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The Upper Eocene Jackson Group displays striking verti-
cal and horizontal facies changes throughout the orthemn
Gulf Coast. The Yazoo Formation of the Jackson Group and
1ts eastern calcareous equivalent, the Crystal River Forma-
tion, clearly exhlibit these changes in a series of ten out-
crop sections 150 miles along strike between eastern Mlssiss-
ippi and central Alabama. Modal analyses of lithologic com-
ponents from 309 samples and percentage values of microfossil
components from 137 samples indlcate horlzontal and vertical
changes in age, sediment regime and water depth.

Computerized factor analysis coupled with relative
entropy mapping generates a facles breakdown of the Yazoo
data into discrete variable groupings with interpretable,
realistic two-dimensionsal distributions: ' Facles I ls very
sirilar to modern prodelta muds; Facles Il resembles cer-
tain Plelstocene reefoid deposits which have been flcoded
by shelf waters; Facles III 1s analogous to muddy shore~
line sands; and Facles IV strongly suggests modern continen-
ta1’810pe muds.

Planktonic foraminifera and calcareous nannoplankton
allow the outcrop sections to be correlated with published
biochronologies and serve to divide the Yazoo into early,
middle and late Late Eocene zones.

Age designations of the outcrops and facles analysis
combine to provide a logical depositional history: During
early Late Eocene time, several nedium-sized deltas supplied

sedinent to the western and central parts of the area whille
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the eastern part received a m;xture of terrigenous and bilogen-
etic detritals. Toward the end of this time, the shoreline
retreated southward aléng part of its length. The subsequent
marine transgression left muddy shoreline sands lying directly
upon prodeltalic sediments,

Further transgression in the middle Late Eocene produced
sediments of a . thoroughly mixed nature. During the latter
part of the middle Late Eocene, conditions stabilized and
persisted into the Latest Eocene when deposition was charac=
terized by deep-water muds in the west and indigenous carbon-

ates in the east.
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INTRODUCTION AND SCOPE OF WORK

{

In the Northeaste;n Gulf Coastal Plain the upper part
of the Eocene Jackson Group is splendidly repregented by
the Yazoo Formation and equivalent carbonates. Since the
coning of S4ir Charles Lyell, many paleontologists have
visited the conspicuous outcroppings of the Yazoo to sample
and study the prolific molluses, ectoprocts, ostracodes,
foraminifera, palynomorphs, and nannoplankton. The emphasis
of all these studies and publications has been towards estab-
lishing biostratigraphic relationships, i1.e. correlation be-
tween the various Yazoo outcrops, between the Yazoo members
and other map units of the Gulf Coast, or between the Yazoo
and distant standard Tertiary sections. A comprehensive
reconstruction of the environment of depoéition for the Yazoo
has not been attempted. It is obvious that such a study
would be useful in interpreting those Coastal Plain units
which are simlilar to the Yazoo but only if it incorporated
all the available information into a consistant storye.

In any piece of research only a finite numbef aof vari-
ables may be considered and of course only the most perti-
nent will be selected for study. In the present work, lith-
ologic information will consist of those features that can
be observed on a polished surface under a stereomicroscope.
The fossil blota of the Yazoo changes in make-up from the
clayey sections in the west to the carbonates in the east
but the common and most ubiquitous component is the foram-
inifera. . These will be classifled and counted so as to be

1



vaired with the guantitative lithologlical data. Due to the
extrasordinary difficulties involved in obtaining adequate
subsurface material, only outcrop sections will be sampled.
The study area, shown in Figures 1 and 2, was selected be-
cause of the degree of outcrép exposure and the range of
lithologles represented,

The body of sedimentological and micropaleontological
data w1lll then be processed and associated into palecenvi-
ronmental facies each of which can be correlated with a depos-
itional regime, The facies patterns within each section can
then be fitted into the planktonic blostratigraphic frame-
work and can be seen to not only change through time at any
one locality but to change geographically along strike and
divp within one isochronous unit. The changes between the
several isochronous units will then illustrate the evolution

of the Yazoo paleogeographye.
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REGIONAL GEOLOGY

The Gulf of Mexico Basin contains several tens of
thousands of meters of continental Triassic sediments and
marine sediments of Jurassic through Recent age. The Basin
is bounded on three sides by folded rocks - on the north
by the Southern Appalachians and Ouachita Mountains; on the
west and south by the Sierra Madre Oriental.

Rainwater (1964 and 1968) lucidly summarized the history
of the Gulf Coast sedimentary basin. A shallow arm of the
Atlantlc Ocean filled the basin for the first time in the
Late Jurassic. This nearly nornmal mérlne basin continued
to collect clastics, limestoneé, and evaporites until the
Laramide Orogeny in the Late Paleocene formed the Rocky
Mountains. The Mississippl River, dralning these new mount-
ains, delivered huge quantitic¢s of coarse and fine clastices.
The clastic sedimerits were deposited so quickly that basinal
subsidence could not keep pace and for the first time since
the Jurassic, nonmarine sediments were laid down. Many sim-
ilar periods of rapld sedimentation were to follow, each
separated from the others by perliods during which the rate
of basinal subsidence was greater than the rate of sedinment-
ation and the shoreline transgressed onto the continent,
Tyvically, the transsressions took place rapidly and were
associated with slow rates of sedimentation while regressions
were comparatively slow and accompanied by rapid sediment-
ation, |

Throughout the Gulf Coast area, the Jackson Group is
5



interovreted as an Upper Eocene transgressive sequence over-
lying the regressive Cockfleld Formation of Middle Eocene

age. Stuckey (1960) hés surveyed the literature on the
Jackson Group across the entire Coastal Plaini his conclu-
slons are shown diagrammatically in Figure 3. Uppér Jack-

son or Yazoo-2ge strata are present in a wide range of 1lith-
ologies within the Gulf Coastal Plain. In southern Texas
these strata are predominantly arenaceous. In Louisiana and
western Mississippl, the Yazoo can be identified as a uniform,
shaley unit. In eastern Mississlppl and western Alabama the
Yazoo Formation can be split into four mappable members -

The North Twistwood.Creek clay, the Cocoa sand, the Pachuta
marl, and the Shubuta clay. In central Alabama, these menbers
become progressively more calcareous and grade into the
Crystal River Formation. In Florida, Yazoo equivalents are
vart of a wholly calcareous Tertlary sectione.

Yazoo~age strata are subjéct to influence by many struc-
tures of varying size. On a more local scale, the Yazoo
outcrop belt in tﬁe study area is controlled by a southern
primary dip and several rather small-scale structures as map-
ped in Figure U,

Hatchetigbee Anticline - the most prominent structural feature
is approximately 30 miles (50 kilometers) in length

and extends from the Mississippil - Alabamae border.

southeastward; it is thought to have a salt core

(Copeland, 1968).

Pachuta Fault - located in the west central part of Clarke

6
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County, Migsissippi, it is a small-displacement,
east-wvest trending, normal fault displacing Yazoo
strata_(Tourtelot; 1944).,

Gilbertown Fault - located in northeastern Wayne County,
Mississippl and southwestern Choctaw County,
Alabamas this feature is similar in étrike and
displacement to the Pachuta Fault (Huff, 1970).

Jackson Fault and Klepac Dome - in south central Clarke
County, Alabama these two associated features
influenced the thickness of the Tertiary section
with thining noted over the dome (Copelan, 1968),

Chatom and McIntosh Domes - béth are poorly under-
stood salt domes to the south of the Yazoo out-

crop belt (ibid.).



PREVIOUS WORK

The publlications dealing with all aspects of the Yazoo
Formation and correlative strata probably number in the
hundredss those papers which are pertinent to this study of
paleoenvironments may be divided into the following categor-
jes: Stratigraphy and paleontology - blostratigraphy. 1In
connection with the Yazoo, these categories both have had
long, involved histories.

Stratigraphy

The body of literature connected with the stratigraphy
of the Yazoo in the Northeastern Gulf Coast is not large.
Fleld descriptions, although qﬁite detalled, are sparse and
scattered geographically, Stuckey (1960) exhaustively out-
l1ined the history of the various map unit names of the Jacke-
son Group and the stratigranhic studies which cover then.

Of notable importance are the studies by Lowe (1915) who
subdivided the Jackson Group of Mississippil and Loulsiana
into the upper Yazoo and lower Moody's Branch Formations;

and by Murray (1947) who was able to subdivide the Yazoo

into the four members mapped in eastern Mississippl and west-
ern Alabama, Seven published reports of a more local scope
provide valuable complimentary information - Mellen (1940),
Bergqulst (1942), Priddy (1960) and Moore (1965) reported

the aspect of the Yazoo strata in western and central) Miss-
jssippl: Toulmin et al (1951), De Vries (1963) and Huff (1970)
detalled the geology of the counties of eastern Mississippls
Huddlestun (1965) covered the Yazoo-age sediments in part of

10



central Alabama. Huff (1970), in his extensive report of
Jacksonian strata and ostracodes of Mississippl, included
some new information gathered by the Mississippl State Geo-
logical Survey in three shallow bore-holes drilled by the
Survey as stratigraphic tests and cored to serve as alter-
nate type sectlions to replace three badly weathered and
overgrown outerop sections.,
Paleontology

There 1s a sizeable body of literature concerning the
fossil biota of the Yazoo Formatlon with particular emphasis
on micropaleontology as applied to biostratigraphy. The
majority of published articles have dealt with either forsm-
inifera or ostracodes., Huff (1970) inecluded a listing of 39
papers dealing with ostracodes from rocks of the Jackson
Group from the Northeastern Gulf Coast. Howe (1947) collated
the literature of Jacksonian foraminifera and listed L7
articles. Cushman's report (1925) on Shubuta Foraminiferida
was the first on Jacksonian material. Howe and Wallace
(1932) published descriptions of a great many species from
the Yazoo Formation of Louisiana. Cushman's summary (1935)
listed and 1llustrated many forms found throughout the Gulf
Coastal Plain, primarily from Yazoo equivalents. Monsour
(1637) authored a basically micropaleontologlecal subdivision
of Jacksonian strata in eastern Mississippi. Bandy (1949)
exhaustlvely researched the foraminifers recovered from the
classic Tertiary section at Little Stave Creek, Clarke

County, Alabama. Deboo (1965) reported on the benthonic and

11



planktonic foraminifera from strata of the Jacksonian and
overiying Vicksburgian stages in *he present study area with
the objective of fixing the bilostratigraphic zone boundaries.
Blow (1969), in his excellently 1llustrated compendium, in-
cluded many Jackson - age planktonic foraminifera. Barker
(vide Blow, 1969) defined international planktoniec foramin-
iferal zones 1in the Jacksonlan and Vicksburgian Stages through
outcrops in eastern Mississippi and the Little Stave Creek
section in Alabama,

Among the varlous remaining papers that could be group-
ed under the heading of micropaleontology, only a few stand
out as relevant to the present research. Cheetham (1965) an-
alyzed the ectoprocts in the Jécksonian and Vicksburgian
strata of Alabama and Florida and was able to draw conclusions
concerning blostratigraphy and paleogeography. Levin and
Joerger (1967) examined the é?lcareous nannoplankton from
the Yazoo strata of Alabama. Palynomorphs from the Yazoo sec-
tion in Mississippi were the topic of the Ph. D, dlssertation
of Fredrickson (1970). Hazel (1970) clearly diagrammed Deboo's
data and corroborated the latter's conclusions by means of a
computer-generated cluster analysis.

A synopsis of the published literature shows a great
deal of agreement on the stratigraphy of the Yazco Formation.
Nowhere, however, is there to be found a paleoenvironmental
study as could be produced with the abundance of fossil in-
dlcators indigenous to the Yazoo and the wide range of 1lith-

displayed along strike.
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STBATIGRAPHY

Stratigranhic information concerning the Yazoo Form-
ation and‘its calcareous equivalents to the east comes from
two sources - published literature and work done in the field
by the author in the course of this study. The author carried
on field work in the area in the Fall of 1969 and the Spring
of 1970. During these periods nine outcrop sections were
measured, déscribed, and sampled, One additional section had
been measured and sampled by Dr. C. We Copeland of the Geo-
logical Survey of Alabama, and splits of these samples were
kindly supnlied to the author.

The stratigraphy of the Yézoo can probably best be des-
cribed by considering separatély the outerops within three
geographic areas - western and central Mississippl, eastern
Mississippl and western Alabama, and central Alabama. The
first and westernmost region is made up of Madison, Einds,
and Scott Countles and contains the type section of the Yazoo.
The second region, conslébing of Jasper, Wayne, and Clarke
Counties in Mississlppi and Choctaw, Washington, and Clarke
Counties in Alabama, contains the Yazoo Formation as four
'distinctive map units - the hasal North Twistwood Creek Clay
Member, the Cocoa Sand Member, the Pachuta Marl Member, and
the uppermost Shubuta Clay Member. In the third and eastern-
most reglion Shubuta - age étrata are represented by the cal-
careous Crystal River Formation.

Western and Central Mississippi

The type section of the Yazoo was originally described

| 13 |



from Yazoo County, Mississippi. This section, from Lowe (1915)
is now nearly lost as a result of severe weathering; as an
alternative the Misslissippl State Geologlcal Survey drilled

a test hole near the original outcropping in Yazoo City. The
hole penetrated the full 180 feet (54.5 meters) of the Yazoo
unit and the formation was extensively cored (Huff, 1970).
Elsewhere in Yazoo County thé formation reaches its maximum
thickness of 500 feet (152 meters)(Mellen, 1940). Mellen was
able to recognize two lithological subunits - the lower 350
feet (106 meters) was made up of "homogeneous, silty, calcar=-
eous, fossiliferous, gummy, plastic, montmorilonitic clay"
and the upper Yazoo consisting of 150 feet (56 meters) of
“massive, gumnmy, non-calcareous, montmorillonitic clays, beds
‘of interlaminated silt and silty clay, a thin bed of benton-
1te, and lentils of limestone."

In Madison County the Yazoo is described as approximately
LoOo feet (121 meters) of homogeneous '"blue-grey, slightly
silty, fairly calcareous, massively bedded clay" (Priddy,
1960), | ‘

In Hinds County, Moore (1965) included about 450 feet
.(136 meters) of "fairly homogeneous . « « blue-green to blue
grey, calcareous, fossiliferous clay with some pyrite."

In Scott County, Mississippi, Bergquist (1942) reported
the Yazoo Formation to be about 300 feet (91 meters) in thick-
ness and to be composed of clay which he described as "non-
gypsiferous, calcareous, montmorillonitic, and uniformly

greenish-grey, and in some places contain dark, finely com-

14



minuted marcasite streaks."
Eastern Misslssiopl and Western Alabama

North Twistwood Creek Clay Member

The type section of the North Twlstwood Creek clay 1s
located on the western edge qf this reglon in Jasper County.
This weathered sectlion was measured and sampled by the author.
The 22 feet (6.7 meters) of section measured are of light to
dark olive-green clay becoming increasingly sandy toward the
base of.the section. The spndiness noted in the outcrop 1is
very probably a weathering effect as the electric logs pub-
lished by Huff (1970) from the Mississippi State Geologilcal
Survey stratigraphic test drilled on the same location indic-
ates a total of 48 feet (14.5 meters) of uniformly clayey
‘North Twistwood Creek clay. Elsewhere in Jasper County, this
member has been revorted to range from 19 feet (5.8 meters)
to 43 feet (13 meters) in thickness (DeVries, 1963).

The North Twistwood Creek Clay Member l1ls also present
in Clarke and Wayne Counties, Mississippi;.approxlﬁately 50
feet (15 meters) thick, and composed of grey to green, var-
lably gléuconltlc, rather fossiliferous clay (Huff, 1970).

In western Choctaw County, Alabama, the North Twistwood
Creek 1s approximately 40 feet (12 meters) to 60 feeﬁ (18
meters) thick and made un of greyish—green,.silty, slightly
fossiliferous, often sand-streaked clay (Toulmin et al.,
1951).

No outerop data have been published concerning this memn-

ber in Washington County, Alabama but the author did measure
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and sample three surface sections in adjacent Clarke County.
At the classic Little Stave Creek section in the western part
of the county, this member consists of 20 feet (6.1 meters)
of tan claystone overlain by 21 feet (6.4 meters) of greenish
grey clay. Several samples from this unit were very sandy -
over 50 percent of the rock volume by the author's findings.
Some samples exhibited a high biodlastic content ~ several
were over 15 pércent bioclasts by volume. About two miles
(3.2 kilometers) southeast of the Little Stave Creek section
is located the North Jackson outcrop section at which the
writer measured 42 feet (13 meters) of strata of the North
Twistwood Creek Clay Member. This thickness consigts of 28
feet (8.5 meters) of grey clay overlain by 14 feet (4.2 met-
ers) of blue-gréy marl., At an outcrop in the eastern portion
of Clarke County the author measured abouf 55 feet (17 meters)
of this member. At this locafion fully two-thirds of the mem-
ber is covered but the bottom 13 feet (3.9 meters) are almost
70 percent carbonate and contain a considerable pefcentage of
sand-sized bioclasts. In its upper six feet (1.8 meters) the
member is streaked with sand.

Cocoa Sand Member

De Vries (1963) stated that the Cocoa could not be
traced as far west as Jasper County, Mississippi. This is
borne out by the test hole drilled by the Mississippl State
Geological Survey nearby the the North Twistwood Creek type
section in Jasper County. The bore-~hole showed the Pachuté

marl to be in contact with the North Twistwood Creek clay
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with no interveninm Cocoa sand (Huff, 1970).

In Wayne County, Mississippl the Cocoa is present in
several surface sections and consists of 13 feet (3.9 meters)
to 15 feet (4.6 meters) of reddish to white sands (ibid.).

Across the border in wegtern Choctaw County, Alabama the
Cocoa Member ranges ﬁp to 60 feet (18 meters) in thickness
(Toulmin et al.,, 1951). At the type locality of Cocoa Post
Office, Alabama the writer sampled ten feet (3 meters) of fri-
able, fossgiliferous sand, generally low in carbonate except
for two thin limestone ledges. At an outcrop near Isney,
about 12 miles (19 kilometers) south and east of the type lo-
cality, the author measured 28 feet (8.5 meters) of the Cocoa
sand. These sands are friable, fosslliferous, and contain
‘limestone ledges similar to those of the tyve Cocoa.
| No outcroppings of the Cocoa Sand Member have been re-
ported from Washington Count& but the unit was measured and
sampled by the author 1n Clarke County, Alabama. In both the
Little Stave Creek and North Jackson sections the Cocoa 1is
seen as being six feet‘(1.8 meters) in thickness and composed
of fossiliferous, sandy clay. Farther east, in the writer's
third Clarke County section, west of Claiborne, the Cocoa
appears as five feet (1.5 meters) of glauconitic, sandy marl.

Pachuta Marl Member

The most westerly outcropping of the Pachuta Member has
been reported from Jasper County, Mississippl where it con-
sists of 15 feet (4.6 meters) to 22 feet (6.7 meters) of

"tan to light greenish-grey, very fossiliferous, sandy, glau-
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conitic, argillaceous marl" (De Vries, 1963).

The designated type section of the Pachuta, in western
Clarke County, Mississippl, was measured by the author and
found to be ten feet (3 meters) thick and made up of variably
sandy clay containing only 6.3 percent of CaCOB. This outcrop
1s weathered and extensively invaded by tree roots. This fact
havineg been perceived by a number of workers, the Misslssippil
State Geological Survey put down a third bore-hole and cut
core ir the Pachuta Marl Member as an alternate type section.
This stratigraphic test hole was drilled approximately eight
miles (13 kilometers) southwest of the original type locality;
the Pachuta was 12 feet (3.5 meters) in thickness (Huff,
1970). The Pachuta marl was also sampled and measured by the
author in southern Clarke County at the type locality of the
overlying Shubuta Clay Member. At this locallity the Pachuta
consists of at least seven féet (2.1 meters) of sandy, fossil-
iferous, glauconitic marl.

The Pachuta Member has been reported to be ten feet (3
metersf in thickness in outcrop near the northeastern corner
of Wayne County, Mississippi where it 1s sandy, fosslliferous,
glauconlt&c marl bounded at the top and bottom by thin lime-
stone ledges (ibid.).

The Pachuta 1s only poorly exposed in Choctaw County,
Alabama and thins from ten feet (3 meters) in the western
part of the county to only five feet (1.5 meters) in the far
southern part. It is characteristically "yellow, sandy, hard

limestone with prints of fossils and light-grey, a2lmost white,
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chalky marlstone irregularly indurated and containing white
lime nodules® (Toulmin et.al., 1951). At St. Stephen's
quarry in Washington Céunty, Alabama, the'author measured
the Pachuta as eight feet (2.4 meters) in thickness and
found it to be very fossiliferous, highly calcafeoﬁs, blﬁe-
gray marl. The lower contact of this member has not been
observed in the quarry and its total thickness, therefore,
cannot be fixed.

The three surface sections measured by the writer in
Clarke County, Alabama show the fachuta Marl Member to be
six feet (1.8 meters) in thickness. At the Little Stave
Creek section the Pachuta consists of glauconitic, fossil-
iferous marl. At the North Jackson locality, an incomplete
section of this member consistéd of two feet (0.6 meters)
of sandy, fosslliferous claystone. 1In the section east of
Clallorne, the member is made up of sandy, glauconitic,
fossiliferous marl.

Shubuta Clay Member

Like all the Yazoo members, the Shubuta has been de-
scribed no farther west than Jasper County, Mississlippl. In
that county the Shubuta reaches its greatest thickness,
having been reported as ranging from 100 feet (30 meters)
to 216 feet (65 meters) in thickness and consisting of
"Light-preen to greenish-gray, calcareous to non-calcareous,
glauconitic, fossiliferous, silty clay" (DeVries, 1963).

The only documented, nearly complete.section of the

Shubuta in the eastern Mississippl counties of Clarke and
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Wayne 1s the tvpe section of this member south of the
Shubuta townsite, Clarke County, Mississippi. The writer
measured 59 feet (18 meters) of the Shubuta at this locality.
Lithologlically, the samples of this member are slightly to
very fossiliferous, moderately calcareous clay or claystone.
In Choctaw County, Alabama, the Shubuta reportedly ex-
1sts as greenish-grey to white, highly calcareous c¢lay from
25 feet (7.6 meters) to 35 feet (10,6 meters) in thickness
(Toulmin et al., 1951). In Washington County, the only re-
ported outcropping of the Shubuta Member is at St. gtephen's
quarry. At this locality, on the edge of the Hatchetigbee
Anticline, the Shubuta is comparatively thin, the writer
~having measured only flve feet (1.5 meters) of grey, very
‘ealcareous,. fossiliferous, glauconitic, phosphatic marl.,
Two of the author® s sections in Clarke County, Ala-
bama include strata of the Shubuta clay. The outerop on
the Little Stave Creek includes an entire Shubuta section
of greenlish-grey, fossiliferous, glauconitic marl, 20 feet
(6.1 meters) thick. The section west of Claiborne contains
nine feet (2.7 meters) of Shubuta Clay Member but the upper
| contact of the member is not exposed at this localitye. The
Shﬁbuta consists of cream-cclored, fossiliferous, very glau-

conitic marl.,

Central Alabama
Field data on the character of the Yazoo in the cen-
tral portion of the state, set down in this section, cone
from field studies done by Huddlestun (1965), The following
20



sections are avplicable to the present discussion: a compos=-
1te from two outcroppings in west central Monroe County -

at Claiborne Bluff and Perdue Hill; and a section along the
Sepulga Biver which forms the borders of Conecuh, Escambia,
and Covington Counties., The present author was not able

to visit these sections but samples from the Sepulga River
section were provided by Dr. C. W. Copeland of the Alabama

Geological Survey and were utilized in the study.

North Twistwood Creek Clay Member

The basal portion of this member was measured at Clai-
borne Bluff, where it consisted of 11 feet (3.3 meters) of
clay overlain by a four foot (1.2 meters) limestone ledge
'and 11 feet (3.3 meters) of clayey limestone. The upper
vortion of thls member is present at Perdue Hill where
Huddlestun found it to be 23 feet (7 meters) of clay. The
total thickness of the North Twistwood Creek clay is 60
feet (18 meters) with a covered interval 1nterpretéd as
11 feet (3.3 meters).

On the Sepulga River, Huddlestun sampled 32 feet (9.7
meters) of this member, including 11 feet (3.3 meters) of
sandy clay overlain by a two-foot (0.6 meters) thick lime-
stone ledge and 19 feet (5.8 meters) of sandy clay.

Cocoa Sand Member

At Perdue H11l, the Cocoa exlsts as 13 feet (3.9 meters)
of sandy, clayey limestone. On the Sepulga River, the Cocoa
Member consists of ten feet (3 meters) of very sandy lime-

stone,
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Pachuta Marl Member

Six feet (1.8 meters) of sandy, glauconitic, fossili-~
ferous limestone make up the Pachuta in the Perdue HAll sec-
tion, Twelve feet (3.6 meters) of sandy, clayey, fossili-
ferous limestone form the Pachuta on the Sepulga River.

Crvstal River Formation

The Shubuta Clay Member 1s not recognized in central
Alabvama, However, sediments of Late Yazoo age are present
in the form of limestones similar to those of the same age
preserit in Florida described by Puri (1956) as the Crystal
River Formation of the Ocala Group.

The Perdue Hill section includes 18 feet (5.5 meters)
of clayey, glauconitic carbonate which is not clearly re-
ferable to the Crystal River Formation or any other unit of
the Ocala Group.

The surface section on the Sepulga River contained 67
feet (20 meters) of variable limestone which are comparable

to the Crystal River.

Summary
Table I sets down in table form a synthesis of the in.

formation contailned in the above secﬁion.

22



23

‘TABLE I SUMMARY OF YAZOO STRATIGRAPHY IN
NORTHEASTERN GULF COASTAL PLAIN
-+ North
Twistwood Cocoa Pachuta Shubuta
Creek Clay Sand Marl Clay
undifferentiated Yazoo Fm. Western
180 to 500 feet thicks and
uniform, montmorillonitie, Central
fossiliferous, usually cal- Miss.
careous, grey clay
60 to 19! 60 to 5¢ 22 to 5! 216 to 5
thick; grey thiclk; thick: thicks Eastern
to green, friable, grey, very grey to
sandy, fos- red, vel- fossili- green, Miss.
siliferous low, or ferous, cal- variably
clay white, careous, fossilli- and
fossilif- sandy, ferous clay
erous sand glauconi- or marl Central
or sandy tic marl
clay : Alabama
60 to 32 13 to 10* 12 to'6! Crystal
thicks thicks thick; River Fm,
clay, sandy sandy, and simi- Central
limestone, limestone fossili-~ lar lime-
and sandy ferous stones; Alabama
clay limestone 67 to 18!
thick



THE PRESENT STUDY

Raw material, in the form of outcrop samples, was
collected in the fileld by the author during thg fall of
1969 and spring of 1970. Dr. C. We. Copeland of the Ala-
bama Geologmical Survey kindly supplled samples from out-
croovpings along the Sepulga and Conecuh Rivers that are
no longer acceésable. In each case, the outcrop to be
gsampled was first scraped clean of weathered material and
approximately one-pound samples were then taken at one=-
foot intervals as measured by steel tape. Prior to dis-
integration, a 20 gram chip of each sample was labelled
and set aside., After disintegration, the residues were
split with a microsplitter until a fraction containing
200 to 500 foraminiferal tests was obtaiﬁed.

Lithological data were collected by two alternate
methods - modal analysis and seiving. Whenever possible,
the chip sample was ground flat on one side, etched, stalned
and mounted on a glass slide. This slide was then examined
with a binocular stereomicroscope equipped with a mechanical
stage. Between 300 and 550 point counts per sample were
recorded into one of a number of litﬁologic categories.

Of the salmost 30 preliminary categories, five proved to be
dominant to the virtual exclusion of all the others - 1)
clay plus silt, 2) quartz sand, 3) miscellaneous sand-sized
bloclasts, 4) glauconite grains, and 5) foraminiferal tests,

Extremely friable samples could not be prepared in
the above manner and so were analyzed by means of seliving
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and coarse-fraction examination. The chlp was first ovén-
dried, welghed, disintegrated, wet-seived through a 230-
mesh screen, dried, and weighed. After dry-screening, the
residue was split and a portion counted into the four
coarse-grain categories. Welght lost in seliving provided
a clay plus sillt measure and a basls for recalculating the
other four values in terms of percent of original sample.
These two methods, though very different, probably pro-
duce comparable results within the accuracles involved.

The chip samples also provided material for nannoplanke-
ton study and for geochemistry. The procedure for studylng
the nannofossils involved the inspection of mounted smear
slides through a Zeiss Universal Photomicroscope equipped
with a Nomarskl interference contrast systeme. One sample -
C-58, from near the top of the type Shubuta section - was
viev¢d through one of several Phillips transmission elec-
tron microscopes freely supplied by Dr. M. Costerton, Depart-
ment of Bilology, University of Calgary. Geochemical analy-
ses consisted of the determination of percent of Ca003 and
percent Mg003 by atomic absorption,

In order to decrease the chances of a relatively blased
selection, all the identifiable microfossils in a split
were -¢classified and counted., In several samples, the tests
were very sparse and these required concentration by CClu
flotation. Not every sample was counted, but the author made
a preliminary selection on the basis of the lithologlec data

vlots to aveid counting adjacent, probably duplicate, suites,
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The raw, basic data gathered in the above manner are
displayed in graphlic form for each of the outcrop sections
in Appendix A and also in listed, numerical form as utili-
zed in the following analysis iri Appendix B.

This mass of information, consisting of five lithologic
parameters for 309 samples and an additional 30 microfossil
parameters for 137 of these samples, stlill required distill-
ing or synthesizing in order to best reconstruct the Yazoo
palecenvironment, In the past history of stratigraphy, lith-
ologic and microfossil data have been employed in the study
of sedimentary strata, using schemes such as the following:

a) Plotting the distributions of only selected

variables that are easily interpreted by the
worker - sorting measures, abundances of sand,
bioclasts, planktonlec foraminifera, arenaceous
foraminifera, etc.

b) Studying the distributions of all the avail-

. able data in order to combine similar samples
by purely subjective means.
¢) Organizing the data into an array which can
be assimilated by a multivarlate computer pro-
gram that groups the samples objectively.
Each of these techniques has built-in advantages and dis-
advantages.,

Perhaps the most hackneyed of these schemes is the

first mentioned, that of plotting those variables or para-

meters considered meaningful. This technique is compara-
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tively clear-cut but the choice of variables is wide, the
amount of data omitted from consideration is necessarily
large, and any syntheses are subjective. The method, how-
ever, is well sulted to the solution of strictly defined
problems, the demonstration of preconceived hypotheses, or

to the drawing of conclusions using data of a limited nature.
A recently published study by Fisher, Proctor, Galloway, and
Nagle (1970) of the Jackson Group of Texas is a good example
of the utilization of only sedimentological data toward the
end of paleocenvironment determination. Clarke and Bird
(1966) employed the planktonic : benthonic foraminiferal ratio
first utilized by Grimsdale snd Van Morkhoven (1955) in a
paleocenvironmental analysis of the Austin-Taylor boundary

in north Texas. Exemplary recent publications which have
made use of limited sedimentological and microfaunal measures
are Schull, Fleix, McCaleb, snd Shaw (1966); Tipsword, 3Set-
zer, and Smith (1966)3 and especially Gernant and Kesling
(1966) ..

Subjective classification of a large data set of many
sémples and many varlables into biofacles, bilotopes, or
environmentally similar strata makes for no omissions of
information but any results can be degraded by the research-
er's own prejudices. Many classic studies of modern for-
aminifera involved such subjective grouping. The scheme
produces qulte useful generalizations of formldable data
arrays, but is qgqualitative at best and not statistically

verified., Phleger (1956), in an ambitlous effort, tried
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to delineate foraminiferal occurrences in a modern shore-
zone area, Phleger selected six blofacles - groups of taxa
which are found living together - characteristic of varlous
marine subenvironments or biotopes and finally defined each
bilofacies in terms of the constituent species. A rigorous
statistical re-evaluation by Buzas (1967) demonstrated the
validity of Phleger's subjective groupings. Results that nmust
have téken a great deal of effort on the part of an eminent
foraminiferologist were thus dupllicated by Buzas solely by
organizing the raw data for comobuter assimilation and perfornm-
ing a multivariate statistical analysis.

The proliferation of high-speed digital computers has
provided the means by which multivariate statistlcal analysis
routines can be useful tools. The classic multivariate analytic
techniques, first published decades ago, are all used to sin-
plify relationships inherent 1n.1arge amounts of samples in-
volving many variables., Kaesler (1969) described three rout-
ines that could be applied to the present problem - cluster
analysis,.canonical analysis, and factor analysis.

The bhasic process for interpreting and evaluating any
paleoenvironmental study i1s the pragmatic study of plotted
information. Because we have only this form of evaluation, the
statistical routine must not only group the lithologiec and
microfossil data into groups presumably ffom one sedimentary
regime but the routine must also generate groups as mappable
facies. Cluster analysis emphasizes degrees of simlilarity bte~

tween all samples or between all variables but in neither case
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produces mappéble facles. Canonlcal analysis lists the stat-
1stical confidence one can place in an a priori group but
also does not generate mappable facles. Factor analysis, on
the other hand, groups.the raw data matrix either according
to samples or varlables and produces mappable irformation that
can be readlly interpreted and evaluated. Factor analysis,
1ike the other two techniques, can be used in two modes -~ Q-
mode for sample to sample comparisons and R-mode for varlable
to variable comparisons - the former is used for biotope gen-
eration and the latter for blofacles generation.

Factor analysis was flrst applied to the solution of a
geological problem by Imbrie and Purdy (1962) to classify
modern carbonate depositional facles. Since that time it has
been avplied by a great many workers to many types of numer-
ical and non-numerical geological data. Bearing on the prob-
lem of Yazoo paleoenvironments, Streeter (1963) was the first
to apply Q-mode factor analysis to modern foraminiferal dis-
tribution data while Langhus (1968) first applied the method
to define ancient microbiofacies.

Factor analysls routines have been discussed in publica-~
tions of both an applied and pure statistical nature. As used
above the term factor analysis implies two complimentary
technliques - principal component analysis and factor analysis
proper. These two techniques are discussed in detall by Seal
(1962) from which the following discussion is taken.,

The purvose of princivlie component analysis is to account

for most of the information stored in a data matrix using a
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small number of synthetie, discrete factors instead of the
large number of orlglnal variables. This is accomplished by
means of extracting a best-fit factor, which accounts for the
largest part of the data, from the original data set, The
factor 1s listed with a measure of the amount of information
it has accounted for and the‘remaining matrix is reprocessed
in order to extract another factor. This technlique usually is
continued until ten factors have been extracted or until an
arbitrary percent of the information has been accounted for,
often thls figure is 90 percent. When the factors have been
senerated, the samples are redifined in terms of these fact-
ors instead of the original variables.

The principle component métrix of samples and factors is
next passed throuesh factor analysis in order to clarify the
factors and maximize the differences between them. The routine
used in the present study is the most common form of factor
analysis - the varimax method of factor "rotation" to .lter
the factors so that they reoresent theoretiéal end members
that can easily be interpreted. After the ﬁew factors have
been synthesized each is defined in terms of the original
vérlables, the samples are redefined in terms of these new
.factors, and a measure of percent of information explained
1s calculated for each factor together with a cumulative
value,

The computer vrogram utilized in this study is a new
one developed and kindly supplied by Dr. J. E. Klovan, De-

partment of Geology, University of Calgary. The program 1s
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included in Abpendix Ce

When applied to the problem of Yazoo paleoenvironment,
Q-mode factor analysis is meant to objectively group the data
into a few mappable faétors each defined in terms of the or-
1ginally measured lithologic and microfossil constituents.,
Although an infinite number of possible interpretations exist,
the most probable interpretation of these factors is that
each represents ancient sediments having had the same environ-
ment of deposition. Thus, the paleocenvironmental faclies are
seen to have a characteristic lithology (as determined by the
five lithological variables) and a characteristic microfauna
(as determined by the 30 microfossil variables). Therefore
the samples analyzed into computer facles are much easier to
interpret than the bvewildering array of samples and original
variables.

The author has found that the primary drawback of factor
analysis is the problem of fixing boundaries between concen-
trations of the computer-generated facies. Normally two areas
featuring high concentrations of different facles are separ-
ated by a broad transitional zone. Miller and Kahn (1962)
describe the relative entropy map as the solution to this
problem. Relative entropy is defined as the ratio of the ac-
tual entropy or degree oflmixing to the maximum possible en-
tropy for the number of components involved, Areas or single
samples with high relative entropy values can be termed mix-
tures of several faclies and identified as transitional. In

this manner boundaries can be mapped around areas of compar-
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atively pure faclecs and zones of mixing.
LITHOSTRATIGRAPHY

Figure 5 is aplot of the lithologic data obtalned by the
author from 309 samples. Augmenting these modal analyses is
information taken from published material discussed in the
STRATIGRAPHY section. An examination of Flgure 5 will show
that none of the four Yazoo members is lithologically contine-
uous along strike.

The North Twistwood Creek Clay Member l1ls predominantly
nud west of Little Stave Creek but becomes mixed to the east,

The Cocoa Sand Member is largely sand only at the west-
ern and eastern edges of the study area.

The Pachuta Marl Member exhibits a great deal of lateral
variation from mud in the west, through a mixed zone, to pre-
dominantly bioclastic material in the central portion ~f the
area, and finally to mixed lithologles at the eastern edge of
the study area.

The Shubuta Clay Member shows a rather consistent mud

to bloclastic limestone progression from west to east.
BIOSTRATIGRAPHY

A meaningful paleocenvironmental reconstruction of the
Yazoo strata under study demands a valid blostratigraphy. The
most obvious criterion on which to base such a blostratigraphy
1s the distribution of planktonic foraminifera and calcar-

eous nannoplankton. After some study, the writer found that
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based upon puéTished studies of globigerinids, the strata
could be placed into one of three blostratigraphic zones. Un-
fortunately, some specles important to the zonatlon were ex-
ceedingly rare and indeed could\not be expected to be found
in samples of the more nearly barren sands and sandy clay-
stones. Subsequently the author discovered that these same
zones could also be defined in terms of the included nammo-
plankton.

Figure 6 shows the stratigraphic distribution of each
of these zones while Table II shows in tabular form the vert-
ical distributions of the pertinent specles of each group of
plankters, The distributions shown in Figure 6 are in close
agreement with previous conclusions by Deboo (1965), Hazel
(1970), Barker (vide Blow, 1969), and Huff (1970) and further-
more show that the map unit boundaries aré synchronous except
the npper contact of the Shubuta.memher which is a discon-
formity. Following are descriptions of the three bilostrat-
igraphic zones, the stratigraphlic limits of each, and blo-
chronologlic designations for each 2zone.
Zone A

This zone encomvasses all of the ﬁorth Twistwood Creck
and Cocoa members where the latter is present. The zone is

an assemblage zone defTined by the presence of Chiloguembelina

cubensis (Palmer), Hantkenina alabamensis Cushman, and Trunco-

rotaloides danvillensis (Hove and Wallace). The zone exists

from the base of the Yazoo strata to the first occurrence of

Cribrohantkenina inflata (Heowe). Primarily on negative evidence
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TABLE II STRATIGRAPHIC DISTRIBUTION OF PLANKTON TAXA

ZONE C
Planktonic Foraminifera

Chilormuembelina cubensis
Cs martini

C. victoriana _
Pseudohasticerina micra
P. barbadoensis
Globiserina ampliapertura

ZONE B
Planktonic Foraminifera

Chiloguembelina cubensis

Ce martini

Ce victorianna

Hantkenina alabamensis
Cribrohantkenina inflata
Pseudohastizerina micra

P. barbadoensis
Truncorotaloides danvillensis

ZONE A
Planktonic Foraminifera

Chiloruembelina cubensis

C. martini

Hantkenina alabamensis

Ps eudohaqtlzerina micra
Truncorotalolides danvillensis

36

Nannoplankton

Blackites amplus

Cruciplacolithus tapr-
guinius

Discoaster tanl nodifera

De. fani tani
Tsthmolithus reecurvus

Nannoplankton

Discoaster barbadiensis

D. tani ncdifera
D. tani tani
Isthmolithus reeurvus

Nannoplankton

Discoasﬁer barbadiensis




and blostratigraphic nosition the author suggests that this

zone is equivalent to part of the Globlgerapsis mexicana zone

of early Late Eocene age (Blow, 1969).
Zone B

This zone includes all of the Pachuta Marl Member and
the Crystal River Formation and most of the Shubuta Clay Mem~
ber within the study area. The author initially defined zone

B as a total range zone of Cribrohantkenina inflata making it

equivalent to the C. inflata zone of middle Late Eocene age
(1bid.). The extraordinary scarcity of this foraminifer, how-
ever, forced the definition of this zone by calcareous nan-
noplankton.

Zone B, consequently, was redefined as an assemblage zone

‘being present from the first appearance of Isthmolithus re-

curvus Deflandre to the first occurrence of Rlackites amplus

Roth and Hay or the dlsappearance of Discoaster barbad‘ensis

Tan Sin Hok. This definition of zZone B coincldes with the
latest Eocene I. recurvus zone of Hay, Molder, and Wade (1966).
Hay et al. (1967), reviewing the research of Levin and Joerger
(1967) into the nannoplankton in the Jacksonian and Vicks-
burgian strata in the Little Stave Creek section, placed the
Cocoa, Pachuta, and Shubuta members into the I. recurvus zone.
The present author would agree to the placement of the Pach-
uts and Shubuta at the Llttle Stave Creek locality into the

I. recurvus zone, however, the writer could find no specimens
of I, recurvus in the strata of the Cocoa sand in any of the

study sections and must conclude that the Cocoa cannot be put
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into the ahove zone as defined by Hay, Molder, and Wade.
Zone C

Only the upper 12 feet (3.6 meters) of the Shubuta clay
at 1ts type locality in Clarke County, Mississippi and the
upper two feet (0.6 meters) of the Shubuta at the St. Stephen's
quarry section can be lncluded in thls zone. Zone C can be
define@ both in terms of globigerinids and calcareous nanno-
rlankton. |

The occurrence of Globigerina ampliapertura Bollil marks

the presence of this zone and as such it is equivalent to part

of Blow's Globimerina pgortanii gortaniil - Globorotalia (Turbo-

rotalia) centralis zone pf latest Eocene age (Blow, 1969).

The nannoplankton sulte from samples of zone C contains

elements from both the latest Eocene Isthmolithus recurvus

zone and the Ologocene Fllipsolithus subdistichus zone as de-

fined by Hay et al. (1967). 1. recurvus appears to be restric-

ted to the latest Eocene while Blackites amplus and Cruciplac-

olithus targuinius Roth and Hay are restricted to the 0Olig-
ocene, It seems likely that zone C of the present study 1is

transitional between the two zones.
FACIES ANALYSIS

The body of laboratory data was prepared for factor
analysis computer input by establishing five lithologic con-
stituents, namely: 1) clay plus silt, 2) quartz sand, 3) mis-
cellaneous bloclasts, 4) glauconite grains, and 5) foramin-

iferal tests; and 50 microfossil constituents - total plank-
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tonic foraminifera, total arenaceous foraminifera, total
diatons, and 47 benthonic foraminiferal taxa. These raw point-
count data were filrst transformed into percentage values -

the five lithologic constituents were recalculated to a total
of 100 percent per sample and the 50 microfossil constituents
were likewise recalculated to 100 percent per sanmvple.

The first several computer trials indicated that 20 of
the 47 hyaline benthonic taxa contributed only very minor
amounts to the factor analysis plcture and they were sub--
sequently deleted from the study. Appendix B is the result-
ant data array of the 137 samples in which all the variables
were measured. Lithblogic data for the entire sample sulte -
the above 137 samples plus 172 samples for which only the
‘1ithologlec variables were determined - is set in graphical
form in Appendix A,

The final computer executioﬁ generated four rather
equally-prevalent factors to be 1nterpreted'as facies, which
left an uncorrelated residual of about seven percent of the
total information in tﬁe data array. The varimax factor mat-
rix consisting of measures for each of the computer facies in
each of the samples is listed in Appenaix D.

The four facles values of each sample as shown in the
varimax matrix were then recalculated to total 100 percent
per sample and used to compute a relative entropy value for
each of the 137 samples. The literature of entropy mapping
lists no criterion for defining samples with high degrees of

mixing. To this end the 137 relative entropy values were
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plotted in a frequency histogram (Figure 7) which clearly
shows a maximum in the 60 to 65 interval., Therefore, values
of 60.0 or hicher are considered as indicating zones of mixing.

The author has found that the computer-facles may be
most easlily defined by 11stipg the baglc statlistics = mean
and standard deviation - of the original variables in the un-
mixed samples (those that have relative entropy values of
less than 60.0) of each facies. Table III lists the basic
statistics for the original 35 variables in the 35 relatively
pure samoles of Facles One, the 11 samples of Facles Two, the
14 samples of Faciles Three, the 16 samples of Facies Four,
and the total sample suite. Figure 8 displays in histogram
format the frequency distributions of four selected variables
in the relatively pure samples mentioned above and in all
137 samples. Figure 8 dramatically illustrates the degree of
diversity inherent betwéen the facies which is unfortunately
not statistically provable.

Filgure 9 is a plot of the stratigraphic distribution
of the four facies and zones of high mixing. Outlined below
are the combinatlons of variables that characterize each

facles that can be used to describe and interpret the facies-

wise plot in Figure 9.

Facies One
Facies One 1s virtually restricted to strata of the
North Twistwood Creek Member and the lower portion of the
Cocoa Sand Member. Lithologically, Facies One is a lutite,
the average sample containing only a negligible amount of
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sand-sized gralns of all types. The microbiota of this fac-
ieq 1s dominated by hyaline benthonic foraminifera and the

common marine diatom Coscinodiscus, which is almost complete-

ly restricted to Facles One. The most common species of

foraminifera are Nonion advenam and a nonspecifiable species

of the penus Bolivina termed species A. by the writer. Seve
eral species reach thelr maximum concentrations in samples

of Facles One « Bolivina striatella, Valvulineria Jackson-

ensis, V. octocamerata, and Anomalina bllateralise.

Although slightly sandy muds are being deposited in
many continental, bdrackish, and marine sites, the microfaunsa
in the ancient muds of Faclies One is rather distinet. This
foraminiferal sulte is quite similar to one described from
the prodelta region of the Mishissippi birdifoot delta by
Lankford (1959): “The deltailc marine fauna occurs on the
actively prograding delta where sedimentation rates ais high
and there ig an essentially wmarine environment.” Lankford
found that the deltaic marine microfauna to be dominated by

species of Bolivina, Buliminella, Epistomella, and Nonionella.,

The other taxa characteristic of Facles One - Valvulineria

spp. and Anomalina bilateralis - have no common analogues

in the modern Mississippil Delta region but both genera have
been often reported from sampleé taken of the outer contle

nental shelf of the Gulf of Mexico. Valvulineria was reporte

ed by Phleger (1960) and Anomalina by Bandy (1956). Spec-
imens asslgned to these genera (averaging 10.6 percent of

each sample of Facles One) are perhaps present because of
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fregquent, transient floodings by deeper, cooler waters.

Facies Two

Faéles Two 1s restricted to two occurrences - the Pa-
chuta Marl Member at the St. Stephen's quarry sectlon and
the Crystal River Formation together with the top three feet
(0.9 meters) of the Pachuta where it underlies the Crystal
River. The avérage sample of this facles can be lithologi-
cally classified as a packed biomicrite. The samples of
Facies Two are the only ones that contain an appreciable
macrofauna including ectoprbcts, pelecypods, and large foram-
inifera, The microfauna emblematic of this facles is domi-
nated by hyaline beﬁthonic foraminifera but nonetheless has
a considerable planktonic component. The most prominent
taxa of Facles Two are the specles of Cibicides and Cibi-
cidiia. Present in significantly large amounts are Bolivina

sp. A., Reussella sculptilis, Siphonina danvillensis, and

Cassidulina armosae.

Lithologically, samples of Facles Two closely resemble
the relict carbonate deposits mapped by Ludwick and Walton
(1957) as a small patch on the continental shelf edge off
western Alabama., These carbonates were mapped again by Lud-
wick (1964) along broad aréas of the outer shelf off Alabama
and western Florida. These shelf-edge reefold carbonates
can be described as follows:

8) They contain varying but usually small amounts

of gquartz sand,
" b) ‘They are composed of at least 50 percent of
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sand-sized carbonate grains primarily of 510-
genetic origin.

¢) They contain appreciable amounts of mud, large-
1y lime mud.

d) They were formed undef water depths much shal-
lower than covers them at present (Ludwick
and Walton, op. cit.)

Ludwick and Walton dlscovered the microfauna to be in

two populations. One part of the fauna was made up of seve

eral specles - Amphistegina lessoni, Archaias compressus,

Peneroplis proteus, Asterigerina carinata, Reussella atlan-

tica, Elpvhidium spp., Planulina exorna, etc. - specimens of

which appeared brown and replaced, were never found as liv=-
ing specimens in these areas. They presumably date from the
time of lowered sea level, 1. e. Plelstocene. The second
population of foraminifera iacluded taxa - Cassiduline,

Cibicides, Bolivina, Uvigerina, Trifarina, etc. = which were

found 1living in the samples and were rathef more typical of
the present outer shelf environment.

. Viewing Facies Two as the Jackson counterpart of the
.relict shelf-edge carbonates, the large foraminifera in the
Paéhuta and Crystal River samples are snalogous to the typi-

cally large taxa (Amphistegina, Archalas, and Peneroplis) in

the brown, replaced, shallow water component while the

smaller Yazoo species (Cibicides, Cibicidina, Bulimina,

Siphonina, Cassidulina, and Bolivina) are typlcal continental

shelf taxa and quite poasibly represent frequent, rapld
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floodings of the Jackson carbonates.

Facles Three

Facies Three transgresses several member boundaries, 1is
almost always overlaln by a zone of mixing (relative entropy
values over 60.0), but often rests directly on Facles One
strata in splite of the considerable lithological differences.
These essentlally muddy sands contain a small amount of blo-
clastic material in their make-up. Thelr microfossil compon-
ent is dominated by hyaline benthonic foraminifers. By far
the most common foraminiferal tests in samples of this facles

are those of Nonion advenum. Also present in sizeable amounts

is Nonionella spissa. The planktonic constituent is the
"least important in this facles out of the four, and 1is al-
most completely due to the presence of one specles -~ Trun-

corotaloides danvillensis (Howe and Wallace). Of all the

Yazoo samples, those from Facles Three had the least in terms
of foraminiferal test materlal. Most samples required treat-
ment in CCly, in order fo float off and concentrate the test
material.

Sands in a sinmilar stratigraphlc'positlon to Facies
Three strata have been reported by Fisk and McFarlan (1955),
Shepard (1956), Curray (1964), and Ludwick (1964) from the
modern Gulf of Mexico continental shelf., These sands have
been interpreted by these workers as being the remnants of
shoreline sands deposited during the Pleistocene transgres-
gion. These relict Pleistocene sands, unlike Facles Three

~samples, are composed of virtually pure quartz sand.
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It is possible to reconcile the high mud content in the
Facies Three strata (averaging 28 percent) with a transgrese-
sl?e shoreline origin by either of the two following hypo-
thesest a) the mud is present because the transgression dur-
ing Facles Three time was substantially slower than the Pleis-
tocene transgression. An oscillatory motion superimposed on
the overall transgression would place clean shoreline sands
in Juxtaposition with muddy sands deposited off-shore. b) A
more plausible explanation is that the Facies Three sands
were deposited as two discrete units - an underlying clean
shoreline sand and an overlying muddy off-shore sand., With
time these two sands were thoroughly mixed by burrowing or=-
ganisms, producing one homogeneously muddy sand.

The sparse microfauna of Facles Three is not mirrored
by any modern foraminiferal distributions described in the
11terature.. Species of Nonion have been reported fron the
modern Gulf of Mexico by Phleger (1954, 1960}, Bandy (1956},
and Lankford (1959). ©None of these authors has, however,
placed any importance on the distribution of the genus and
indeed it appears to be present in minor amounts all across
' the modern continental shelf,

It would seem likely, then, that the genus Nonion and
to some extent also perhaps Nonionella have changed theilr
ecology since the Late Eocene. A similar transformation has
been deduced for the genus Cyclammina, a foraminifer that
has altered its depth range during the Tertiary (Robinson,
1970). Perhaps during Jackson.time, Nonion inhabited the
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environmental niche now occupled by Elphidium, a genus al-
most unknown from Jacksonian sediments of the Gulf Coast
(Cushman, 1935). Elphidium spp. has been reported from the
modern Gulf of Mexico in brackish interdistributary bays
(Lowman, 1949 and Lankford, 1959), coastal lagoons (Phleger,
1954, 1960) and estuaries (Bandy, 1956).

Facies Four

Facles Four is stratigraphically limited to the upper
part of the Pachuta marl and all of the Shubuta Member in the
western portion of the study area. The slaystones designa-
ted as Facles Four contain an average of almost 20 percent
bloclasts including a very sizeable amount of foraminiferal
test material. The microfauna . ls guite distinctive, doml-
nated by a varied planktonic component and containing taxa
which are nearly absent from =11 the other samples - Uviger-
ina cocozensis, U. dumblei, Trifarina ocalana, and Bulimine

Jacksonensise.

Samples of Facles Four can be 1ntérpreted as similar to

prodelta and bottomset deltaic muds mapped by Shepard (1956).
These muds are presently Being deposited beyond the sghelf
break and up to 25 miles (40 kilometers) from the birdfoot
delta (Ludwlék,-l96h). Curray (1964), however, states that
except for the very large rivers such as the Mississippi,

mud is only rarely carried more than 20 miles (32 kilometers)
from the river mouth or deposited in water deeper than 90
feet (27 meters).

The microfauna from Faclies Four is a common sulte
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characteristic of outermost continental shelf or slope cone-
ditions. Lowman (1949) has described an assemblage composed
of 60 percent planktonics and containing Cassidulina, Bulime
ina, Bolivina, and Uvigerina from Mississippl delta sediments
at depths of approximately 2000 feet (600 meters). Bandy
(1956) 1listed, in his fauna Five, 60 to 70 percent planke-

tonics and the benthonic genera Bolivina, Planulina, Robulus,

and Uvigerina characteristic of the upper continental slope

of the Northeastern Gulf of Mexico. Phleger (1960) found
foraminiferal suites consisting of 50 to 85 percent planke
tonic species and the benthonlc genera Bollvina, Bulimina,
Cassidulina, Pullenia, and Uvigerina common on the upper
continental slopes of the Gulf of Mexico. Digesting a great’
many publications and studies, the S.E.P.M. Paleocecology
Committee (SEPM, 1966) recognized eight foraminiferal eco-
logi: zones. One of these = Uppéf Slope-Deep Marine - con-
tained the following ILate Eocene genera: Bulimina, Gyroidina,.

Bolivina, Pullenia, Sivhogenerina, Cyclammina, Uvigerina, and

Nonion. Thils ecologic zone was also characterized by a
planktonic component of greater than 50 percent.

A synthesis of the microfaunal and lithologlcal implic-
ations inherent in the data of Facles Four suggests that these
sanples were laid down as bottomset deltaic mauds several

hundreds of Teet below sea level.
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DEPOSITIONAL HISTORY

The various environments of deposition shown so well by
faétor analysis can be put into chronological and geographic
order to recreate the history of the Yazoo Formation. In the
following section the author will attempt to tell a coﬁerent
story of the history of the Yazoo. He will be alded in this
task by threec artistts sketches of the study area as it per-
haps appeared at three instants in time - early zone A (early
Late Eocene), late zone A, and late zone B (middle Late Eo~-
cene). These sketches are based upon photographs taken by
Apollo and Gemini astronauts of the modern Gulf of Mexico.
The scale of the following sketches is the same as many of
the satellite photographs and are intended to represent views
'from just such a vantage point orbiting the earth in the
Tertiary.

The following history, due to the immensely increased
effliclency of computerized factor analysis, encompasses all
of the avallable data on the outcrovping Yazoo Formation. In-
cluded in the interpretation are the structural make-up of
the coastal plain and the sedimentary processes operating in
‘the modern northeastern Gulf of Mexico.

The depositional history of the Yazoo and its equivalents
In eastern Mississippi and Alabama 4s one of initlal deltalc
sedimentation, localized regression and exposure, and finally
a rapld transgression across the continental shelf. During
the Late Eocene this shelf received predominantly terrigenous

clastics in the western part of the area and intermixed terr-
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igenous and blogenetic clastics in the east.

The initial phase of sedimentation - shown in Figure 10 -
was one of rather uniform deposition of terrigenous clastics
over all but the eastern edge of the region, This terrigenous
material was delivered to the continental shelf through sev-
eral medium-sized rivers laying down an even thickness of
typical prodelta muds except in central Alabama where blo-
clasts made up a significant percentage of the sediment vol-
ume., In western Clarke County, Alabamé sedimentation was per-
haps more rapid than the regional rate of subsldence, causing
shallowing and the formation of thin lenses of Facles Three
sands.

Towards the end of zone A time a portion of the Yazoo
shelf was exposed by gentle, local crustal movements. Thé
greatest amount of movement and, therefore, the most exten-
give regression took place in the vicinity of the Hatchetig-
bee Anticline, although less profound regression occurred
east of this area as well. The suﬁposltion-of movement in
this sﬁructural feature ls supported by the fact that repeat-
ed Tertiary movement has been documented for the nearby Klepac
.Dome which is also a fault-bounded, salt-cored structure
(Copeland, 1968).

Closely following the regression, there took place a
rapld transgression. As shown in Figure 11, a sandy beach
was formed and swept northeastward over the emergent shelf,
creating the thin, muddy sands of Facieé Three which are ob-

served to rest directly upon prodelta muds wherever apprec-
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iable regression had taken place. At the North Jackson lo-
cality regression apparently did not occur, verhaps because
it and the river above'it were located in a small graben
and were not affected by even the sympathetic uplift that
caused regressions in the eastern portion of the study area.

As the shoreline.continued to advance northward in early
zone B time, conditions were transitional. As water depth in-
creased, sand was no longer being deposited in significant
Quantities at any of the outerop locations. Itistead, sediments
of a thoroughiy mixed character accumulated. In the west,
prodélta mudes were mixed with deep-water, outer shelf muds
. while in the qentral and eastern parts, prodelta muds were
mixing with shallow-water biloclastic bulld-ups. This exten-
sive mixing can have been due'to fapidly vaclllating water
depths but more likely was dué to arrested sedimentation
which would have allowed burrowing organisms to thoroughly
churn the muddy sediments.

Continued transgressions,‘in late zone é time, gave rise
to deep-water conditions in the western part of the present
study area and the establishﬁent of frequently-flooded,
shallow-water, reefold carbonates in the eastern section.
These conditions are shown in Figure 12, In eastern Missis-
sippi, 2 considerable thickness of outer shelf muds accum-.
ulated, suggesting a2 major delta not too far distant that
perhaps gave rise to the several hundreds of feet of Shubuta
Clay Member present in central Mississippi. In the centre of

the study area, conditions remained changeable and produced
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the mixed deltalc muds and reefoild carbonates found in the
Little Stave Creek and North Jackson sections. These condi-
tions were likely due eithér to changes in the rate of sed-
imentation or miﬁor crustal movements. In central Alabama,
the Crystal River Formation was deposited as biloclastic ac-
cumulations that were oceasslilonally flooded by shelf waters

characteristic of Facles Two,
SYSTEMATIC DESCRIPTIONS

| The fossll blota dealt with in this thesis can be sub-
divided into three broad groups - calcareous nannoplankton,
diztoms, and foraminifera. The.taxonOmy of these groups will
be treated separately.
The body of taxonomic literature of calcareous nanno-
plankton is large but fraught with serious problems. Some

genera (e, go. Coccolithus) are found in modern pelagic waters.

Other genera (e. g. Blackites) are demonstrably related to
living forms though they themselves are extinct. Still other

genera (e. g. Discoaster) are neither found as living spec-

imens nor can be sﬂown to be related to a living form. Most
studies include 1llustrations produced by either light micro-
scopy or electron microscopy but not bvoth. These problems
have led to a great number of conflicting classifications as
has been observed by Bramlette and Sullivan (1961), Hay and
Towe (1962), and Barbieri énd Medioli (1969). In the follow-
ing descriptions, genera are listed alphabetically and no

suprageneric classification is attempted,
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The sole diatom genus described 15 one commonly found
1iving in the modern Gulf of Mexico and is classified accord-
ing to the taxonomy of Prescott (1968} .

The foraminifera described in the following section are
classified according to the taxonomy established by Loeblich
and Tappan (1964),

Phylum Chrysophyta
Class Chrysomonadales
Family Coccolithophoridaceae
Genus Blaékites Hay and Towe, 1962

Blackites amplus Roth and Hay

Plate 1 and Plate 2, figure 1
Blackites amplus ROTH AND HAY, 1967, p. 445, pl, 7, fig. 10.

Remarks - This distinctive coccolith, charactefized by
a ring of narrow struts and slits separating the inner and
outer cycles of segments, is difficult to diagnose with the
light microscope and perhaps for this feason has only appeared

once in the literature.

Occurrence - Roth and Hay report this species to range

from the Ellipsolithus subdistichus zone to the Retlculofen-

estra laevis zone, both labelled as 0Oligocene in age.

Distribution - B. amplus was not found in samples below

zone C in the Yazoo material,

Genus Cruciplacolithus Hay and Mohler, 1967

Cruciplacolithus tarquinius Roth and Hay

Plate 2, figure 2

Cruciplacolithus tarquinius ROTH AND HAY, 1967, p. L46,
pl. 6, f'ip;. 8.
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Remarks - This specles was not found in samples analysed
by the electron microscope. Forms resembling Roth and Hay's
11lustration were noted in samples studied through the light

microscope.

Occurrence - This species has only been reported from

the Oligocéne Ellipsolithus subdistichus zone of the Blake

Plateau,.

Distribution - €. tarquinius was noted in small numbers

only 1ln samples from zone C.

Genus Discoaster Tan Sin Hok, 1927 . A

Discoaster barbadiensis Tan Sin Hok

Plate 2, figure 3

Discoaster barbadiensis TAN SIN HOK, 1927, p. 119, (part);
Hay et al., 1967, p. 439, ple 2, figs. 6-9; Levin and
Joerger, 1967, p. 172, pl. 3, figs. 17 a-b, (synonomy).

Occurrence -~ D. barbadlensis is confined to the Upper

Bocene (Hay et al., 1967, p. 39),

Distribution - D. barbadiensis was found throughout mat-

erial from zones A and B,

Discoaster tani nodifera Bramlette and Rledel, 1954

Plate 2, figure L

Discoaster tani nodifera BRAMLETTE AND RIEDEL, 1954, p. 397,
ple 39, fige. 23 Hay et al., 1967, p. 438, 439; Levin and
and Joerger, 1967, p. 172, pl. 4, figs. 4-6,

Occurrence -~ This specles has previously been reported

from the Upper Eocene and Oligocene of the Gulf Coast.

Distribution - D. tani nodifera was to be found in samples

from zones B and C in the study material.
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Discoaster tani tani Bramlette and Riedel, 1954
Plate 2, figure 5
Discoaster tanli BRAMLETTE AND RIEDEL, 1954, pl. 39, fig. 13

~ Levin, 1965, p. 271, pl. 43, fig. 6; Levin and Joerger,
1967, p. 172, pl. 4, figs. 3a,b,

Discoaster tani tani Bramlette and Riedel HAY ET AL., 1967,
p.439, pl. 1, fig. 1.

Occurrence - Levin (1965) states that this subspecies

has been reported from strata Middle Eocene to Oligocene in

age.

Distribution - D. tani tani appeared in samples only

from zones B and C.

Genus Isthmolithus Deflandre, 1954

Isthmolithus recurvus Deflandre

Plate 2, figure 6

Isthmolithus recurvus DEFLANDRE, 1954, p. 169, pl. 12, figs.
9-13; Levin, 1965, p. 269, pl. 42, fig. 10 (synonomy)3
Hay et al., 1967, p. 439-40, pl. 1, fig. 12; Levin and
Joerger, 1967, p. 173, pl- L4, fig. 11.

Qccurrence - Hay et al. (1967) 1ist I. recurvus as being

present in strata as young as BEarly Oligocene while Levin
(1965) 1ists this species as having been found in rocks as
old as Late Eocene.,

Distribution - Contrary to Levin and Joerger (1967), this
form was not found in zone A samples but did appear 1in zones
B and C.

Class Bacillariophyceae
Order Centrales

Genus Coscinodiscus

Plate 3, figure 1
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Remarks - The size of the Yazoo specimens varied consid-
erably and the shape ranged from very flat, discoid to squat,
columar forms. All the specimens likely belong to this very
common genus but probably represent several species.

Occurrence - Coscinodiscus has been wldely revorted

from sediments ranging in age from Cretaceous (Hanna, 1927)
to Modern (Phleger, 1960).
Distribution - Diatoms were almost totally restricted to

samples of the prodelta Facles One.

Phylum Protista .

Subphylum Sarcodina Schmarda, 1871

Class Rhizopodea von Siebold, 1845

Subclass Lobosia Carpenter, 1861

Order Foraminiferida Eichwald, 1830

Suborder Rotaliina Delare and Herouward, 1896

Superfamily Nodosariacea Fhrenberg, 1838
Family Polymornhinidae D'Orbigny, 1839
Subfamily Polymorphininae d'Orbigny, 1839

Genus Guttulina d4'Orbigny in de la Sagra, 1839

Guttulina byramensis (Cushman)

Polymorphina byramensis CUSHMAN, 1922, p.9%4%, pl. 17, fig. 2.

Guttulina byramensis (Cushman) CUSHMAN AND TODD, 1946, p. 86,
pl. 15, fig. 3; Bandy, 1949, p. 68, pl. 9, figs. 1t a,b.

Test small, short, and broad, trilangular, chambers var-
1ably inflated, sutures distinct and depressed, wall calcar-
eous, smooth and shiny; aperture very finely radlate, slightly
produced.

Remarks -~ This species is one of several of this genus
found in the Yazoo Formation but 1s the dominanat specles 1in
the saﬁples examined by the author.

Occurrence - This species, though rare throughout the
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area, 1s most often found in the sandy, shoreline Facies Three
where it sverages slichtly less than 1 percent.
Superfamily Buliminacea Jones, 1875
Family Bollvinitidae Cushman, 1927
Genus Bolivina d4'Orbigny, 1839

Bolivina striatellata Cushman and Applin

Bolivina jJacksonensis striatellata CUSHMAN AND APPLIN, 1926,
pe 167, pl. 7, fims. 5,63 Cushman, 1935, pl. 14, figs,
1“-18; . 1937’ Ve 96, ’plo 15, fig- 150

Bolivina striatellata Cushman and Applin BANDY, 1949, p. 129,
pl. 2L, figs. Ba,b; Deboo, 1965, vpl., 22, fige. 19,

Test moderately elongate, compressed, strongly diamond-
shaped in cross-section, periphery with thickened keel, edge
shérply rounded, apical end rounded and slightly bulbous;
numerous chambers closely appressed with peripheral portions
strongly oblique, medlan portlons slightly curved back, sut-
ures distinct, limbate becoming ralsed and fused to form a
medlan ridge; wall finely perforate, bottom porticn bearing
fine iongitudinal costae, aperture elongate, extending from
the base of the last chamber part way up the septal face.

Occurrence - Thls specles commonly makes up several per-

cent of samples from Facles One and Two.
Rolivina sp. A

Test 1s small, slightly elongate, oval in outline, al-
most as thick as wide, edges are rounded, periphery 1is limbate
and rather thickened; wall texture is glassy and often oblit-

erated by drusy grains on the surface.
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Remarks « The shape and chamber arrangement would suggest
the assignment of this common form to the genus Bolivina.

Its outline and size approach that of B. ouachitaensis Howe

and Wallace.

Qccurrence - Thils form 1s the most common of these assign-

ed to this genus. It is presént in amounts up to 10 percent
in samples of Facies One and Two and lesser amounts in Facles
Three,
Family Bﬁllmlnidae Jones, 1875
Subfamily Bulimininae Jones, 1875
Genus Pulimina d'Orbigny, 1826

Bulimina jacksonensis Cushman

Bulimina jacksonensis CUSHMAN, 1925, p. 6, pl. 1, figs. 6,7;

, 1946, v, 23, pl. 5, fig. 13 Cushman and Par-
ker, 1947, p. 97, pl. 22, figs. 14-163 Bandy, 1949, p.
134, pl. 26, figs. 5a,b; Deboo, 1965, pl. 21, figs. 16,17

Test moderate to large, elongate, tapering, distal end
pointed,'apertural end broadly rounded; chambers in seven or
elght triserial whorls, in three regular columns, the later
chambers slightly 1nfléted; sutures flush in the early part
and slightly depressed in the latter; surface smooth and
’giossy, ornamented by several prominent, sharp, serrate, long-
itudinal costae, much raised above the surface, continuous
frecm distal to apical end; aperture virguline, nearly term-
inal in a slight depression with narrow lip.

Remarks - Specimens assigned to this species exhibited
seven to 12 costae and apparently did not form two populations

as described by Cushman (1925) - one having seven or eight
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costae (B. Jacksonensis) and another having 10 to 12 costae

(B. Jacksonensis cuneata).

Qccurrence - This species, except for a very few indiv-

1duals, was restricted to the deep-water Facies Four where

it averaged 2.7 percent of the samples.,

Subfamily Pavonininae Eimer and Fickert, 1899
Genus Reussella Galloway, 1933

Reussella sculptilis (Cushman)

Verneuilina sculptilis CUSHMAN, 1926, p. 34, fig. 3.

Reussella sculptilis (Cushman) CUSHMAN, 1935, p. 38, pl. 15,
figse 6,7

Test slightly longer than broad, pyramidal, three-sided,
triangular in transverse section, sides flattened to slightly
'convex, distal end tapering to point or spine, angles of test
acute: central line of each side marked by a strongly raised
costa; aperture on the inner border of the final chambir.

Occurrence - B. sculptilis was most common in samples of

Facles Two.

Family Uvigerinidae Haeckel, 1894
Genus Uvigerina d'Orbigny, 1826
Uvigerina cocoaensis Cushman

Uvigerina cocoaensis CUSHMAN, 1925, p. 68, pl. 10, fig. 123

s 1935, pe 39, pPl. 153 ’ 1946, P 28,
pl. 5, figs. 15-20; Bandy, 1949, p. 140, pl. 26, fig.

143 Deboo, 1965, pl. 21, figs. 7,12,

Test moderately large, elongate, conical, greatest width

slizhtly above the middle; periphery rather lobulate; chambers
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few for the genus , evenly rounded; sutures slightly depressed,
cyrved; wall ornamented with coarse, longitudinal costae, us-
ually terminating at the suture lines, becoming lower and less
conspicuous in later chambefs, the last chamber often smooth}
from 12 to 16 costae present in the widest region; wall finely
perforate; aperture at the end of a neck with a phialine lip.

Occurrence - This specles is almost entirely restricted

to samples of the deep-water Facles Four. In these samples,

it often makes up two to rive percent of the total foramin-

ifera.

Uvigerina dumblel Cushman and Applin

Uvigerina dumblei CUSHMAN AND APPLIN, 1926, v. 10, p. 177,
ple 8, fig. 193 Cushman, 1946, p. 28, pl. 5, fig. 213
Bandy, 1949, p.. 141, pl. 27, fig. 6; Deboo, 1965, pl.
21, fig. 20.

Test medium-sized, subfusiform, about twice as long

as broad; periphery lobulate; :hambers inflated, three per

whorls sutures depressed; wall ornamented with numerous

fine longitudinal costae, often 10 to 12 per chamber, partly

continuoug across sutures; aperture round, terminal, on

short neck, usually lacking a lip.

Occurrence - This specles 1s the most common of the

genus, It 1s most abundant in samples of deep-watex Faciles
Four, but is present in amounts up to one percent in the

other three faciese.

Uvigerina glaﬁrans Cushman

Uvrigerina glabrans CUSHMAN, 1933, p. 13, pl. 1, fig. 283
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s 1946, p. 28, pl. 5, figs. 23=-26; Bandy,. 1949,
p..11¥2, plo 2?, fig. 3; Deboo, 1965, plo 21, flg. 11,

Test moderately large, short fusiform, greatest wildth
near the middle: periphery slightly lobulate; chambers in
three or four whorls, somewhat inflated, evenly rounded; su-
tures depressed; surface smooth, vaguely costate near distal
end; wall finely perforate; apertural end truncate, with a
short, thick, cylindrical neck and phialine 1ip.

Qccurrence - This specles 1s rather evenly distributed

throughout the samples, being present as sparsely scattered

individuals,

Uvigerina Jacksonensis Cushman

Uvrigerina Jacksonensis CUSHMAN, 1925, p. 67, pl. 10, fig. 13;
Howe and Wallace, 1932, p/ 65, ple 12, figs. 7,8; Cush-
man, 1935, p. 40, pl. 16, flgs. 1-3; Deboo, 1965, pl. 21,
fig. 10.
Test moderately large, bioadly fusiform, periphery slighf—
1& lobulate; chambers relatively few in number, inflated; su-
tures somewhat depressed, basal part of chaﬁber not conspic-
uwously overhanging, evenly curved; wall ornamented with
coarse, longitudinal costae, in the early portion usually
limltéd to the individual chamber, in the later portion,
usually extending across sutures; about 18 to 22 costae in
the complete circumference in tﬁe widest portion; wall rather
coarsely punctate, the last-formed chamber tending to lose
costae, with a cylindrical neck and phialine lip.

Occurrence - This uncommon species is present in samples

from all facies, being slightly more abundant in the szmples

64



’

of deep-water Facies Four.

Genus Trifarina Cushman, 1923

Trifarina ocalana (Cushman)

Angulogerina ocalana CUSHMAN, 1933, p. 14, pl. 1, fig. 30;

i » 1935, p. 41, pl. 16, Tigs. 7,83 y
1945, p. 8, Ple 2, fig. 9; Cushman and Todd, 1945, p. 99,
pl. 15, fig. 233 Cushman, 1946, p. 29, pl. 6, fig. 6.

Test‘smali for the genus, elongate, fusiform, periphery
very slightly lobulate, somewhat triangular in section, the
angles rounded, especially in the early pertioni wall orna-
mented with numerous very fine, slightly raised costae, the
outer edge broken into a finely serrate lines apertural end
with the chambers somewhat loosely arranged, the costae less
prominent or nearly absent, the chambers more definitely tri-
angular, angles sharper; apertural end eitended into a short
necl” with a slight 1lip,

Remarks - Hofker (1956) and Loeblich and Tappan (1964)
consider Angulogerina to be a Junior synonym of Trifarina;

Qccurrence - This specles, the most common of the genus
in the sample sultes, 1s sparingly present in all facles but
is most abundant in the deep-water Facies Four,

Superfamily Discorbacea Ehrenberg, 1838
Family Discorbidae Ehrenberp, 1838
Subfamily Discorbinae Ehrenberg, 1838

Genus Discorbis Lamarck, 1804

Discorbis globulo-spinosus Cushman

Discorbis globulo~-spinosa CUSHMAN, 1933, p. 14, pl. 2, figs.
la=c3 y 1935, p. 43, pl. 16, figs. 14a=c.
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Test rather small, ventral side flat, dorsal side strong-
1y‘convex, composed of several whorls, last-formed one with
five chambers, ventral peripheral angle sharp and somewhat
keeled; early chambers somewhat indlstinct, later ones more
so, narrow and high, and inner porflon on the dorsal side
produced Into a distinct, ralsed ridge, whilch often becomes
spinose in the central portion; sutures only slightly de-
pressed and very oblique on the dorsal side, on the ventral
side nearly radial; wall coarsely pefforate both on the dor-
dal and ventral sides, ventral side smooth; aperture a curved,
arched opening on the ventral side of the test, extending
toward the umbilicus. '

Occurrence - D. globulo-spinosus is present in very
small quantities in the suite. It 1s most common - up to

several percent - in carbonate Facies Two.

Discorbis hemisphaericus Cushman

Discorbis hemispherica CUSHMAN,1931, p. 59, pl. 7. fig. 1k;
Ellisor, 1933, pl. 3, figs. 17,183 Howe, 1939, p. 73,
pl. 10, fizs. 16~193 Cushman and Todd, 1945, p. 100,
pl. 15, figs. 30,313 Bandy, 1949, p. 96, ple. 16, .
figs. 2a-c. '

Test small, hemispherical, dorsal side strongly convex,
vehtral side slightly convex due to the presence of three or
four large, inflated, supplimentary chambers near the umbil-
ical area; edge rounded and with slight carina which is some-
what jagged in some specimens; periphery slightly lobulates
four chambers in the last whorl; sutures distinct, oblique

and slightly depressed dorsally; ventral sutures nearly
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radial, slightly depressed; wall coarsely and coﬁspicuously
perforate on both sides; aperture a large, high opening on
the ventral side of the test extending from near the peri-
phery to the umbilicus, with a prominent lip.

Ocecurrence - Thils speciés is also rather rare in the

Yazoo samples. It makes up a few percent of both Faclies One

and Threee.

Subfamily Baggininae Cushman, 1927

Genus Valvulineria Cushman, 1926

Valvulineria Jacksonensis Cushman
Valvulineria Jpcksonensis CUSHMAN, 1933, p. 18, pl. 2, figs.

9a=~c3 935, pe. 44, pl. 18, figs. 2a~c}
’ 19569 Po 34, pl. 6, fig. 1Uo

Test blconvex, compressed, dorsal side with a very low
spire, ventrally convex toward the periphery, but depressed
at the umbllicus, which is somewhat finely paplllate, peri-
phery roundeds; chambers distinct, about eigﬁt in the adult
whorl, 'of uniform shapé, gradually increasing in size as
added, not inflatedj sutures distinct, on the dorsal side
géntly curved, limbate, not depressed, ventrally almost
stralght, oblique, slightly depressed; wall smooth; aperture
ventral beneath the umbilicate lobe of the last chamber.

Occurrence - V.. Jacksonensis and V. gctocamerata are

present in all facles but most prevalent in Facles One.
These species commonly total 5 percent or more of samples

from Facles One.
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Valvulineria octocamerata (Cushman and Hanna)

Gyroidina soldani octocamerata CUSHMAN AND HANNA, 1927,
Pe 223, ple 14, figs. 16~183 Cushman, 1935, p. 45,
pl. 18, fig. 18; Howe, 1939, pP. 79, Pl. 9, Tigs.
34-~363 Cushman, 1946, p. 31, pl. 6, fig. 15.

Valvulineria octocamerata (Cushman and Hanna) BANDY, 1949,
P. 84, ple 13, FigS. 1la=Ce

Test small, dorsal side flattened, ventral side very
convex, composéd of about three colils, the last one consist-
ing of about eight chambers; edge broadly rounded with a
slight dorsal shoulder; periphery smooth, becoming somewhat
lobulate in the later portion; ventral side strongly umbili-
catej chambers distinct, increasing gradually in size as
added; sutures distinct, slightly depressed, ventrally nearly
radial and slightly curved, dorsally somewhat oblique; wall
finely perforate, smooth; aperture elongéte, a very low arch
extending from near the periphery along the base of the last

gseptal face into the umbilicus under a thin, valvular flap.

Famlly Siphoninidae Cushman, 1927
Genus Siphonina Reuss, 1850

Siphonona danvillensis Howe and Wallace

Siphonina danvillensis HOWE AND WALLACE, 1932, p. 70, pl. 13,
fig. 1; Bergquist, 1942, p. 89, pl. 9, figs. 3a-c; Cushe
man, 1946, p. 35, ple. 7, figs. 3,4; Bandy, 1949, p. 115,
rl. 21, figs. 8a-c.
Test biconvex, trocoid, the last whorl containing about
five chambers; periphery with broad, thin, denticulate keel;
edge sharp; chambers distinct on the ventral side, indistinct

on dorsal; sutures on ventral side nearly radial, slightly
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curved and somewhat depressed; dorsally sutures oblique to
reriphery, somewhat curved, and lndistinct, especlally in the
spire; aperture elongate, elliptical, located slightly to the
ventral side of the plane of coiling, distinct short neck,

thin, flaring lip.

Bemarks - S. danvillensis was the most common species

of the genus but other species - 5. advena, S. claibornensis -

appear sparlnglx.
Occurrence - Siphonina danvillensis was uncommon in

the sample suite but reached its maximum abundance of 2=k

percent in samples of Facles Two.
Superfamily Orbitoidacea Schwager, 1876
Family Eponididae Hofker, 1951
Genus Eponides de Montfort, 1808
Eponides Jacksonensis (Cushman and Applin)
Pulvinulina jacksonensis CUSHMAN AND APPLIN, 1926, p. 181,
Ple 9y figse 244,25..
Eponides onides gacksonensis ‘(Cushman and Applin) CUSHMAN, 1935,
ple 19, T

1gs. 4-8; ) 19&6, p. 34, pl. 7,
figs. 1,23 Bandy, 1949, p. 87, pl. 14, figs. la=-c.

Test large, trochold, spire high, obscured by thicken-
ing, much more convex than the ventral side; edge slightly
rounded; periphery smooth, very slightly lobulates; chambers
six to eight in last whorl; dorsal sutures stralght and
completely tangential to the earlier whorl, ventral sutures
radial, slightly Eurved and sonmewhat depressedj wall smooth,
conspicuously but finely perforate; aperture forming a dis-

tinct angle in the border of the test and extending to near
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the umbllicus with a ventral lip..

Occurrence - Though not common, this specles was pre-

sent in amounts up to several percent in Facles One and Two.
Family Cibicididae Cushman, 1927
Subfamily Planulininae Bermudez, 1952
Genus Cibicidina Bandy, 1949
Cibicidina danvillensis (Howe and Wallace)
Cilbicides danvillensis HOWE AND WALLACE, 1932, p. 77, ple. 14,.

fig. 5, Cushman and Herrick, 1945, p. 72, pl. 11, fig.
143 Cushman, 1946, p. 39, pl. 8, figs. 7,8.

Cibicidina danvillensis (Howe and Wallace) BANDY, 1949,
Pe 92, ple 14, figs. 7a-ce .

Test rather small, planoconvex, trochoid, subcircular
in outline, ventral side-convex with a central clear boss of
calcareous material, dorsal slae flat to slightly concave,
edge acute or subacute; periphery smooth, not lobulate;
chaumbers seven to eight in the last whorl with extenslons of
the inner ends nearly to the center in young specimens, only
becoming slightly evolute in adult and geroﬁtlc speclmens;
sutures limbate, nearly flush, cufved on both dorsal and
"ventral sides; wall smooth, finely perforate; aperture 2 low
arch at the base of the last septal face extending across
the periphery and continuing along the base of the last
chamber dorsally for a distance Sf several chanmbers,

Remarks - This species was placed in a new genus by
Bandy on the strength that "adult and gerontic" individuals
displayed evolute colling on the umbllical side. These

larger, evolute forms were also noted in this study but were
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found only in the Shubuta and mostly east of Shubuta,

Mississippl.

Occurrence - The form is quite common in all but the

deep-water sediments, making up nearly 10 percent of the

samples from Facles Two and Three,
~Ciblcidina migsissippiensis (Cushman)

Anomalina mississippiensis CUSHMAN, 1922, p. 98, pl. 21, —
figs. 6-83 Cole and Ponton, 1930, p. 46, pl. 9, figs. 2,3

Ciblecides mississippiensis (Cushman) ELLISOR, 1933, pl. 5,
fig. 6 (not Fig. 7)3 Cushman, 1935, p. 54, pl. 22, fig.
33 s 1946, pe 39, Pl. 8, figs. 5,6. .

Cibicidina mississivpiensis (Cushman) BANDY, 1949, p. 94,
Ple 16, figs. 5a~ce ,

Test planoconvex, dorsal side flattened to slightly con-
cave, involute to proloculus, ventral side very convex, in-
volute to umbilicus with large umbilical depression; periphefy
smocth, very slightly lobulatu: edge broadly rounded with '
sharply roﬁnded shoulder; chambers six to eight in the last
whorl, much inflated in the later part, increasing rapidly
in size, especlally the last few; sutures curved on the
dorsal side, broad, limbate and flush with the surface, on
the ventral side much narrower, slightly limbate in the early
portion of the last whorl, depressed in the remainder; wall
thin and traﬁslucent, with mediuﬁ-sezed, consplicuous per-
forations, fewer on the dorsal sides aperture a narrow
slit extending dorsally from the periphery along the base
of the last chamber to the baée of the last septal face.

Occurrence = C; mississipplensis occurs in small per=-
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centages in the three shelf faclies and is most commonly

found in Facies Two.

Subfamily Cibicidinae Cushman, 1927
Genus Cibicides de Montfort, 1808
Cibicides cocoaensls (Cushman)
Eponides cocoaensis CUSHMAN, 1928, p. 13, pl. 10, fig. 23

» 1935, pe 47, ple. 19, figs. 1,23 )
1946, Pe 3’4‘, pl. 6, fig. 160

Cibicides cocozensis (Cushman) BANDY, 1949, p/ 103, pl. 18,
Tigse. d4a-ce

Test rather small for genus, conical, ventral side only
slightly convex, with central, low small umbo, dorsal side
more strongly so with broadly rounded spire, circular in side
view; periphery smooth, with very narrow keelsj edge écute;
chambers numerous, not inflated, about 12.1n the last whorl,.
all ut the last few indistinct from the dorsal side; sutures
on ventral side nearly radial, gently curved; dorsal side
with the spiral suture distinct and somewhat limbate, sutures
between chambers oblique, limbate; wall coarsely perforate,
smooth except for the ventral boss; aperture a very small,
low slit at the base of the last septal face next to the peri-
vhery and extending very slightly ovef tre periphery to the
~dorsal side, more so in some individuals than in others,

Occurrence - C. cocoaensis is most common in Facles Two,

often making up more than 10 percent of the fauna..

Cibicides floridanus diminutivus Bandy

Cibicides floridanus diminutivus BANDY, 1949, p.104, pl.
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17, figs; hao-c.

Test small for the genus, subcircular, biconvex, ventral
side with prominent central bossj perliphery smooth, with a ‘
thin border of clear shell material; edge acute to subhacute;
chambers 11 to 13 in the last whorl. increasing gradually
in sizes ventral sutures gently curved, limbate, raised and
coaleécing with the umbog dorsal sutures 1little curved, lin-
bate, ralsed; spiral sutures limbate, railsed, the earlier
- chambers reduced at the surface as a spire of round depres-
sions; wall coarsely perforate; aperture a slit at the base
of fhe apertural face extending from the edge onto the dorsal
side, continuing between the iést two chambers and the pre-
vious whorl, |

Occurrence = This spec1e§~1s sparsely present in all
facies but most common in Facies Two where 1t makes up two

to three percent of each sample.
Cibicides truncatus Bandy

Cibicides truncatus BANDY, 1949, p. 111, pl. 19, figs. 2a-c,

Test small, subelrcular, dorsal side flattened or
slightly concave, ventral side a truncated cone, with smali,
shallow umbilicus; edge acute; perlphery keeled, moderately
lobates chambers about seven in.the final whorl, increasing
very gradually in slze as added; sutures strongly curved and
limbate on the dorsal side, curved, narrovly limbate and
raised on the ventral side; wall coarsely perforate, more

sb on the dorsal side; aperture at the periphery, with a
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distinct upper lip, extending over onto the dorsal side and
continuing along the spiral suture for a distance of two or
three chanmbers,

Occurrence - This species 1s most often found in Facies
Two where it is the dominant specles, averaging almost 20 per=
cent of each sample.

Superfamily Cassidulinacea d'Orbign&, 1839

Family Cassidulinidae d4'Orbigny, 1839
Genus Cassidulina 4'Orbigny, 1826

Cassidulina armosa Bandy

Cassidulina armosa BANDY, 1949, p. 139, pl. 26, figs. 12a,b.

Test small, biconvex, biumbonate, subcircular in slde
view; veriphery slightly lobulate; edge rather sharply
rounged or angled; chambers short and wide with nearly paral-
lel edges in the last few chambers, about five pairs in the
last whorl; sutures slightly curved, limbate, slightly de~
pressed particularly near the periphery; wall smooth, finely
perforéte; aperture an elongate slit at the base of the last
septal face with a projecting flap concealing most of it.

Remarks - Material examined for this paper contalned

several forms of Cassidulina, the most common contained about

five palrs of chambers in the last whorl but exhibiting an
edge which varied from quite sharp to very broadly rounded.
The few type specimens of C. armosa examined all displayed
a sharply rounded edge.

Occurrence ~ C. armosa is almost nonexistent except in
samples from Facies Two where it makes up several percent
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of the total fauna.

Family Nonionidae Schultze, 1854

Subfamily Nonioninae Schultze, 1854
Genus Nonion de Montfort, 1808
Nonion advena (Cushman)
Nonionina advena CUSHMAN, 1922, p. 139, pl. 32, fig. 83 Cush-
man and Applin, 1926, p. 181, pl. 10, figs. 16,17.

Nonion advena (Cushman) HOWE, 1928, p. 175 (list).

Nonion gdvepnum (Cushman) CUSHMAN AND HERRICK, 1945, p. 61,
pl. 10, fige. 9.

Nonion advena (Cushman) BANDY, 1949, p. 71, pl. 10, figs. 8a,b,
Nonion advenum (Cushman) PURI, 1957, ve. 132, pl. 9, figs. 4a-c,
Test rather small, subcircular in side view, biconvex;

edge rounded, periphery smooth; nine to eleven chambers in
the last whorlj umbilical region on both sides occupled by

a boss of clear shell material; surface smooth; sutures cure
ved, slightly sigmoied, the inner portions excavated and
broadeneds aperture a series of about 10 smgll pores at the
base of the septal face.

Occurrence - The very common form is virtually restricted

to samples of Facies One and Two where 1t 1s the dominant

species 1n each facles.
Nonion inexcavatus (Cushman and Applin)

Nonionina advena inexcavata CUSHMAN AND APPLIN, 1926, p. 182,
plo 10’ figSo 18,199

Nonion inexcavatum (Cushman and Applin) ELLISOR, 1933, pl. 2,
fige 74 Cushman, 1935, p. 30, pl. 11, figs. 5~8;
s 1945, pe 5, Ple 1, fig. 16.
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Nonion inexecavatus (Cushman and Applin) BANDY, 1949, p. 72,
Ple10, Figse. 9a,be

Test medium sized, circular in outline, biconvex; periph-
ery faintly to moderately lobulate; edge sharply rounded;
shambers 12 to 15 in the last whorl, distinct, slightly in-
flated, sutures slightly curved, slightly to moderately de-
pressed; umbilical areas with small knob of clear calcite
shell material and additlional pustulose ornamentation, espec-
1ally toward the aperture; surface smoothj aperture a seriles
of small pores at the base of the septal face, and a few pores
on the septal face.

Occurrence - Thils species is not common in any samples

but is most prevailent in samples of Facles One and Two where

it 1s present in amounts of a few percent.,

L4

Nonion planatus Cushman an& Thomas

Non:vn planatum CUSHMAN AND THOMAS, 1930, p. 37, Pl. 3, figs.
5a,b; Cushman and Dusenbury, 1934, p., 60, pl. 8, figs.
6a,b; Cushman and Applin, 1943, pe. 37, pl. 7, fig. 24.

Nonion planatus Cushman and Thonas BANDY, 1949, pl.11, figs.
la,b. '

Test small, planispiral, biumbllicate; edge rounded;
periphery smooth, very slightly lobulate in the later portion;
chambers nine to ten in the last-formed whorl, mostly dis-
tinet, inecreasing gradually in sizej sutures flush, slightly
depressed in the later portion, ending in thickened riné
with slight inward projections about both umbilicis surface
smooths wall finely but conspicuously perforate; aperture

a low arch at the base of the septal face.

76



Occurrence - N. planatus, though not found in Facles

Four, ls evenly scattered throughout samples of the other

three facles.

Genus Nonionella Cushman, 1926

Nonionella spissa Cushman

Nonionella hantkeni spissa CUSHMAN, 1931, p. 58, pl. 7, fig.
1733 , 1939, p. 30, pl. 8, fig. 5; Cushman and
Herrick, 1945, p. 63, pl. 10, fig. 12, s

Nonionella spissa Cushman BANDY, 1949, p. 78, ple 11, figs.
Gz-c (not 2a-c).

Test rather large, thick, somewhat longer than wide;
periphery nearly smooth; edge rounded; slightly evolute on
one slde; sutures distinet, very slightly depressed except
in the later portion of the test, slightly curved; surface
very smoothj wall finely perforate with variably papillate
umbilicus on the involute side$ aperture a very low arch at
the base of the septal face, sntending slightly farther to-~
ward the involute side.

Remarks -« Cushman and colleagues illustrate forms which'
exhibit uniformly undepressed sutures and a smooth periphery.
In his illustrations Bandy shows two forms with smooth and
slightly lobulate periphery; the latter form was not seen in
the stﬁdy material.

Occurrence - N. spissa is by far most abundant in Facles

One and Three where it often constitutes ten percent of the

total microfauna.

Family Anomalinidae Cushman, 1927
Subfamily Anomalininae Cushman, 1927
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Genus Anomalina d'Orbigny, 1826

Anomalina umbonata Cushman

Anomalina umbonata CUSHMAN, 1925, p. 300, pl. 7, figs. 5,6;
s 1927, v. 170, pl. 27, figs. 10,115 Howe,
1939, pv. 86, pl. 13, figs. 6-8; Bandy, 1949, p. 102,
pl. 18, figs. 3a-c.

Test planoconvex, dorsal side nearly flat or slightly
concave with a central spiral umbonate mass, ventral side
moderafely convex with a rather large railsed umbo of clear
shell material: periphery smooth becoming slightly lobulate
in the later portion of the final whorl; edge roundedj cham-
bers ten to 12 in the final coil, closely appressed; sutures
distinct, those of the ventral side flush or very slightly
depressed and gently curved, those of the dorsal side raised
and limbate in the early portion of the test becoming flush
between the last few chambers, the inner ends of the dorsal
sutures becoming fused in the early portion giving rise to
the spiral umbonate mass in the umbilical region; wall medium
to coarsely perforate; aperture a narrow arch at the base of
the last: chamber on the periphery'and extending about one
chamber back between the whorls dorsally.

Occurrence - A. umbonata is present in samples of all

four facles but is most common in those of Facles One where
it comprises several percent of the total faunae.
Superfamily Globigerinacea Carpenter, Parker and Jones, 1862
Famlily Heterohelicidae Cushman, 1927
Subfamily Heterohelicidae Cushman, 1927

Genus Chiloguembelina Loeblich and Tappan, 1956

Chiloguenbelina cubensis (Palmer)
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Plate 3, figure 2
Guembelina cubensis PALMER, 1934, p. 74, text-figs. 1-6.

Chiloguembelina cubensis (Palmer) BECKMAN, 1957, p. 89, pil.
21, fig. 21, text-figs. 14 (5-8) (synonomy).

Occurrence - C. cubensis is an ubiquitous form reported

from the Eocene and Lower Oligocene of the Gulf Coastal Plain,
the Caribbean, and South America.

Distribution - C. gubensis occurrs throughout the Yazoo

samples,

Chiloguembelina martini (Pijpers)
Plate 3, figure 3
Textularia martini PIJPERS, 1933, p. 57, figs. 6-10.

Guembelina martini (Pijpers) DROOGER, 1953, p. 100, pl. 1,
fig. 23 text-fig. 4.

Chlloguembelina martini (Pijpers) BECKMAN, 1957, p..89, pl.
21, tig. 14, text-figs. 14 (9-11, 14-18, 20-23) (synonomy),

Occurrence - C. martini F=2s been previously reported from

the Upper Eocene of the Gulf Coast and the Caribbean.

Distribution - C. martini occurs throughout the sample

sulte in sparse amounts.

Chiloguembelina victoriana Beckman

"Plate 3, figure b4

Chiloguembelina victoriana BECKMAN, 1957, p. 91, pl. 21,
fig. 7, text-fig. 15 (43-45),

Remarks - This apecles differs from C. cubensis in that
the chambers are less inflated and broader and incresse in

size less rapidly. The aperture of C. victoriana is also

higher and narrower than C. cubensis. Beckman states that C.
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victoriana possesses a wall smoother than C. cubensis, but

this did not appear to be true in the Yazoo material.

Qccurrence - According fo Beckman thlis species is con-

fined, in Trinidad, to the Upper Eocene Globorotalla cocoa-

ensls zone and the Lower Oligocene Globigerina ampliaper-

tura zone.

Distribution - C. victoriana occurs only in samples of
zones B and C in very spare amounts,
Family Hantkeninidae Cushman, 1927
Subfamily Hantkenininae Cushman, 1927

Genus HantXenina Cushman, 1924

Hantkenina alabamensis Cushman

Plate 3, figure 5

Hantkenina alabamensis CUSHMAN, 1924, p. 3, ple 1, figs. 1-6,
Ple. 2, fig. 53 , 1925, p. 7, ple 1, fig. 113
Cushman and Applin, 1926, p. 177, pl. 10, fig. 33 Cush-

. man, 1927, v. 160, pl. 25, fig. 17; Howe, 1928, p. 14,
text-rig. 1; Howe and Wallace, 1932, p. 54, pl. 10, fig.
33 Bllisor, 1933, pl. 6, rig. 5; Howe and Wallace, 1934,
p. 35, pl. 5, fig. 13; Hadely, 1934, p. 15, pl. 2, fig.
ks Cushman, 1935, p. 49, vl. 13, figs. 1-5; Coryell
and Embick, 1937, p. 299, pl. 43, fig. 10; Bermudez,
1938, p. 133 Cushman, 1939, p. 74, pl. 12, fig. 18; Ber-
gquist, 1942, p. 96, pl. 10, figs. 2,4%; Bandy, 1949, p.
76, pl. 11, figs. 9a,bs Puri, 1957, p. 127, pl. 12, figs.
ga;c: Deboo, 1965, pl. 15, figs. 5,7,8; Blow, 1969, p.

77«

Occurrence - This specles has been wldely reported from

Yazoo age strata. Blow lists the range as Middle to Late
Eocene.

Distribution - This form 1s confined, in the Yazoo mat-

erial, to zones A and B. Within these zones it is quite common.

Genus Cribrohantkenina Thalman, 1942
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Cribrohantkenina inflata (Howe)

Plate 4, figures 1 and 2

Hantkenina inflata HOWE, 1938, p. 13, 14, fig. 2.

Hantkenina (Cribrohantltenina) bermudezi THALMAN, 1942, p,
812, 815, 819, pl. 1, figs. 5,6.

Cribrohantkenina inflata (Howe) SPRAUL, 1962, p. 343-347, pl.
1, figs. 1la-4b (synonomy); Deboo, 1965, p. 31, pl. 15,
figs. l# 6 B].OW, 1969, jo 37{9 vl. 52 figs. 30

Occurrence - Also widely reported in the literature, Blow

cites its distribution as limited to Zone P. 16 of Late Eocene

_age.

Distribution - C. inflata is present only in samples

zone B in the Yazoo material.

Genus Pseudohastigerina Banner and Blow, 1959

Pseudohastigerina micra (Cole)

Plate 4, figure 3
Nonion micrus COLE, 1927, p. 22, pl. 5, fig. 12.

Hastigerina micra (Cole) BOLLI, 1957, p. 161, pl. 35, figs.
la=2b.

Pseudchastigerina micra (Cole) BLOW AND BANNER, 1962, p. 129,
pl. 16, figs. E-F.

Globanomalina micra (Cole) LOEBLICH AND TAPPAN, 1964, p. 665,
’ fig. 531 (6-8),

Pseudohastigerina micra (Cole) Berggren, Olsson and Reyment,
1967, p. 265; Blow, 1969, p. 377, pl. 53, figs. 1, L 55 H
Cordey, Berggren and Olason, 1970, p. 236, text- figs.
1=5. )

Remarks - The taxonomlic history of this rather small
form has been most complex. Berggren, Olsson and Reyrent
have published a most exhaustive analysis of the genus to

defend thelr classification.
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Occurrence - Blow states that P. micra has been found

in sediments of Middle Eocene to Middle Oligocene age,
Distribution ~ In the study material, P. micra is quite

common in the planktonic fraction of the entire sample suite.

Pseudohastigerina barbadoensis Blow

Plate 4, figure 4

Pseudohastigerina barbadoensis BLOW, 1969, p. 409, pl. 53,
figs. 7-9, pl. 54, figs. 1-3; Cordey, Berggren and
Olsson, 1970, p. 238, text-fig. 1.

"The small test is composed of about 17 chambers coiled
in an evolute planispire with 7% chambers visible in the final
whorl., The test is moderately laterally compressed but the
reriphery 1is gently rounded. The chambers of the last whorl
are slishtly inflated and the intercameral sutures only shal-
lowly depressed; the intercameral sutures betweer the last few
chambers of the final whorl show a banded appearance due to
a greater degree of smoothness of the wall and to a reduction
in the density of the pores. In some parts of the intercameral
sutures, pores seem to be virtually ahsent or very fine. In
optical appearance the tests seem to be finely perforate but
Stereoscan electronmicroscopy shows comparatively larze pores
moderately densely scattered over the test surface. The pores
seem to open to the exterior without any distinct pore-pits.
The evolute test possesses a wide tmbilicus and the relict
apertures of the last two chambers can be seen. The apertural
porticus is well developed and the junction of the porticus
and the test wall in the apertura region forms a virtual
right angle. The aperture is a moderately low arch and is
completely bordered by the porticus which seems to be imper-
forate. The wall is calcareous, radial hyaline and slightly
pustulose but the surface is without pore-pits. Maximum di-
ameter of the holotype is 0.20 mm." (Blow, 1969, p. 409.)

Remarks - The genus first apprears in rocks of Early Eo-

cene age as P. wllcoxensis, in the late Middle Eocene a comp-

ressional trend gives rise to P. micra, and in the Late Eocene
a trend in size reduction gives rise to forms labled 2. cf.

naguewichiensis (Cordey, Berggren and Olsson, 1970). These

authors based their classification_upon the test geometry of
the various species. Figure 13 includes a part of this pub=-
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lished data in conjunction with plots of specimens taken from
the study material. The two populations - those plotted by
Cordey, Berggren and Olsson and those plotted by the present
author - have very similar distributions,

Cordey et al. were reluctant to split P. barbadoensis

and P. naguewichiensis for on the basis of test geometry,

they avpear quite similar. As noted by Blow, however, the
former speciesinossesses less inflated and less hispid chanm-
bers. This distinction becomes quite clear in SEM vhotomicro-
grapvhs supplied by Blow. The lack of a hispid surface and

the only moderately inflated chambers in the Yazoo specimens

support the asslgnment of this form to P. barbadoensis Blow.

Occurrence - Blow states that this speclies first appears
in the P. 16 zone (Late Eocene) and continues into the 0Olig-

ocene,

Distribution - This specles is not a common planktonic

form. The author did not observe it in zone A but did recover

it in zones B and C.

Family Globorotalilidae Cushman, 1927
Subfamily Truncorotaloidinae Loeblich and Tappan, 1961

Genus Truncorotaloides Bronnimann and Bermudez, 1953

Truncorotaloides danvillensis (Howe and Wallace)

Plate 5, figures 1,2,3 and 4

Globigerina danvillensis HOWE AND WALLACE, 1932, p. 74, pl.
10, fig. 93 Bergquist, 1942, p. 95; pl. 9, figs. 24,25;
Stainforth, 1948, v. 117, pl. 25, figs. 24,25,

Pseudohastigerina micra (Cole) DEBOO, 1965, p. 32, pl. 15,
figse 1-3.

Test is small, low-gpired trochoid, dorsal side only
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slightly convéx, ventral side dominated by large umbilicus;
chambers are inflated and subspherical, about six chambers
in the final whorl; wa}l is calcareous and finely porous;
surface of test rough with short, narrow to pyramidal spines,
these are densest on the dorsal slde and in the earlier chanme-
bers; primary aperture is interlo-marginal, secondary, sutural
apertures on the dorsal side. The majority of the Yazoo speci-
mens possess a greatest diameter ranging between 0.29 mm and
0.16 mm.

Remarks - Thls small form has not appeared extensively

in the literature. Previously T. danvillensis has been illus-

trated and described as not poséessing dorsal secondary aper-
tures. These can be seen in SEM photomicrographs or best
while the speclmens are 1mmgrsed in water or oll. Secondary
apertures could not be found in every 1ndiv1dua1, perhaps a
function of preservation.

The specimens from the Yazoo Formation show a close re-

lationship to Truncorotaloides collactea (Finlay) reported

from sediments ranging in age from Middle to lLate Eocene
Berggren, 1969). T. collactea, however, has a much rougher
surface, is uniformly hispid, and has less incised sutures.

Occurrence - T. danvillensis has been described from the

Upper Eocene of Alabama, Mississippl, Louisiana, Peruv, Co-

lumbia, Mexlco, and Ecuador.

Distribution - This specles was found by the author in

zones A and B but not C. The specles was extremely prolifilc

in samples of sandy Facles Three where 1t existed to the
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virtual exclusion of any other planktonic form.

Family Globigerinidae Carpenter, Parker and Jones, 1862
Subfamily Globigerininae Carpenter, Parker and Jones, 1862

Genus.Globigerina 4'0Orbigny, 1826

GClobigerina ampliapertura Bolll

Plate 5, figure 5§

Globigerina ampliapertura BOLLI, 1957, p. 108, pl. 22, figs.
§-73 Blow and Banner, 1962, p. 83, pl. ila-d, 17c¢, fig.
12b3 Srinivasan, 1968, p. 147, pl. 16, figs. 5,6; Beck-
nan et al., 1969, p. 99; Berggren, 1969, p. 125-129, 141,
Table 3, pl. 2, figs. 19-21, pl. 4, figs. 4-63 Blow, -
1969, Pe 315’ 3“’9, plo 12, figS.- 6,9’100 ‘

Remarks - This robust form has figured in the majority

of the published planktonic foramlniféral biostratigraphic
zonations. The best illustrations of this species appear in
Blowj SEM photomicrographs show clearly the typlcal contig-
'uous pore-pits and lipless apefture.

Occurrence - G. ampliapertura is characteristic of Blow's

zone P, 17 of latest Eocene age. Berggren llsts thls ¢.ecles
as occurring in highest Eocene and Oligocene strata of the

North Sea Basin. Beckman et al. state that G. ampliapertura

1s associated with foraminifera of the Globigerina sellil

zone of Late Eocene age in Egypt. Srinivasan cites'this
'specles as occurring in rocks of Late Eocene and Oligocene
agé in New Zealand.

Distribution - G. ampliavpertura occurrs only in samples

of zone C in the study material,
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CONCLUSIONS

A few concluding statements should be made corncerning
the uses and utility of fossil, benthonic foraminifera, the

science of paleoecology, and the deposition of the Yazoo

Formatilon,.

1) Yazooian strata in the study area can be divided into
two serieslu the lower consisting of the North Twlstwood
Creek and Cocoa Members and the upper series made up of
the Pachuta Member, Shubuta Mmeber, and the Crystal River
Formation - separated by a thin zone of mixing.

2) The 1lithofacles disvlayed by the Yazoo in eastern
Mississippl and western and central Alabama are due
primarily to regressions and transgressions across the
FEocene continental shelf,

3) Differences in shoreline migration along strik. sug-
gest that transgressions and regressions were not wholly
due to basin-wlde eustatlic changes in sea-~level but were
1a§ge1y due to small-scale, locallized flexing of the
crust.

4) Lithological and foraminiferal data can be combined
to produce a vivid palececological interpretation most
effeciently by computerized statistical analysis.

5) Although most of the fossil genera found in the Yazoo
materlal occuvy similar modern ecologlcal niches, some -

Nonion and perhaps Nonionella .~ play different roles in

the foraminiferal ecology of the modern Gulf of Mexico.
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EXPLANATION OF PLATE 1

Blackites amplus Roth and Hay. Sample C-58. Transmission
electron micrograph, 37,000 X.
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EXPLANATION OF PLATE 2

Blackites amplus Roth and Hay. Sample C-66,

Int. contr., 7600X.
Cruciplacolithus tarquinius Roth and Hay. Sample

¢c-66. Int. contr., 6700 X.

Digcoaster barbadiensis Tan Sin Hok. Sample C-42.
Int., contr., 5900 X.

Discoaster tanl nodifera Bramlette and Riedel.
Sample C-66. Int. contr., 5900 X.

Discoaster tani tani Bramlette and Reidel. Sample
Cc-66., Int. contr. 6500%.

Isthmolithus recurvus Deflandre. Sample C-66.

Int. contr., 5400 X.
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Fige 1

EXPLANATION OF PLATE 3

Diatom referrable to the genus Coscinodiscus.,

Sample H-20. SEM, 275 X.
Chiloguembelina cubensis (Palmer). Sample C=-23.

SEM, 420 X.
C. martini (Pijpers). Sample C-23. SEM, 500 X.
C. victoriana Beckman. Sample C-23., SEM, 465 X.

Hantkenina alabamensis Cushman. Sample C-12. SEM,

90 X.
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EXPLANATION OF PLATE &4

Figs. 1,2 - Cribrohantkenina inflata (Howe). Sample C-23.

Fig. 1, overall view, SEM, approximately 70 X.
Fig. 2, detall of apertural area, SEM, approx-
imately 230 X. )
'3 - Pseudohastigerina barbadoensis Blow. Sample C=-21.
SEM, 460 X.
4 - P, micra (Cole). Sample C~-21. SEM, 310 X.
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EXPLANATION OF PLATE 5

Figs. 1=4 - Truncorotaloides danvillensis (Howe and Wallace).
Sample A-6. Fig. 1, dorsal view, SEM, 420 X. Fige
2, detall of secondary aperture on dorsal side,
SEM, 1130 X. Fige. 3, oblique view of ventral side
of 'a second specimen, SEM, approximately 450 X.
Fig. 4, ventral view of a third specimen, SEM,
koo X.

5 = Globigerina ampliapertura Bolli. Sample C-58. SEM,
210 X.
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APPENDIX A
Locations of Surface Sections and Outerop Data

In Figures 14 A, 15 A, 16 A, etc., the ten outcrop
sections are located in the townships shown in Figure 2.
Lithologic data are presented graphically in Figures 14 B,
15 B, 16 B, etc. with horizontal ruling representing clay
plus silt, diagonal ruling representing total bloclasts,

stipling representing quartz sand, and solid inking represent-

ing glauconite grains.
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APPENDIX B
Percentage Data Matrix
Explanation: .

Clay plus silt

Quartz sand
Miscellaneous bioclasts
Glauconite grains
Foraminiferal tests

Total planktonic foraminifera
Total arenaceous foraminifera
Total diatoms

Guttulina byramensis
Bolivina striatellata
Bolivina sp. A

Bulimina jacksonensis
Reussella sculptilis
Uvigerina cocoaensis
Uvigerina dumblel
Uvigerina glabrans .
Uvigerina Jjacksonensis
Trifarina ocalana
Discorbis globulo-spinosus
Discorbis hemisphaericus
Valvulineria jacksonensis
Valvulineria octocamerata
Siphonina danvillensis
Eponlides jacksonensis
Cibicidina danvillensis
Cibicidina mississippiensis
Cibicides cocoaensis
Cibicides floridanus diminutivus
Cibicides truncatus
Cassidulina armosa

Nonion advena

Nonion inexcavatus

Nonion planatus

Nonionella spissa
Anomalina umbonata



A- 3 A- 7 A-11 A~14 A-18 A-22 B~ 1 B~ 2 8- 6

1 73,77 92.06 90,13 97.86 97.79 98.22 56.40 71.52 91.03
2 26.23 TeS4 9.87 0.0 0.32 0.00 43.60 28,48 8.97
3 C.00 0.C0 0.00 2.14 1.89 1.18 0.00 0.00 0.00
4 0.09 0.00 0.00 0,00 0,00 0,00 .00 ¢.00 0.00
5 0.00 0.C0 0.00 0.00 0.00 0.59 0.00 0.00 0.00
6
7
5

39.23 0.C00 16.67 2.60 10.12 9.88 0.Q0 0.00 67.04
3.08 0.70 C.00 2.60 3.50 0.n0 f.00C 0.00 l.12
0.090 2.0C 0.00 0.00 0.00 0.00 0.00 0.0C 0.0¢C

a 1.54 0.00 8.33 0.65 0.39 0.00 0.00 50.00 0.00
9 3.08 d.0C 0.00 30.84 21.79 36.36 0.00 0.00 0.00
12 0.00 0.00 0.00 0.00 0.N00 0.00 0.0C 0.00 1.68
11 0.0C Q.00 .00 0.00 0.00 0.C0 0.00 0.00 c.00
12 0.00 2.00 C.C0 0.20 0.00 0.00 0.00 .00 0.00
13 0.77 0.060 0.00 0.00 0.00 0.00 6.00 50.00 0.00
15 2.31 c.Cr c.co ¢.20 0.00 0.00 0,00 0.00 1.68
16 o0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
14 5.38 0.00 8.33 2.92 0.39 0.40 Q.00 0.00 D.556
17 1.54 0.00 C.0C 0.32 0.00 0.00 0.00 0.20 Q.56
18 0.00 0.00 0.C0 0.97 1.95 0.40 0.00 0.909 0.00
19 0.00 0.60 ¢.00 1.95 12.06 3.95 0.00 0.00 ¢.00
20 0.77 33.33 g.CC 2.92 7.39 6.72 n.oQ 0.00 .56
21 5.38 33.33 16.67 l.62 6.61 3.56 .00 Q.00 0.20
22 2.31 C.00 0.0C 10.71 8.17 3.16 0.10 0.00 l.12
23 g.o0 0.CC C.00 0.00 0.00 0.00 0.00 0.20 0.00
25 2.31 0.0C 16.67 3.90 5.84 4.35 0.00 0.00 §.00
24 0.77 G.00 0.00 2460 0.00 0.00 Cc.00 0.00 l.12
26 0.00 2.00 0.CC 0.65 0.00 0.00 0.00 0.00 0.56
27 0.C0 0.C0 0.00 2.00 0.00 0.20 0.00 0.00 0.00
28 0.00 0.00 C.00 0.20 G.00 2.37 25.90 0.00 4T
29 0.00 0.CC 0.00 N.32 0.00 0.40 0.00 0.00 6.15
30 0.77 33.33 C.00 C.00 20 2.37 25.00 0.00 0.00
31 3.n8 0.0 25.00 0.00 0.00 0.79 0.00 0.00 3.91
32 0.77 7.C0 0.00 0.00 0.00 0.00 0.00 0.00 0.00
33 24.62 0.00 0.00 13.64 8417 11.86 25.00 2.20 3.91
34 2.31 0.00 8.33 20.78 13.62- 13.44 25.00 0.00 5.59



B-10

1 83.17
2 14.85
3 0.99
4 0.99
5 C.00
6 T5.75
7= 0.66
35 0.00
8 1.33
9 0.00
10 2.99
11 0.00
12 0.00
13 0.n0
15 1.33
16 0.G0
14 1.22
17 2.33
18 0.00
19 0.0N0
20 0.00
21 3.32
22 n.58
23 0.C%
25 0.33
24 ¢.00
25 3.99
27 0.920
28 2.66
29 0.00
39 C.00
31 1.33
32 c.00
33 1.00

34 1.33

39.6C
59.54
0.87
2.20
J.00

57.63
3.39
2.00

2,00
3.39
2.50
0.00
3.39
0.00
0.09
1.09
3.39
1.69
3.39
0.00
0.00
C.C?2
1.6%
0.00
1.69
8.00
J.C0
0.00
5.03
C.90
3.39
1.69
0.00
1069
6.78

64.78
22.85

55,87
34,92
4.76
1.9C
2.5‘,

35.52
4.25
0.00

¢.39
3.8h4
13.13
.30
039
0.00
2.70
0.00
1.16
3.09
l.16
0.00
0.20
0.39
4.25
0.230
8.538
1.93
11.20
2.7G
1.93
1.54
0.00
0.70
0.00
0.77
Q.77

42.01
40.13
12.54
3.45
1.88

35.11
3.31
0.00

0.00
2.04
6.11
o.oo
1.53
0.00
3.31
0.00
1.02
3.5
0.51
0.00
0.00
3.05
6.11
C.00
8.40
l1.53
9' 16
2.80
2.54
8.40
0.00
C.00
0.00
0.76
1.27

88.14
4.81
5.45
1.28
o. 32

62.14
1.46
0.00

0.00
2.43
.00
0.00
0.00
0.00
0.97
0.00
0.00
0.09
0.49
0.00
0.90
0.49
1.94‘
C.00
T77
1.46
10.68
0.97
3.88
2.91
0.00
0.00
0.00
0.49
1.94

63.80
¢.0n
19.02
0.31
16.87

66.00
2.00
0.n0

0.0C
C.00
0.00
12.33
0.030
4433
12.00
0.33
0.33
D.67
0.00
0.00
0.00
0.020
1.00
0.00
0.00
n.00
D.67
0.33
0.00
0.00
0.00
0.00
0.00
0.00
0.00

t-16

30.09
0.00
56.53
0.30
13.07

Tl.48
1.01
0.00

0.00
1.68
0.00
6.71
0.00
1.34
14.09
Q.34
D67
0.00
0.920
0.00
0.00
0.00
1.01
0.00
0.00
0.00
0.67
0.00
0.67
0.00
G.nC
0.00
Q.00
0.34
0.00

C-19

89.68
0.00
Se16
n.00
5.16

8l.46
0.66
0.00

0.00
0.00
0.00
2.98
0.33
4.64
2.32
0.99
0.090
44,30
0.00
0.00
0.00
0.00
0.33
0.00
0.00
0.00
0.00
D.33
0.33
0.99
0.00
0.00
0.00
0.00
0.33
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35

c-23

43.31
0.C0
38.54
1.59
16.56

8l.10
1.37
0.00

Q.00
0.82
0.00
4.66
0.00
2.47
1.64
Q.00
1.37
3.56
0.00
0.00
¢.00
¢.00
0.55
0.00
0.00
0.00
0.27
nN.,20
0.27
0.00
.00
0.00
0.00
0.00C
1.92

C-27

92.31
0.00
3.53
0.020
4.17

89.35
D.05
0.00

0.00
0.97
9.1C
0.32
0.00
0.97
Ce32
0.09
0.00
3.87
0.00
c.co
0.00
J.32
0.32
0.G0
0.00
0.00
0.00
0.00
0.00
C.nC
g.00
0.00
0.00
C.00
2.90

c-31

96.28
0.00
2.17
0.G0
1.55

85,71
0.34
0.00

0.00
0«34
0.00
1.02
0.00
C.N0
204
0.00
1-36
3.40
D.34
0.00
0.00
0.68
1.02
€.06
C.CC
0.G0
0.00
0,00
n.00
Q.00
0.00
0.34
0.00
0.00
3.40

c-36

95.28
0.00
2.36
.0.{)0
2.36

30.19
0.63
0.00

3.0¢C
Q.N0
0.00
3.77
0.00
1.26
3.14
0.00
2.83
1.89
¢.00
0.70
0.20
C.31
1.57
0.n0
0.00
C.00
0.31
0.720
G.30
0.00
0.30
1.26
C.00
0.31
2.52

C-40

89.70
C.0%0
6.98
0.30
3.32

83.12
3.13
.00

0.00
0.00
0. 00
1.56
0.00
D.94
4.37
0.00
0.94
4406
0.00
0.00
0.00
0.00
Ce 9o
0.00
0«31
0.00
¢.00
0.00
2.00
0.00
0.00
0.00
0.00
0.00
0.62

C-43

69.63'
0.61

25.46
0.00
44,29

68.75
2.21
0.00

0.00
0.00
0.20
4.78
0.00
8.82
2.21
1.10
2.94
4. 78
0.00
0.00
0.00
0.37
2.21
0.00
1.10
0.00
c.00
0.20
C.n20
C.20
o.oo
0.120
0.0C
0.90
0.74

C-47

89.97
0.720
531
0.00
4.72

80.37
1.84
0.20

0.00
0.00
0.00
2.15
0.00
12.58
0,00
0.31
0.30
2.76
0.00
0.00
0.00
0.00
D.C0
0.00
C.00
0.00
0.00
0.70
0.00
0.00
0.10
0.00
0.00
0.09
0.00

C-53

67.95
0400
7'37
1.60
23.08

84.59
0.60
0.00

.00
2442
0.60
0.30
0.00
l.21
0.00
0.30
0.90
7.55
0.00
0.00
C.00
D.91
1.21
0.0
c.Co0
C.00
0.00
0.30
0.00
0.00
0.00
0.00
0.00
0.00
0.00

94.18
0.00
2.49
0.00
3.32

88.37
0.39
0.00

0.00
0.78
0.39
0.00
0.00
2433
0.00
0.39
0.39
5.43
0.00
0.00
.00
0.00
0.78
¢.00
0.00
0.00
0.90
0.00
0.00
0.00
0.00
C.00
0.20
0.00
0.78
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C-62

91.30
0.200
8.03
0.00
G.67

84 .45
2.10
c.00

0.00
n,Go
0.0
0.42
0.00
1.26
0.00
0.00
0.00
T.l4
C.00
0.00
0.00
44,20
0.00
0‘90
0.00
N.0C
2.20
D.O0
D.00
0.00
0.00
0.00
0.00
0 .oo
0.42

C-66

96.24
2.00
1.57
8.00
2.19

83.15
l1.12
0.00

0.00
0.00
0.00
0.0%
0.00
2425
J.37
¢.00
0.37
8.61
0.00
.20
0.00C
1.87
0.75
Q.00
0.00
J0.00
0.00
g.00
0.C0
0.00
2.00
Q.02
.00
1.50
0.00

D=1

21.70
78.30
0.00
0.00
0.0¢C

60.34
N.00
3445

0.00
D.0Nn
1.72
G.N0
0.00
0,00
3.45
l.72
0.00
1.72
0.00
0.0°2
0.00
S.17
0.00
0.00
1.72
3.45
0.00
0.00
2.00
1.72
6.90
3.45
0.00
5.17
0.0¢C

D~ 4

3G.69
68,62
0.70
N.00
0.00

15.84
g.on
0.00

4.95
0.00
0.99
C.0Q0
0.00
C.00
0.00
0.00
0.90
0.120
0.20
C. 99
1.98
1.98
0.00
0.900
1‘98
$.99
0.00
0,00
0.10
0.00
45.54
10.89
0.10
11.38
1.98

D- 6

92.41
3.63
2.31
1.65
0.00

2.08
2.08
0.00

0.09
1.04
11.46
0.30
C.29
0.00
C.00
0.060
0.20
0.09
2.08
0.00
3.13
4.17
1.04
0.00
22.92
4.17
C.00
5.21
14058
6.25
13.54
2.08
0.00
4.17
0.00

D- 9

24.55
74.65
0.79
0.00
0.0C

35.71
0.00
0.00

¢.00
0.00
2.38
0.00
0.00
0.00
4.76
0.00
0.00
0.00
0.00
2.38
0.00
0.00
0.00
0.00
16.57
2.38
0.00
0.00
T.14
0.00C
19.05
2.38
0.00
T.14
0.00

D-11

41.70
58430
0.00
0.00
.00

7.30
0.00
0.00

1.89
0.00
1.08
0.00
0.00
0.00
2.16
0.00
0.90
0.00
0.00
0.00
18.65
1.35
C.81
0.27
2443
0.54
0.00
0.00
0.27
0.00
37.03
4.32
0.00
21.89
C.00

51.40
45.50
2.50
0.00
0.60

12.74
0.32
0.00

3.18
0.32
0.32
0.00
0.090
0.00
0.32
0.00
0.32
0.32
0.54
0.00
35.35
2.23
3.18
0.00
1.91
1.91
6.00
C.00
0.00
0.32
9,87
3.82
.24
11.78
1.91

71.40
25.40
2.20
0.50
0.50

40.88
2.52
0.00

3,77 °

0.00
1.89
0.20
0.00
0.00
0.00
0.00
0.00
1.26
3.14
0.63
3.77
1.26
6429
0.00
3.77
3.14
0.63
0.00
0.63
0.00°
6.92
5.03
3.77

10.69
0.00
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75.64
13.46
9.94
0.96
0.00

4.17
4.17
0.00

1.39
6494
0.00
0.00
0.00
0.0C
0.00
¢.00
1.39
0.00
£.00
5.56
5.56
0.00
1.39
0.00
11.11
1.39
25.00
0.00
16.67
4.17
4.17
4417
0.00
C.00
2.78

E-11

59.96
37.04
2.20
0.40
0.40

58,36
2.21
7.00

442
0.00
0.00
0.00
0.0C
0.00
C.00
0.00
0.00
0.920
0.32
0.63
0.63
1.26
0.63
0.00
5.36
1.89
0.00
2.00
0.00
C.32
7.26
2.21
0.63
13.48
0.00

E-13

84.32
11.99
2.10
0.00
1.60

47.58
12.73
0.00

5.76
¢.30
0.00
0.00
1.52
6.0
0.00
0.00
0.20
0'00
0.00
0.30
12.42
0.61
C.91
0.00
0.61
0.91
0.720
0.00
Q.20
0.30
7.27
2.73
0’61
3.94
1.52

E-17

52.05
44,06
230
0.80
0.80

64,22
72.88
0.00

2.88
0.00
0.00
0.00
0.00
0.00
c.00
0.00
0.00
0.09
0.32
0.00
2.56
0.96
0.96
0.00
D.32
1.28
0.00
0.00
0096
0.00
13.42
3.83
C.n0
4047
0.96

E-21

28.860
66.40
4.20
c.00
0.80Q

22.16
1.35
0.C9

3.78
0.27
0.81
0.00
0.00
0.00
0.00
0.00
0.81
0.81
0.27
1.08
21.35
2.43
1.35
0.00
6.22
3.51
0.00
0.00
1.62
c.81
15.68
5.95
2.16
7.57
0.00

E-25

79.60
19.00
1.40
0.00
0.00

87.46
0.00
0.00

1.46
0.29
0.00
0.00C
0.00
0.00
0.00
0.00
0.00
0.00
0.29
0.00
3.50
0.00
0.00
0.00
1.17
C.00
0.00
C.00
0.29
0.020
2.62
0.87
0.00
2.04
0.00

E-28

73.58
20.74
5.69
0.00
0.00

60.18
1.18
0.00

4.72
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.29
0.00
0.00
0.20
11.21
0.00
0.29
0.00
0059
0.83
0.00
0.00
0.29
9,90
9.73
5.01
0.29
"5.31
0.00

18.12
2.19
72.81
4.69
2.19

29.01
0.76
0.00

0.00
0.00
14.12
0.00
0.00
0.00
1.53
0.00
0.00
0.76
0.38
0.00
0.00
0.76
0.30
0.38
14.50
3,05
17.94
4,58
9.92
1.53
0.00
0.00
0.00
0.76
0.00
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28.48
1.59
64.57
4.64
0.33

27.24
0.00
0.00

0.34
Q.34
15.86
D.Cc0
1'38
0.C0
0.34
0.90
0.00
0.69
0.69
9.00
0.06
0.90
1.72
0.0¢
1€.69
1.72
25.17
1072
7.24
2.76
0.00
0.90
0.00
0.34
1.72

16.62
C.30
77.34
3.02
2.72

34.87
4.61
c.n0

C.0C
0.99
10.20
C.33
0.66
.00
J.33
0.33
0.00
1.64
0.00
G.00
0.09
Q.66
2.96

0.00 -

10.86
1.32
12.83
3.62
10.20
1.97
0.00
0.29
0.00
G.00

l.64

17.65
0.00

75.54 -

l1.86
4,95

51.29
4.84
0.0C

N.32
1'29
3.23
0.00
1.61
0.00
0.32
1.29
0.32
2.26
0.97
0.00

0.00

0.32
3.5%
0.32
8.71
1.94
6413
3.55
3.87
0.97
0.00
0.G0
0.00
0.00
2.590

22.36

1.21
35.65
24.47
16.31

67.96
1.06
9.00

0.00
1.06
1.76
C.35
0.90
l1.41
2.82

2.82

C.20
1.76
0.20
0.00
c.C0
0.35
2.11
0.70
0.70
c.35
3.52
3.17
2.11
0.00
C.00
0.00
.00
0.020
5'99

95.70
2.32
1‘99
0.00
C.00

2.12
3.17
16.740

0.00
C.00
1¢.05
C.00
.00
0.00
0.20
.00
0.00
0.00
0.00
2.12
4.23
0.00
0.00
0.00
T.41
0.00
1.06

T 0.00

5.29
0.00
30.16
0.720
0.53
15.34
2.12

12.26
80.97
4.52
1.94
0.32

3.94
3.94
11.82

0.3C
g.00
7.58
0.00
0.61
0.00
0.00
0.00
0.00
Q.20
0.00
4.85
0.00
0.91
0.0¢C
0.00

6.97

Q.09
0.61
0.00
7.88
0.61
36.06
0.00
2.12
10.61
1.21

24.00
67.60
4460
0.00
3.80

5.10
9.41
10.98

0.39
5.88
10.98
0.00
0.00
c.o¢
0.00
0.00
0.00
8.00
0.00
1.96
5.49
0.39
0.78
0.00
7.06
Q.00
0.00
0.00
0.39
0.00
24.31
0.78
0.39
15.29
0.39

99.51
0.49
c.00

- Q.00

2.00

4.53
3.14
6.62

0.00
0.35
16.16
0.020
0.35
0.00
0.0n0
0.20
0.00
0.00
0.35
6.27
1.39

" 0.00

0.70
0.00
6.27
0.00
2.09
0.00
7.32
0.35
27.18
0.00
1.74
9.41
2.79



T

[PV

6-16

68.31
17.06
13.83
0.32
0.00

6.73
5.13
4.49

0,00
0.96
12.18
0.00
C.32
0.00
0.00
2.00
0.09
0.00
c.32
2.24
3.53
20.00
1.28
.00
9.29
0.00
5.13
0.00
4.17
0.96
29 .49
0.96
1.28
11.22
0.32

G-19

45.81
49.34
3.96
0.20
C.88

2.33
3.99
0.00

0.C0
0.00
21.26
C.00
0.09
0.00
0.00
0.C90
g9.00
Q. NN
0.00
3.32
1.99
09.0C
G.00
G.00
é.31
0.606
1.99
0.00
3.65
0.66
34.22
l1.CcC
Ce33
10.63
7.04

poran e S ez s

G-21

23641
0.00
0.59
0.00
0.00

6.25
5' 86
3.52

0.00
0.00
9.38
Cc.00
0.78
0.00
0.00
0.00
0.1¢C
0.78
0.020
4.69
1.17
0.39
C.39
0.GC
8.20
0.73
4.30
0.78
3.91
0.38
34.77
0.39
3.13
8.59
1.56

G-25

41.320
55.47
0.40
0.50

2.37
3.56
1.58

0.00
C.40
8.30
0.00
0.00
C.40
0.00
0.00
0.C0
C.00
0.00
2.37
C.79
D.40
0.00
0.00
15.42
0.40
5.93
0.4C
4.74
0.40
43.87
0.40
0'79
5.53
1.98

P

G-28

92.33
T.33
.33
0.00
0.00

7.61
3,81
11.76

0.00
0.35
1l.42
0.00
0.00
c.00
0.00
0. 00
0.90
0.00
0.00
3.81
5. 54
0.00
0.69
0.00
6.23
1'0"
2.42
0.35
1.73
0.69
32.87
0.35
1.73
6.92
C.69

G-30

12.58
64.57
22.85
0.00
0.00

2.57
8.09
1.47

0,37
0.37
4.4
0.00
0.00
C.00
0.J0
0.00
0.20
¢.00
0,00
4.04
4.41
0.74
O0.74
0.00
4.04
1.Q7
1.384
C.74

1.47

0.37
52.94
0.74
Q.74
6.62
1.84

G-33

29.39
53.35
17.25
0.00
0.00

0.00
0.89
0.C0

0.00
0.%0
le34
0.00
0.00
c.00
0.00
0.00
0.00
G.00
0.00
0.45
0.00
0.00
0.00
0.70
2.23
0.00
0.00
0.00
3.13
0.00
85.71
0.00
C.00
2423
4.02

G-35

17.78
36.83
43.17
1.27
0.95

0.00
1.00
0.90

0.00
0.20
C.00
0.00
0.00
0.00
0.G0
0.00
0.020
0.00
0.0C
0.00
.00
0.20
0.00
o.oo
15.00
2.00
0.00
0.00
0.00C
G.00
67.00
3.006
g.0C
14.00
0.00

G-36

93.14
6.54
0.33
0.00
0.00

15.03
0.52
1.55

l1.04
0.00
T.25
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.290
1.55
Q.00
0.00
0.00
0.20
10.88
0.00
1.04
0.00
0.00
0.00
54.92
2.07
0.00
2.07
2.07



e UGG ~ s T . s

G-39 G—49 G4l G=42 G-43 G-44 G-45 G=46 G-47

1 99.58 92.59 96432 82.20 50.58 49.00 4%4.49 46.20 68.88
2 0.29 5.26 3.09 14 66 18.27 8.46 5.22 11.89 4.11
3 0.42 1.36 0.1 2627 8.08 28.11 42.75 36.45 22.70
4 0.00 0.39 0.39 G.70 11.73 3.98 4 .06 2.53 3.72
5 0.00 Q.39 C.00 C.17 11.35 10.45 3.48 2.92 0.59

6 0.C0 3.21 3.77 0.51 2.79 0.00 2.58 2485 5.72
7 0.0C Q.64 0.00 0,00 0.00 2.89 Se?79 12.60 11l.11
5 35.56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8

l1.11 1.92 0.00 1.54 1.29 1.16 0.00 2.03 Q.34
9 1.11 0.00 0.020 .00 9.01 12.72 S5.67 0.81 0.00
10 5.56 D.00 0.00 0.00 0.00 0.00 0.00 Q.00 0.00
11 0.00 0.00 0.00 .00 0.00 c.0n Q.30 .00 0.00
12 0.90¢ 0.64 1.89 0.00 0.00 4,62 5.07 6.50 3.37
13 0.00 N.00 2.00 0.00 1.29 0.00 0.20 0.00 0.34
15 0.00 0.00 1.89 2.00 1.50 1.73 1.55 2.85 2.36
ls 0.00 o.CC 0.00 0.00 0.00 0.00 0.00 0.00 0.00
14 0.07 0.00 0.00 0.00 0.00 0.0¢ 0.00 0.41 0.00
17 0.00 0.00 3.77 .00 1.72 l.16 0.52 1.22 2.69
18 0.00 0.00 1.89 0.00 1.72 1.16 1.55 0.00 1.01
19 0.00 1.92 0.00 2.56 0.00 0.00 0.00 0.00 0.00
20 3.33 4049 1.89 2.56 1.29 G.58 1.55 0.41 0.00
21 ¢.00 0.00 c.00 c.00 0.43 0.00 0.00 0.81 0.00
22 l.11 Cet4 1.89 0.00 5.58 6.94 6.19 3.66 3.03
23 0.00 0.00 C.00 0.00 0.00 0.58 0.52 0.00 0.00
25 0.00 8.97 9.43 10.26 11.80 6.%4 10.31 8.54 11.78
24 0.00 3.21 3.77 2.05 12.88 10.40 10.31 4,88 T.76
26 3.33 0,09 0.0C 0.00 0.00 0.00 .00 14.63 11.78
27 0.00 Catt 1.69 0.00 beo 17.34 0.52 B.54 20.54
23 1.11 1.92 5.66 051 15.C2 19.65 36.08 18.70 13.13
29 0.00 2.85 1.89 C.00 15.02 7.51 4.12 2.85 2.36
30 38.89 S51.92 39.62 57.44 6.22 2.31 0.00 O.41 Q.00
31 l.11 8.97 7.55 11.79 2.15 0.58 0.00 0.00 0.00
32 l1.11 g.00 0.00 0.00 C.00 0.00 0.100 0.00 c.00
33 3.33 0.C0 0.0C 0.00 0.00 0.30 0.00 0.00 0.00
34 3.33 7.5 13.21 1C.77 3.86 1.73 3.09 T.32 2.69
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G-48

6G.53
0.00
35.17
l.64
2.68

6.66
w.w&
0.2

H.OO
C.00
0.2C
0.00
2.01
0.00
3.34
G.00
C.09
1.96
C.33
0.60
0.00
0.33
3.34
0.0C
17.39
Te36
20 .49
5.35
12.%4
12.37
0.0N
0.0¢C
0.00
0.00
3.68

6=-49

62458
1.75
25.82
2.41
T4

10.67
5.79
n.00

0.30
0.00
0.00
N.00
2.13
2.44
2.13
0.00
0.00
2.13
0.320
C.3n
g.61
0.30
5.79
0.00
13.11
B.btia
13.72
4027
11.89
9.76
0.09
0.00
0.00
0.00
5.49

G=50

83.12
0.21
11.67
N.No
2.71

12.28
1.75
0.00

0.00
0.00
0.00
g.00
0.88
0.00
1.75
0.0C
C.00
.88
0.00
0.C2
g.0n0
0.00C
1.75
0.00
21.05
Nlou
31.58
10.53
T.02
1.75
0.00
C.CO
0.03
C.00
6.14

G-51

83.12
0.00
16.88
0.00
0.00

8.70
0.87
Q.00

0.87
0.00
0.00
0.00
O.JO
0.090
1.74
0.00
0.100
0.00
le74
.00
0.00
0.00
0.090
0.00
20.20
5.22
29.57
12.17
8.70
7.83
C.00
0.30
0.30
C.00
2.61

62.73
0.00
30.00
3.86
3.41

18.64
1.69
0.29

0.00
0.00
0.00
C.00
0.00
C.00
C.85
0.00
0.85
0.09
2.54
C.00
0.85
0.00
C.00
Cc.85
11.86
Te63
15.25
7.63
18. 64
10.17
0.00
0.85
0.00
0.20
1.69

G-53

78.09
0.00
17.85
l.62
2.43

19.35
Mv.om
0.00

0.00
0.00
0.00
0.00
0.20
4430
1.08
0.00
0.N0
0.00
0.00
0.00
0.00
0.00
2.15
0.00
19.35

G=-54

T8.47
0.98
3.91
8.41
8.22

53.60
4430
0.00

0.40C
0.20
0.00
0.20
0.00
3.20
M.oc
2.80
2.80
0.00
C.30
0.29
0.00
0.0C
3.2C
0.0¢C
14.40
4.00
2.80
2.89
J.00
2.80
0.00
¢.00
2.00
0.00
0.80

G-56

73.75
1.16
11.20

-10.23

3.67

52.94
1.31
0.00

0.65
0.00
0.00
0.65
0.00
3.92
1.31
9.15
p.oo
0.65
C.00
0.00
0.20
0.00
3.27
0.00
9.15
2.61
5.23
7.19
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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FENRR

63.04

1.98
12.45
11.86
10.67

48.98
1.3%6
0.00

0068
2.04
0.00
1.02
1.02
578
0.3%
8.50
4.42
De34
0.00
0.00
0.00
0.00
T.14
3.40
4.08
2.38
2.04
4.08
1.02
O.34
0.00
0.00
0.00
0.90
1.02

G-59

70.88
0.00
T.66
8.24

13.22

44,64
1.38
0.00

9.0C
0.35
a.co
6.57
0.00
13.84
1.73
7.96
T.61
2.00
C.0C
0.00
C.00
Ge35
bebl4
2.08
2.42
2.77
1.38
2.03
-0
0400
0.00
Q.00
0.CC
0.C0
C.0C

G=-60

68.66
0.21
3.30

12.16

15.67

40.48
N.35
0.00

099
D.35
0.00
4.84
0.00
29.41
2.77
10.38

3.11 -

0.00
0.00
G.00
n.00
0.00
0.20
c.n0
5.38

. 1.73

0.35
0.00
000
0.00
Q.00
0.c?
0.00
C.00
0.35

G-61

9%.03
0.30
0.00
0.97
0.00

57.01
3.17
0.90

0.45
0.00
0.00
0.00
0.00
Q.45
0.00
2.26
0.20
6.33
000
¢.00
0.00
3.62
0.45
Qe45
769
6.79
2.71
0.45
6+33
0.00

0.00C
2.2

C.nn
0.00

1.81

[
[

o

N

T4alb
C.n9
T7.36
5.57

12.92

37.83
2.17
0.00

0.00
0.00
.00
0.00
0.00
0.43
0.0
1.30
C.00
6.52
C.00
c.00
C.00
9.57
7.39
3.04
5.22
5.22
2.61
c.00
18.26
0.00
C.09
C.43
0.00
0.00
0.00

G~63

94,78
0.0¢C
0.00
1.49
3.73

32.14
4.76
.00

1.19
0.00
0.00
0.00
C.00
0.00
0.00
0.00
3.57
9.52
G.0D0
0.00
0.00
5.95
5.95
4.76
4.76
8.33
3.57
0.00
15.48
0.090
"0.90
0.00
0.20
0.00

_0.00

G-64,

58.95
0.00
24.32
12.84
3.89

13.23
7.00
0.00

0.78
0.co
0.00
0.39
0.00
0,00
l.17
2.33
2.33
1.56
0.00
C.00
1.17
2.33
7.39
29.18
3.89
T.78
6.61
OQOO
12.84
-2.00
0.0¢0
0.00
Q.00
0.20
0.00

G-65

79.45
0.00
10'36
6.55
3.6%

20.48
6.02
C.00

0.4C
0.00
0.00
0.00
0.00
0.00
0.00
0.40
4.42
0.00
0.00
0.00
0.00
2.01
4.02
28.11
4.02
G b4
4.82
0.00
12."5
1.20
0.90¢C
0.40
0.00
0.0C
1.61



NP W

(TY)

U~ o

G-67

G=6%

60.18 97.72
0.00 0.00

35.23 C.T6
2.63 l.14

1.97 0.38

35.94 12.90
3.69 3.23

0.00 0.00

g.00 C.65

2.00 J.00

0.c0 0.G0

0.090 Ce65

0.00 0.00

2.30 0.65

2.30 1.94

0.00 2.58

0.00 C.0n

2.30 5.81

0.00 Q.00

0.29 2.00

0.00 0.00

4.15 3.23

65.45 C.00

9.22 25.16

G.92 3.87

2.76 T.74

7.83. 3.87

0.00 9.65

20.74 25.16
0.00 L.94

0.09 C.00

0.00 0.00

2.00 0.70

0.46 D00

0.92 0.C0

G-69

8l.38
0.00
12.28
4480
1.54

2.91
1.16
0.00

0.00
0.00
0.00
0.00
0.00
3.49
1.16
0.58
lo74
0.58
0.00
0-00
0.00
1L.74
6.98
44,77
0.00
6.40
5.81
0‘00
22.09
0.58
C.00
0.00
0.Cn
0.00
0.00

G-70

83.05
.00
‘13.56
1.69
1.69

20.22
3.93
0.00

0.56
0.56
0.00
0.00
0.00
0.70
1.69
0.00
1.69
2.81
C.%0
C.00
0.00
.02
2.81
44.38
225
b.74
3.93
2.90
7.87
0.20
0.30
0.20
0.00
0.56
0.20

G-71

82.90
0.00
12.13
2.98
1.99

13.35
5.99
0.90

0.62
0.31
.00
0.00
0.00
0.020
0.00
0.31
0.90
2.48
0.20
0.00
0.50
1.55
5459
19.88
3.42
5.28
12.42
0.93
27.64
0.20
0.00
0.00
0.00
0.00
0.31

G-72

Ble.b6b
.00
15.44
2490
0.Q0

7.23
8.43
0.00

G.30
2.41
0.00
0.00
0.00
0.00
0.00
0.00
0.00
4.82
0.00
8.n0
0.00
C.00
482
8443
8.43
3.61
0.00
33.73
18.07
0.00
C.20
0.00
0.00
C.00

- 0.00

84.41
0.20
9.1%
2.53
3.99

18.73
3.19
.00

0.32
1.59
0.00
0.90
0.40
0.70
0.00
0.00
0.20
2.39
0.00
0.00
c.00
1.20
T.57
2749
1.52
3.19
1.59
8.76
21.91
0.00
0'00
0.00
0.00
Q.4
0.00

89.05
448
5.47
0.00
1.9C

$.05
7.34
4459

C.46
D.92
28.90
0.00
0.00
n0.00
0.00
0.00
Q.no
0.46
2.75
9.63
3.21
3.21
O.46
D.46
4.59
Q.46
T.34
0446
0.00
1.38
7.32
1.83
c.00
6.88
1.83

98.82
0.30
0.89
-0.00
¢.00

4.56
4.18
17.49

0.38
1.52
13.31
0.00
0.00
0.00
0.00
0.00
0.n0
0.38
1.14
10.27
9.13
1.52
1.14
0.00
4.56
0.00
9.13
¢.00
1.90
l1.52
2.28
0.38
0.00
12.55
2466



H-8 H-11 H-14 H=-17 H=-20 H-21 H=-25 H-28 H-31

G726 92.01 96444 96402 99.67 T3.97 94.81 98.48 93,18
D.61 3.58 1.37 1.83 0.00 11.19 4.90 0.30 3,76
l.82 3.31 1.37 .61 0.33 14.36 0.00 0.00 2.12
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.30 1.10 0.82 1.53 0.00 0.49 0.29 1.22 0.94

AW N e

6 3.93 1.92 3.51 2.35 1.52 2.75 8.506 3.83 4.80
T~ 5.58 654 5.96 3,76 3.41 T.86 7.03 0.38 2.95
5 12.35 538 12.98 44.13 064.39 44,71 25.69 36.02 27.68

8 0.00 0.00 0.00 0.70 0.00 0.00 0.00 0.120 0.37

9 Q.20 9.00 0.00 0.0Nn 0.00 0.00 C.92 0.38 0.Nn0
17 14.74 23.08 29.47 16443 10.23 10.98 16.21 12.26 T.75
11 0.032 0.72 c.0¢C 0.00 0.00 0.00 0.00 Q.20 G.00
12 0.00 Ce77 0.35 C.20 G.00 6.00 0.00 c.00 0.00
13 Q.00 0.00 C.00 0.00 2.20 0.00 .00 0.00 ¢.00
15 C.00 £.0¢C 0.n0 0.120 c.a0 0.00 0.G0 C.05 0.00
16 0.00 0.C0 G.C0 0. 00 0.020 0.00 0.00 0.00 0.00
14 0.CC 0.00 Q.00 0.00 C.020 C.00 0.30 0.00 0.00
17 N.00 g.00 0.n0 r.00 0.00 0.00 0.31 c.00 0.00
18 0.80 0.C0 0.35 0.47 0.09 0.0¢C 0.20 G.00 0.00
19 3.19 2.69 3.16 0.47 0.38 0.39 0.92 0.77 l.48
20 10.76 8.85 0.0C 2.82 3.41 5.10 4.58 2.30 5.60
21 1.20 2.69 1.40 2435 C.38 0.00 1.83 0.38 0.37
22 2475 J.38 1.40 0.47 0.76 0.39 0.00 0.00 0.00
23 0.00 0.00 0.00 0.00 0,00 C.00 0.CC 0.00 0.2%0
25 2.39 2.31 0.70 C.94 0.38 2.75 3.36 2468 7.01
24 0.00 Q.00 2.00 C.CO 0.00 0.00 0.31 0.00 1.48
26 2.79. 1.92 3.16 0.00 0.76 1.57 1.53 0.38 O.T4
27 0.0C 0.00 C.%0 0.10 0.00 .00 0.00 0.00 0.00
28 0.80 D.38 l.4C 0.720 0.00 0,00 0.21 0.33 1.438
29 0.06 0.0n 0.00 G.120 0.00 0.00 0.00 0.00 0.74
30 23.90 26.15 284427 15.96 10.23 13.73 15.30 27.59 28.04
31 4.38 3.46 2.01 le4l 1.89 1.18 3.36 1.53 Sel7
32 0.00 Q.0C 0.00C C.0C G.20 0.90 0.00 0.00C 0.00
33 5.18 11.92 3.R6 7.98 1.52 8.63 7.65 9.20 1.11
34 5.18 1.54 1.05 Q.47 0.75 0.00 1.53 1.92 2.95
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31
32
33
34

H-33

47 .49
34.56
14.73
1.32
1.85

2.34
3.13
0.78

0.78
0.00
.77
0.00
0.CO
0.C0
0.0C
0.20
0.00
2.00
0.36
1.95
5447
D.00
0.39
0.00
11.72
0.39
3.13
0.00
3.91
0.9C
43.36
1.56
0.00
Ta42
3.52

H-36

90.19
6.96
222
0.co
0.63

14.81
3.03
1.01

G.G0C
0.20
26426
0.00
De3%
L.0n
.00
0.00
Q.0C
2.00
0.CC
2.02
1.68
C.67
C.C0
0.00
12.79

2.02°

3.37
0.G0
0.00
g.00
28.62
0.67
3.00
2.02
0.67

e e e <

H-39

83.5¢
14.64
1.60
C.0C
C.020

21.2Q
2.12
15.1¢9

0.00
0.0C
10.6¢C
g.0¢
0.35
0.00
0.90
O.C‘Q
0.2C
0.00
0.00
l1.41
2.47
0.00
0.35
0.00
7.77
Q.00
l.41
0.00C
0.35
1.06
31.80
2.47
C.3C
1.C6
C.35

H~42

91.73
3.89
3465
C.00
c.73

16.52
C.4C
26429

C.20
3.00
G936
AP
0.20
0.00
0.%0
0.00
C.00
0.00
0.20
C.40
1.20
0.80
0.00
0.90
3.98
0.40
.20
c.00
0.20
0.40
33.86
1.59
0.20
1.20
8.3¢C

H=-45

82.34%4
12.17
1.19
6024
4.006

13.36
2.30
S.22

C.46
.00
14.29
0. 00
0.00
C.00
0.00
0.00
C.00
0.90
0.92
1.84
4.15
2.3C
0.46
0.00
5.53
0.46
¢.00
0.00
1.38
0.00
36.87
1.38
.00
5.07

.00 -

1-9

59.64
16.57
15.46
1.31
7.03

5.84
8‘25
Q.00

.00
C.00
22.34
0.00C
18.56
0.00
1.03
0.00
0.00
0.00
2‘06
3'44
0.090
0.09
0.34
0.00
1.37
1.72
3.78
.69

10.65

1.03
16.15
0.3“
0.0n
2.41
0.00

1-42

38.70
60.70
0.60
0.0C
0.00

3.27
7.01
0.70

0.30
0.00
T.48
0.00
1.37
0.00
0.47
0.00
0.00
0.90
2.80
0.93
0.00
0.00
0.93
0.47
18.59
0.00
1.87
0.93
5‘61
Q.47
42.52
C.20
3.74
0.47
Q.47

I-45

28.20
71.80
0.00
.00
C.00

19.15
0.CC
g.00

0.00
0.00
8.51
0.0C
12.77
0.00
0.00
0.00
0.00
0.00
0.00
C.00
0.00
0.00
2.13
4.26
31.21
0.00
0.00
2.13
0.00
Q.00
17.02
0.0G
2.13
0.00
0.00

I-47

69.87
28.53
0.80
0.00
0.80

24.50
Q.40
0.090

0.00
1.61
“.42
0.00
0.40
0.00
0.00
0.00
0.00
0.40
1.20
0.00
0,40
0.40
0.00
8,03
20.48
0.80
3.61
0440
6443
0.00
24410
0.00
0.00
0.80
1.61



—

14.50
0.00
81,20
0.00
4.30

12.50
0.99
0.00

0.00
C.66
2.96
0.006
10.20
6.00
C.33

0.00
n.00
1.97
2.95
0.66
0.99
€.00
3.29
T1.24
5.87
3.62
8.55
4,61
22.70
5.92
0.C0
0.0G
0.00
0.00
C.00

iI-91

20.70
0.00
75.30
0.00
4,00

21.74
4.04
0.00

0.00
1.24
3‘73
0.31
6.83
0.00
0.C0
C.31
Q.00
1.?4
1.86
0.31
0.31
0.00
3.42
6.21
5.59
2.17
5.28
2.17
26.40C
6.52
0.c0
0.00
0.00
C.31
0.00

I-101

24430
0.0390
66.50
0.20
53.10

17.83
1.75
0.00

0.35
0.00
0.70
0.900
4,90
0.35
0.00
0.00
1.40
1.40
3.15
1.05
0.00
0.00
2445
3.85
4,90
6.29
.64
1.40
3Ce42
9.09
0.00
J.00
0.70
0.90
1.40

I-110

8.90
0.90
81.10
0.00
9.10

40.07
9.56
037

0.00
c.37
1.84
0.00
3.31
c.n0
0.74
Q.00
0.00
1.10
0.37
c.00
0.74
0.00
4.04
4.78
2.94
6.99
4a4l
1.84
12.87
2.94
0.00
0. 00
0.37
0.00
0.37

73.67
12.01
11.51
1.90
€.90

2.83
2.12
0.00

0.35
2.83
35.34
0.00
2.33
0.00
0.00
0.71
0.00
1.06
0.35
C.90
0.00
0.71
2.83
0.00
15.55
1.77
6436
2.12
13.43
3.18
0.71
0.00
0.90
1.77
3.18

59,50
6.50
31.30
0.50
2.50

3.38
5.30
0.20

0'48
3.86
17.87
0.00
6.76
0.00
0.48
0.00
0.929
0.48
1.93
1.93
0.00
0.00
2.42
0.00
15.81
0.00
T.25
0.0C
9.18
1.93
10.14
Ne97
1.45
3.86
0.00

65.71
2.54
_28.89
1.27
1.59

1.13
2.63
0.00

0.00
1.13
21.43
0.00
3.38
0.n0
0.00
0.00
0.00
0.00
3.76
0.00
1.13
0.00
1.50
0.38
8.65
0.75
13.91
0.75
22.53
7.89
3.01
o.no
0.00
0.75
4489

56.19
Se44
36.86
0.91
2.60

S.10
c.00
C.00

C.00
G.00
19.61
0.00
3.14
0.00
0.00
0.00
0.00
0.00
0.00
1.18
0.00
0.00
1.18
OOOO
2l.96
0.00
10.20
0.78
17.25
275
14.12
0.39
0.00
0.00
2.35



J-11

93.23
9.97
5.81
0.C0
0.00

0.32
0.63
0.00

0.0
0.00
18.61
0.00
1.26
0.32
0.00
0.00
0.00
N.00
1.58
0.720
D53
0.00
0.32
0.00
28.39
0.00
R.83
1.39
13.88
1026
18.61
c.00
0.C0
1.58
1.89

J-13

65.53
5.49
23.08
0.90
5.89

7.89
0.720
1.32

0.00
0.00
15.79
0.00
1.32
0.0C
0.090
0.00
2.00
0.00
2463
0.00
2.63
0.G0
0.0C
0.0
11.84
0.00
6.58
0.D0
25.00
5.26
15.79
0.09
0.209
1.32
2.63

J=50

9999
0.00

G.00C -

0.00
0.00

2e12
C.00
N.00

2.54
1.27
0.20
De42
6.00
0.00
0.00C
D.00
¢.00
5.00
0.0C
0.00
9.32
.85
0.00
0.00
0.42
C.00
Ca.&2
0.00
C.42
0.00
52.54
4424
2.54
18.64
ba24

J=-53

97.33
1.59
0.53
0,00
0.20

b.C4
0.00
0.00C

0.00
2.20
0.00
0.00
0.20
0.00
0.22
0.00
0.20
0.90
£.00
0.00
5.49
G20
0.00
0.00
5.49
0.00
C.00
0.20
C.09
0.00
73.63
10(75
0.55
2.75
2.20

b4.86
20.61
9.80
4.39
0.34

1.39
8.68
0.00

0.00
0.00
3.82
0.00
4086
0.00
0.N0
0.00
0.90
0.00
T.64
0.00
0.69
0.00
5.56
0.35
18.75
5.21
5.90
6.4
13.89
6.25
T.64
0.00
0.35
l.74

0.35 7

42.68
21.18
2741
8.10
0.62

D.00
536
0.00

0.00
0.00
7. 1"'
0.00
3.57
0.00
0.00
0.00
.00
0.00
3.57
1.79
0,00
0.00
0.00
0.00
8.93
14.29
5.36
0.00
37.50
T.14
5.36
Q.00
¢.00
0.00
0“00

48.04
T.25
43,20
1.51
0.00

2.04
7.48
0.00

0.00
0.00
15.99
0.00
3.74
0.20
0.00
0.20
0.00
0.20
5.10
N,N0
0.00
0.00
4.08
1.70
18.71
2.24
2.72
T.14
24.83
2.72
0’3‘*
0.34
0.58
0.34
0.00

J-62

64 .69
7.19
24,06
3,44
C.82

6.41
3.85
0.00

0.00
1.28
21.15
0.00
2424
0.00
0.00
0.00
0.00
0.00
1.28
0.00
0.00
0.6"
224
1.92
25.00
2.55
6.73
3.85
17.95
0.96
0.90
0.90
€.20
000
1.92

J=-65

30.569
1.98
64.69
1.98
0.66

1C.06
5.66
2.00

0.00
0.00
15.09
0.00
3.46
0.00
2.20
0.00
0.00
2.20
3.14
0.00
0.00
1.26
2.20
0.63
16.67
D.94
4440
4.72
20 .44
5.66
C.00
0.00
G.00
0.00
1.26



B dHwN -

J=72
38.79
2.87
5C.86
6.90
n.57

50.52
0.00
0.C0

.35
N.35
5. lg
0.00
2.08
0.00
0.00
0.35
1.04
4.15
0.35
0.00
0.00
0.35
1.73
2.08
8.65
1.38
l‘ 38
1.28
15.57
2.77
C.00
Q.Qo
0.00
C.CC
C.35



APPENDIX C
Factor Analysis Routine

This program is written in Fortran IV, compiled for
use in the IBM System 360-65,

»
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FORTRAN IV G LEVEL 20 MaIN DATE = 71299 13/51/36 PAGE 0001
c G~MODE FACTOR ANALYSIS USING DUALITY CONCEPT (AFTER J.E. KLOVAN)
E GULF CANADA CALGARY N I T T T :
g A.GRAVES NOV. 1970
E DOCUMENTATION REFERENCE  PEDRAD MANUAL, SECTIUN F585
- - c O

0001
2202
Q203
CA0e
2005
2008

0007
0Co8
0c09
€010
0011 _
0012
0013
0014
0015
0016
2317
octs
2019

t
t

DIMENSION FU750,10)yNAME(2),COM(750)
OIMEMSION X{50),R(50,50)4A(50950)+FS{50,10)
DIMENSION VARC10}4XX{10)+TU10+10)
DEIMENSTIUN TITLE(20)eFMTLC20)

EQUIVALENCE (RU1eL)oFlLls12)20A01,1)+F(146))

COMMUN KTLeKT2,KT3,KT4sKTSsET14 T2, 1T3,41T5

KT1 = CARD READER
= CARD PUNCH
KT3= PRINTER

KT4 & KT5 = SCRATCH TAPES

Aflye) = VARIABLE MEANS
A{2y.) = VARIABLE STD. DVNS.
A{3y.) = VARIABLE MINIHUMS
Al4ye) = VARIABLE MAXIMUNS

IF IT1 NOT = O CONVERTYT RAW DATA TO PERCENTS (OF SAMPLED

iF IT2 NOT = O PRINT PRINCIPAL AND VARIMAX FACTOR LOADINGS
IF 173 NOT = 0 GIVE NORMALIZED LOADINGS FOR 3 AND 2 FACTORS
IF IT4 NOT = 0 1IT4 = DEVICE NO. FOR INPUT {DEFAULT = 5)

IF ITS NOT = 0 175 = NO. OF FACTORS FOR WHICH LOADINGS ARE
TO BE PUNCHED (IT2 NOT = 0 IF IT5 NOT = Q)

Al

IF IT6 NOT = 0 IT6 = NO. OF FACTORS TO BE ROTATED {VARIMAX
CALLED ONCE ONLY)

OO0 AOONONAONONOOOAN000AN

10290
1007

10CC

KT1
KT2
KT3
KT&4
KT5

Woonn
DSHO W

REWIND XT4
REAIND KT5
READ(KT1,1C20) TITLE
FORMAT(2244)
FORMAT(1141+2CA44//7)
WwhITH(RT3,1007) TITLE
RLAUIRTL o I000) NV, JUITLITYIT251T73,1T4,175,1T76
FORMATIL1 2, 1XeF5.2,511X9110,512)

LTI R B RN


http://NAME12I.COM

—

>____

0c20
0021
0022
€023
002%
0025
0026
0027
Q028
0029
0c30
oo3y
0032
Q033
0C3%
0035

0036
eC37

0238
0039
0040
0041
0042
8043
0044
C04as5
2040
0247
2048
€049
0050
¢as1
Q052
03553
0054
0255
0350
0057
0058
0es59
0060
o261
o062
0063
00064
0065
0066
0067
0068
0059
nTe
0ol

FORTRAN IV G LEVEL

410
411

408

90
774
775

176
773

800
803
804

805
806

810

812

850

745

20 MAIN DATE = 71299
IF(IT4.EQ.C) IT2 = KTL
IF(NV=50) 408,408+410

13751736

WRITE(Oy411}
FORMAT(34H TOO MANY VARIABLES. RUN STOPPED.)
Gu T 3>

READ(KT1,102C) FMT

CU0 1 I=1lyNV

Al

A(ls1)} = O, . e
A(241) = 0. ° - -
A{3s1) = 1.0E30
Al4y1) = =1.0E3D
AlSs1) = 1.CE30

A(6y1) =-1.0E30
D0 1 J=i,NV

R(I,3) = C.
NS =1

BEGIN READ IN LOOP AND COMPUTATION OF BASIC STATS.

READ(IT4,FMT,END=99) NAME,(XU(T),I=1,NV)__ _

SAMS5Q=0.0
TRANSFORM RAW DATA TO PERCENTS {OF SAMPLE) IF IT1 NOT = 0

GG TQ (9097764785+800),1T1
GO0 T0O 93

SuM = Q.
DO 774 1 = 14NV
SUM = SUM ¢+ Xx(I)
DO 775 1 = 14NV
XCI1 = Xt1)/SUM
GO 1O 93

DU 778 I=14NV

X(1) = ALOGEX(I141)
GO T0 93

DD 806 I = LNV
TF(X(1)=ALS, 1)) 803,804,804

ALS, I} = X(1) i .

IF{X(I}-Al6+1)) 80648064805
Al6eI} = X(1)

CONTINUE

WRITE(KTS5) NAME,(X(1).I=1,NV)
NS = NS+l

GJd TO 3

DO 850 K=14NS

READ(XTS) NAMES(X{I)eI=14NV)

SAMSSW=0.0

DU 812 I=1,NV

1F(AL6+1).EQ.AL5,1)) GO TO 812

XE1) = (XU1) = AU5,10)/0AL6,1)=A15,1)) _ _

CONTINUE

GO TO &
CONTINUE

1ITL = 5

NS = NS+l

Ge TU 99

Su4 = 0,

D3 786 1 = 145

.23

&A1Y LA INRRE 200N < BhTEADSY
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FORTRAN IV G LEVEL

0072 786
2073

0074 787
0075

g076

0077 7838
o078

ca79 789
cosg 93
nesl 6
poe2

0083

crSe

085 42
W ETS 43
rOBT 44

S e

b 0038 5

0089~

£090

€091

0082 8
. 0093
2094
oL9s
o336 4

0097
0co9s 7
0099

[aXa¥aNaNalal

100

€101

0102 9
103

0104

0103 2

cl0e6 99
0107
0108
0109
o110
0111

1008

12
\_ . ©°113 401
alle w02
2115

20 +MAIN DATE = 71299
SUM = SUM + XII)

DO 787 I = 1.5

X{I) = X{t1)/5UM

SUM = O. .

DY 788 I=64NV

SUM = SUM + X(I)

DO 789 I = 64NV

X{I} = X{I)/SUM

CUNT INUE 0
D0 S J = 1.NV
All,d) = AL1,4) + X{J)

Al2y3) = AL243) + X(JIEX(J)
IFEXU)~A030d)) 42,643443
Al3,3) = xtJ)

13751736

PAGE 0DD3

IFIX(II~A044d)) 545444
Af{ard) = X(J)

CONPUTING VECTOR LENGTHS

SA¥SSY= SAMSSQ +X(J)* X{3)
COYINS) = SQURTISAMSSQ)
SA4SS5Q = COM(NS)
IFISAMSSJI4sEe b
WRITEIKT 3, 1001 INAME
FORMAT(LIHO, *NO VARIABLES FOR SAMPLE *42A4,%.')
IF(IT1.FQ.4) GO TO 850
Gu ¥ 3

CAONTINUE

NORMALIZE THE DATA AND PUT IT ON KT4

DO 7 J=1.NV

X(J41 = X(JI/SAMSSQ
WRITE(KT&INAME o { XT{J) 9 J=14 NV)

COMPUTE PSEUDO COS THETA MATRIX

€O 9 I=lyNV
00 9 J=1,N\V
RUI,JI= RELoJ}+ XII)%X{J)
IF{IT1.EQ.%) GO TQ 8%0
NS = N5 + 1
G& TO 3

DATA HAS BEEN READ IN
REAIND WT4
REWIND XTS5
NS = NS = 1

IFU1T1.EQ.%4) GO TO 810
WRITE(KT3,1008) NV,NS

FORMAT(IHO, *NUMBER OF VARTABLES = *,13,4X,* NUMBER OF SAMPLES = ¢,

1 I}

IFINS=757) 40344034401
wWLTE(be4D2)

POMATEAPH TN MANY SAMPLES.
Ga 1O 35

RUN STUOPPFD.)

—— = -2

4 I REes 10 Jeew 0ls lement



SR

r
FORTRAN IV G LEVEL 20 MAIN DATE = T1299 13/51/36 PAGE 0074
0116 403 CONTINUE
&__0117_ . SN=NS _ e
o118 VN=NV .
o119 SSN = SQRTISN) .
0120 SVN = SJRTIVN)
c121 GO TO (81+86C;819870,870)1,41T1
0122 80 WRITE(KT3,1010)
__ o123 1010 FORMAT(///* GENERAL STATISTICS _FOR RAW DATA',//)
0124 GO TO 82
c125 860 WRITE(KT3,1013)
0126 1013 FORMATI///' GENERAL STATISTICS FOR LN{X+1) DATA',//)
o127 GO TO 82
0128 870 WRITE(KT3,1C14)
. 3128 1014 FURMAT(///* GENERAL STATISTICS FOR PERCENT-RANGED DATA'.//) o o
130 GG TO B2
0131 81 WRITE(KT3,1011)
0132 1C11 FORMAT{///°' GENERAL STATISTICS FOR PERCENTAGED DATA'4//)
0133 82 WRITF(KT3,1012}
0134 1012 FORMATLICH VARIABLE 19X SHSTANDARD 7X 7HMINIMUM 8X 7HUMAXIMUM/9H
. ~ 1 NUYBER 6X THAVERAGE 7X 9HDEVIATION 7X SHVALUE 10X SHVALUE //)
o135 KILL = @
Ccl3s DO 10 I=14NV
0137 00 16 J = 14NV
0138 R{14d) = RUI+JII/SN
0139 16 R{JsI} = REI9J)
0140 IFLAC291)) 404,4C4,406
0141 404 WRITE(6,405) 1
0142 405 FORMAT(22H NO DATA FOR VARIABLE ¢I2y 16H. RUN STOPPED.) .
Ol43 KILL = 1
D144 406 CONTINUE
145 Al1ls1) = Al1,I)/SN
2 TY ) AlL2,1) = SQRTCAC2,1)/5N = All.I1)*A(1,1)) _ L .
2147 10 wRITE(KT3,10C5) EsALLeI)sAL291)5A(3,1).A04,1) R
0148 1005 FORMAT(17,4F15.4)
Q149 IF (KILL) 407,407,35
c
o
. __ € _CALL THE EIGENVALUE ROUTINE L o o
[4
[
c
0159 407 CALL EBERVCINV,R,A}
o
[, _c S,
c R{I1,1) CONTAINS THE EIGENVALUES
c A CONTAINS THE EIGENVECTORS
c
[
4
. T _ NOW DETERMINE THE RIGHT_NUMBER OF EIGENVALUES
[
0151 WRITE(KT3,15)
0152 15 FORMAT{ 140y °NO. EIGENVALUE  CUM. VAR.'",//)
0153 EVSUM = Q.
0154 PO 11 I = 1NV
\_ (33 L1 ANF = 1
0156 EVSUM = EVSUM #(R(1,12%*100.)

WRITE(RT3914) I4R(TIe1)4EVSUN

IRTRTTIRTA e
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PO ot

AT IZTIT

o158
015¢

$‘“’“"mao

Clel
t162

0163
[ X2
0165
Cles

0167

Qle8

0169
23 B 44l

o171

e172
c173
Cl174
o175
0176
o177
0178
0179
clae
c181

o182
o183
C18s
o185
(Y13

c187
0188
o189
0190
o191
ailan
ci93
Q194
2195
<C 9o

e —

FORTRAN

- N
IV 6 LEVEL 20 MAIN DATE = 71299 13751736 PAGE 0005
14 FOMMATUIH 512,2%,F10.6+3XsF7.2)
o IF(NF=10) 18,13,13 _J
18 IF(R{IsE)-0.0001) 13412412 h
12 1F(EVSUM - QUIT) 11,13,13
11 CONTINUE
c
c
c TRANSFER EIGENVECTORS TO FS
c e I e ]
13 D0 50 J = 1NF
DO 50 1 = 14NV
S0 FS{1,J) = All.d)
WRITC(KT3,1007) TITLE
c
- & fatimie T
c BEGIN MAJOR LOOP COMPUTING THE PRINCIPAL FACTOR MATRIX
c
c
CO 19 I = 1,NF
_ 19 vaatl) = 0. . o .
c
c PRINT PRINCIPAL FACTOR MATRIX IF IT2 NOT = O
c
IF(IT2) 17,17,29
29 WRITE(KT3,1210) (JeJ=1¢NF)
1210 FORMAT(1HO, * B __PRINCIPAL FACTOR LOADINGS *,//12X,
1 °  COMM.*316,1CI8¢/7) N =
17 DD 20 K=1,NS
READIKT4L) NAMES(X{I)oI=1yNV)
DU 24 J=1.MF
Fi{Ksd) = C.
DO 24 I=1,NV e o e
T 2% FiKed) = X{IISFSEIJ)eF(Kedd - T T -
COMAL = 0.
DO 25 J ="1.NF -
COMAL = COMAL + F{KsJ)#F({KyJ)
25 VAR[J) = VARGJIHF(KsJI=F{KyJ)
C e . S I ]
c STORE PRINCIPAL FACTOR MATRIX ON KT5 T
4
WRITE(XTS) (FIKyI) o I = 1,NF)
1FLIT2) 20,20,21
21 WRITEGKT3,1003) NAME, COMAL(FIKyI)s1 =1,NF)
1003 FORMATISH 92A4511F8.4%) } o T o
T 20 CUNTINUE
c
c EXPRESS COL SUM OF SQUARES AS A PERCENT OF TOTAL VARIANCE
[
DA 26 1 = 1,4NF
26 VAR(I) = VARCIM/SN®R0O. o _
T T ox€1) = var(l)
DO 27 J = 24NF
K=J =1
27 XUJ) = X(K) + VARUJ)
WRITE(KT3+1015) (VAR(I}y I = 14NF)
1015 FUGRMAT(1HO,."VARIANCE Y yBXy10F8.2) y,

W ITFIKT3,1016) (X{I)e T = 14NF)

101A FORMAT O o *LUM. VARTANCL *el0t A2

I TR e
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FORTRAN Iv G LEVEL 20 : MAIN DATE = 71299 13/51/36 PAGE 0006
Cmmmmmemmem )
S c . . J
c CCMPUTE PRINCIPAL FACTOR SCORES ‘T
c .
C
0197 WRITELKT3,1007} TITLE
o198 WRITE(KT34910301 (J2J=1,NF)
I 0199 1030 FOKMAT(IHO,* PRINCIPAL FACTOR SCORE MATRIX®//11X,*VAR.',5X,1018//)
0200 1031 FORMATULH ,12X4s12,6X,10F8.3)
0201 B9 55 F = 1,NV
0202 TO 56 J = 14NF
0203 56  XX{J) = FS(I,J) * SVN
0204 S5 WRITE(KT3¢1031) [.{XX(J)eJ=1,NF}
(4
c e e e e - .
€205 NFF = NF
0296 IF(1T6.GE.1) NF = IT6
c
c .
. ____ € _ CALL VARIMAX ROTATION PROCEDURE .
[
C
0207 38  CONTINUE
0208 CALL VARMAX{NF yNSyNV,TITLE,F,T,COM,NAME) )
c :
(4 COMPUTE VARIMAX FACTOR_SCORE MATRIX H
¢ :
0209 62 WRITEIKT3,1007) TITLE i
o210 WRITE(KT391041) (JeJ=1¢NF} H
0211 1041 FORMAT(IHC,' VARIMAX FACTOR SCORE MATRIX®//11X,®VAR.'.5X,10187/) H
0z12 DO 69 K=1,NV . H
e _en3 ) DU 68 L1=14NF o L N z
0214 Xx(1) = 0. -
0215 00 58 J=1,NF
0216 68 XX{I1) = FSIKeJ) * TCJI D) & XX(I)}
n217 CO 67 J = 1+NF
0218 67  AlKs3)-= XX{J} * SVN
. e219__ . 69 WRITE(KT3,1031) KelAlK,IVgJ=1yNF) N
c .
c CHECK TO SEE IF ADDITIONAL ROTATIONS ARE REQUIRED
[
0220 IF{ITnaGte1) GO TO 35
0221 NF = NF - 1
G222 . _ ... _ 1F(NF =2) 35,30,30 L
0223 30 IF(X(NF) = 70.) 35,31,31
g224 31 REWIND KIS
0225 DO 37 K=1N5S
0226 37 READ(KTS) (F{KsI)yI=1LsNFF)
2227 G0 TO 38
0228 _.35 CALL EXIT o _
0229 END
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!

{_ ____ _ *OPTIONS IN EFFECT* NOID,EBCDIC,SOURCEsNOLIST,NODECK,LOAD,NOMAP J
*OPTIONS IN EFFECT* NAME = MAIN o LINECNT = 60 ) 3
*STATISTICS®  SUURCE STATEMENTS = 229,PROGRAM SIZE = 43522
*STATISTICS® NU DIASNOSTICS GENERATED
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FORTRAN IV G LEVEL 29 EBERVC DATE = 71299 13/52/21 PAGE 0001
ocot SUBRCUTINE EBERVCIN,A,AV)
\ ___ ocoz BIKENSION AL50,50),AVI50,50) o ~ ]
0033 00 5 I=1,N 3
Q04 00 S J=1,N
: 0005 AVII,J) = 0.0
ones AVLJ 1) = 0.0
coo7 S IF{1.EQ.J) AVIIsd) = 1.0
_____ o008 NBMAX = 200 B o
i 0009 EPS = 0.01
o010 EPS1 = 0.001 -
octl FF = 1091
o012 LPS=LPS/LF
o013 tPSI=EPSL/EF
_ 0014 NB=0 o _ R
0015 18 DR=0.0 *‘
0016 01=0.0
0017 0O 17 1=2,N
0018 1y=I-1
0019 DA 17 J4=1,13 .
. 0020 B C=UI,J)+ALJ,1) ~ o o
oozl D=A(I,1i)-A1Jyd)
0022 IF(EPS.LE.ABS{C))} GOTO 23
0223 21 ¢c=1.0
cozs $5=C.0 )
0025 GOT0 22 i
0025 23 cc=0/C - :
T T2y T S16=SIGNIL1.0,CC) :
0c28 COT=CC+SIG*SQRT{1.0+CC*CC) H
0229 $S=SIG/SQRTI1.0+COT*COT) H
0030 CC=55¢COT H
0031 D=0 +1.0 i
Q032 _ 22 ESA(T4d)-ALJsI) _ _ :
0033 1F(EPS.GT.ABS{E)} GOTO 31 _
0034 CO=CC*CC-SS*SS
co35 S1=2.0%55%CC
0038 H=0.0
0037 G=0.0 R
. ee38 HI=1.0 o o
0039 03 43 K=1,N
0040 IF(K.EQ.I) GOTO 40
0041 1F{K.EJ.J) GOTO 40
0342 H=HE AL T KIZALS K )I=ALKs 1) *A{Ky J)
0043 S1=AL{I+X)2AL1,K)+ALKs J)BALK,J)
0044 L S2=A(JyKIRATI KI+ALK I ) *ALK, 1) e o ]
0045 G=G#S1+S2 —
0046 HI=MJ+S1-52
0047 %0 CONTINUE
co48 D=0%C0+C*S1
0049 H=2.C*HCO~HJES]T
- 0cs0 o F={2.0%F%0=H)/ (4.0%(ESE+D%*D 142, 0%G) o
0051 IF(EPS1.GTL.ABS(F)) GOTO 31
0052 CH=1.0/SQRT(14C~F»F)
0053 SHi=F=CH
2054 U1=D1+1.0
¢oss GOTQ 3o
- L _ 9ose 31 CH=1.0 B _ o _ J
ons7 $H=0.0

0J58 35 L1-LHECL-SH*SS
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FNRTRAN [V G LEVEL 20 EBERVC DATE = 71299 13752721 PAGE 0002
0059 C2=CH*CC #5H*SS
\___ 90s0 SL=LHESS+SHALL . - ]
r— ensl §2=5H=CL~-CH2SS
: 0062 IFL{ABSIS51)+ABS(S2)).EQ.0.0) GOTO 17
! 5063 D 52 L-1.N
: 8054 Al=A{L,D)
0065 A2=A(L¢d)
086 A{Le [1=C2%AL=-52%A2 ~ L
cost AlLyS1=L1%A2-S1%AL
0058 AL=AVIL, 1)
J069 A2=AVILyJ)
| co70 AVIL 4 1)1=C2%A1=S2%A2
cort AVIL,JI=L1%A2-S1*AL
: 0072 52 CONTINUE - o
- co73 DD 53 L=1,N
0074 Al=ALL,L)
007s aA2=A0J,L)
oeTs ACL.L)=C1%A1+S1%A2
0077 A(J L) =CetA2¢52¢0AL '
€078 53 CUNTINYE e N
[« & T 17 CONTINUE
0Cc80 IF{{DR+D1).LT.0.5) GOTO 16
o031 NG=NTe)
. 0082 IF{N3 . NE.NBMAX) GOTQ 18 .
negs3 16 CONTINUE . i
_ 0034 _ DU 80 I-1eN B ~ I o . o i
~ooss T SU¥=3.0
o086 NG Bl J=1,N £
0087 81 SuUM = Suv 4+ AVIJ,II#AV(JI,T) H
noss SUM=SURTLSUY) H
i 0039 D3 82 J=14N i
oce0 82 AVIJ1)=AVIJIL I }/SUN B e :
0oyl 30 CONTINUE .
n092 100 M3 = N-1
ros3 D0 110 I=1,M3
0094 1J=1+1
! 6095 D3 110 J=I1J,N
296 o IF(A{I,I)eGE.AIJoJ}) GO TO 110 o -
- 0057 TEWP = AlT,I)
00938 A{lsI) = ALJyJ)
0099 A{Jyd) = TEMP
! 0100 D3 165 K=1,N
o1e1 TEMP = AV, 1)
i ___ 0162 AVIR, I} = AVIK,J) _ o B
c103 105 AVIK,J) = TEMP
2104 110 CONTINUE
c105 RETURN
0106 END
1
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FORTRAN IV G LEVEL

0Co1

Q002

€003
0004
0005
i S5 I
0307
€308 802
2909
0010 803
6011 801
0012
0013
0014 150
0015
cate
0017 102
00138
0919
00290 103
. 0021
. o022 104
0G23
0024
on2s
0026
2027
0028
2029
‘o030
0031 -
0032
06033
0C134
o003
an3g 105
0037
co3s
0039
0040
0041 . __106
0042 107
00%3
0044 108
%45
0046
0047 109

0049
0050
2051 11
2052
L. 2053 112
2954
2¢s3

cgx8 . 110

e e o R e e A

20 ' VARMAX DATE = 71299

SUBROUTINE VARMAXIMAXFE ¢MAXTyNVsTITL=yF,T+COM,NAME)

13/52/42

PAGE 0001

o W U YHATIAL prem gt vy

VARIMAX MATRIX ROTATION 1001

MAXT = NO. OF SAMPLES, NS = NO. OF VARIABLES,MAXF = NUO.OF FACTORS ’

DIMENSION F(T50»10),COM{ TS0} VARLLO) yCUMLLO0},TITLEC20),

NAMEL 2)

DIMENSION T{10,10)

COMMON KT1,KT29KT3¢KT4yKT541TLeIT2,1T3,175

DO 38C1 I=1,.MAXF i

00 801 J=1,MAXF - T

IF(1-3) 803,502,803

TliIsJ)= 1.0

GO YO A01

T(ls3) = 0.0

CONTINUE e

REWIND KT4

EPS = 0.06993

D1 103 N = 1. MAXT 1009

COMIN) = 0.0 1010

DO 102 M = 1, MAXF . 1011

CUMIN) = CUMIN} + FIN,M)_* F{N,M} .

COXINY = SQRT [COMIN) )

00 163 M = 1, MAXF

FINgM) = F{NyM}/CGMIN)}

L = MAXF = 1 1C17

NOROT = 1018

DO 123 M = 1, L 1019

K=M+1 - Tt 10207 -

DO 123 MONE = K, MAXF 1021

4 = 0,0 1022

B = 0.0 1023

C = 0.0 1024

0 = C.0 ) o 21025

DO 105 N = 1, MAXT 1026

U=FINyMI®F{N,M) = FUINyMONE)*F{NyMONE)

V = FINeM) * FIN,MONE)* 2,

A=A U 1029

B =8 +vV 1030

C=C+Uzy = V=V o o

D=0+ %y x 2,0 1032

R = MAXT 1033

QNUM = D - 2.0 = A *# B / R 1034

QDEN = C = (A *A -B8=*3 ) /R

IF(ABS{ONUMA) & ABSI(QDEN)) 120,120,106 1036
_IF(ASSLQNUM) — ABS(QDEN)) 10T7s1144111 1037

R = ABS{QNUM/QDEN) 1038

IF{R - EPS) 109,108,1C8 1039

CS5TH = COSC(ATAN(R)) 1040

SN4TH = SIN{ATAN{(R}) 1041

GO TO 115 1042

IF(QDEN) 110,129,120 _ 1043

SNPHI = .70710678 1044

CSPHI = SNPHI. 1045

GO To 121 1046

K = ABS(JDEN/QNUM) 1047

IF{R - EPS) 113s112,112 . 1048

SN4TH = 1.0/ SQRT(1.0 + R =R) o i o R

CS4TH = SNaTH * R 1050

GO TG 115 1051
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2056
F __~Co57

FORTR

0058
0Cs59
ceed
G051
0062
6063
0004
006S
0066
0007
clé8
c069
co70
2071
€372
0073
0074
[ila) 37
0076
0077
2078
0079
0080
cesl

AN IV G LEVEL
113

114
115

117

118
119

120
. v2 O

804

¢082
0063
0084
0085
2086
00S7
£088

€039
0090
0091
o092
2093
CCo4
2095
0296
2097

. ._GneB

0099
o100
0101
c102
0123
310&
0105
0126
0107
0108
cics
o1
o111
0112

123
124
127
125
C

132
&0

40

700
710
126

130

0 cuM(I) = 0.

ey mes e

REA2IKT4) NAME
IFLIT5-%AXF)126,700,126

20 VARMAX DATE = 71299 13752742 PAGE 00G2

CSaTH = 0.0 . 1052

SN&4TH = 1.0 U 1053 o
co 70 115 1054 - 3
CSaTH = 76710678 1055

SNaTH = CS4TH 1056

R = SQRT({1.0 + CS4TH)} * 0.5) 1057

CSTH = SQRTU{1.0 + R) * 0.5) 1058

SNTH = SN4TH/{4.0 * CSTH ® R) 1059

1F{QDEN) 1164117,117 1060

CSPHI =.70710678*{CSTH#SNTH) 1061

SNPHI =.T70710673%{CSTH-SNTH) 1062

GO0 TO 118 1063

CSPHI = CSTH 1064

SNPHL = SNTH e _ - 1065

IF(UNUM) 119,121,121 - - 1066

SNPHI = - SNPHI 1067

G0 TOo 121 1068

NIRUT = NOROT + 1 1069

GO TO 123 1077

DO 123 N = 1, MAXT _ o 1071

R = FIN¢M) * CSPHI + FIN¢MONE) ¥ SNPHI

FIN,MONE) = F(N,MONE) * CSPHI = F(N,M) = SNPHI

F(NgM)= R

IF{N~-MAXF) 80443044123

TP = TIN,M)

TIN,M)= TP * CSPHI + TIN,MONE) * SNPHI

T{NsMONE) = =TP * SNPHI + T(N,MONE) * CSPHI

CONT INUE - 1075

IFINGROT —(MAXF # L)/2) 10441244104 1076

D0 125 N = 1, MAXT 1077

DO 127 M = 1, MAXF

FI{VeM) = FIN,M) * COMIN) R .
COMIN) = COMIND = COM{N) T -
PRINT VARIMAX FACTOR MATRIX IF IT2 NOT = O

IF(IT2) 132,130,132

nRITLIKT3,60) TITLE

FORMATILHL, 20A4.///)

WRITE(KT3,30) R o o e e I
FORMAT(22HOVARIMAX FACTOR MATRIX 7/)

WRITE{KT3,40) (Jsd = 1,MAXF}

FORMATULHO 19X ¢ *COMML %3 1X,10(15,4X),7 )

0O 126 N = 1y MAXT 1081

WRITEIKT2,7T1CINAMELF{NyM) 4M=]1,MAXF)
FURMAT (224 ,9F8e4)

WRITE(KT3,2C0) NyNAMEs COMIN)(FUN:M)yM=1,MAXF)
FORMAT{LH »15+2X+244411F9.4)

00 200 I = 14MAXF

VAR(I) =0.

FN = MAXT

PO 2C1 1 = 1.MAXF
PO 201 3 = 1,MAXT

VAStL) = VAR(I) & FlJe1) * FtJ,I)
Nl 500 1 = 1eMAXF

VvANLT) = (VAR(I)/ FN) * 100.
cu«tls = VARII)

L

R L TR
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FORTRAN IV G LEVEL 20 VARMAX DATE = 71299 13752742 PAGE 0003
D0 202 1 = 2, MAXF
202 CUM{E) = CUMCI-1) + VAR{I} _ o _ J
WRITE(KT3,502) {(VAR(I)y 1 = 14MAXF) N
SQ2 FOXHMAT(IHO,16X,BHVARIANCE ,2%X,10(F7.3,2%X)}
WRITEIKT3,503)(CUMII)s I = 1,yMAXF)
503 FORMAT{IHOs16X¢s8HCUM. VAR 32X 10(F7,3,2X})
IF(MAXF = 3) 600,600,601
[
c PrINT NORMALIZED VARIMAX MATRIX IF T3 NOT = 0
c
600 IF[IT3) 6015601,607
607 WRITEIKT3,60) TITLE
WRITE(KT3,602)
602 FUSMAT(1HC,* NORMALIIZED VARIMAX FACTOR COMPONENTS L)
Tt T WRITEIKT3,40)(J,J = L,MAXF) ~~ 7~ -
00 6503 N = 1, MAXT
D0 003 M = l.MAXF
S = FINyM)
FIN,M) = (FINsM) * F{N,M))/CCMIN}
. IFIS) 605,603,603 _ -
T 605 F{Ny4) = —F{NsM) Tt -
603 CONTINUE
DU 04 N = 1,MAXT
604 WRITFIKT3,20) N, NAME,COMIN),{F{NyM) ¢M=1,MAXF)
6C1 CONTINUE
_ 100 RETURN o ~
- END - - 1084

R S S LTI T

R L e



_APPENDIX D

VARIMAX FACTOR MATRIX

Sample Facies Facies Facles Facies
1 2 3 4
A- 3 0.7917 0.0868 0.3558 0.3422
A- 7 0.8460 0.0551 0.2616 0.2843
A-11 0.7706 0.1249 0.1898 0.4659
A-14 0.8391 0.1292 0.0960 0.3381
A-18 0.8361 0.1337 0.1055 0.4122
A-22 0.8191 © 0,1265 0.1105 0.3915
B~ 1 0.5920 0.1176 0.6467 0.1459
B- 2 0.5745 0.0553 . 0.2872 0.2700
B~ 6 0.5360 0.1547 0.1737 0.8032
B-10 0.4419 0.1613 0.2146 0.8503
Cc-1 0.1124 0.1322 0.6503 0.6971
C- 2 0.5659 0.2734 0.3722 0.6510
C-5 0.4678 0.2465 . 0.4901 0.6303
c-7 0.3049 0.3405 0.5782 0.6115
C~- 8 0.5567 - 0.,2247 0.1434 0.7779
Cc-12 0.3591 0.3202 0.0980 0.8427
C-16 -0,0110 0.6261 . 0.0883 0.7200
Cc-19 0.4540 0.1810 0.1001 0.8630
c-23 0.0980 0.4712 0.0956 0.8455
C-27 0.4312 0.1663 0.1010 . 0.8761
C-31 0.4676 0.1557 0.1010 0.8596
C-36 0.4894 0.3578 0.1009 0.8479
C-40 0.4449 0.2632 0.1018 0.8640
C-43 0.3810 0.3603 0.1082 0.8326
C-47 0.4591 0.1787 0.0994 0.8577
C-53 0.3082 0.2092 , 0.0962 0.9029
C-58 0.4449 0.1587 0.1003 0.8711
C-62 0.4451 0.1965 0.1016 0.8613
C-66 0.4790 0.1509 0.1008 0.8540
D- 1 -0.0864 - 0.0729 0.7571 0.5969
D- 4 0.2233 0.0046 0.9404 0.1937
D- 6 0.8933 0.2022 0.2009 0.2834
D- 9 .0.0546 0.1039 0.8801 0.3951
D-11 0.3903 0.0051 0.8688 0.1753
E-1 0.4731 0.0815 0.6511 0.3462
E- 4 0.5677 0.1520 0.4013 0.6853
E- 5 0.8046 0.3289 0.2458 0.2935
E- 9 0.4332 0.1780 0.7491 0.2370
E-11 0.3471 0.1432 0.4931 0.7711
E-13 0.6144 0.1455 0.2503 0.7126
E-17 0.2412 0.1308 . 0.5609 0.7757
E-21 0.1527 0.0972 0.8758 0.3300
E-25 0.3554 0.1457 0.2506 0.8834

E-28 0.4669 0.1706 0.3398 0.7868



APPENDIX D continued

Sample Facies Facies Facles Facies
1 2 3 4
F- 1 0.0416 0.9269 0.1070 . 0.2539
F- 3 0.1747 0.8841 0.1104 0.2967
F-5 0.0062 0.9203 0.0845 0.2998
F- 8 0.0641 0.8363 0.0845 0.4664
F- 9 ~-0.0457 0.5210 0.0953 0.7755
H- 2 0.8657 0.1848 0.1888 0.3227
H- 5 0.8921 0.1300 0.1211 0.3447
H~- 8 0.9052 0.1053 0.2122 0.3084
H-11 0.8905 0.1184 0.2602 0.2720
H~-14 0.8918 0.1079 0.2298 0.2762
H~17 0.8659 " 0,0715 0.1739 0.2827
H-20 0.8202 0.0574 0.1162 0.2682
H-21 0.7765 0.1985 0.2727 0.2474
H-25 0.8753 0.0925 0.2165 0.3540
H-28 0.8839 0.0628 0.2104 0.2860
H-31 0.8833 0.0951 0.2500 0.2969
H-33 0.5822 0.2346 0.7385 0.1091
H-36 0.8327 0.1436 0.3003 0.3691
H-39 0.7826 0.1106 0.3867 0.4328
H-42 0.8162 0.1060 0.2758 0.4066
H=45 0.8167 0.0959 0.3919 0.3528
J=- 2 0.7938 0.3379 0.2360 .0.2516
J- 3 0.7231 0.5647 0.2577 0.2045
J- 5 0.7589 0.5657 0.1412 0 1895
J- 8 0.6662 0.6420 0.2553 (.1696
J-11 0.8918 0.2404 0.1983 0.2364
J=-13 0.7642 0.4890 0.2545 0.2574
J=-50 0.8568 0.0390 0.3014 0.2459
J=-53 . 0.7992 0.0360 0.3595 0.2230
J=-56 0.7773 0.3349 0.3774 0.2459
J=57 0.5414 0.6302 0.3625 0.0859
J-59 0.5642 0.7603 0.1859 0.1230
J=62 0.7332 0.5234 0.1946 0.2605
J-65 0.2784 0.9280 0.1128 0.1146
J-68 0.6325 0.6573 0.1516 0.3209
J=72 0.1924 0.7320 0.1320 0.6150
I- 9 0.7269 0.3632 0.3914 0.2555
I-42 0.3925 0.0762 0.8924 0.0840
I-45 0.1631 0.1086 0.8616 0.2453
I-47 0.6693 0.1649 0.5147 0.4667
I-60 0.2716 0.9159 0.0800 0.1814
I-83 0.0482 0.9779 0.0547 0.0558
I-91 0.0873 0.9566 0.0643 0.1840
I-101 0.1586 0.9437 0.0611 0.1794

I-110 0.1158 0.8992 0.0719 0.3203



APPENDIX D continued

Facies

1

0.9025
0.0675
0.2060
0.9056
0.9070
0.7858
0.5180
0.8946
0.4461
0.8757
0.0942
0.2885
0.1932
0.8046
0.8862
0.8450
0.8757
0.7916
0.6904
0.6405
0.5107
0.5679
0.7554
0.6706
0.7128
0.7849
0.7907
0.6518
0.7508
0.5646
0.6008
0.5323
0.4874
0.5631
0.5557
0.6350
0.6424
0.7552
0.6572
0.7484
0.8011
0.5100
0.8298
0.7722
0.7132
0.7905
0.7816
0.7667

Faciles

2

0.1058
0.0595
0.0758
0.1381
0.1165
0.2602
0.1126
0.1080
0.0946
0.0910
0.2069
0.1060
0.3859
0.0731
0.0518
0.0752
0.0962
0.0621
0.3395
0.6017
0.7697
0.7200
0.4763
0.6394
0.5463
0.3404
0.3875
0.5967
0.4215
0.2153
0.2187
0.2785
0.3036
0.2320
0.1807
0.1699
0.2970
0.1937
0.4917
0.2976
0.2927
0.5998
0.2098
0.3020
0.2837
0.3561
0.3471
0.2944

Faciles

0.2569
0.9778

0.9373

0.2603
0.2236
0.4609

- 0.8156

0.2465
0.8751
0.3125
0.9448
0.8312
0.7420
0.3693
0.2349
0.3451
0.2794
0.4554
0.3645
0.1938
0.1360
0.2318
0.1291
0.0917
0.1146
0.0931
0.0889
0.0941

0.1017.

0.1185
0.1169
0.1152
0.1176
0.0919
0.0903
0.1020
0.0923
0.0882
0.0635
0.0724
0.0766
0.0883
0.0663
0.0424
0.0618
0.0682
0.0725
0.0667

Facies
4

0.2687
-0,0056
0.0895
0.2691
0.2959
0.2669
0.1211
0.3058
0.0817
0.3170
-0,0542
-0.0538
-0.1044
0.3259
0.2382
0.2428
0.2800
0.1862
0.2612
0.1787
0.1261
0.1781
.0.3064
0.2645
0 3602
¢. 3790
0.3362
0.4142
0.4504
0.7721
0.7496
0.7746
0.7874
0.7537
0.7102
0.7385
0.6603
0.5918
0.3907
0.4934
0.4375
0.5806
0.4111
0.2920
0.4657
0.3945
0.3365
0.4610





