up from time to time. Nearly all the
sections that | have selected as type sections or reference sections in this study are stream
bluffsthat should beswept cleanof debrisregularly f or many seasons. Furthermore, they were sel ected
in areas where most of the lithic units are so persistent that the stream is likely to expose
additional supplemental sections nearby that are similar to those used here to define and describethe

units.

KEY BEDSFOR FORMATIONAL BOUNDARIES

The simplest approach to the classification of two or more stratified bodies of rock of similar
lithology that lie adjacent to each other in a vertical sequenceisto group all the stratainto asingle
formation. If this procedure should result in aformationthatisinany way unwieldy, somemeansother
than gross lithology alone generally can be employed to separate the stratainto usable stratigraphic
units. The "key-bed" technique provides a method by which this can be done for many Pleistocene
deposits.

A key bed isathin but distinctive unit that hasrelatively great geographic extent. (See Hedberg,
1961, p. 1082.) Horizons that have considerablelateral extent and can bereadily identified, suchasthe
top or bottom surface of a key bed, make useful planes of reference for defining and subdividing
formations. Key beds that are adjacent to unconformities also may permit the reconciliation of
terminology for both time- and rock-stratigraphic classification if beds of thiskind can be found in
the field. Buried peat, thin fossiliferous silt beds, and paleosols (buried soil profiles) con-
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stitutekey bedsin Indianathat areuseful for delimiting formational boundariesin Pleistocene sediments
(fig. 4).

Sail

Martingville *
r el Formation
d s .

Hay bade

Figure 4.—Cross-sectional diagram showing interrelationships for certain formations, members,
facies, and key beds.

In preparing areal geologic maps, both surficial and bedrock,
the present soil, which has formed at the surface across many lithologies, is disregarded or isincluded
with theimmediately underlying rock unit (American Commission on Stratigraphic Nomenclature, 1956,
p. 2009). Paleosols, likewise, are not in themselves rock units and should not be considered as such.
Their upper surfaces, however, may be mappable horizons that separate i4owionees of lithologic units.
A palposol indicates cessation of deposition for some length of time; the paleosol thus marks an
important unconformity, Becausenonglacial sediments, such asstream and |ake deposits, were deposited
contemporaneously with the development of the paleosol with which they are associated, a formation
boundary based on the paleosol as akey bed should be at the upper surface of such nonglacial deposits
and soil. A Pleistocene rock-stratixraphic unit., as visualized here, thus may include a complete cycle
o f glacial and nonglacial sediments.

FACIES

The facies concept is both valid and useful when applied to the subdivision of Pleistocene glacia
secUments; basically, facies havelong been used in mapping glacial deposits, although thisterm has not
actually been applied. Facies, asused in this paper, refersto those "areally segregated parts of differing
nature belonging to any genetically related body of sediments' (Moore, 1949, p. 8). They consist of
laterally definable parts of aunit that were deposited more or less contemporaneously, that commonly
intertongue, and that can be identified physically. Differences between facies. may consist of any
features or combination of features that seem significant to the observer (Moore, 1949, p. 7).
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Onekind of facies most frequently found is the one used by stratigraphers to designate areally
segregated bodies of differing lithology within asingle depositional unit. Thisfacieswasreferred to
by Weller (1958, p. 633) asintertongued lithofacies and is the kind of facies for which Wheeler and
Mallory (1956, p. 2719) proposed the term "lithosome." Within bodies of glacial and glaciofluvial
deposits, areally segregated bodies of differing lithology are common (fig. 3). Sand and gravel are
deposited in streams fed by glacial meltwater, but tributary streams become ponded, and their valleys
receive only fine-grained sediments. The coarse clastics of adelta commonly intertongue with finer
grained bottom sedimentslaid down in the same body of water. Intertonguing lithologies such as
these certainly arelithofacies of asingle conveniently recognized depositional unit (fig. 3).

Because of the thin and discontinuous nature of many individual lithologic unitsin glacially
derived sediments, it isimpractical to show all of them as separate unitsof formation or member rank
on areal geologic maps. Where intertonguing lenses of this type are found at the surface, however,
many of them, even though thin,can be outlined with little difficulty and have sufficient extent to be
shown on an areal geologic map. These lenses, then, can be regarded as lithofacies of a single
formation.

If facies are employed to designate the sediments of a particular depositional environment, any
and all features characteristic of adeposit of that environment may be used to delineate the facies. In
areas of original depositionstill undissected by erosion, constructional geomorphicform, or theshape
of the deposit, can be used as an effective aid, both to determine the existence and to locate the
boundaries of the faciesin places whereit isto be shown onamap. Inthisrespect, studentsof surficial
geologic deposits, including Pleistocene glacial deposits, have amaterial advantage in the study of
stratigraphic facies that is not shared by geologists who work with older rocks. Constructional
geomorphology, coupled with lithologic distinctness, can be an excellent aid in recognizing
depositional environments.

Several principles have been followed by stratigraphers to designate different facies (Weller,
1958, p. 610-626). One of the simplest, if each facies has alimited extent and is part of a formation
defined by marker beds, isto designate each distinct type of lithology as a lithofacies and to use a
descriptive name, such as gravel facies or silt facies, in referring to it (Grabau, 1932, p. 648-
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657; McKee, 1949, p. 45). Terms suggesting the environment of deposition or mode of origin, such
as aeolian facies, have definite dangers, but they can be used to advantagefor thesurficial lithofacies
of very young deposits. Pleistocene glacial sediments fall into this category, and such terms as

lacustrine facies, outwash facies, and kame facies should not be objectionable.

THE PLEISTOCENE FORMATIONS, SEQUENCE A

Theformational units of the Pleistocene Seriesthat | propose here can be grouped for discussion
into two sets or sequences of lithologic units. Although these sets might readily betermed "groups,”
| have not selected formal group names. Oneof thesetwo suitesincludesall theunitsthat arecomposed
dominantly of conglomeratic mudstone (till), a poorly sorted sediment; the other is comparatively
well-sorted sediments, gravel, sand, silt, and clay. These two informal groups seem to be compatible
withtheprinciplesusedintheprimary separation of sedimentsof Pleistoceneageinhighly generalized
mapping.

Within both sequences, | have chosen to discuss the units from youngest to ol dest. Thisreversal
of the normal order was sel ected to emphasize the significance of key bedsand soil stratigraphic units
that mark thetops of most of theformations. Reversal of order also bringsout morereadily, by starting
with therock units and soil atthepresent surface, thephysical rel ationshipsof pal eosol sand other key
bedsto the unitsin which they belong.

Thedistribution of all units described in this report is shown in a generalized manner in figure
5. Because the boundaries of units are based on mapping that ranges from reconnaissance to highly
detailed in quality, some local modification of the boundaries shown may be expected as a result of
additional detailed studies.

Three of the units definedin thisstudy, the Martinsville, Atherton, and Prospect Formations, are
composed dominantly of relatively well-sorted water-laid sediments. In many small-scale maps of
sediments of Pleistocene age, some or all of the depositsin these formations commonly are grouped
together for purposes of generalization (see Wayne, 1958b; Geol ogical Society of America, 1959) and

for convenience are herereferred informally to sequence A.
MARTINSVILLE FORMATION

Definition, description, and distribution.--The Martinsville
Formation is the name proposed here for silts, sands, and gravels deposited along the flood

plains o f modern streams and the peaty
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and cal careous muds of small lakes and sloughs. These sediments commonly aregrouped together as
asingle map unit, such as"Quaternary alluvium" (see Hutchison, 1960, pl. 1; Wier, 1952, pl. 1), but
rarely havethey beentreated asaformally named stratigraphic unit. Typically, the sedimentsincluded
intheMartinsville Formation containthinandlenticul ar lithicunitsof diverseorigin, whichcurrently
areundergoing somedegree of accumulation, and thusare so young that they ordinarily do not exhibit
azonal soil profile.

Becauseindividual exposuresof theMartinsville Formation aregenerally shortlived, no specific
cut has been designated as a type section. Readily accessible exposures are abundant along White
River and WhiteLick Creek between Martinsvilleand Mooresville(fig. 1), where bank scour isactive;
therefore thisregion is here designated the type area of theMartinsville Formation (pl. 1A; Appendix
A, section 7).

The Martinsville Formation includes sediments that are sufficiently diversein character so that
theformation can betreated most conveniently astwofacies. Onefacies consistsdominantly of elastic
sediments, silt, sand, and gravel, which are common to nearly all flood-plain deposition, and is here
referred to asthe alluvial facies (pl. 1A). The other facies consists mainly of sedimentsthat have been
laid down in quiet water and that are rich in organic matter, particularly peat, gyttja, and marl; this
faciesisreferred to asthe paludal facies (pl. 1B).

Thealluvial faciesof the Martinsville Formation is widely distributed on the flood plains of
valleys throughout the State of Indiana. The alluvial facies, which is dominantly silt and sand, but
which contains lenses of gravel and organic muds, may range in thickness from a veneer perhaps 25
to 50 centimeters (1 to 2 feet) to 10 meters (30 feet) or more along large rivers. The base of thisfacies
lies on an erosional unconformity.

The paludal facies of the Martinsville Formation is most abundant in the northern part of
Indiana, where calcareous marl, gyttja, and peat, commonly mixed with varying amounts of sand,
silt, and clay, have accumulated in depressions on the surface of the uppermost glacial deposits.
The basal contact may be either sharp or gradational, but rarely is it disconformable. Such
paludal sediments are also found intimately related to elastic deposits of the Martinsville
Formation in sloughs and ox-bow lakeson theflood plains of large rivers and in some sinkhole
ponds in the karst region of southern Indiana. Some of the lithic characteristics of
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thisfacies of the formation areillustrated in Appendix A, sections 20, 21, and 22.

Fossils.-Fossilsarerareinthealluvial facies of the Martinsville Formation. Wood and mollusk
remains have been found, however. One of the more fossil-rich localities is exposed in the face of an
abandoned gravel pitinthe NEY4 SEYasec. 29, T. 12N., R. 1 E., 1 milenorthwest of Martinsville. Shells
of fluviatile mollusks, along with remains of afew land snails, are bedded within the gravelly sandin
thislocality. A partial list of species includes Anguispira kochi, Haplotrema concavum, Mesodon
clausus, Mesodon elevatus, and Succinea ovalis, all land snails now living in the same region.

Most of the deposits of the paludal facies of the Martinsville Formation are highly fossiliferous
and contain mollusks (pl. 1B), ostracodes, spores, pollen, wood fragments, and, less commonly, the
remainsof vertebrates. Thefossil remainsof many of thelarge, extinct Pleistocenevertebratesthat have
beenfoundinIndiana(Hay, 1912, p. 549; Melhorn, 1960, p. 189-190; Wayne, 1960, p. 182) have been
recovered from this facies of the Martinsville Formation. Osborn's (1936-42, p. 1093-1095) type
specimen of Parelephas jeff ersonii wastaken from peat in this stratigraphic unit in Grant County.
Mastodon americanus remains are abundantly preserved in the paludal facies of the Martinsville
Formationin Indiana, but other vertebrates, particul arly Castor oides ohioensis, haveal sobeenfound.

At |east two molluscan zones can berecognized in cores of marl from the Martinsville Formation.
Thelower isin the Succinea gelida Range Zone and contains a faunal association characterized by
Gyraulus circumstriatus, Valvatatricarinata, Valvatasincera, Lymnaeadalli, and Succinea gelida.
Theupper istheSuccinea ver metaRange Zone and contains amuch larger faunathat includesLymnaea
palustris, Lymnaea stagnalis, Helisoma anceps, Gyraulus parvus, Lymnaea parva, and species of
Goniobasis,Pleurocera, Campeloma, Amnicola,and Physa. M ost of the present aquatic mollusk fauna
of Indiana (see Goodrich and van der Schalie, 1944) is likely to be found in the marl facies of the
Martinsville Formation.

Peat in the Martinsville Formation generally contains abundant pollen as well as other
kinds of plant remains, but mollusks are rare. Pollen diagrams prepared from the study of cores
or a vertical series of samples show two major zones and several minor zones that may be used
to work out details of forest history (Englehardt,
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1960). Typically, acomplete profile contains alower zone characterized by abundant Piceaand Abies
pollen overlain by azonein which deciduous pollens predominate. The transition betweenthesetwo
major zones generally has arelatively high proportion of Pinus pollen.

Ageand correlation.--Most of the sediments of the alluvial facies of the Martinsville Formation
inIndianaare not morethan afew thousand yearsold, and thusthey areentirely postglacial, or Recent,
in age. Accordingto currently acceptedinterpretations(Cooper, 1958, p. 943; Broecker, 1957, p. 1703),
the time boundary between the Wisconsin and Recent Agesisplaced 10,500to0 11,000 yearsbeforethe
present (B.P.). It corresponds to the time in radiocarbon chronology of rapid worldwide increase in
mean annual temperature, rise of sealevel, and melting of continental glaciers. Radiocarbon datesfrom
the few wood samples that have been dated indicate deposition within the past 5,000 to 7,000 years
(Appendix B, dates W-59, W-666, and W-832). Radiocarbon dates from the paludal facies sediments
(Appendix B, dates W-61, W-64, W-65, and W-325) show that nearly all quiet-water sediments have
been deposited during the past 13,000 years. Nonglacial sedimentsbegan to accumul ate assoon asthe
last glacial ice had melted from each local watershed; therefore the Martinsville Formation is of
different agesin different areas. |n many places the lower part islate Wisconsin in age, and the upper
part is Recent (fig. 2). The time of transition from the coniferous forest cover that existed in Indiana
during the Wisconsin glaciation to the present deciduous forest cover probably took place between
5,000and 7,000 yearsago according tothesingleradiocarbon dateavail able (Appendix B, date C-500).

ATHERTON FORMATION

Definition.-The name Atherton Formation is here proposed for a group of intertonguing and
interrelated unconsolidated sediments that resulted from glacial action but that were deposited
extraglacially. These sediments, gravel, sand, silt, and clay, all were derived primarily from glacial
outwash and were sorted and deposited by meltwater currents or wind action or in the quieter water
environment of glacial lakes. Asmost of these sedimentsare closely interrelated in their distribution
and lithologic charactersaswell asin their origin (fig. 3), 1 have chosen to treat them together as a
single unit of formation rank.

The village of Atherton (fig. 1), half a mile east of U. S. Highway 41 and about 10
miles north of Terre Haute, is centrally located
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in an areain which many exposures are available and in which all variations of the formation can be
examined; it is, therefore, designated as the type area of the Atherton Formation. Becausethe Atherton
Formation includes laterally intertonguing sediments that represent four distinct environments of
deposition, hence four distinct facies, one cannot pick a single exposure that is likely to display the
entire formation; thus atype section has not been designated.

Because of the nature of their deposition, the several facies of the Atherton Formation both
intergrade and intertongue with each other and intertongue with any or all of thetill formationsof the
Indiana Pleistocene. Stratigraphic names are already on record for some tongues of the loess facies of
the formation that show such relationships, but there is no such nomenclature for the other facies of
the formation. Selective use of the concept of arbitrary cutoff (Wheeler and Mallory, 1956, figs. 4-6)
has been made here to avoid undue repetition of formational names wherever intertonguing of the
Atherton Formation with other unitsis extensive.

Outwash facies.-The outwash facies of the Atherton Formation (pl. 2A) consists of stratified
coarse-grained sediments (gravel and sand) which weredeposited in sheetsand asvalley fill by glacial
meltwater currents. It isdistributed throughout the State of Indiana (fig. 5), but in the southern third
of the State this faciesof theformationisa most wholly restrictedto thevalley fill sedimentsof rivers
that carried glacial meltwater. In the type area near Atherton, good exposuresof theoutwashfaciescan
be examined along the banks of the dry bed of Spring Creek from U. S. Highway 41 southeastward for
about 2 miles.

The outwash facies of the Atherton Formation intertongues and intergrades with other facies of
theformation andintertongueswith all till formationsof thelndianaPleistocene. Itisdisconformably
overlain by the Martinsville Formation throughout most of the State. Tongues of the outwash facies
areoverlainin central Indianaby both the Lagro Formation and parts of the Trafalgar Formation. The
outwash facies also intertongues extensively with the Jessup Formation (Appendix A, , section 13).
It overliesdisconf ormably all thetill formationsand virtually all the Pal eozoic formationsof Indiana.

Fossils are rarely found in the outwash facies of the Atherton Formation. From time to time,
however, teeth or bones of mammoths and mastodons have been found by gravel pit operators.
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Dunefacies.--The dune facies of the Atherton Formation consists of sand that has been eroded
and redeposited by wind action. Because of the sorting action of the depositing agent, a very high
percentage of most dune sands, commonly 80 to 90 perecent, is medium to fine (0.42 to 0.175
millimeter) in size. (See Bieber and Smith, 1952, p. 15-18.) Individual grainsnormally show ahigher
degree of sphericity than do sandsdeposited by aqueous currents. Such windblown sand intertongues
withwater-laid gravels, sands, and siltsof the Atherton Formationin many places; thusthedunal sand
bears atrue facies relationship to the other sediments of the formation with which it is associated.

Dunefacies of the Atherton Formation can be recognized readily in the type area, whereitforms
asignificant physiographicfeatureon boththeterracesand theadjacent upland east of Atherton. Road
cuts provide exposures of the sand of thisfacies.

In mapping the Atherton Formation, one ordinarily can distinguish the dune facies wherever it
isapractical map unit. Where one cannot distinguish it either because the scale of the map makes it
impossible or because the unit is so thin and discontinuous that boundaries cannot be readily
established, a more practical solution may be to include it with one or more, of the other facies. Itis
found extensively along the valleys of the Wabash and White Rivers, and broad areas (fig. 5) of
northern Indiana, where the outwash facies and lacustrine facies make up much of the surface, are
extensively covered with sand of the dune facies.

Although other facies of the Atherton Formationincludesedi mentsthat areol der than Wisconsin
in age, the dune faciesas presently recognized does-not. Undoubtedly there are buried dunes at many
placesinthe State, but only rarely arethey recognizable. Petrographic studiesordinarily are necessary
in order to suggest a dunal origin of buried sand bodies. Dune facies sands generally contain no
fossils.

Loessfacies.--Massive, locally fossiliferous, and brownish-yellow silt asmuch as20 metersthick
constitutestheloessfaciesof the Atherton Formation. The maximum thickness of thefaciesislimited
in Indianato afairly narrow belt along the east side of the Wabash and White River valleysand along
the Ohio Valley, and exposures of the facies are abundant in those areas (Appendix A, sections 1 and
6). Thisfaciesthinsabruptly tolessthan ameter in thickness over most of therest of southern Indiana.
(See Thorp and Smith, 1952.) The silt of the loess facies drapes unconformably over many other
geologic wunits of Paleozoic, Tertiary, and Pleisto-
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ceneage. Itintertonguesand intergradeswith lensesof the dunefaciesto such an extent in some places
along the Wabash Valley that the two are difficult to separate. Thin but recognizable tongues of the
loess facies are interbedded with the Jessup and Trafalgar Formations, but south of the maximum
extent of these two units, only the Martinsville Formation overlies the loess facies of the Atherton
Formation.

Theloessfaciesof the Atherton Formationincludes at | east three distinct stratigraphic unitsthat
havebeen differentiated on the basisof composition, color, superposition, and soil profileor pal eosol
(key-bed equivalent). Names for most of these stratigraphic units havebeenin common usageamong
glacial geologists for many years; they are here proposed as formal members and tongues of the
Atherton Formation in Indiana (loess facies).

The uppermost member in the loess facies has long been known as the Peoria (Peorian) Loess,
originally named by Leverett (1898, p. 185-188). Usage and meaning of the name have changed since
itsoriginal definition (see Leighton, 1958a, p. 294-297), however, and theterm is currently used in
Indianain the manner in which it was used by L eighton and Willman (1950, p. 617-619). The Peoria
Loess Member, here so designated and regarded as part of the Atherton Formation (loess facies), is
commonly fossiliferous and calcareous along the Wabash and Ohio Valleys, where its thickness
exceeds 2 meters. North of the Wisconsin glacial boundary, the Peoria L oess Member splitsinto two
tongues; the lower one seems to be equivalent to the Morton Loess of Fryeand Willman (1960, p. 7).
The name Morton Loess Tongueis proposed for thisunit in Indianaaswell asin Illinois. The upper
tongue may be the Indiana equivalent of the Richland Loessin Illinois (Frye and Willman, 1960, p.
7), but | have not adopted the term in this report.

Beneath the Peoria Loess Member, the loess of the Atherton Formation includes three older
stratigraphic units that commonly are covered by slopewash and that may be absent from some ex-
posures; thus they seldom have been observed. Directly beneaththelightyellowish-brownsiltof the
Peoria loess is a grayish-brown silt that rarely is calcareous or fossiliferous and that commonly is
capped withathinlayer of dark-gray silt containing anoticeableamount of humus. Thisunit hasbeen
calledthe Farmdale SiltinIllinois (Fryeand Willman, 1960, p. 7) and is here designated the Farmdale
L oess Member of the Atherton Formation in Indiana (Appendix A, section 1).
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The Farmdale Loess Member is underlain by a clayey orange-brown silt that commonly is less
than 2 to 3 meters thick, and thus exposures of calcareous and (or) fossiliferoussilt arerarely found.
The key-bed soil profile extends through the complete thickness of most exposures of the unit. The
name Loveland L oess has been applied to this unit by glacial geologists for several years (Leighton
and Willman, 1950, p. 601-602). The original type section in lowais no longer available, but a new
section adjacent totheold onewasdescribed recently for referenceuse (Daniel sand Handy, 1959, table
1). Thisunit has been recognized in exposuresin central and southernIndiana, particularly alongthe
bluffs of the Wabash and Ohio Valleys, and is here designated the Loveland Loess Member of the
Atherton Formation. Although thisunit is generally nonfossiliferous, afew fossiliferous exposures
areknown where it intertongues with the Jessup Formation.

The lowermost member in the loess facies of the Atherton Formation, the Cagle Loess Member
(Wayne, 195843, p. 10), is rarely identifiable except where it is found as a tongue at the base of the
Jessup Formation (Appendix A, section 6). Inthispositionitisseparated from the other members (and
tongues) in the loess facies of the formation. The only good exposure of the Cagle loess is the type
section, in which it is a dark grayish-brown calcareous fossiliferous silt. There it overlies rocks of
Pennsylvanian age and is overlain by the Jessup Formation. It isundoubtedly present in many other
parts of the State but is thin and generally highly weathered, and thus it is difficult to recognize
(Appendix A, section 1).

Lacustrinefacies.--Much of the sand and gravel (outwash facies) of the Atherton Formation was
depositedinvalleysthat carried meltwater flowing from continental glaciers, whereit accumul ated and
blocked the mouthsof tributary valleys. Fine-grained sedimentsthat werelaid downin the quiet water
of the lakes that were formed constitutethelacustrinefaciesof the Atherton Formation (pl. 2B). These
sediments commonly intertongue and (or) intergrade with the coarser material s of the outwash facies.

Although many of the smaller streams tributary to the Wabash River were ponded and contain
sediments of the lacustrine facies of the Atherton Formation, few good exposures of this facies have
been recorded near Atherton. Spring Creek east of Atherton does have some exposures of thelakesilt
faciesinitsvalleyinsee. 6, T.13N.,R. 8 W.
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Good referencesectionsarenecessary toclarify thisfaciesof the Atherton Formation. Anexcellent
sectionisexposed at the spillway of thewater supply reservoir for Bloomington, along Bean Blossom
Creek (Wayne, 19584, p. 12). A similar exposure of fossiliferous laminated lake silt facies is swept
clean regularly by Yellow Bank Creek about 3 miles northwest of Brookville in Franklin County
(Appendix A, section 12). Additional exposures near the mouth of the valley makeit apparent that the
lake silt facies along Yellow Bank Creek grades by intertonguing into the outwash facies of the
Atherton Formation (fig. 3) along Whitewater River.

In his discussion of lake plains in southwestern Indiana, Fidlar (1948, p. 47-69) described the
types of materialsthat he found in outcrops and in borings in these deposits. Thornbury (1950) re-
viewed these and similar deposits in all of southern Indiana and the deposits of some large ice-
marginal lakesincentral Indiana. Cutsintheareasdesignatedinthesereportsundoubtedly will expose
sediments referable to the lacustrine facies of the formation.

Fossils.-Fossils have been collected from most of the sediments of the Atherton Formation, but
those in the outwash facieshave been limited to occasional finds of bonesand teeth of mammothsand
mastodons. Invertebratefossilshavebeenrarely foundinthe coarseclastic sediments. In contrast, silts
of the lacustrine and |l oess facies of the formation have yielded large numbers of invertebrate fossils.
Some of the snails described by Thomas Say in the early part of the 19th century were collected from
silts of the loess facies near New Harmony.

Thelacustrine facies probably ismore variably fossiliferous than any other part of the Atherton
Formation. Although the bulk of sediments of this facies probably is devoid of fossils, fossils are
abundant locally in thesiltsand clays. M osses, wood fragments, ostracodes, and fresh-water mollusks
have been collected from many exposures of these fine-grained sediments, but relatively few of them
havebeen studied. Most of theremains of extinct Pleistocenemammal sthat have beenfoundin central
and southern Indiana have been recovered fromlacustrine silts of the Atherton Formation. Mollusks
recovered from the loess facies of the Atherton Formation probably have been studied more than the
fossils from any other facies of the formation (Wayne, 1959b; Leonard and Frye, 1960). The Peoria
Loess Member of the Atherton Formation is very fossiliferous locally along the Wabash and Ohio
Valleys. Fossils have been recovered from the lower members of
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theloessfaciesonly wherethese membersextend astonguesinto the Jessup and Trafal gar Formations.

The upper part of the Peoria L oess Member contains an assemblage of land snails characterized
by small species that have more northerly affinities as compared to the modern faunaof eastern North
America. Typical and fairly common species in this assemblage are Succinea gelida, Hendersonia
occulta, Gastrocopta armifera,Columellaalticola, Pupilla muscorum, Vertigo al pestrisoughtoni,
Vertigo modesta, Stenotrema |eai, and Derocer as|laeve. M ost of thesespeci es, alongwithafew others,
are also typical of the several thin tongues of Peorialoessthat arefound interbedded with membersof
the Trafalgar Formation (g. v.).

A different assemblage has been collected from the lower part of the Peoria Loess Member; it is
characterized by many morelargewoodland snails, such asthe polygyrids. Thisassemblage, along the
Ohio River, includes Anguispira kochi, Anguispira alternata, Haplotrema concavum, Triodopsis
multilineata, Succinea ovalis Hendersonia occulta, and many smaller species commonly found in
deciduous woodlands. It lacks, however, such species asColumella alticola and Vertigo modesta,
which arefairly common in the upper part of the member.

Northward alongtheWabash Valley, thelower assembl ageundergoesgradual changesthat reflect
the climatic gradient during the Wisconsin glaciation. It |oses many large speciesthat characterizeit
at the south edge of the State, and the upper and lower assemblages becomemoresimilar. Anguispira
alternata, Succinea ovalis, and Stenotrema fraternumseem to be limited to the lower assemblage,
however, at least as far north as the point where the Peoria Loess Member splits into tongues that
interbed with the Trafalgar Formation.

No fossils have been recovered from the Farmdale, Loveland, or Cagle Loess Members of the
Atherton Formation except at places where these units are buried as individual tongues within the
Trafalgar and Jessup Formations. Farmdale loess in exposures along the Wabash Valley generally
containsnofossils, and it hasnot been positively identified elsewherein Indiana. Fossilslikewiseare
sparsein exposures of atongue of Loveland |oess, but they have been recovered from the upper part
of afew exposures (Wayne 1959b, p. 13-14). In most of these exposures the snail specimensare found
to be crushed, but theflat shell of Deroceraslaeveand identifiable specimensof Succinea gelidavar.,
Succinea cf. S. ovalis, and Hender sonia occulta are fairly common.
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Fossils have been collected from the Cagle loess only in the type section (Wayne, 19583, p. 10).
The most abundant species in the collection is Strobilops labyrinthica; others noted include Hen-
dersonia, occulta, Succinea gelida var., Carychium exile canadense, Discus cronkhitei, and
Stenotremaleai.

Age and correlation.--The Atherton Formation is a unit that was deposited while glacial ice
nearby provided asource for the sediments. Key beds, in particular paleosols and accumulations of
organic debris, can be traced in the lacustrine and | oessal facies but rarely can be found in the coarser
outwash gravel facies of the formation.

As glaciation was the mechanism that induced deposition of virtually all sedimentsincluded in
the Atherton Formation, the formation can be correlated with the glacial episodes of the Pleistocene
Epoch. Interglacial episodesarerepresented locally inthefine-grained facies of theformation by lack
of deposition or by paleosols,thinintercalated bedsor lensesof peat, fossiliferoussiltsor sands, and
shingled gravels.

Thelower part of the formation thus undoubtedly includes sediments of Kansan age; the upper
partislllinoianin agein some areas, but it is Wisconsin in age in most. Rarely are exposures in any
single area adequate to permit the examination of sediments correlatable with all of these glacial
stages, but the Pleistocene history of afew of the valleysin which the Atherton Formation has been
studied has been outlined well enough (Wayne, 1958a) toinfer that sedimentsof all threeglaciations

undoubtedly are present.
PROSPECT FORMATION
Definition, description, and distribution.--Scattered deposits of brown to orange-brown silts,

sands, and gravels found in Southern Indiana capping eroded terraces 20 to 50 feet above the flood
plainsof present streamsare herenamed the Prospect Formation. Thesesedimentsarealluvial inorigin,
and their general lithology is similar to that of the alluvial facies of the Martinsville Formation, but
they are more deeply weathered and generally exhibit azonal soil profile.

The type section of the Prospect Formation is a road-cut exposure along U. S. Highway
150 at the west edge of the village of Prospect, about 2 miles north of French Lick, in Orange
County (fig. 5, location 2; Appendix A, section 2). The fluviatile sediments in the type section
of the Prospect Formation underlie an
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abandoned and entrenched strath of L ost River and now occupy aposition about 16 meters (50 feet) higher than the flood
plain of theriver.

Sediments identifiable as the Prospect Formation have been observed throughout most of southern Indiana,
particularly in the unglaciated part of the State, but have not been recognized north of the Wisconsin glacial boundary.
Asthe formation is composed of unconsolidated sediments and stands fairly high above present stream levels, natural
exposures are scarce. The formation occupiesa distinctive geomorphic position, however, and thus its presence may
be suspected wherever a high-level strath is observed in the unglaciated part of Indiana. Segments of the Prospect
Formation are particularly of notein the abandoned segments of karsted valleys.

The thickness of the formation is not known, but because of the manner in which it was deposited it likely is not
thicker than 12 or 14 meters (35 or 40 feet). Theformation probably restsunconformably directly on bedrock at thetype
section, but conceivably it could overlie other unconsolidated sediments in some places.

The formation was mapped in the Huron area of south-central Indiana (Gray, Jenkins, and Weidman, 1960, p.
20-21), and some of the larger areas underlain by the Prospect Formation are shown on the geologic map of the
Indianapolis 1°X 2" Quadrangle (Wier and Gray,1961).

Todatenof ossilshave beenrecovered from sedimentsin I ndianathat are positively identifiablewith the Prospect
Formation.

Age and correlation.--Because the formation is rarely well exposed, the relationship of the Prospect to other
unconsolidated deposits is not completely clear. In the type section theformationiscapped by athinlayer of silt similar
to the loessal silt that caps bedrock soil profiles and Pleistocene deposits of pre-Wisconsin age elsewhere in Indiana.
The base of the Prospect Formation rarely is exposed, but in placeswhereit has been examined, it lies unconformably
on bedrock. Asstratigraphic datado not permit an agedetermination any closer than post-Pal eozoic and pre-Wisconsin,
the age of the formation will have to be determined more closely by placing the time of deposition into the proper part
of the geomorphic history of the region.

The Prospect Formation is a fluviatile sediment preserved on strath terraces above modern flood-plain
levels; therefore deposition must have taken place at a time when base level was higher than it is at present.

Three times since the Pliocene Epoch w hen



40 PLEISTOCENE FORMATIONS IN INDIANA
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this was possible are: (1) very early Pleistocence, while rivers were trenching their
valleys beneath the upland level on which the Lafayette Gravel of Pliocene ? Age had been
deposited but beforethey reached the maximum depth of valley cutting, recorded by bedrock
valley floors. (2) During some, perhaps al, of the pre-Wisconsin glaciations, when
local base level was higher than it is at present,
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Figure 6.-Map of Indiana showing moraines of Wisconsin age and relationships between Malott's (1922, pl. 3) and
Leverett's (1929) substage boundaries and the extent of formations proposed in thisreport. The Atherton and Martinsville
Formations are not shown on thismap. Moraine names after Leverette and Taylor (1915).

recorded by gravels of the Atherton Formation deposited in the Wabash, White, and other river valleys.
(3) Sangamon time, during part of which time base level, was as much as 10 meters higher than it is at
present, as shown by sediments in some of the valleys of southern Indiana (Wayne, 19593, p. 12).
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The Prospect Formation as recognized at this time may be a composite and may include some
materialsdeposited during all thetimes|isted above when baselevel swere high. Undoubtedly it may
bedifficultin afew places to distinguish the Prospect Formation from somewhat similar sediments
in the lacustrine facies of the Atherton Formation. Generally, however, the lithologic characteristics
should be distinctive enough for the two units to be readily separable.

The materialsdescribed asthe Brussel s Formationin southern I1linois (Rubey, 1952, p. 82) may
beapartial correlative of the Prospect Formationin Indiana, although some of the sedimentsthat were
included in the Brussel sFormation probably aremappedin|ndianaasl acustrinefaciesof theAtherton
Formation. The Brussels Formation was regarded by Rubey (1952, p. 86) as having been deposited
on an aggrading flood plain during the Illinoian glaciation. Some of the remnants of the Prospect
Formation could be exact correlatives of the Brussels, but the close relationship of other remnants of
the Prospect to karsted valleys makesit seem likely that the sediments of the Prospect Formation are
not necessarily adirect result of any particular glaciation and were deposited over afairly long span
of time. Because of this interpretation, the Prospect Formation is here regarded as early to middle
Pleistocenein age.

THE PLEISTOCENE FORMATIONS, SEQUENCE B

The second of the two suites, or sequences, of formations includes all the units that are
dominantly conglomeratic mudstones. These are the formationswhosetotal extent isshown onthose
geologic maps that carry asingle line entitled "geol ogic boundary."

All three formations referred informally to sequence B, the Lagro, Trafalgar, and Jessup
Formations,arelithologically similar, and if grosslithology alonewereto be considered, they might
well have been treated as asingle unit of formation rank. Some demonstrablevariability in lithology
of tills does exist, however, and avertical sequence of mappabl e units can be established throughout
the State by the use of these differences and by the recognition of distinctive marker beds.

As explained on page 28, | have chosen to describe these units, which are of formation and
member rank, from youngest to oldest in this report.
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LAGRO FORMATION

Definition-.-ThenameL agro Formationisproposed for the beds of conglomeratic mudstonesand
associated |enses of stratified sediments that constitute the surficial sediments of much of northern
Indiana (fig. 5). The type section of the Lagro Formation is one of several clearly swept cuts along
Lagro Creek about 1 mile northeast of Lagro, Wabash County (fig. 5,/ocation 18; Appendix A, section
18). Many other good exposures of the formation can befoundin eastern Wabash County and western
Huntington County; some of these are designated as reference sections of the Lagro, Formation
(Appendix A, sections 17 and 19).

Description.-The Lagro Formation consists of three laterally intertonguing parts that are here
treated as members.Although all three are part of asingle depositional unit and have enough common
characteristics to be regarded as asingle formation, only two of the three members are lithologically
similar. The similar members, the eastern and westernmost parts of theformation, are both distinctive
intheir high clay and low sand content, differing in this respect from all other Pleistocene unitsin
Indiana. The central member does not share this lithologic distinction, although all three parts are
characterized by asimilar relatively thin soil profile from which calcium carbonate has been leached
to a depth of 45 to 80 centimeters. All three parts of the formation also are characterized by the
preservation of a constructional topography that aids in setting them apart as a unit from other
formations with somewhat similar lithologic characteristicsin the State.

TheL agro Formationgenerally overliesthe Trafal gar Formation, but atongueof nonfossiliferous
sand, gravel, or silt of the Atherton Formation is found at many places in the otherwise fairly even
contact zone(pl. 3A). Tonguesandlensesof boththeMartinsvilleandthe Atherton Formationsoverlie
the Lagro.

Almost no fossils have been recovered from the Lagro Formation itself, but fossil wood, pollen,
mollusk shells, and mastodon remains have been found in the paludal facies of the Martinsville
Formation and in the lacustrine facies of the Atherton Formation in places where these water-laid
sediments overliethe Lagro tills.

Distribution.-- The three members of the Lagro Formation are laterally intertonguing, and
thus the extent of the entire formation is most readily reviewed in three parts. As all parts of
the formation are recognizable by some of the soil characteristics and by the distinctive
constructional topography associated with the glacially
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deposited mudstones, these features have been used in part to delineate the extent of the sediments
with which they are associated.

Theeasternmost of the three parts of the Lagro Formation is here designated the New Holland Till
Member. The type section is exposed along the bank of Rush Creek half a mile south of New Holland
in Wabash County (fig. 5, location 17; Appendix A, section 17). TheNew Holland Till Member consists
dominantly of clay-richmudstonethatisonly slightly pebbly (pl. 3A). Itisnormally cal careousbel ow
adepth of about 75 centimetersand commonly exhibitsablocky structurein exposures. Themudstone
of the New Holland Till Member is restricted to an area in Indiana east of the distal margin of the
MississinewaMoraine (figs.5 and 6). Theunit variesin thickness, which depends on whether the unit
ismeasured within or between end moraines, but generally it seemsto be |ess than 20 meters thick.

Names are not proposed in thisreport for either of the other two membersof the Lagro Formation.
As presently understood, however, the central member (fig. 5) is bounded on the east by the New
Holland Till Member, with which it intertongues; the Packerton and Maxinkuckee Moraines (fig. 6)
form itsboundarieson the south and west. Thewestern most member of thethree, aclay-rich mudstone
like the New Holland Till Member, is bounded on the south by the south edge of the Valparaiso
Moraine (fig.6), and it is overlapped on the north by |ake and dune facies sediments of the Atherton
Formation.

Age and correlation.--Deposition of the Lagro Formation took place during the later phases of
the Wisconsin glaciation. The eastern and western members of the formation are part of Leverett's
(1929, p. 18) "Middle Wisconsin drift," later renamed "Cary drift" by Leighton (1933). Wayne and
Thornbury (1951, p. 12-19) referred the mudstones of the New Holland Till Member to the Cary
Substage but placed the sediments of the Packerton Moraine areain the Tazewell Substage (table 1).
1 presently consider that theentire Lagro Formationis Cary in age, although it may not be completely
equivalent to sediments of that age asdefined in Illinois. (See Zumberge, 1960.)

As no plant remains have been found in the sediments of the Lagro Formation,
radiocarbon dates are not available to indicate the maximum age of the unit. Deposition
had been completed in northeastern Indiana, however, by 13,000 to 14,000 years ago ( Appendix
B, dateW-198). Pollen profiles ( Potzger and Wilson, 1941; Guennel, 1950; Moss, 1940;
Oliver, 1951) indicate that deposition
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was taking place during the B-1 period of palynologic nomenclature, when the dominant vegetation

of central Indianawas a spruce-pine forest.
TRAFALGAR FORMATION

Definition.--The name Trafalgar Formation is here proposed for a unit that is composed mostly
of conglomeratic mudstones and that directly underlies the surface in much of central Indiana. The
formation as defined here consists of two members and includes all mudstones and associated thin
lenses of gravel, sand, silt, and clay from the base of the Lagro Formation down to the top of a
distinctive pal eosol that caps the underlying Jessup Formation.

The Trafalgar Formation is named from the village of Trafalgar in Johnson County. The type
section (fig. 5, location 10; Appendix A, section 10) is exposed along Buckhart Creek about 2 miles
east of Trafalgar and 150 meters (500 feet) north of Indiana State Highway 252. A similar sequence of
depositsis exposed in each of the cutbanksof Buckhart Creek from thispoint upstream for about 450
meters (1,500 feet) and along many of the other valleysin this area. (Seereference section, Appendix
A, section 11.)

TheTrafalgar Formationiscomposed primarily of cal careousconglomeratic mudstone, acompact
but uncemented sandy, silty matrix that contains fairly abundant pebblesand cobbl es; scattered beds
and lenses of silt,,sand, and gravel areincluded intheformation. Most of the mudstone was deposited
by glacial ice and thusis till, but a minor amount of the sediment undoubtedly has been reworked
through solifluction. Lithologic variation is not statistically significant (Harrison, 1959, p. 17), but
some of the different beds of till in the formation display distinctive featuresin the field that permit
their recognitionwithinlimited areas. Among thesefeaturesthat arenotableinthe Trafalgar Formation
are minor differencesin color, internal structure, inclusionsfrom underlying sediments, stratigraphic
position, and key fossiliferous beds.

The upper surface of the Trafalgar Formation is constructional and has been only slightly
modified by erosion sincetheunit wasdeposited. Much of theareaunderlain by theunitisarelatively
flat plain into which few streams have cut valleys; thus exposures are sparse except along major
drainagelines. The soil profile onmoderately well-drained | ocationsshowsayouthful profilethat has
been leached bf carbonates to depths ranging from 80 to 125 centimeters.
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for Pleistocene formations proposed in thisreport
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The base of the Trafalgar Formation rests on an erosional unconformity that is marked by peaty
and (or) fossilif erous silt and sand, part or all of aburied soil profile, or by buried alluvial sediments.
Although only two members (named below) are present in central Indiana, there are someindications
at Richmond (Gooding, oral communication, 1961), aswell as at Wabash, that at | east one additional
till unit overlies the major unconformity at the base of the Trafalgar Formation.

Throughout central Indianathe Trafalgar Formation is overlain locally by tonguesand | entilsof
the Martinsville and Atherton Formations.North of alinemarked by the Mississinewa, Packerton, and
Valparaiso Moraines (figs. 5 and 6), itisoverlapped by theL agro Formationandisexposed only along
some of the deeper valleys (Appendix A, sections 17, 18, and 19). The formation includes three
environmental facies that can be readily recognized and mapped partly because of their distinctive
geomorphic expression. These facies consist of blanket till, which constitutes the main body of the
formation, end-morainetill, and kame (mixed bouldery gravel and till) facies.

Cartersburg Till Member.--Many exposures have been observed in central Indianain which the
full thicknessof theupper member of the Trafal gar Formation, herenamed the Cartersburg Till Member,
can be examined. One of the earliest sections to berecognized and still one of the most complete ones
known is along the east bank of White Lick Creek in Hendricks County about 2 miles northwest of
Cartersburg. | have selected this cut (pl. 3B), which has been examined during two recent Pleistocene
field conferences (Thornbury and Wayne, 1953 and 1957, where it was referred to as the "Clayton
Section"), asthetypesection of the Cartersburg Till Member of the Trafalgar Formation (fig. 5, location
16; Appendix A, section 16).

The Cartersburg consists primarily of conglomeratic sandy mudstone, but the unit includes all
sediments from the surficial soil downward to the top of athin fossiliferous silt bed that caps the
underlying member of the Trafalgar Formation.

Petrographically, the Cartersburg Till Member is difficult to distinguish from the underlying
member of the formation. (See Harrison, 1959, p. 19.) The character of the soil profile permits
identification of the Cartersburg, but in the absence of thefossilif eroussilt at the base of the member
that serves as akey bed, separation of the two membersin thefield is difficult.
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Soils of the Miami soil catena have formed at the surface on the Cartersburg Till Member.
Normally, Miami soils have been |eached of carbonatesto adepth of about 1 meter or alittlelessand
exhibitayellowish-brown clayey loamlayer from about 25 centimetersto the base of theleached zone.

Center Grove Till Member.--The Center Grove Till Member (lower member) of the Trafalgar
Formation is named from exposuresin the northwestern part of Johnson County in the vicinity of
Center Grove School. (See U. S. Geological Survey Bargersville Quadrangle.) The type section of the
Center Grove Till Member is exposed along atributary of Honey Creek (fig. 5, location 9; Appendix
A, section 9) about 2 miles northeast of Center Grove School . Many other exposuresof themember can
be found along Honey Creek southeast of the school and in the vicinity of the type section for the
Trafalgar Formation (Appendix A, reference sections 8 and 11).

The Center Grove Till Member of the Trafalgar Formation is capped generally by a thin layer
(commonly 10 to 30 centimeters) of silt through which the modern soil profile extends where the
Cartersburg Till Member isabsent. Thissilt capisaseriesof thinlensesof fossiliferousgray to brown
silt that form a key bed for identification of the top of the member in places where it underlies the
Cartersburg.

Becauseit lies directly on a paleosol in central Indiana, Center Grove till commonly contains
larger amounts of wood fragments and bits of weathered material than do some of the other tills.
Locally, at least, these inclusions provide adistinctive lithology for the member.

North of aline running roughly from Lafayette through Greenfield and Newcastle, the key bed
that caps the Center Grove Till Member hasnot been found, and thusthismember isnot with certainty
distinguishable from theoverlying member. In someexposures, particularly alongthe Wabash Valley
in north-central Indiana, atongue or lens of the outwash facies of the Atherton Formation separates
the two members of the Trafalgar Formation, but in places where this separating unit is absent,
differentiation within the Trafalgar Formation israrely possible on the basis of present knowledge.

Fossils. -- The tills of the Trafalgar Formation are only slightly fossiliferous; scattered
fragments of wood are the organic remains most commonly found. The fossiliferous silt, that
lies at the top of the Center Grove Till Member, however, commonly contains the remains of
snails, leaves, mosses, and pollen as well as wood
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fragments.Snailsrecovered fromthisbed are primarily speciesnow livingincentral or northern Ontario
and Manitoba (Oughton, 1.948; Wayne 1959a). Speciestypical of the key bed at the top of the Center
Grove are Vertigo alpestris oughtoni, Columella alticola, Vertigomodesta,and Succineagelida,and
the bed isreferred to here asthe Vertigo alpestris oughtoni bed (figs. 2 and 7).

In contrast, the faunarecovered from silt beds at the base of the Trafalgar Formation (tongues of
the Peorialoess) contains many specie& that are commonly found in the Great L akes areanow, such as
Stenotrema leai, Gastrocopta armifera, Cionella lubrica, and, of particular note, Hendersonia
occulta, all of which are rare to absent from the higher fossiliferous bed. The fossiliferous part of the
siltiscalled the upper Hender sonia occulta bed.

Age and correlation.--The Trafalgar Formation is in part equivalent to Leverett's (1929) and
Leverettand Taylor's(1915) "Early Wisconsindrift" andto L eighton's(1933) " Tazewell Substage." The
formation is defined in this report, however, to include all glacially deposited mudstones (tills) and
associated lenses of other sediments that lie above the unconformity and distinctive paleosol at the
top of the Jessup Formation and beneath and beyond the overlapping Lagro Formation. Thus the
Trafalgar Formation is more inclusive than the substage terms proposed by earlier authorsto include
these sediments (table 1). Although only two membersare noted in thisreport, there may be additional
as-yet-unrecognized unitsin the lower part of the formation. (See Dreimanis, 1958, p. 78-82; 1960,
p.116.)

The Center Grove Till Member of the Trafalgar Formation undoubtedly isacorrelative part of the
sediments of the Tazewell Substage; the Cartersburg, however, may be younger than most of the rest
of the Tazewell driftin Illinois. Asthe Tazewell and Cary Substages have been defined largely on the
basis of morainal boundaries, a precise correlation of the upper member of the Trafalgar Formationin
Indiana, is, at present, difficult to establish. Wayne and Thornbury (1951, p. 12) regarded all the
sediments designated in this report as the Trafalgar Formation to be Tazewell in age; a recent
interpretation by Zumberge (1960, p. 1179), however, suggested that some of the Cartersburg Till
Member may be Cary in age. Future detailed studies of the stratigraphy of the unconsolidated
sedimentsin Benton, Newton, Jasper,. and White Counties, where exposures are all too scarce, may
permit the boundaries of the Cartersburg to be more accurately defined and may provide data needed
for amore precise correlation of the unit.
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FORMATION
AND MEMBER CHARACTERISTIC SNAIL SPECIES ENVIRONMENT
Anquispira kochi, Succinea vermeta, Helisoma
Martinsiille K anceps,Campeloma rufum, Valvata lewisii Warm. humid climate; deciduous forest.
Formation Valvata sincera, Succinea gelida, Gyraulus ; _—
j allissimus [Cool climate; coniferous forest.
Lagro Formation
Cartersburg
Till Member
. Succineagelida, Columella alticola, Vertigo . . !
i - A S Cool to cold, moist climate; probably open park
F‘erif;l‘ggrn alpestris oughtoni, Discus cronkhitei ith scattered conifers.
Faunapoorly known
Center Grove | h
Till Member i i ;
g ;iz%ﬁ;x;?n%cncgéﬁ Succinea gelida, [Cool, moist climate; spruce forest with birch
pnd willow.
f Anquispira alternata, A. kochi, Succinea ovalis Warm. humid climate; deciduous forest.
Butlerville Succinea gelida, Columella alticola - )
Till Member 3 Fauna poorly known [Cool to cold, moist climate; open park.
Ji c SJCC.' nea gel.' da var., Hendersonia occulta, Cool, moist climate; probably transitional to
essup Vertigo elatior b
Formation oreal forest.
Cloverdale b Succinea gelida var., Punctum minutissimum ICool to cold, moist climate; open park.
Till Member Succinea gelida var., Hender sonia occulta
a 9 " ! [Cool, moist climate; boreal forest.

Strobilops labyrinthica

Figure 7.-Stratigraphic position, representative species, and environmental interpretation of fossiliferous beds
in the Pleistocene formationsin Indiana.
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Both recognized members of the Trafalgar Formation, as defined in this report, fall within the
Woodfordian Substage (fig. 2) of theclassification recently proposed by Fryeand Willman (1960). The
formationispart of the, "Main Wisconsin" of Dreimanis (1960, p. 109) and the"Classical Wisconsin"
of various authors. It correlates with the “ Jungwiirm” of Woldstedt (1960, p.159). Whether any of the
sedimentsin the lower part of the Trafalgar Formation in central or northern Indianaare Mittelwirm or
Altwiirm in age (early or middle Wisconsin) is still undetermined, because if they are present, such
sedimentsareoverlapped completely by the two upper members of the formation, both of which arelate

Wisconsinin age.

JESSUP FORMATION

Definition.--The Jessup Formation is the name proposed in this report for a sequence of
unconsolidated strata composed dominantly of conglomeratic mudstone that underlies the Trafalgar
Formation and that is exposed as the surf ace unit in much of the southern third of Indiana. The
formationisnamed fromthevillageof Jessupin southern Parke County (U. S. Geological Survey Mecca
Quadrangle), because many excellent exposures of the formation can be found in the stream banks
within aradius of afew milesin al directions. The type section is an exposure along a tributary of
Strangers Branch about 5 miles northeast of Jessup (fig. 5, location 14; Appendix A, section 14).

Description and distribution.--The Jessup Formation consists of several beds of calcareous
conglomeratic mudstoneandintercal atedlensesof clay, silt, sand, gravel, marl, and peat. Theformation
is extremely variable in thickness, because both upper and lower surfaces of the unit are bounded by
erosional unconformities. Theformationisdividedintotwo members(described below) inareaswhere
they are separately recognizable. The Jessup Formation is the uppermost geologic unit in much of
southern Indiana south of the limit of overlap of the Trafalgar Formation (fig. 5).

Weathering processes have removed carbonates to a depth of 3 to 4 metersin places where
the Jessup Formation is not covered by younger sediments; the upper 20 to 50 centimeters
generally consists of a mealy textured loesslike clayey silt. In exposures where the Jessup
Formation is overlain by the Trafalgar Formation or by the loess or lacustrine facies of the
Atherton Formation, the zone of carbonate removal from the paleosol key bed at the top of the
Jessup rarely exceeds 2 meters in thickness (Appendix A,
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section 11). In many exposures a distinctive bright orange-brown to strong brown (7.5Y R 5/6) color
is associated with the paleosol that caps the formation. Oxidation of ferrous compounds generally
extends only slightly deeper into thetill than the base of the zone from which carbonaterock particles
have been leached, but there is noticeabl e oxidation commonly along joints, a feature not found in
either the Trafalgar or Lagro Formation.

The base of the Jessup Formation generally rests on rocks of Paleozoic age in Indiana; thus the
contact is one of themost readily recognizedintheentiregeol ogic columnfor the State. |n somepl aces,
though, atongue of the Atherton Formation has been observed to be intercal ated between the Jessup
and the older rocks (Appendix A, section 6).

Butlerville Till Member.--The name proposed here for the upper of two members of the Jessup
Formation is the Butlerville Till Member. It consists dominantly of conglomeratic mudstone but
includes lenses of gravel, sand, silt, and clay and afew lenses of peat and marl. A distinctive weathered
zone, buried wherethe member isoverlain by younger sediments, capstheButlervilleand servesasthe
key bed for recognizing thetop of the Jessup Formation. In someplacesthe pal eosol isreplaced by peat
or marl lenses, and it commonly grades upward into a brown to gray silt bed, whose upper part is
fossiliferous,and whichisatongue of the PeoriaL oessMember of the Atherton Formation (pl. 4A). The
fossiliferous part of thisunit isreferred to here asthe middle Hender sonia occulta bed (fig. 2).

The type section of the Butlerville Till Member is exposed in road cuts beside the spillway for
the Brush Creek Reservoir 1%z miles northwest of Butlerville (fig. 5, location 3). This section was
studied during a field conference held in 1955, and the description in Appendix A, section 3, is
modified from the one published in the guidebook for that trip (Murray, 1955, p. 32).

A few exposures of the Butlerville Till Member of the Jessup Formation show that it consists of
at | east two and possibly three unitsof till that are separated by thin fossiliferoussilt beds (Appendix
A, sections5 and 14). Unfortunately these fossiliferous beds arerarely well exposed, and their nature
and extent still arepoorly known. Themiddletill of thethreeseemsto bethemost extensiveinwestern
Indiana and probably is the one that extends to the southern limit of the member.

The upper till, overlying a fossiliferous silt bed at the top of the middle till, has been
recognized in Parke, Vigo, and Wayne
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Counties, and the same units probably are present in exposuresin Marion County and near Sydney,
Ohio. (See La Rocque and Forsyth, 1957.) Only two exposures of the lower till and its associated
fossiliferous silt cap bed have been observed (pl. 4A) ; both exposures are in Parke County. Thistill
has adistinctive brownish-gray color, whichgivesita"pinkish" castincontrast to adjacent gray beds.

Cloverdale Till Member.--The name Cloverdale Till Member is proposed here for the lower part
of the Jessup Formation. It consistsdominantly of sandy conglomeratic mudstonebut includes|enses
and thin bedsof gravel, sand, silt, clay, and low-grade coal. Both the top and bottom of the member are
marked by major erosional unconformities.

Thetype section of the CloverdaleTill Member isexposedintheeast end of adiversion spillway
that was cut to protect the dam at Cataract Lakeon Mill Creek in southwestern Putnam County (fig. 5,
location 6). Itisanimportant reference section for the entire Jessup Formation and i sthe type section
for the Cagle Loess Member of the Atherton Formation. It is likely to remain available for study for
many years (Appendix A, section 6; pl. 4B).

The member is marked at the top by a distinctive paleosol, from which carbonates have been
leached to adepth of 3to 4 meters, andlocally by lentilsof weathered gravels, sands, silts, and coallike
sediments. Where this"key bed" has been removed by erosion,Cloverdaletill generally isdifficultto
distinguish from overlying Butlervilletill. Thejoints of both members characteristically are marked
by oxidation that extends into the mudstone fromthefractures; thisoxidized zone normally isabout
2to 8 centimeterswide in the Butlerville but is considerably wider, as much as 15 centimeters, in the
Cloverdale. Tills of the Cloverdale all seem to be more pebble rich on outcrop than tills of the
overlying unit, but mechanical analyses are not available to provide laboratory confirmation of this
field observation. The paleosol at the top of the Cloverdal e contains noticeable kaolinite, a mineral
apparently missing from the paleosol at the top of the Butlerville Till Member (Bhattacharya, 1962,
p. 1016).

The Cloverdale Till Member of the Jessup Formation has been recognized only in southern
Indiana, and nearly everywhereitisoverlain by younger sediments. Sofar itisknown. to bethe surface
unit only withinasmall areain northwestern Brown County (figs. 2 and 5), butinafew placesin Parke
and Ripley Counties the overlying Butlerville Till Member is less than 2 to 3 meters thick,
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and the carbonate-free zone of the soil profile on the upper member extendsinto thelower member. In
places such as these, the combined soil profile and the paleosol on the Cloverdale Till Member are
leached to a depth of more than 6 meters.

Fossils.-Within generally nonfossiliferous mudstones of the Jessup Formation are at least six
separate and distinct silt beds from which fossil snails, wood, and pollen have been recovered. Three
of these beds aretongues of the Atherton Formation, two of which are named; the other three, however,
are unnamed thin silt lensesor bedsmoderately richin organic material, particularly the shellsof land
snails.

Many exposures of the highest bed in the sequence, the upper Hender sonia occulta bed, which
isatongueof thelower part of the PeoriaL oessMember of the Atherton Formation, have been recorded
in Indianaduring the past half century (Leverett and Taylor, 1915; Thornbury, 1937, p. 53-55; Wayne,
1959b, p. 12). Species of snailsfound in this bed include some from both assemblages of the Peoria
farther south. Some of the forms more commonly found are Hender sonia occulta, Cionella lubrica,
Stenotremaleai, Succineagelida, Pupillamuscorum, Gastrocoptaarmifera, Vertigoelatior, Vertigo
gouldi, Vertigo modesta, Punctum minutissimum, Deroceras laeve, Discus cronkliftei, Carychium
exile canadense, and Lymnaea parva. Less commonly found are Anguispira alternata, Pomatiopsis
lapidaria, Vertigo alpestris oughtoni, and Columella alticola.

Withinthe Butlerville Till Member, two thin intertill silt beds have been recognized, but only a
fewexposures of each are known. Samples of the upper silt bed collected from Vigo, Parke, and Wayne
Counties are virtually indistinguishable faunally from the fauna of the silt bed that marks the top of
the Center Grove Till Member of the Trafalgar Formation. The most common species are Succinea
gelida, Vertigo elatior, Vertigo modesta, Columella alticola, and Lymnaea parva.

Only two exposures of athin fossiliferoussilt bed (pl. 4A) lower in the Butlerville Till Member
have so far been found; both are in Parke County. Nothing of particularly diagnostic val ue was noted
in the one exposurethat has been examined; however, the brownish-gray silt itself is notable, because
it hasa"pinkish-brown" cast whenitisexamined in thefield beside the gray overlying mudstones. It
contains Succinea gelida, Vallonia albula, Deroceras laeve, Lymnea parva, and afew specimens of
three other species.
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A tongue of the Loveland Loess Member of the Atherton Formation, whose fossiliferous part is
the middle Hendersonia occulta bed, has been found to be exposed in the middle of the Jessup
Formationinrelatively few placesin the State. Fossil snail shellshave been recovered from exposures
of it in Clay, Parke, and Johnson Counties, but pollen has been recovered from this silt bed and
associated peaty materialsin exposuresin Ripley and Tippecanoe Counties aswell as those in Clay,
Parke, and Johnson Counties (Englehardt, 1961).

Apparently because the weight of an overriding ice sheet was too great, mollusk remainsin the
middle Hendersonia. occulta bed commonly are badly broken. This position, though, is the lowest
from which specimens of Columella alticolahaveyet been recovered in Indiana, and it isthe highest
silt bed to contain Succinea gelida var. Other fairly commonly species are Hendersonia occulta,
Deroceras cf. D. laeve, Stenotrema leai, Succinea, ovalis, Vertigo elatior, Carychium exile
canadense, and Lymnaea parva.

Onethinfossiliferoussilt bed has been recognized within the Cloverdale Till Member of the
Jessup Formation, and only threeexposuresof it have beenfound, all inthesame part of Parke County.
Similar faunal assemblages were found in all three. The most abundant species are Punctum
minutissimum, Succinea. gelidavar., Vallonia gracilicosta, and Vertigo elatior.

From asingle exposure, thetype section of both the Cloverdale Till Member and the Cagleloess,
the fossil-richlowerHender sonia occulta bed at the base of the Jessup Formation is known (pl. 4B).
Dominant in the list of species from this unit are Strobilops labyrinthica, Hendersonia occulta,
Succinea gelidavar., Carychium exile canadense, Discus cronkhitei, and Oxyloma decampi gouldi.

Ageand correlation.--TheJessup Formationincludesall theconglomeratic mudstonesof I ndiana
that are pre-Wisconsininage. TheButlervilleTill Member of theformationiscontinuousintothetype
region of the Illinoian Stage in Illinois (Chamberlin, 1896, p. 872-876; Leverett, 1898, p. 173;
Leighton and Brophy, 1961; L everett, 1899) ; the key bed-pal eosol and related sedimentsthat marks
the top of both this member and of the formation is Sangamon to early Wisconsin in age.

The lower part of the formation, the Cloverdale Till Member, isless well exposed; thusit is not
so well known. It hasbeen correlated with deposits of the Kansan Stage (Wayne, 1958a, p. 10). Thekey
bed at the top of the Cloverdaleis Y armouth to early Illinoian in age.



PLEISTOCENE FORMATIONS IN INDIANA 57
BIOSTRATIGRAPHIC UNITS

Biostratigraphic units are rocks characterized by a particular fossil or fossil assemblage. The
boundaries of such units should not necessarily be coincident with lithologic boundaries; both the
fossil assemblageandthelithol ogy of theenclosing sedimentsare productsof aparticular environment
of deposition, however, and their boundaries may coincide. As currently proposed by the American
Commission on Stratigraphic Nomenclature (1961, p. 655-657) the fundamental unit in
biostratigraphic classification isthe zone.

KINDS OF FOSSILS FOUND IN PLEISTOCENE SEDIMENTS

Ice-laid sediments are generally nonfossilif erous,andthe Pleistoceneglacial depositsof Indiana
are no exception. Most of the fossilsin the Pleistocene sedimentsin Indianacome from thin silt beds
that lie along unconformities between till units, f rom lacustrine sediments, and from loessal silts.
Many kinds of organisms have been preserved as fossils in the Pleistocene formations in Indiana.
Unfortunately, most of them are limited in their usefulness to stratigraphy, somebecausethey aretoo
scarce, others because they have received little study and their stratigraphic valueis still unknown.

The more spectacular fossils, thevertebrates, arerarely foundin continental glacial deposits. Only
afew specimens of the large fossil vertebrates, most of them bones or teeth of mastodons, turn up in
Indiana each year. Remains of other speciesareevenlessfrequently discovered. Virtually all vertebrate
remains have come from the paludal faciesof theMartinsville Formation. Small mammals, which have
proved stratigraphically useful in depositsin the Great Plains(Hibbard,1958) , havenot beenfound
in the Pleistocene sedimentsin Indiana.

Fresh-water Pleistocene sediments commonly contain ostracodes. This group of fossils requires
microscopic study for identification, however, and little work has been done so far on the stratigraphic
distribution of Pleistocene species. Other fossil animal remains that require microscopic examination
include larval cases of insects, mites, and cladocera (water fleas), which Frey (1958) found as having
considerable stratigraphic and ecologic significance in sediment studies of postglacial |akes.

Wood, seeds, spores, and charophytes are found in many Pleistocene interformational silts and
in sometills. Wood requires sectioning and microscopic examination for identification; and asfossil
seeds, spores, charophytes, and leaves have not been extensively
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studiedinNorth America, their usefulnessin stratigraphic work isstill not known. At thepresent time,
too littleis known about changes that may have occurred in these organisms during the Pleistocene
for them to have other than pal eoecol ogic significance.

The use of percentages of pollen types from different depthsin postglacial lakes and bogs has
beenamost fruitful biostratigraphictechniqueinthezonation of thepaludal faciesof theMartinsville
Formation, because the pollen and spores of many kinds of plants are windborne and much of the
pollen and sporesisburiedin sediments(Guennel, 1950; Potzger, 1941 and 1943; Potzger and Wilson,
1941). The principal disadvantages of this biostratigraphic technique are that pollen requires
laboratory studies and that, so far, the effectiveness of the study of pollen has been limited in North
Americato quiet-water sediments of theMartinsvilleFormationanditsequival ents. A recent study by
Englehardt (1961) indicates that some stratigraphic value may be derived fromthestudy of pollenin
thefossiliferoussiltsand peatsthat are buried within the Pleistocene formations, but, so far, the major
contribution of such studies has been ecologic.

Inview of their abundance, availability for study, and the state of current knowledge regarding
them, the most satisfactory fossilsin Indianafor usein Pleistocene stratigraphic work are land and
fresh-water mollusks. They have been found in nearly all formations of the Indiana Pleistocene and
generally can be collected in large numbers by merely washing a bulk sample of the fossiliferous
sediment (Wayne, 1959b, p. 13). Unfortunately, nearly identical ecologic conditions near the ice
margin prior to, during, and following each glaciation have resulted in the recurrence of relatively
similar faunasat successively higher stratigraphicpositions. Distinctionsbetween faunal assemblages
inthePleistoceneformationsinIndianaaremoresubtlethan thoserecorded for Kansas (L eonard, 1950
and 1952).

Nearly all the speciesof mollusksthat arefound asfossilsin the Pleistocene sedimentsinIndiana
arestill living somewheretoday. Not all of them now liveinIndiana, however, and many speciesinthe
present living fauna of the State have never been recovered from the Pleistocene sediments. As few
changes have taken place through speciation, the principleinvolved in attempting to utilize fossil
mollusksin Pleistocene stratigraphic study assumes that the overall species content of the faunain
any given area changes somewhat each time the faunais destroyed by the changesin temperature and
vegetation that accompany a glaciation. Thus the faunal



BIOSTRATIGRAPHIC UNITS 59

assemblage at the base of athick loess deposit is likely to beamost wholly different from the faunal
assembl age recoverabl e from the top of the sameloess. In the sameway, afaunathat was destroyed by
burial beneath ice and till probably differsin several elements from the fauna that repopulated the
sameregion after theice had melted. Wherever the difference in ecology rather than the evolution of
new formsisthe dominant factor inthe makeup of afauna, stratigraphic paleontol ogy must beworked
out for each limited area. Thus detailsin one areamust be used only with great caution when they are
used in correlation in other areas.

IntheMartinsvilleand Atherton Formations, mollusksgenerally arefound scattered throughout
the sediments. In contrast, mollusks are almost completely restricted to thin silt beds between much
thicker barrentill layersinthe Jessup, Trafalgar, and Lagro Formations(fig. 2). Sofar, nofossilsof any
kind have been reported from the Prospect Formation, but it is possible that some may be found.

VERTICAL DISTRMUTION OF PLEISTOCENE SNAILS

Range zones.--The total vertical range limits of few, if any, of the mollusk species that are
abundant asfossilsin the glacial depositsin Indianafall completely within the span of time repre-
sented by the Pleistocene sediments in Indiana. A few species do seem to have restricted vertical
ranges, however, and when they are found in adeposit that contains certain other species, they make
up an assemblagethat usually can be placed inits proper stratigraphic position. The most significant
of thesefossilsfor Indiana seemsto be three forms of Succinea that haveoftenbeengroupedtogether
under the name Succinea, avara Say (fig. 8). Fossil species of Succinea are admittedly difficult to
evaluate, and names are used with the understanding that these are "form" species. (See Leonard and
Frye, 1960, p. 12.) There appear to be enough differences, however, to permit recognition of three
species that seem to be restricted to certain stratigraphic positionsin Indiana.

The species that has been found in the upper part of the Martinsville Formation and is
now living in Indiana and that has been referred to as S. avara was reclassified recently by
Hubricht (1958, p. 61) as S. vermeta Say. The Succinea ver meta Range Zonein Indiana, here named,
islimited to the younger part of the Martinsville (fig. 2). The shell of S. vermeta isdistinct from the
form common to the lower part of the Martinsville and to other upper



60 PLEISTOCENE FORMATIONS IN INDIANA

Figure 8.V ariation among forms commonly referred to Succinea avara Day: (a) Succinea gelida F. C. Baker, var., (X 10); (b) Succinea gelida
F. C. Baker, (X 10); and (c) Succinea vermeta Say, (X 10)

Pleistocene depositsin the State. The species common in sediments of Wisconsin age hasashell that isidentical to the species
now living along the margins of tundra ponds in the vicinity of the northern limit of wooded country in Manitoba (Wayne,
19593, p. 93). This species is referred to the form Succinea gelida F. C. Baker (Leonard, 1957, p. 19), and the beds that
embraceitsrange in Indiana are designated the Succinea gelida Range Zone (fig. 2). A smaller but similar formisfoundin
the lower three fossiliferous beds of the Jessup Formation but seems to be absent from strata younger than Y armouth. This
form can be recognized as different from S. gelida but may not be adistinct species. In thisreport | havereferredtoitasS
gelidavar., and the Indianabeds in its range are designated the Succinea gelida var. Range Zone (fig. 2). These range zones,
used in combination with other species of the assemblages, allow reasonably sound stratigraphic determinations to be made.

Beds.--Hender sonia occulta, (Say) isareadily recogni zable speciesthat has been recovered from only three stratigraphic
positions in the Pleistocene sediments of Indiana (fig. 7). The type locality of this species is near New Harmony in Posey
County, where Thomas Say collected from | oessthe specimenshedescribed. No living coloniesof H. occulta havebeen found
in Indiana, but the species is known from suitable habitats in Michigan, Wisconsin, Minnesota, lowa, and the central
Appalachians (van der Schalie, 1939, p. 5).

The sediments in which Hendersonia occulta is found are pat of the three members of the

loess facies of the Atherton Formation,
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particularly in exposures where the loess intertongues with the Jessup and Trafal gar Formationsand
has not been extensively weathered after deposition. For identification purposes in this report, the
units that contain Hender sonia occulta as adistinctive part of the fauna are designated the lower,
middle, and upper Hender sonia occultabeds (figs. 2 and 7).

The lower Hender sonia occultabed isin the Cagle L oessMember of the Atherton Formation and
lies at the base of the Jessup Formation. I n the type section the boundaries of the fossil bed coincide
with those of the Cagleloess. Itisin the Succinea gelida var. Range Zone. The middle Hender sonia
occulta bed also isin the Succinea gelida var. Range Zone and, as the upper part of a tongue of the
Loveland L oess Member of the Atherton Formation, ispart of the key bed that capsthe CloverdaleTill
Member of the Jessup Formation. TheupperHender sonia occultabed isin the Succinea gelida Range
Zone and, as part of atongue of the PeoriaL oess Member of the Atherton Formation, is part of the key
bed that caps the Jessup Formation. In places where the Peoria is not overlain by the Trafalgar
Formation,Hender sonia occulta ispresent throughout the unit. Say'stypeof thespeciesundoubtedly
wascollected fromtheupperHender sonia occultabed in exposures of Peorialoessnear New Harmony.

Of theremaining fossiliferousunitsknownto exist inthe Plei stocene sedimentsof Indiana, nearly
all (specifically, beds designated b, d, e, f, h, and j in figures 2 and 7 and table 2) are still too
imperfectly studied for me to select acharacteristic species at thistime. Bed k (fig. 7) contains much
of the modern land and f resh-water snail fauna of Indianaand isintheSuccinea ver meta Range Zone.

Vertigo al pestrisoughtoni isa characteristic speciesinthethinlenticular siltbedthat | haveused
as akey bed to separatethe Center Grove Till Member fromthe Cartersburg Till Member of the Trafal gar
Formation. Even though the speciesis not restricted to this stratigraphic position (table 2), it ismore
typically present in bed i (fig. 2) than in any other in Indiana. Therefore the fossiliferous silt that
separates the Center Grove from the Cartersburg is designated the Vertigo alpestris oughtoni bed.
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Table 2-Distribution of species of snails in fossiliferous beds within the Atherton,

Jessup, and Trafalgar Formationsin Indiana

~ Carychium exife canadense

Speci es

Fossiliferous beds (figs. 2 and 7)

(Clapp)
Columella edentula
(Draparnaud)
Cionella lubrica (Muller).
Discus cronkhitei (Newcomb)
Euconulus fulvus (Muller)
Gastrocopta armifera (Say)
Hendersonia occulta (Say)
Lyninaea parva Lea
Oxyloma decampi goul di
Pilsbry
Punctum minutissimum(Les)
Pupilla muscorum(Linne)
Retinella electrina (Gould)
Stenotrenia leai (Binney)
Strobilops labyrinthica (Say)
Succinea gelida F. C. Baker,
var.
Vallonia excentrica Sterki
Vertigo alpestris oughtoni
Pilsbry
Vertigo elatior Sterki
Vertigo gouldi hubrichti
Pilsbry
Vertigo niodesta (Say)
Deroceras laeve (Muller)
Succinea grosvernorii Lea
Vallonia gracilicosta Reinhardt
Valvata tricarinata (Say)
Vertigo gouldi hannai Pilsbry
Vertigo ovata Say
Columella alticola (Ingersoll)
Lymnaea galbana (Say)
Stenotrema hirsutum (Say)
Succinea ovalis Say
Gastrocopta tappaniana
(C. B. Adams)
Succinea gelida F. C. Baker
Vallonia albula (Sterki)
Vertigo nylanderi Sterki
Allogona prolunda (Say)
Anguispira alternata (Say)
Anguispira kochi (Pfeiffer)
Discus patulus (Deshayes)
Gastrocopta contracta (Say)
Gastrocopta holzingeri (Sterki)
Gastrocopta pentodon (Say)
Haplotrema concavum (Say)
Hawaiia minuscula (Binney)
Helicodiscus parallelus (Say)
Stenotrema fraternum(Say)..
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Table 2-Distribution of species of snailsin lossiliferous beds within the Atherton,
Jessup, and Trafalgar Formationsin Indiana-Continued

Fossiliferous beds (figs. 2 and 7)1

Species a b e d e f g
Stenotrema stenotrema
(Preiffer) X
Vallonia costata (Muller) X
Vertigo bollesiana (Morse) X
Zonitoides arboreous (Say) X
Poinatiopsis lapidaria (Say) X
Succinea retusa Lea X

' The species lists am based on studies of the following number of sample. for each bed:

Bed a- 1sample
b - 3 samples
c - 3 samples
e- 3samples
f- 2samples
g - 6 samples
i - 11 samples
d,h - not studied (1961).
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APPENDIX A. TYPE AND REFERENCE SECTIONS

[Munsell color notations are given where available; all color determinations were made
under field moisture conditions. Color descriptions that are not followed by aMunsell
value are nonquantitative field notations.]

1. Reference section, Atherton Formation, loess facies. Road-cut exposure along Kentucky State
Highway 56 in Union County, Ky., 1 mile east of Shawneetown Ferry landing on the Ohio
River. Lat 37" 41' N.; long 88", 30" W. (Grove Center Quadrangle). Altitude of top of section
isabout 480 ft. (See also Rubin and Alexander, 1960, p. 139, W-867; Leonard and Frye,
1960, p. 12-13; and Leininger, Droste, and Wayne, 1958, p. 1604.) Measured and sampled

April 3,1958.
Atherton Formation: Thickness
PeoriaLoess Member: m ft
Silt; top is brownish gray and contains organic debris; lower
part is medium brown, orange mottled, clayey; not cal careous 0.7 23
Silt, pale orange-brown, calcareous, very slightly fossiliferous 25 82

Silt, pale yellowish-brown, massive, calcareous; small concre-
tions at top; slightly fossiliferous near top and base but
virtually unfossiliferous through middle; includes alens of
silty finesand ... 75 248
Farmdale L oess Member:
Silt, light grayish-brown, calcareous, very fossiliferous; con-
tainsalayer of shellsat top; gullies head in this unit; dated

as 22,200 yearsold (Appendix B, date W-867) .........c.ovuiriiiininninann. 10 33
Silt, clayey, medium-brown, platy; containstiny concretions
of Mnor Fe; basegradational ............ ... 1.7 5.6

Loveland L oess Member:
Clayey silt, orange to yellowish-brown, mottled; large lime
concretions at base, but otherwise not calcareous ............................ 12 39
Silt, slightly clayey, yellowish-brown, noncalcareous -« -« «....vvvvieienian. 06 21
Cagle Loess Member?:
Silt, reddish-brown, noncal careous; weathered sandstone peb-
blesinlower part ...... ...t 17 55

2. Type section, Prospect Formation. Road-cut exposure along U. S. Highway 150 at the west edge
of the village of Prospect, about 2 miles north of French Lick, Orange County, Ind., in the
SWYsNEYssec. 27, T. 2N., R. 2W. (French Lick Quadrangle).

Thickness

Prospect Formation: m ft
Silt, clayey, yellowish-brown 20
Sand, clayey, brownish-red 13.0
Sand, gravelly, brownish-red; base of unit not exposed - ................oiin 0.9 3.0

3. Type section, Butlerville Till Member of Jessup, Formation. Road- and spillway-cut exposure at
Brush Creek Reservoir, 2 miles northwest of
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Butlerville, Jennings County, Ind., in the NEYANEY2sec. 16, T. 7 N., R. 9 E. (Butlerville
Quadrangle). Section modified from Murray, 1955, p. 32-33.

Jessup Formation: Thickness
Butlerville Till Member: m ft
Clay, silty, sandy, light yellowish-gray, mottled, noneal careous 15 5.0
Mudstone, sandy and clayey, brown, noncalCareous. - .............coiiiin... 0.6 20
Mudstone, conglomeratic, gray; brown along joint fractures;
NOE CAICAIEOUS . ...ttt et ettt e et et e et 15 5.0

Mudstone, conglomeratic, gray; calcareous throughout but less
strongly so at base; brown along joint fractures; contains

randomly oriented chunks of dark yellowish-brown noncal

careous mudstone. This unit thickens considerably on east

side of bridge whereiit fillsaburied bedrock valley, and the

sediment contains abundant fossil wood ... 46 15.0

Cloverdale Till Member:
Mudstone, clayey, dark yellowish-brown, noncal eareous; con-

tains abundant chert pebbles and afew quartzite pebbles ................. 03 10
Devonian rocks:
Sand, yellowish-white, fine-grained, loose ................cooviiiiiiinn.n. 03 10
Sandstone, yellowish-gray, thick-bedded ................. ...t 0.6 18
Silurian rocks, Laurel Limestone: (not measured)

4. Reference section of Atherton and Jessup Formations. Road cuts exposed along Indiana State
Highway 45, 1 mile west of Helmsburg, Ind., in the S¥2SEYasec. 28, T. 10N., R. 2 E.
(Morgantown Quadrangle). Section adapted from Thornbury and Wayne, 1957, p. 22-23.

Thickness
m ft
Covered totop Of tEITACE . ... .ovu ittt 49 16.0
Atherton Formation, lacustrine facies:
Clay, brownish-yellow, blocky, compact, noncalcareous .................... 18 6.0
Clay, brown, blocky, compact, plastic, calcareous .................c.coovunn 0.3 1.0
Clay, paleyellowish-gray, silty, noncal careous; unit may be a
thinlayer of 10€SS ... ..o 0.3 10
Jessup Formation, Cloverdale Till Member:
Silt, dark brownish-gray, clayey, noncal careous; contains some
CarbON PaArtiCIES ..ot 05 16
Silt, pale yellowish-gray, clayey, noncalcareous .................coovvvnen.. 0.9 30
Sand and silt, brown, noneal eareous; cemented with iron
0Xides; diSCONTINUOUS ... ...ttt et et 01 0.3
Sand, yellowish-gray, clayey, pebbly, noncaleareous ........................ 05 15
Gravel, brownish-yellow; not well sorted; not calcareous .................... 04 13
Mudstone, brownish-gray, conglomeratic, clayey, noncalcareous............. 0.03 01
Mudstone, brownish-gray, conglomeratic, clayey, sandy,
CAICAIBOUS . . .\ttt ettt et 15 5.0

Mississippian rocks, Borden Group:
Siltstone, bluish-gray, shaly; basenotexposed .......................oout 03 10
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5. Reference section, Jessup Formation. Cutbank exposure along creek at the north edge of
Liggett, Vigo County, Ind., in the SE¥4SE¥.see. 14, T. 12N., R. 10 W. (Terre Haute
Quadrangle).
Thickness
Jessup Formation: m ft
Silt, yellowish-brown, clayey, noncalcareous ................ccooeiiiiiiinninn.n. 165 50
Mudstone, brown, clayey, conglomeratic, noncalcareous . ....................ov.. 2.00 61
Mudstone, gray to brownish-gray, conglomeratic, sandy, cal

careous; containsgravelly [enses ... ... 1.65 50
Silt, pale brownish-yellow, calcareous; upper 3 to 4 em con-

tains humic stains, sparsely fossiliferous; limonitic accumu-

[atioN @ DASE .. ...t 0.15 05
Mudstone, dark olive-gray, sandy, conglomeratic, hard .......................... 1.10 37
Sand; contains coal fragments ............iiuiuii i 0.60 20
Mudstone, brownish-gray, silty, clayey, conglomeratic, cal-

careous; upper 30 M BroWN . .......ooiii i 165 50

Pennsylvanian rocks:
Shale, olive-gray; top SUrfaCe UNBVEN . ... .v.iui i 2.60 80
SIltStONE, CAICArEOUS . ...\ttt ettt ettt e et 0.30 1.0
6. Type section, Cloverdale Till Member of Jessup Formation and Cagle L oess Member of
Atherton Formation. Cut on side of spillway for Cagle's Mill Reservoir, Putnam County,
Ind., inthe SEYaANW¥ssee. 13, T. 12 N., R. 5 W. (Poland Quadrangle).
Thickness
Atherton Formation: m ft
Peoria Loess Member:
Silt, yellowish-brown, clayey, not calcareous ..............c..oovieiiinann.. 0.9 3.0
Jessup Formation:
Butlerville Till Member:
Mudstone, brown, fractured, noneal eareous; secondary limo-
nite deposition aloNg JOINES . ... .o.uiti it 37 120
Mudstone, conglomeratic, light-brown, calcareous, clayey .................... 16 53
Mudstone, conglomeratic, dark-gray, calcareous, clayey ....................... 18 6.0
Cloverdale Till Member:
Clay, brown to greenish-gray, nonealcareous, silty tosandy ................... 11 35
Mudstone, brown, sandy and silty, noncalcareous ....................c.coienn. 2.6 85
Mudstone, conglomeratic, reddish-brown, calcareous ......................... 09 3.0
Mudstone, conglomeratic, brownish-gray, calcareous, silty,
sandy; oxidized extensively along joints; contains wood
fragmentsinbasal few feet ........ ... 37 120
Clay, silty, brownish-gray, laminated, highly calcareous; con-
tains scattered wood fragments throughout; lenticular,
pinching out toward west in @XPOSUre ...........coeuviiiiiiiiiiiinninennns 0.7 23
Atherton Formation:
Cagle Loess Member:
Silt, grayish-brown; mottled locally; cal careous and abundant-
ly fossiliferous, becoming lessso in lower 1.0 ft; wood, peat,
and humus common at upper contact; lenticular, pinching
out toward West in €XPOSUIE .. ...ttt et e e e 09 30
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Pennsylvanian rocks, Mansfield Formation:
Sandstone, shale, and thin coals, overlain locally by as much
as12ftof colluvial debris ... (not measured)

7. Reference section in type area, Martinsville Formation. Cutbank along White River along east
side of Indiana State Highway 67, 3 miles north of Martinsville, Morgan County, Ind., in
the NW cor. see. 16, T. 12N., R. 1L E. (Martinsville Quadrangle).

Thickness

Martinsville Formation, alluvial facies: m ft

Sand, silty, yellowish-brown; locally shows stratification

1aminae 2 to 3 MM thiCK -+« v v v et e 16 51
Silt, sandy and clayey, yellowish-brown to orange-brown;

mottled with yellowish gray; massive; stratification ob-

scure; lower part grayer than upper and less mottled; local-
ly gradational into unit below

41
Sand, grayish-yellow, calcareous; containsafew thin (2to 3
mm) silt lenses, afew particles of granule size, and scat-
teredsnail shells ... ... . 0.6 19
Silt, dark-gray; not observably cal careous; contains abundant
wood, including afew large (50 cm diameter) logs; base not
exposed abovewater level .......... ... 0.7 22

8. Reference section of Center Grove Till Member of Trafalgar Formation. Cutbank exposure along
Honey Creek in the NEY2SEY4SEYa sec. 15, T. 13N., R. 3E. (Bargersville Quadrangle).

Thickness
Trafalgar Formation: m ft
Cartersburg Till Member:
Mudstone, slightly conglomeratic, yellowish-gray, calcareous;
base UNdUIating ... ....oouiie 3.0 9.9
Center Grove Till Member:
Silt, orange-brown to pale greenish-gray, mottled; upper 2to 3
cmishighly calcareous but porous, asif it isazone of local
secondary deposition of CaCO.; locally fossiliferous; grades
laterally into laminated silt and pebbly sand ......................coiil 0.1 0.3
Mudstone, gray, cal careous, |aminated; thins to west along
faceof bIUff ... . 18 59
Sand, coarse, pebbly, gray; locally cementedattop ............c.covvviiinnn 0.7 23
Mudstone, sandy, conglomeratic, gray to brownish-gray, very
hard and compact; contains wood fragments and limonite
stained laminaein lower part; base not exposed in this
£ 1o P 6.7 22.0

9. Type section, Center Grove Till Member of the Trafalgar Formation. Stream bluff along Turkey

Pen Creek, atributary of Honey Creek, just east of an Illinois Central Railroad trestle in the
NWY.SWYiSEYasee. 2, T. 13 N., R. 3 E. (Bargersville Quadrangle).
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Thickness

Trafalgar Formation: m ft
Cartersburg Till Member:
Silty clay, brown, noneal careous; shows some stratification;
unit probably represents colluvially moved soil .......................o... 1.0 33
Mudstone, medium yellow-brown, silty, calcareous; no boulders
or cobbles noted in the outcrop; basal part of unitislight

L= 25 8.2
Center Grove Till Member:
Silt, gray, pebbly; containswood fragmentsand snail shells .................. 0.1 0.3
Mudstone, yellowish-gray, cal careous, conglomeratic; boulders
COMMON INTOWEr PAT ..ottt 55 17.0

Jessup Formation:
Gravel, orange-brown to olive-gray, clayey and sandy, non

calcareous; base NOt EXPOSE ... ...ttt 1.0 32

10. Type section, Trafalgar Formation. Cutbank exposed along west side of Buckhart Creek about
150 m (500 ft) north of Indiana State Highway 252, 2 miles east of Trafalgar, Johnson
County, Ind., inthe SEYaNW¥4sec. 8, T. 11 N., R. 4 E. (Franklin Quadrangle).

Thickness
Trafalgar Formation: m ft
Cartersburg Till Member:
Silt loam, light-gray; leaf litter at top . .......ovvvrniiii e 0.4 13
Mudstone, pale-brown (10Y R 6/3) between fractures, which

aredark brown (7.5YR 3/2) and clayey; not calcareous ..................... 05 16
Mudstone, silty and pebbly, pale brown (10Y R 6/3); limonite

deposited along horizontal partings; calcareous .............c..covvivnen... 0.8 26

Silt, light olive-gray (5Y 6/2), porous, NON€alCareous ........................ 03 10

Sand, clayey, dark-brown (10YR 4/3), noncalcareous ...............c..coeunun. 05 16

Silt, yellowish-brown (10Y R 5/4), laminated, calcareous ...................... 05 16

Mudstone, silty and conglomeratic; dark grayish brown (2.5Y
4/2) in upper part; dark gray (5Y 4/1) inlower part; cal
CaArEOUS, COMPACE ...ttt et ettt ettt et e e et e et 21 6.9
Center Grove Till Member:
Silt, dark-gray (5Y 4/1) to dark-brown (10Y R 3/3), fossilifer-
ous; upper 15 cm contains both plants and mollusk shells;
upper 5 cm locally noneal careous, but remainder of unit cal-
careous; unit drops about a meter lower at north end of

exposure and becomes more sandy; dated 20,300 years B. P.
(Appendix B, datesW-597 and W-598) ..........cciiiiiiiiiiiiiiia 0.3 10

Gravel, sandy and silty, dark-brow-n (7.5YR 3/2), calcareous .................. 0.3 1.0
Mudstone, conglomeratic; dark yellowish brown (10Y R 4/4)
on surface of exposure where oxidized but dark gray (5YR

4/1) beneath surface; cal careous; lower part of unit con-
tains contorted lenses of strong brown (7.5Y R 5/6) noncal -

careous mudstone and fragments of wood; dated 20,900
yearsB. P. (Appendix B, date W-580) ........c.ouiiiiriiiiiiiiiiiiias 20 6.6
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Jessup Formation:
Mudstone, strong brown (7.5Y R 5/6), conglomeratic, noncal -
careous; maximum exposed on opposite bank of stream. ................... 06 18

11. Reference section, Trafalgar Formation. Composite section exposed in cutbanks along the
creek on the north side of Indiana State Highway 252, 3 miles east of Trafalgar, Johnson
County, Ind., inthe SEYaNW¥z2sec. 9, T. 11 N., R. 4 E. (Franklin Quadrangle).

Thickness
Trafalgar Formation: m ft
Cartersburg Till Member:
Mudstone, brown (7.5Y R 4/4), silty and clayey, conglomeratic,
NONCAIEAIEOUS ...\ttt ettt et e et et 12 40
Mudstone, yellowish-brown (10Y R 5/6); grades downward into
light gray (5Y 6/1); silty, conglomeratic, calcareous ....................... 4.0 13.0

Center Grove Till Member:
Silt, grayish-brown (2.5Y 5/2); mottled with strong brown
(7.5YR 5/6); calcareous; sandy in lower part; contains
fossil shellsand wood inupper part .............cooviiiiiiiiiiiiininn... 0.4 13
Mudstone, light olive-brown (2.5Y 5/4), cal careous, conglomer-
atic, sandy, silty, hard ........ ... 19 6.2
Jessup Formation:
Mudstone, dark yellowish-brown (10Y R 4/4) to brownish

yellow (10Y R 6/8), conglomeratic, sandy, clayey, noncal-
careous; locally contorted ...........c.iiiiiiii 0.7 23

Mudstone, strong brown (7.5Y R 5/6) to brownish-yellow ....................
(10YR 6/8)-, sandy, conglomeratic, nonealcareous, hard ................... 0.7 23

Mudstone, gray (5Y 5/1), silty, pebbly, calcareous; oxidation
bands and secondary limonite along jointsabout 3cmwide. . ............... 1.0 33

12. Reference section, Atherton Formation, lacustrine facies. Composite section of strata exposed
in cutbanks along Y ellow Bank Creek 3 miles northwest of Brookville, Franklin County,
Ind., inthe NWY4SEYa see. 34, T. 12 N., R. 13 E. (Brookville Quadrangle).

Thickness
Atherton Formation: m ft
Silt, yellowish-brown (10Y R 4/4); mottled with gray; lower
40 cm calcareous and locally fossiliferous; several thin
bands of granule-sized particles present in unit (loess facies) 21 6.9
Gravel, poorly sorted and rubbly; locally dark brown; leached
clay enriched; elsewhere calCareous ..........o.vuviiiin e 0.6 20
Trafalgar Formation:
Mudstone, silty, conglomeratic, light yellowish-brown, strongly
calcareous; base poorly eXPOSed . ..........uuiiiiiii s 10 33
Atherton Formation, lacustrine facies:
Silt and fine sand ' yellowish-brown, cal careous, weakly lami-
nated; lower part gradational intounitbelow ................... ..o 13 43

Sand, gravelly, yellowish-gray, crossbedded, calcareous ........................ 3.0 9.9
Clay, gray, CalCareous, MaSSIVE .. ... ...uutrt ettt ieeeaenns 1.6 5.2
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Clay, very slightly silty, gray, laminated; beds 1 to 5 cm thick

(Bl 2B e 17 5.6
Silt, brown (10Y R 5/3), calcareous, fossiliferous, massive,

thick-bedded; thicknessrangesfrom30cm.to1.0m. ................... 10 33
Silty clay, brown to grayish-brown, calcareous, laminated;

bedsarel to3cm.thick ........ ..o 14 46

Silt, brown, calcareous, massive; upper 40 cmishighly fos-
siliferous and exhibits contorted layers; lower part s
sparsely fossiliferous but locally contains large snails, wood,
and mosses; base not exposed; maximum thickness observed 1.4 4.6

13. Reference section, Jessup and Atherton Formations. Cutbank exposure along south side of
Raccoon Creek 1% miles southwest of Mansfield, Parke County, Ind., in the center of the
SWYANWYasec. 18, T. 14 N., R. 6 W. (Mansfield Quadrangle).

Thickness
m ft
Jessup Formation:

Butlerville Till Member:
Mudstone, conglomeratic; upper part yellowish brown; lower
part gray and cal careous except in upper 4 ft; nearly vertical

BIUFE e 76 25.0
Tongue of the Atherton Formation:
Gravel and sand; contains two cemented |ayers, one of which

isat top Of UNit; CAICArEOUS ... ...\ttt 12.2 41.0
Silt, light yellowish-brown, calcareous, massive ................ccoooviieiienn.. 038 25
Silt, light yellowish-brown, calcareous, |aminated; base grada-
BONAl s 0.9 29
Silt, clayey, light-gray, finely laminated, cal careous; fossil
shellsatbase .........ooiiiiiii 19 6.2
Jessup Formation:
Cloverdale Till Member:
Silt, blackish-brown; not cal careous; contains snail shellsin
upper 10 cm; may be the tongue of the Loveland L oess
=1 = 038 26
"Braunkohle," black, stratified, chunky, lenticular; maximum
ERICKNESS .t 03 10
Gravel, brown; mottled with orange brown; not cal careous;
top very clayey; base not eXposed .........ovriiiii i 10 32

14. Type section, Jessup Formation. Cutbank exposure along the south side of asmall tributary of
Strangers Branch 5 miles northeast of Jessup, Ind., in the center of the SEYasec. 2, T. 14 N.,
R. 7 W. (Catlin Quadrangle).

Jessup Formation: Thickness
m ft
Butlerville Till Member:
COVErEA .. 5.0 16.5
Mudstone, yellowish-brown (10Y R. 5/6), conglomeratic, cal-
careous; includes alens of contorted brownish-yellow gravel 2.0 6.5
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Mudstone, silty, slightly conglomeratic; dark grayish brown

(10YR 3/2) in lower part; yellow ish-brovrn bands (10Y R

5/6) 1to 2 cm wide along jointsin upper part; calcareous. . . . ............... 24
Silt, very dark-gray (10Y R 3/1), fossiliferous, calcareous;

humus and wood fragmentSat top . ........ovveiiiiii i 0.05
Mudstone, silty, conglomeratic, dark grayish-brown (10YR

4/2); brown along fractures; cal careous; contains wood

FragMENES . 13
Sand, medium-grained, yellowish-brown (10Y R 5/8); inter

tongues laterally with upper part of unit beneath; water

SEEPSTrOMbDASE ...\t 0.6
Silt, gray (10Y R 5/1), calcareous, stratified; in part lami-

nated; finely divided plant remains along some laminae;

locally crosshedded; coarser grained upward ..............cviiiiiiinennn.. 13

Cloverdale Till Member:

Peat, clayey and silty, black (10Y R 2/1), noncal careous;
locally contains wood fragments and snail shells; dated

>36,000 years B. P. (Appendix B, date W-669) ............covvviniininanns 0.15
Silt, sandy, slightly pebbly, dark-gray (5Y 4/1to 2.5Y 3/2),
noncalcareous; base gradational ............ i 0.3

Mudstone, clayey; olive (5Y 4/3) with reddish-brown (5 YR

4/4) mottling at top; orange brown (10Y R 4/4) mottled

with olive (5Y 4/3) in lower part; not cal careous; sandy

AL DASE . s 0.8
Mudstone, conglomeratic, brown (10Y R 4/4), cal careous, com-

pactand hard ......... ..o 11
Mudstone, conglomeratic; very dark grayish brown (2.5Y

3/2) at top to dark gray (10Y R 4/1) at base; cal careous and

very compact; brown bands aJong fracturesinupperpart ................... 42
Silt, gray, calcareous, fossiliferous; contains wood and snails;

grades laterally into a sand lens; commonly covered with
slumped material from higher units .............. ... 01

Mudstone, conglomeratic, dark-gray (10Y R 4/1), calcaxeous,
very compact; base Not eXPOoSed . .........vveiii i 04

15. Reference section, Trafalgar and Jessup Formations. Cutbank exposures
along acreek 4 miles southeast of Rockville, Parke County, Ind., inthe
SWY¥:SW¥asec. 13, T. 15N., R. 7 W. (Catlin Quadrangle).
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0.2

43

20

43

05

10

26

3.6

0.3

13

Thickness

Trafalgar Formation: m
Center Grove Till Member:

Silt, clayey, medium yellowish-brown, NONCalCAreouS -+« -+« «vvveevvnaeenn. 11
Mudstone, clayey, silty, conglomeratic, Y ellowish-brown, non-

calcareous; thin zone of limonitic material atbase ......................... 0.7
Mudstone, medium yellowish-brown, conglomeratic, calcar-

€0US; UppPer part SOft ... ... .o 24
Mudstone, gray, cal careous, conglomeratic; basal 10 to 20 cm

more silty and contains scattered snail shells ............................. 1.0

ft

3.6

23

7.9

33
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Jessup Formation:
Butlerville Till Member:
Silt, dark grayish-brown, slightly calcareous, fossiliferous;

il M D HENESS 2f U0 o itk gray i lower 3o e

clayey, slightly conglomeratic, not cal careous; upper sur-

faceslightly undulatory ...

Mudstone, brownish-orange, moderately clayey, conglomeratic,
not calcareous
Mudstone, yellowish-brown; slightly mottled with orange
brown; conglomeratic, calcareous, compact
Mudstone, medium brownish-gray, calcareous, sandy, con-

glomeratic, hard ........ ...

Cloverdale Till Member:
Mudstone, brown, not cal careous, clayey
Mudstone, orange-brown, noncal careous, conglomeratic; lower
part of exposure covered with slump; base of unit not

EXPOSEA .. s

Pennsylvanian rocks:
Shale, light-brown to gray; maximum exposed above creek bed

....... 0.3

13

7

10

43

20

33

5.9

16

13

4.0

16. Type section, Cartersburg Till Member of the Trafalgar Formation. Cutbank exposure along
the southwest side of West Fork of White Lick Creek 2 miles northwest of Cartersburg and 2
miles northeast of Clayton, Hendricks County, Ind., in the SWY.SEY4SW¥4 sec. 23, T. 15N.,

R, 1 W. (Plainfield Quadrangle).

Thickness
Trafalgar Formation: m ft
Cartersburg Till Member:

Sand and gravel, brown, locally cemented, lenticular; absent

in some places; maximumthickness 7 ft ...t 03 10
Mudstone, light yellowish-brown, calcareous, conglomeratic ................. 24 8.0
Mudstone, bluish-gray, calcareous, conglomeratic; base un-

AUIALING .« 12 40
Silt, laminated to massive, gray; lower 0.5 ft brown; top

truncated at contact with till ......... .. ... 14 46
Gravel and sand, grayish-yellow, calcareous; base uneven;

interfingerswithunits5and 7 .............coo i 24 80
Silt, grayish-brown; laminated with clay beds; locally display.

inclined bedding .........oooiiii 10 33
Silt, yellowish-gray, very finely sandy; laminated beds of silty

clay in upper part; each pair of laminae about 2 cm. thick ................... 05 17
Center Grove Till Member:
Silt, medium-gray, calcareous; remains of woody plants at

top; snail shells present throughout unit (Appendix B, date

WoB76) ettt 0.2 0.6
Sand, yellowis , calcareous; locally gradesinto coarse,

rounded gravel; thin zone of Fe2 0. accumulated, attop ................... 12 40

Mudstone, brownish-gray, calcareous, conglomeratic, sandy

and silty, oxidized; basenot exposed ... 24

8.0
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17. Type section, New Holland Till Member of the Lagro Formation. Cutbank
exposure along Rush Creek half amile south of New Holland, Wabash
County, Ind., inthe NEYANEYasec. 29, T. 27 N., R. 8 E. (Lagro Quad-
rangle).
Thickness
Lagro Formation: m ft
New Holland Till Member:
Mudstone, conglomeratic; pale yellowish brown in upper part
and gray below; clayey, calcareous; contains few pebbles,
tough and with blocky fracture; baseveryeven .........................e 30 9.9
Trafalgar Formation:
Silt and sand, interbedded, yellowish-gray to orange-brown,

laminated, calcareous; lower partinvoluted ....................oociii 0.6 20
Mudstone, yellowish-brown, conglomeratic, silty, clayey, cal-
careous; contains secondary limoniteattop ..............coviiiiiiiiiin. 17 55
Sand, yellowish-brown, medium- to coarse-grained, lenticular;
not present ashort distanceaway .............cuveiiiiiiiiiiniiiiiiiaans . 10
Mudstone, dark-gray, clayey, silty, soft; contains afew cobbles . 5.0
Sandstone, coarse-grained, yellowish-brown; cemented with
CalCIUM CarDONAEE -« o vttt et ettt e e s 04 1.0
Gravel, yellowish-brown, coarse, cal careous; base of unit sharp
but upper part gradesinto SANG .« -« «vvve et 1.0 31
Sand, brownish-yellow, cal careous; contains layers of silt and
of pebbles; base gradational .................c.iii 15 5.0
Gravel, sandy, light yellowish-brown, calcareous, well-sorted;
CONLAINS N0 CODDIES .« ittt ettt e e e e e e e e e i 04 1.5
Mudstone, light yellowish-brown, silty, sandy, conglomeratic,
CAlCAIBOUS - -« v vt ettt et e e et e e e e e e 0.6 20
Mudstone, medium-gray, silty, sandy, conglomeratic, calcar-
eous; contains athin silt lens at base; |ess compact than
UNIEDEIOW L. 23 75
Mudstone, medium yellowish-gray, silty, sandy, conglomeratic,
calcareous, moderately hard and compact; base not exposed -« ... vvvvnaein. 8.2 27.0
(070)V7= 5 = VAP 1.2 4.0

18. Type section, Lagro Formation. Cutbank exposure along Lagro Creek about 1 mile northeast
of Lagro, Wabash County, Ind., in the SWY:NEY2sec. 26, T. 28 N., R. 7 E. (Lagro Quadrangle).

Thickness
Lagro Formation: m ft
New Holland Till Member:
Mudstone, clayey, dark-brown, noncalcareous ................ccoiiiiiiiiiiin.. 0.75 25
Mudstone, clayey, brown, calcareous, very heavy-textured;
contains scattered thinlensesof sand ..., 24 80
Mudstone, clayey, gray, calcareous, very heavy-textured; basal
contact zone (5to 10 cm) isrustcolored .............oiiiiiiiiiiiiiii 43 14.0
Trafalgar Formation:
Mudstone, conglomeratic, yellowish-brown, calcareous ......................... . 25

6.0

Silt and sand, pale yellowish-brown, stratified, calcareous ..
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Sand, gray, coarse, cal careous, somewhat clayey and silty;

water seepsfromthisunit ... ... 03 1.0
Mudstone, gray, calcareous, Wet and SOft « -+« v vvvviiiiii 0.3 10
Mudstone, conglomeratic, gray, calcareous, hard; base not ex-

POSEA .t 33 11.0

19. Reference section, Lagro Formation. Cutbank exposure on west-facing bluff along a branch of
Silver Creek about 0.1 mile west of Indiana State Highway 105, Huntington County, Ind., in
the SEVANEYasec. 9, T. 28 N., R. 8 E. (Bippus Quadrangle). This section, approximately half a
mile south of the exposureillustrated in plate 3A, was measured August 9, 1949.

Thickness
Lagro Formation: In ft
Mudstone, pale-brown, clayey, heavy-textured; cal careous be-
Tow SOil iNtOPBO EM ... 37 12.0
Mudstone, gray, cal careous; contains lenses of silt as much as
15mthickandlensesof sand ... 31 10.0
Clay, gray, calcareous, heavy-textured ...........c.cviiiiiiiiiiiiiinnns 0.15 05
Trafalgar Formation:
Mudstone, gray, conglomeratic, sandy, cal careous, compact;
containsthinlensesof sandandsilt ...t 4.6 15.0
Mudstone, gray, conglomeratic, sandy, calcareous, very com-
pact, jointed; base NOt €XPOSEd .. ........iitiiii 6.7 22.0

20. Reference section, Martinsville Formation, paludal facies. Ditch bank and core in small peat
deposit, from which part of the remains of amastodon was discovered in 1957 and dug out in
1959 (Wayne, 1960), about 4 miles south of Lagrange, Ind., inthe SEVANEY:NEYasec. 18, N., R.
10 E. (Oliver Lake Quadrangle).

Thickness
Martinsville Formation, paludal facies: m ft
Clay, very silty and mucky, dark blackish-brown; some plant
fragmentsvisible ... 0.30 10
Muck, blackish-brown, fine-grained; contains few recognizable
plant fragments .. .....ooin i 0.10 03

Peat, dark-brown, fibrous; sphagnum layer; (mastodon bones

apparently rested on thislayer originally but sank deeper

into the next unit below beforeit became compacted) ..................... 0.05 01
Peat, dark-brown; fine-grained matrix; shows sedge leaves

along bedding; contains seeds, wood fragments, spruce

cones, minor amounts of moss, and afew sandgrains ..................... 055 138
Peat, dark-brown, very silty; contains scattered pebbles and

sand grains; after drying becomeslight gray and shrinks

only slightly; shows indistinct stratification; only the upper

25 cm exposed-; the lower part examinedinacore ........................ 1.10 36

Lagro Formation:

Mudstone, conglomeratic, gray, calcareous; hand auger sample
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21. Reference section, Martinsville Formation, paludal facies. Bank of an intermittently active
marl pit about half amile north of U. S. Highway 20 and 4 miles west of Angola, Steuben
County, Ind., inthe NEYANEY4sec. 30, T. 37 N., R. 13 E. (Angola West Quadrangle).

Thickness
Martinsville Formation, paludal facies: m ft
MUCK, ark-gray . . . ..o . 015 05
Marl, gray; mottled with orange brown in upper part; moder-
ately fOsSiliferous ... ...oouii 155 50
Marl, yellowish-white, granular, fossiliferous; base not ex-
POSEU .. 0.80 21
Marl, granular; apparently similar to unit above but below
water level in pit and too "soupy" to samplein acoring
tube; not exposed; thickness determined by probing ...................... 20 6.6
Atherton Formation?:
Sand, poorly 0bSErVed . .......ouii e (not determined)

22. Reference section, Martinsville Formation. Ditch bank exposure about 6 miles east of
Pokagon State Park, Steuben County, Ind., inthe NEY4SEYasec. 2, T. 37 N., R. 14 E. (Angola
East Quadrangle). Measured in 1953.

Thickness

Martinsville Formation: m ft
MUCK, NONCAIEAIEOUS .. ...ttt ettt et e e 0.30 10
Clay, grayish-brown, noncaleareous; (alluvial facies) ......................... 0.60 20
Clay, grayish-brown, calcareous; (alluvial facies) ................ccovvvinnn 0.15 05

Sand, light-tan, gravelly, highly cal careous; shows minor cross

bedding in afew places; maximum thickness; (alluvial

ot =) P 0.60 20
Peat, dark-brown, fibrous; contains abundant wood fragments

and Piceacones; (paludal facies); dated as 13,020 years

B. P. (Appendix B, dateW-65) ..ot 0.10 03
Marl, gray, peaty, clayey and slightly pebbly; mollusks com-

mon; (paludal faCies) .........ooieii e 0.20 06
Lagro Formation:
Mudstone, gray, conglomeratic, calcareous; base not exposed .................. 0.20 0.6

APPENDIX B. INDIANA RADIOCARBON DATES

Date YearsB.P.*

Arnold, J. R., and Libby, W. F., 1951, Radiocarbon dates: Science,
v. 113, p. 111-120.

C-364 Dalton, Ill. (p. 115); Tolleston level of Lake

ChiCagO ... vt et 3,469+230
(no Two Creeks, Wis. (p. 118); average of five samples
number) from peat and wood beneath Valdersdrift ......................... 11,404+350

1Before present.



APPENDIX
Libby, W. F., 1951, Radiocarbon dates |1: Science, v. 114, p. 291-296.

C-500 Cass County, Ind. (p. 293); peat from 22 to 23 ft

of depth (pine-oak transitionlevel) ...................... 5,625+310
C-526 Bellevue, Ohio; wood from beach level of Lake
LUNAY o e 8,513+500

Libby, W. F., 1952, Chicago radiocarbon dates |11: Science, v. 116, p. 673-681.

C-674 Chicago, Ill. (p. 674); 58th St. at EllisAve. on
University of Chicago campus; wood from an ex-
cavation, beneath 14 ft of stratified sand; Tol-

leston phase of LakeChicago ......................o...e. 8,200+480
C-675 Illinois, near Dyer, Ind. (p. 675); wood from al
luvial fill along Plum Creek; thought to repre-
sent Calumet phase of LakeChicago ..................... 1,850+480
Libby, W. F., 1954, Chicago radiocarbon dates |V: Science, v. 119,
p. 135-140.
C-801 Illinois, near Dyer, Ind. (p. 137); wood from sand
ridge regarded as Glenwood phase beach of Lake
ChiCago ... 10,972+350
Libby, W. F., 1954, Chicago radiocarbon dates V: Science, v. 120, p. 733-742.
C-871 Illinois, near Dyer, Ind. (p. 735); same deposit as
C-801 but 4 ft deeper in sand; also regarded as
Glenwood phase of LakeChicago ....................... 18,500+500
C-872 Illinois, near Dyer, Ind. (p. 735); same location as
C-871 but wood was taken from fine-grained
sediments beneath the beach deposit .................... 21,000

Suess, H. E., 1954, U. S. Geological Survey radiocarbon dates 1: Science, v. 120, p.
467-473.
W-33 Cleveland, Ohio (p. 469); wood from position be-

tween deposits of Lake Arkonabelow and Lake
Whittlesey above. This phase changein the

Great Lakes has been regarded as correlative
with the end of the Cary Subage (Flint, 1947,
P. 255) and postdates the deposition of the Lagro
Formationinindiana ...............coiiiiiiiiiiiii., 13,600+£500
W-37 Ohio, south of Dayton (p. 469); wood beneath 16 ft
of till at Camden Moraine; probably same posi-
tion as base of Tratalgar Formation in central
INdiana ... 20,700+£600
W-58 Noble County, Ind. (p. 470); wood from paludal-
ficies of Martinsville Formation that was inter-
bedded with gravelly alluvial facies sediments;

part of fossil zone (fig. 7). .. ..o ve 12,380+360

8l
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W-59 Porter County, Ind. (p. 470); wood from gravelly

aluvial facies, of Martinsville Formation along

KanKaKee RIVEr -« v v vttt et et 7,990+£200
W-61 Noble County, Ind. (p. 470); gyttjabeneath 3 m

of marl (paludal facies of Martinsville Forma-

tion); overlying marl contains mollusks typical

of fossil zonei (fig. 7) ..o 6,720+200
W-64 Wabash County, Ind., near Laketon (p. 476);

gyttiafrom base of paludal facies of Martinsville

Formation beneath 3.6 m, of marl; overlying

gravel facies of the Atherton Formation .................... 13,140+400
W-65 Steuben County, Ind., near Fremont (p. 470); (see

also M-350); woody peat from thin bed of paludal

facies of Martinsville Formation overlain by

gravelly alluvial facies of the formation and

underlain by till of the Lagro Formation. Mollusks

typical of fossil zone (fig. 7); (Appendix A,

SECHONM22) + ettt ittt 13,020+400
W-92 Oxford, Ohio (p. 469); wood from forest bed be-

neath 18 m of till, probably at base of Trafalgar

[=0018 1 87z 1 1o | TP 19,980+500

Rubin, Meyer, and Suess, H. E., 1955, U. S. Geological Survey radiocarbon dates
11: Science, v. 121, p. 481-488.

W-140 Illinois, near Dyer, Ind. (p. 483); same as C-801;
peat bed at base of Glenwood phase oi L ake Chi-
cago beach sand, which overliestill ........................ 12,650+350
W-161 Illinois (p. 483); same location asW-140 but in
sand stratigraphically aboveit .......................... 12,200+350

W-165 Greencastle, Ind. (p. 483); wood from contact at

base of Trafalgar Formation with asilt contain-

ing mollusks (fig. 7); (for measured section see

Bieber, 1955, 0. 207) ...ttt 19,500+800
W-198 Ohio, near Metz, Ind., at intersection of Ohio State

Highway 49 and Ohio Turnpike (p. 483); small

wood fragmentsin alens of clayey silt overlying

till of Lagro Formation .............covvviiiniiiiiinnnnn. 14,300+450

Rubin, Meyer, and Suess, H. E., 1956, U. S. Geological Survey radiocarbon dates

111: Science, v. 123, p. 442-448.
W-254 Ohio River, Warrick County, Ind. (p. 446); wood

from laminated clay beds underlying about 21 ft

of alluvial facies sediments of Martinsville For-

mation, exposed along north bank of Ohio River

1,000 ft west of Warrick-Spencer county line................ 6,410+160
W-270 Ohio River, Owensboro, Ky. (p. 446); wood from

peaty siltsunderlying about 30 ft of Atherton

Formation gravelly sand and marl, exposed

along south bank of Ohio River about 1.6 miles

east of bridge at OWENSOr0. . ... ..o vuve it e 23,150+500
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Rubin, Meyer,and Alexander, Corrinne, 1958, U. S. Geological Survey radiocarbon
dates|V: Science, v. 127, p. 1476-1487.

W-325 Delaware County, Ind.; wood from ditch along

Buck Creek (p. 1477; for section see Wayne and

Thornbury, 1955, p. 23-24); dated bed, contain-

ing mollusks characteristic of fossil bedj, is

overlain by the alluvial facies of Martinsville

Formation containing species of fossil bed k

(I 7)o 9,755+300
W-349 Farm Creek, 111. (p. 1478); wood from top of

tongue of Peoria L oess Member of Atherton For-

mation, which lies beneath Trafalgar Formation. ........... 20,340+£750

Rubin, Meyer, and Alexander, Corrinne, 1960, U. S. Geological
Survey radiocarbon dates V: Am. Jour. Sci. Radiocarbon
Supp., V. 2, p. 129-185.

W-520 Jefferson County, Ky. (p. 147); wood from silt

(lacustral facies?) of Atherton Formation at

Pleasure Ridge Park, Louisville, Ky . ...............c.oou . 18,530+500
W-576  Hendricks County, Ind. ("Clayton Cut"); wood

and twigs from silt between Cartersburg and

Center Grove Till Members of Trafalgar Forma-

tion (Appendix A,. SECtiON 16) -+ .vvvvvvviiiieiaaaan o ca. 20,000 (est.)?
W-577 Parke County, Ind. (p. 139); wood from peaty fos-

siliferous silt at base of Trafalgar Formationin

the SWY4SW¥ssec. 15, T. 15N, R.7W ..ot 20,500+800

W-578 Marion County, Ind. (p. 139, Trader's Point); wood
and twigs from fossiliferous silt. Present corre

lation of unitismiddle of Butlerville Till Mem-
ber of Jessup Formation; fossil bed e (fig. 1).
(SEe@SOW-8I4.) - vvveeiiii i >37,000
W-579 Marion County, Ind. (p. 140); wood from tongue of
gravel facies of Atherton Formation at base of
Trafalgar Formation in stream cut in the SW¥
SW¥sec. 28, T.17N,,R.2E . ... 20,800+800
W-580 Johnson County, Ind., near Trafalgar (p. 140);
wood from base of Trafalgar Formation at type
section (Appendix A, section10) ............c.covvviiinn... 20,900+800
W-595 Hendricks County, Ind. (p. 140, "Clayton Cut");
wood from Center Grove Till Member of Tra-
falgar Formation near base of cut. (See section
ONP. 77.) oot et et et e 22,300+800
W-597 Johnson County, Ind., near Trafalgar (p. 597);
wood from silt at top of Center Grove Till Mem-
ber at type section of Trafalgar Formation (Ap-

pendiX A, Section10) .....oiiiiiii e 20,300+800

~Sample inadequate to yield date (Rubin, oral communication, 1955).
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W-598 Johnson County, Ind., near Trafalgar (p. 140);

wood from top of silt at top of Center Grove Till

Member at type section of Trafalgar Formation

(Appendix A, section10) .........cooiiiiiiiiiiii 20,100+800
W-645 Warrick County, Ind. (p. 141); wood from lacus-

tral facies of Atherton Formation exposed in

ditchintheNEY:SEY4sec. 8, T. 7S, R.8W .................. 19,940+300
W-648 Greene County, Ohio (p. 152), Wright-Patterson

Air Base southwest of Fairborn; wood from till

of Trafalgar Formation ..............ooooiiiiiiiie. 21,600+400
W-663 Parke County, Ind., north of Mansfield (p. 141);

wood from contorted peat embedded in base of

Trafalgar Formation at Wisconsin glacial bound-

ary (Thornbury and Wayne, 1957, p.8,9) ................... 23,300+600
W-666 Vigo County, Ind., near Farmersburg (p. 141);

wood exposed in stream bank at base of alluvial

facies of Martinsville Formation -« «««vvvovvieeiienenennn.. 4,040+250
W-668 Vigo County, Ind., northwest of Terre Haute (p.

141); wood from base of Trafalgar Formation

about amile north of Wisconsin glacial bound-

ary in creek bank inthe NW'/4NE'/4 sec. 9, T.

I2NLRIIOW Lo 21,400+£650

W-669 Parke County, Ind., west of Mansfield (p. 141);

wood from peat bed at top of Cloverdale Till

Member at type section of Jessup Formation (Ap-

pendix A, section 14) in the SEV4SEYasec. 2, T.

TANLRTW Lo >36,000
W-680 Posey County, Ind., near Mt. Vernon (p. 142);

wood in ditch bank cut in Martinsville Forma-

tionineastsideof sec. 21, T.6 S, R. 12W ................... 640+200
W-724 Butler County, Ohio, near Hamilton (p. 152); wood

from the upper of two till bedsin Trafalgar For-

mation iNthe eXpoSUre .........c..vieiiiiiinniiieiainnens 19,100+300
W-814 Marion County, Ind. (p. 142); Trader's Point sec-

tion near Zionsville; sameasW-578 «....ovvvvvniinnannnn >38,000

W-832 Posey County, Ind. (p. 142); wood from sediments

that probably are part of Martinsville Formation

but may resemblelacustral facies of Atherton

Formation ...... ..ot e 7,030+360
W-867 Union County, Ky., near Shawneetown, 111. (p.

139); from highly fossiliferous bed at top of

basal unit of PeoriaLoess (Appendix A, section

T 22,200+450
W-871 LaSalle County, I1l., Wedron Quarry (p. 139);

wood from fossiliferous silt over bedrock, which

underlies complex series of beds correlatable

with Trafalgar Formation ..............cooviiiiiiiiinnenns 26,800+£700
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Olson,E. A., and Broecker, W. S., 1959, Lamont natural radiocarbon measurements
V: Am. Jour. Sel. Radiocarbon Supp., v. 1, p. 1-28.

L-414 Wayne County, Ind., Darrah Farm section (p. 12);
peaty materials at top of Butlerville Till Member
of Jessup Formation; date obtained from humic

acids; (for measured section and discussion see
Gamble, 1958, p. 18-23, and Wayne and Thorn-
bury, 1955, p. 32)

natural radiocarbon measurements1V: Am. Jour. Sci. Radio
carbon Supp., v. 1, p. 144-172.

Y-450 Butler County, Ohio, near Darrtown (p. 148);
spruce log embedded in till; probably correlative
with the upper part of the Trafalgar Formation

ineast-central Indiana ... 15,560+230

Crane, H. R., 1956, University of Michigan radiocarbon dates | :
Science, v. 124, p. 664-672.

M-66 Orleton Farms, Madison County, Ohio (p. 666);

wood from beneath amastodon skeleton in marl

(equals paludal facies of Martinsville Formation). .......... 9,600+500
M-138 Noble County, Ind. (p. 667); wood associated with

Richmond Mastodon, taken from marl and peat

that are part of paludal facies of Martinsville

Formation. (Note: This sample probably does

not date the death of the mastodon; see date

L 5,300+400
M-350 Steuben County, Ind. (p. 669); sameasW-65................. 12,600+600

Crane, H. R., and Griffin, J. B., 1958, University of Michigan

radiocarbon dates |1: Science, v. 127, p. 1098-1108.

M-139 Noble County, Ind., Cromwell (p. 1099); tusk frag-
ments of Richmond Mastodon, which was em-
bedded in marl and peat of the Martinsville For-
mation. (SEeM-138) . ... .ottt 12,630 +1,000
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