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MORPHOLOGIC STUDIES OF FUSULINIDS FROM THE
LOWER PERMIAN OF WEST PAKISTAN

By Raymonp C. Doucrass

ABSTRACT

A suite of saniples from the Amb Formation in the Salt and
Khisor Ranges of West Pakistan has yielded an abundance of
fusulinids previously assigned to several species. There are many
obvious differences between specimens and between samples in
this suite. Traditional comparisons based on measurements at
each volution support the idea that the visual differences are
real ; however, comparisons made at equal radii show great simi-
larities between specimens and between samples. The differences
are related to the size of the proloculus and are not considered
sufficient evidence for specific discrimination; thus, these speci-
mens are assigned to one species, Monodierodina kattaensis.

A new species, Codonofusiella lara, occurs in one of the samples
with the larger fusulinids and represents the earliest known
occurrence of this genus.

INTRODUCTION

The “Lower Productus Limestone™ in the Salt and
Khisor Ranges, West Pakistan, yields an abundant and
well-preserved fauna of fusulinid Foraminifera. The
fusulinids are all found in the Amb Formation of the
Zaluch Group of Early Permian age as described by
Teichert (1966). About 50 samples of the fusulinids, col-
lected by R. E. Grant, U.S. Geological Survey, in 1964
65, and Curt Teichert, Univ. Kansas, in 1966, contain the
genus Monodiexodina, and one sample also contains the
genus Codonofusiella.

Donald A. Myers of the U.S. Geological Survey was
kind enough to send me many thin sections from
Teichert’s collections for use in this study. The samples
collected by Grant were prepared by Richard Margerum
of the U.S. Geological Survey. These collections were
made as part of the cooperative U.S. Geological Survey-
Pakistan Geological Survey minerals investigations pro-
gram sponsored jointly by the Agency for International
Development, U.S. Department of State, and the Gov-
ernment of Pakistan. T'wo samples from the Salt Range,
West Pakistan, were provided for comparison by
John W. Skinner, of Humble Oil and Refining Com-

pany. The localities for the samples studied are shown
in figure 1 and are listed at the end of this report.
The fusulinids all seem to occur in a calcareous sand-
stone, some of which is micaceous. There is some varia-
tion in the coarseness of the sand, but none of the
detrital grains approaches the size of the fusulinids. The
fusulinids show some abrasion and fracturing and are
somewhat size sorted, although immature forms and
smaller fragments are found with adult specimens.

The presence of Codonofusiella associated with Mono-
dierodina is somewhat surprising, as Codonofusiella is
commonly found in rocks assigned a Late Permian age
with Polydiexodina or Yabeina. The rather primitive
form described here extends the known range of the
genus into the Early Permian.

Fusulinids were described from the “Productus Lime-
stone” by Schwager (1887, p. 985-990). He assigned
specimens to three named species and to one indetermi-
nate species and suggested the possible existence of other
subspecies. The species he described are from Katta (or
Kattha), from Pail, and from a place he identified only
as the Verala scarp, and he reported that specimens
from Chidroo (or Chhidru) are similar to those from
Kattha.

Dunbar (1983, p. 408-412) described specimens from
near Warcha (or Warchha) and compared them with
Schwager’s descriptions and illustrations. He showel
the striking similarity of his specimens to Fusulina
kattaensis Schwager and to the illustrated specimens of
F. pailensis Schwager. The abundant samples collected
by Teichert and Grant present an opportunity to study
the range of variability in the morphology of these fu-
sulinids. For this purpose, over 700 thin sections were
prepared and the customary measurements made. A
preliminary report was presented by Douglass (1968).

Fach sample of the fusulinids is relatively homog-
eneous in morphologic characters, and measured attri-
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FIeURE 1.—Fusulinid localities in the Salt and Khisor Ranges, West Pakistan. See section on localities for locality descriptions.

butes have a fairly normal distribution of values over
a rather limited range. However, rather large differ-
ences in the dimensions of some attributes at specified
volutions were found between many of the samples, and
there was little or no overlap of measurement ranges.
Using conventional methods for comparison, based on
a few specimens or even on reasonably large samples,
statistically significant differences between samples
could be demonstrated at certain volutions.

Two extremes will be compared, sample 23800 from
Kattha and sample 23793 from Kafirkot. The speci-
mens from Kattha (pl. 2) have a mean prolocular diam-
eter of about 160 microns, a tightly coiled juvenarium
followed by more loosely coiled outer volutions, low
mtense septal fluting, and a little axial filling. They
attain a maximum length of about 11 mm.

The specimens from Kafirkot (pl. 3) have a mean
prolocular diameter of about 600 microns, regular and
fairly open coiling, low intense septal fluting, and very
little axial filling. They attain a maximum length of
about 18 mm.

Figure 2 shows the summary data for measurements
made on specimens from these two samples plotted by
volution. There is some overlap in the ranges of these
attributes, but the means are well separated except in
the form ratios. One should have no problem in distin-

guishing these samples on the basis of prolocular diam-
eter, wall thickness, volution height, septal count, or
tunnel angle. Two “obviously” different and statistically
separable “species” are represented. I place the quotes
around the words “obviously™ and “species” because I
do not consider either one valid. The ‘“obviously” is
based on what we see in the illustrations. Comparing
plates 2 and 3, both showing the samples at similar mag-
nifications, the differences in size are striking, and we
have no trouble distinguishing the forms. It is, perhaps,
more difficult to see the similarities because the size
difference is dominant.

If we plot a growth curve of mean values for the
radius vector at each volution against the volution, we
find that the curves generated for both sumples can be
superimposed (fig. 34 ). This relation suggests that the
growth pattern for both samples is similar and that the
differences noted above may be a function of size. Be-
cause the initial size (prolocular diameter) averages
about 160 microns in sample 23800 and about 600
microns in sample 23793, dimensions in the early volu-
tions for specimens of sample 23800 will be smaller
than for the early volutions for specimens of sample
£23793. Dunbar and Skinner (1937, p. 541-543) dis-
cussed this problem and suggested that comparisons

should not be made at the same numbered volutions but
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F16URE 3.—Measurements on Monodiexodina kattaensis (Schwager) from samples £23800 and £23793; all attributes plotted
against the radius vector. A. Growth curve for the mean values of the radius vector at each volution, plotted against
volution intervals. B-D. Radius vector plotted against the half length (B), the height of volution (C), and wall thickness
(D). Curves show similar patterns for specimens from the two samples.

should be made at volutions of comparable size. This
idea was further elaborated by Cutbill and Forbes
(1967, p. 325-326), who demonstrated graphical
methods for compensating for differences in prolocular
size.

By plotting the radius vector directly against the half
length, a growth curve can be generated for each speci-
men. The mean values for the two samples plot on
essentially the same line (fig. 38). When the volution
height or the wall thickness are plotted against the
radius vector, the curves generated for the mean values
of the two samples again essentially superimpose (figs.
30. D). It is, therefore, apparent that those two samples
are similar in the measured attributes when they are
compared at the same diameter (or radius) though they
differ in size at their equivalent volutions.

These two samples were chosen for detailed study
because they seem to represent opposite extremes of the
observed variation among all the samples studied.
Knowing that these two extremes are similar, one might
expect the samples that are apparently intermediate
also to be similar in the same attributes. The attributes
for 15 additional samples were measured and plotted as

individual samples, and then all measurements of each
attribute were combined and the mean curves for all the
data were plotted. Not surprisingly, the mean curves
for the combined samples plot essentially on the same
lines as the plots for either of the extreme samples. Thus,
samples cannot be distinguished meaningfully on the
basis of the data from these measurements.

Each sample differs somewhat from every other sam-
ple, just as each specimen differs from every other speci-
men within the same sample. Nevertheless, attempts
were made to find sets of samples that 'ave complete
overlap in all attributes, but it was found that the sets
included different groups of samples for each attribute-
similarity cluster.

The entire range of variation can be likened to a
spherical mass with radiating rays extending out from
the sphere, each ray representing extremes of variation
in a particular attribute. For example, sample 23798
1s different from all the others in wall thickness, £23790
in form ratio, £23793 and 23800 in volution height,
23794 in septal count, £23793 in axial flling. An at-
tempt was made to relate the variability to stratigraphic
position within the Amb Formation and to geographic



MORPHOLOGIC STUDIES OF FUSULINIDS FROM THE LOWER PERMIAN OF WEST PAKISTAN

location, but no correlation of morphology with the
limited stratigraphy or with the geography was found.

The assumption is made that the variation in proloc-
ular diameter is related to the life cycle of the fusu-
linids. Le Calvez (1958, p. 182-200) and others have
shown that several megalospheric generations can de-
velop between microspheric generations in the Forami-
nifera. The prolocular diameter of each succeeding
megalospheric generation can be of a different size
range so that a single species can be represented by a
series of sexual and asexual generations that have
widely divergent prolocular diameters. Therefore, on
the basis of this assumption and the measurement data
presented herein, these samples are assigned to one
species, Monodiexoding kattaensis (Schwager).

The results of this study suggest that the descriptions
and comparisons made in previous fusulinid studies
should be reexamined. Undoubtedly many of the differ-
ences noted between samples or specimens are real, but
it is also likely that many similarities have been masked
by the methods of measurement-data presentation and
by the optical illusion inherent in prolocular size differ-
ences. The measurement data obtained by conventional
methods can be used for making comparisons at equal
radii; so all previous studies that have presented enough
measurement data can be reevaluated without great
difficulty. Where only verbal descriptions, deseriptions
with minimal measurements, or sunmunaries of measure-
ments are given, more data will have to be assembled
before meaningful comparisons can be made.

SYSTEMATIC DESCRIPTIONS

Family FUSULINIDAE von Mdller, 1878
Subfamily BOULTONIINAE Skinner and Wilde, 1954
Genus Codonofusiella Dunbar and Skinner, 1937
Codonofusiella laxa Douglass, new species

Plate 1. figures 1-21

Diagnosis—Shell minute, first volutions at large
angle to later volutions, last few chambers forming an
uncoiled flared flange, septa weakly to irregularly
fluted, single tunnel bordered by discontinuous chomata.

Description—This minute species is small even for
the genus, which is represented by unusually small
forms for the fusulinids. The specimens coil irregu-
larly, changing their axis of coiling about 90° after one
to two and a half volutions (pl. 1, figs. 4, 7, 20). The
first volution is lenticular, but as the plane of coiling
rotates the axis becomes elongate and an ellipsoidal to
fusiform shape is developed (pl. 1, figs. 13-15). After
three to four volutions the shells develop a flared flange
at a sharp angle to the coil. The flange continues to grow !
for about 15 chambers and forms the greatest dimen- |
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sions on the specimens (pl. 1, figs. 1-5, 18, 15). The
largest dimension on the coiled part of the shell is about
half a millimeter along the axis. The largest flared-
flange length measured was less than 1.2 mm. The prolo-
culus is spherical in most specimens. Fifty proloculi
were measured, and of these nine were between 30 and
35 microns in diameter, 35 were between 36 and 45
microns, and six were between 46 and 56 microns. The
spirotheca is thin, consisting of a tectum and clear
diaphanotheca. The thickness of the spirotheca varios
but measures about 18 microns through the outer parts
of the shell. The thickness does not change significantly
across the center of the shell but does thin at the poles.
The septa are inward extensions of the spirotheca and
consist of the tectum and a thinned diaphanotheca. The
septa are plane near the top of each chamber, but are
fluted near the base of the chambers and toward the
inner surface of the flared part of the shell. No cuniculi
were recognized, but the intensity of the fluting in some
parts of the specimens suggests cuniculi might have
developed near the base of the flare in some specimens
(pl. 1, figs. 12, 18). A tunnel bordered by chomata is
present in the fusiform part of the shell (pl. 1, figs. 6,
8,9,13,15) and seems to continue along the flare (pl. 1,
figs. 4, 5, 21). The chomata are principally deposits on
the lower edges of the septa in the tunnel area, but they
are connected as true chomata in parts of the shell (pl.
1, figs. 6, 19). The deposits, possibly as pseudochomata,
can be seen on the flared part in some of the specimens
(pl. 1, figs. 4, 21). No axial filling is present.
Comparisons and remarks—Codonofusiella laza dces
not. closely resemble any species described previously,
but it does show similarities to the type species, C.
paradorica Dunbar and Skinner, 1937. A study of their
type material, description, and illustrations shows that
although their specimens are larger, the coiled part of
the shell goes through the same stages in approximately
the same ways. The flare on the type material is small~r
and shorter than on (. lara. but the specimens illus-
trated by Skinner and Wilde (1954, pl. 45, figs. 5-7)
show a well-developed flare. The proloculus of C. para-
doxica is consistently larger than is common for that of
C. luzu. The described and illustrated specimens of C.
piradorica have a range of prolocular diameter frcm
50 to over 60 microns, but so few specimens are repre-
sented that one cannot tell what the actual range for the
type species might be. As noted above, the maximum
prolocular diameter recorded for (. laxra does reach 50
microns, but only three of the 50 specimens measurzd
attained that size. Dunbar and Skinner (1987) did not
find chomata in the type species. 1t is not clear whether
the specimens illustrated by Skinner and Wilde (1954)
show chomata; there is obvious secondary thickening
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of the septa in the vicinity of the tunnel, but these de-
posits may be pseudochomata. The septal fluting shown
in the type species appears to be more regular, higher,
and more intense—especially in the inner volutions—
than that of €. lawa. In every way, (. laxa seems to be
more primitive than C. paradorica.

Distribution.—This species was found in only one
sample (£23788) in the lower part of the Amb Forma-
tion associated with Monodiemodina kattaensis
(Schwager).

Specimens studied—Forty thin sections were pre-
pared from this sample, including several hundred ran-
dom sections of Codonofusiella. The prolocular diam-
eters of 50 specimens were recorded, and other measure-
ments were made on 20 specimens.

Designation of types.—The specimen illustrated on
plate 1 in figures 12a and 12b is designated the holotype.
All other figured specimens are paratypes. All types
are deposited in the U.S. National Museum (USNM).
The assigned USNM numbers are given in the plate
explanation,

Subfamily SCHWAGERININAE Dunbar & Henbest, 1930
Genus Monodiexodina Sosnina, 1956

Monodiexodina kattaensis (Schwager)

Plates 2-7; text figures 2-6

Fusulina kattaensis Schwager, 1887, p. 985-987, pl. 76, figs. 1-11,
pl. 78, fig. 4.

Fusulina pailensis Schwager, 1887, p. 987-988, pl. 77, figs. 1-6.

Fusulina longissima Moller of Schwager, 1887, p. 988~989, pl. 77,
figs. 6-12, pl. 78, figs. 1-3.

Parafusulina kattacnsis (Schwager) Dunbar, 1933, p. 408412,
pl. 22, figs. 1-2j.

Diagnosis—A small to medium-sized species, 10-12
and rarely 20 mm long, of five to seven volutions with
an eighth volution developed rarely. The specimens are
usually elongate and tend to be subcylindrical, and the
ends of the shell are bluntly rounded. The early stages
tend to be slightly inflated in the center and a little
more pointed at the poles. Coiling is relatively even and
tight throughout. The septa are tightly fluted forming
cuniculi in the lower part of the chamber and are nearly
straight in the upper part of the chamber. Axial filling
is variable, being slight to heavy, but chomata are not
developed. A single, relatively wide tunnel is developed.
The wall is thin and composed of a tectum and kerio-
theca. Phrenotheca are developed irregularly in some
specimens.

Description—The spiral form developed by most
specimens is normal-negative to negative. The mean
growth curves of 17 individual samples are shown in
figure 4; it can be seen that the expansion rate for the
radius decreases in the outer volutions. That this rela-
tion is also shown by the pattern for increase in volution

CONTRIBUTIONS TO PALEONTOLOGY

height can be seen in figure 54. Corversely, the
lengths of the specimens increase graduall7 in the inner
volutions and then more rapidly in the outer volutions.
Figure 5B shows rate of increase in length with increas-
ing radius based on data for the combined samples.
The small specimens, then, tend to have a smaller form
(length to width) ratio than the large specimens. As
the specimens grow larger they become more elongate
and large specimens have a form ratio greater than four
(fig. 5C). The longest specimen measured is slightly
broken at one end, but has 20 mm preserved and may
have been as much as 22 mm long originally.

The proloculus in the megalospheric forms varies in
diameter from about 100 microns to nearly 900 microns.
Microspheric juvenaria are rare and are not represented
by adults of large size but were found in normal-sized
specimens (pl. 4, figs. 13, 35). Most of the samples have
medium to small proloculi with most of the specimens
in the range of 125 to 400 microns in diameter (fig. 6).
The prolocular diameters in any one sample tend to
cluster in a fairly compact group which suggests that
each sample represents only the variation within one
generation.

The wall thickens rapidly through the early parts of
the test, but the rate of thickening slows down as the
test grows large, and some thinning occurs in the outer
volutions of some specimens (fig. 5D). From the maxi-
mum and minimum values, it can be seen that a fair
amount of variability was recorded. Some of this vari-
ability may be related to measurement errcr rather than
to actual variability, as the wall thickness is affected
by some solution in the equatorial area and also by
thickening next to the septa. The recorde thicknesses
are all equatorial. The wall tends to maintain its thick-
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Ficure 4.—Growth curves for the mean values of Monodiexo-
dina kattaensis (Schwager) from 17 samples siperimposed at
a radius of 0.3 mm.
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ness on the flanks out to a point where the wall starts
to curve in to form the poles. In the polar area the
confusion between outer wall and septal wall makes
thickness measurements meaningless, The wall is com-
posed of a tectum and fine to moderately coarse keri-
otheca. There is no apparent correlation between the
coarseness of the keriotheca and other attributes. Many
of the walls have straight and closely spaced alveoli
(pl. 6, fig. 5). Others have more irregularly spaced
alveoli, often with short bifurcations near the tectum
(pl. 6, fig. 2). Phrenotheca are developed irregularly in
some specimens (pl. 6, figs. 3, 4, 6).

Figure 5£ shows the increase in number of septa with
inereasing diameter. The septa are not regularly spaced,
and the arching of the chamber roof between septa ex-
aggerates the spacing differences on some specimens. The
septa are rather thick and often appear as bulbous
masses in the tunnel area (pl. 6, fig. 1). They are nearly
plane in the upper part of each chamber but are in-
tensely fluted in the lower part; low cuniculi develop
in most specimens (pl. 7, figs. 1-6). There is considerable
variation in the height to which fluting takes place
within the chambers. Fluting extends to the top of the
chamber in the poles of most specimens. In some speci-
mens the higher fluting extends in toward the equatorial
area. No systematic relationship seems to exist between
the nature of fluting and other attributes of the test.
Large septal pores are common in the polar area and
in the outermost volutions (pl. 6, fig. 3).

The tunnel is well defined on most specimens and
wanders only slightly in the meridional area. The height
tends to be half to a little more than half the height
of the volution. The width is rather variable. Figure
5F shows that the tunnel angle decreases in the mid-
volutions and then increases to nearly 60° in the larger
specimens. An interesting feature of the tunnel area is
the amount of resorption. Ordinarily, only the septa are
resorbed to form the tunnel. Many specimens in these
samples show resorption of the floor of the tunmel as
well as of the septa. Plate 5, figures 1-5 are enlarged
views of the resorption in equatorial and axial sections.
As shown, the resorption occasionally removes most of
the wall underlying the tunnel, and locally all of the
wall is removed.

Axial filling is present in most specimens but is one of
the most variable features of the species. Some specimens
have massive deposits distributed along the entire axial
zone; others have almost no axial filling, and others
have deposits that are restricted to certain volutions
(pl. 4). The distribution of axial filling is irregular
within samples as well as between samples.
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Comparisons and remarks—The range of variability
in the described specimens is sufficient to include all the
forms described by Schwager (1887) and by Dunbar
(1933) from the “Lower Productus Limestone” of West
Pakistan m this species. No group that would have ary
significance stratigraphically or geographically could
be separated from the rest of the specimens, and I doubt
that any biologic differences exist within this group;
the only differences appear to be those which exist,
between different generations of the same species.

This species bears some resemblance to that described
as Schwagerina linearis by Dunbar and Skinner (197,
p- 637), but the wall of S. linearis tends to be thicker
at equivalent diameters; S. linearis is longer at equiva-
lent diameters; and the septal fluting on S. linearis
tends to extend higher on the septa and to be less inten<e
along the base of the septa.

Monodiexodina bispatula Williams (1963, p. 33)
shows considerable similarity to this species, but the
wall of M. bispatulais consistently thinner at equivalent
diameters. Schwagerina steinmanni of Dunbar and
Newell (1946, p. 460) is also similar but has a con-
sistently thinner wall.

Thompson (1949, p. 189) redescribed Parafusuline
wanner: (Schubert) from Timor and distinguished it
from M. kattaensis. He stated that A/. katfaensis has
more volutions at maturity, a thinner spirotheca (wall),
and a smaller shell for corresponding volutions. 7.
wanneri is also more elongate and has form ratios of
six to seven in the outer volution. Parafusulina ship-
toni Dunbar (1940, p. 1) resembles . kattaensis in
many ways but tends to have a thinner wall in the mid-
volutions and is more elongate throughout. The septal
fluting illustrated for P. shiptoni is also more inten<e
than that commonly found in Af. kattaensis. Dunbar
(1940) considered P. shiptoni a more advanced form
and therefore it should have a younger age than that
represented by the “Lower Productus Limestone.”

Designation of types—Schwager (1887, p. 986) desig-
nated the specimens from the “upper region of the lower
Productus-limestone of Katta and which have been rep-
resented in figures 1 and 2 of PL. CXXVI” as typicel.
The figures designated are of whole specimens. His fig-
ures 1 to 5 are all indicated as being the same species
and his figures 3 to 5 are enlarged drawings of sections
of the specimens. The specimen illustrated as a thin
section in figure 3 of plate CXXVTI (Schwager, 1887)
is herein designated the lectotype and is included herein
on plate 4 as figure 78, reduced to the same size as th»
other specimens for comparison.
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the radius vector. The mean, confidence limits of the mean, and the limits of observed variation are shown.

LOCALITIES

The general localities for the samples are shown in
figure 1, based on the maps presented by Grant (1968,
figs. 1, 2). More detailed locality information follows.
The numbers used are U.S. Geological Survey Foramini-
fera catalog numbers that are used for the physical
filing of the samples. The illustrated specimens are all
separated and bear U.S. National Museum numbers
that are given on the plate explanations.

Locality

£23782. Permian, Salt Range, Amb Formation, lower rusty bed
on the south side of the small nala near Chhidru (at about
lat 32°33” N.: long 71°47’ E.) : Pakistan Genl. Survey sheet
No. 38 /14, R. E. Grant, collector.

£23783. Permian, Khisor Range, Amb Formaticn, about 125 ft
above the base. About 1 mile north of Kotla Lodhian (at
about lat 32°13’ N.: long 71°04’ E.); Pakistan Geol. Sur-
vey sheet No. 38 P/4. R. E. Grant, collector.

£23784. Permian, Salt Range, Amb Formation, lower 25 ft of
the formation in Zaluch Nala about 3.5 miles east of Pai
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Khel (at about lat 32°47’ N.; long 71°38’ E.); Pakistan
Geol. Survey sheet No. 38 P/9. R. E. Grant, colleetor.

£23785. Permian, Salt Range, Amb Formation, middle part in
rusty-weathering ledges on the sharp ridge on the west side
of Sarin Nala about 2.5 miles north-northwest of Buri Khel
(at about lat 32°44’ N.; long 71°43’ E.) ; Pakistan Geol.
Survey sheet No. 38 P/10. R. E. Grant, collector.

£23786. Permian, Salt Range, Amb Formation, lower part, about

G9

50 ft below the rusty ledge in the section measured on the
colliery road about 7 miles north-northeast of Kattha (at
about lat 32°36’ N.; long 72°29’ E.) ; Pakistan Geol. Survey
sheet No. 43 D/6. R. E. Grant, collector.

£23787. Permian, Khisor Range, Amb Formation, about 25 ft
above the base and above the purple sandstone on the west
side of the nala north of Kotla Lodhian near the entrarce
and on the east side of hill 1301 (about lat 32°12’ N.; long
71°04’ E.) ; Pakistan Geol. Survey sheet No. 38 P/4. R. E.
Grant, collector.

£23788. Permian, Salt Range, Amb Formation, 10 ft of line-
stone above the carbonaceous shale in Khan Zaman Nala
about 2 miles east-southeast of Chhidru (at about lat 32°32’
N.; long 71°48" E.); Pakistan Geol. Survey sheet No. 38
P/14. R. E. Grant, collector.

£23789. Permian, Khisor Range, Amb Formation, topmost saniy
beds along strike in the arch of the anticline on the east side
of the broad nala about 1 mile due north of Kotla Lodhian.
The crest of the anticline is at an elevation of 1,283 ft
(about lat 32°13’ N.; long 71°04’ E.) ; Pakistan Geol. Survey
sheet No. 38 P/4. R. E. Grant, collector.

£23790. Permian, Salt Range, Amb Formation, below the ruzty
ledge on the slope across the nala from hill 1308 and 0.6
mile north of Jabbi (at about lat 32°24’ N.; long 72°06' E ) ;
Pakistan Geol. Survey sheet No. 43 D/3. R. E. Grant,
collector.

£23791. Permian, Salt Range, Amb Formation, about 8 ft below
the first rusty ledge and from the indurated fusulinid I »d
in the middle of the ledge on a small ridge on the north edge
of the mouth of Trimu Wahan, about 3 miles east of Musa
Khel (at about lat 32°37’ N.; long 71°47’ E.); Pakistan
Geol. Survey sheet No. 38 P/14. R. E. Grant, collector.
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£23792. Permian, Salt Range, Amb Formation, 20-30 ft below |
the rusty ledge in the same locality as £23786 near Kattha.
R. E. Grant, collector.

£23793. Permian, Khisor Range, Amb Formation, ledges just
west of Kafirkot (at about lat 32°14’ N.; long 71°09’ B.) ;
Pakistan Geol. Survey sheet No. 38 P/1. R. E. Grant,
collector.

£23794. Permian, Salt Range, Amb Formation, near locality
£23790 but 0.5 mile to the north on hill 1813 about a mile
north of Jabbi. R. E. Grant, collector.

£23795. Permian, Salt Range, Amb Formation; float along the
colliery road in the vicinity of locality £23786 north of Kat-
tha. R. E. Grant, collector.

£23796. Permian, Salt Range, Amb Formation, below the rusty
ledge in the vicinity of locality £23791, but about 0.2 mile to
the north. R. E. Grant, collector.

£23797. Permian, Salit Range, Amb Formation, from just above
the rusty dolomite beds on the low outliers just east of
locality £23796. R. E. Grant, collector.

f23798. Permian, Salt Range, Amb Formation, rusty ledges 0.5
mile southeast of Pail (at about lat 32°38’ N.: long 72°28’
E.) ; Pakistan Geol. Survey sheet No. 43 D/6. R. E. Grant,
collector.

£23799. Permian, Salt Range, Amb Formation, from the lower
rusty ledge at locality £23796. R. E. Grant, collector.

£23800. Permian, Salt Range, Amb Formation, 5.4 ft below
locality £23786 near Kattha. R. E. Grant, collector.

£23801. Permian, Salt Range, Amb Formation, just below local-
ity £23796. R. E. Grant, collector.

£23802. Permian, Khisor Range, Amb Formation, in same ledges
as locality £23793 west of Kafirkot. R. E. Grant, collector.

£23905. Permian, Salt Range, Amb Formation, 12 ft above the
base in the section measured in Zaluch Nala, about 3.5 miles
east of Pai Khel at approximately the same location as
locality £23784. Curt Teichert, collector. Field No. T62-35.

£23906. Permian, Salt Range, Amb Formation, same area and
general horizon as locality £23905. Curt Teichert, collector.
Field No. T62-260.

£23907. Permian, Salt Range, Amb Formation, 14 ft above the
base in the section measured in Zaluch Nala, same area as
locality £23905. Curt Teichert. collector. Field No. T62-36.

£23908. Permian, Salt Range, Amb Formation, 20 ft above the
base in Zaluch Nala, same area as locality £23905. Curt
Teichert, collector. Field No. T61-122.

£23909. Permian, Salt Range, Amb Formation, 29 ft above the
base in the section measured in Zaluch Nala, same area
as locality £23905. Curt Teichert, collector. Field No. T62-38.

£23910. Permian, Salt Range, Amb Formation, 33 ft above the
base in the section measured in Zaluch Nala, same area as
locality £23905. Curt Teichert, collector. Field No. T62-39.

£23911. Permian, Salt Range, Amb Formation, 67 ft above the
base; just north of Amb on Dhodha Wahan (at about lat
32°31’ N.; long 71°56’ E.) ; Pakistan Geol. Survey sheet No.
38 P/14. Curt Teichert, collector. Field No. T62-321.

£23912. Permian, Salt Range, Amb Formation, 71 ft above base
in section at Amb, same area as locality £23911. Curt
Teichert, collector. Field No. T62-322.

£23913. Permian, Salt Range, Amb Formation, 72-75 ft above
base in section at Amb, same area as locality £23911. Curt
Teichert, collector. Field No. T62-323.

£23914. Permian, Salt Range, Amb Formation 83-91 ft above
base in section at Amb, same area as locality £23911. Curt

Teichert, collector. Field No. T62-325.
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£23915. Permian, Salt Range, Amb Formation, &5 ft above base
of section in gorge about 1 mile upstream from Warchha
salt mine (at about lat 32°27’ N.; long 71°57" E.) ; Paki-
stan Geol. Survey sheet No. 38 P/15. Curt Te‘rhert, collector.
Field No. T62-329.

£23916. Permian, Salt Range, Amb Formation, 13.5 ft above base
of section above Warchha, same area as locality £23915.
Curt Teichert, collector. Field No. T62-330.

£23917. Permian, Salt Range, Amb Formation, 42—42.5 ft above
base of section above Warchha, same area as locality
£23915. Curt Teichert, collector. Field No. T62-334.

£23918, Permian, Salt Range, Amb Formation, 73-75 ft above
base of section above Warchha, same area as locality £23915.
Curt Teichert, collector. Field No. T62-339.

£23919. Permian, Salt Range, Amb Formation, 80 ft above base
of gection above Warchha, same area as locality £23915.
Curt Teichert, collector. Field No. T62-340.

£23920. Permian, Salt Range, Amb Formation, 87-89 ft above
base of section above Warchha, same area as locality £23915.
Curt Teichert, collector. Field No. T62-341.

£23921. Permian, Salt Range, Amb Formation, 92-93 ft above
base of section above Warchha, same area as locality £23915.
Curt Teichert, collector. Field No. T62-343.

£23922. Permian, Salt Range, Amb Formation, 80-85 ft above
base of a section measured immediately east and southeast
of Pail, same area as locality f23798. Curt Teichert, col-
lector. Field No. T62-365.

£23923. Permiian, Salt Range, Amb Formation, 112-115 ft above
base of section at Pail, same area as locality £23798. Curt
Teichert, collector. Field No. T62-367.

£23924. Permian, Salt Range, Amb Formation, 115-125 ft above
base of section at Pail, same area as locality £23798. Curt
Teichert, collector. Field No. T62-369.

£23925. Permian, Salt Range, Amb Formation, 153-156 ft above
base of section at Pail, same area as locality £23798. Curt
Teichert, collector. Field No. T62-370.

£23926. Permian, Salt Range, Amb Formation, 205-217 ft above
base of section at Pail, same area as locality £23798. Curt
Teichert, collector. Field No. T62-371.

£23927-£23929. Permian, Salt Range, Amb Formation, from un-
certain position within the section at Pail, same area as
locality £23798. Curt Teichert, collector. Field Nos. T62-362
to T62-364.

£23930. Permian, Salt Range, “Lower Productus Limestone”
(Amb Formation), 50 ft above the base, near Warchha.
(Probably the same area as locality £23015) India Geol.
Survey Collection No. K25/498. This is par® of the material
studied by Dunbar in 1933.

£23931. Permian, Salt Range, Amb Formation, near Chhidru (at
lat 32°34’34’’ N. ; long 71°46’26’’ E.) ; Pakistan Geol. Survey
sheet No. 38 P/14. Probably the same area as locality £23782.
M. H. Kahn, collector.

REFERENCES

Cutbill, J. L., and Forbes, C. L., 1967, Graphical aids for the
description and analysis of variation in fusuline Foram-
inifera : Palaeontology, v. 10, pt. 2, p. &22-337, 13 text
figures.

Douglass, R. C., 1968, Morphologic studies of fusulinids from
Lower Permian of West Pakistan [abs.] : Am. Assoc. Petro-
leum Geologists Bull,, v. 52, no. 3, p. 525.

Dunbar, C. O., 1933, Stratigraphic significance of the fusulinids
of the Lower Productus Limestone of the Salt Range : India,
Geol. Survey Recs., v. 66, part 4, p. 405-413, pl. 22.



MORPHOLOGIC STUDIES OF FUSULINIDS FROM THE LOWER PERMIAN OF WEST PAKISTAN

1940, Permian fusulines from Karakoram: India, Geol.
Survey Recs., v. 75, Prof. Paper 5, p. 1-5, pl. 1.

Dunbar, C. O. and Henbest, L. G., 1930, The fusulinid genera
Fusulina, Fusulinclla, and Wedekindellina: Am. Jour. Sci.,
ser. 5, v. 20, p. 367-364.

Dunbar, C. O. and Newell, N. D., 1946, Marine Early Permian
of the central Andes and its fusuline faunas: Am. Jour.
Sei., v. 244, no. 7, p. 457491, pl. 1-12.

Dunbar, C. O. and Skinner, J. W., 1937, Permian Fusulinidae
of Texas: Texas Univ. Bull. 3701, p. 517-825, pl. 42-81,
fig. 89-97.

Grant, R. E., 1968, Structural adaptation in two Permian
brachiopod genera, Salt Range, West Pakistan: Jour.
Paleontology, v. 42, no. 1, p. 1-32, pl. 1-9, 21 text figures.

Le Calvez, Jean, 1953, Ordre des Foraminiferes, in Grasse, P. P.,
1953, Traite de Zoologie, Anatomie, Systematique, Biolo-
gie, Paris, Masson & [Cie v. 1; p. 149265, fig. 107-181.

Mbller, V. von, 1878, Die spiral-gewundenen Foraminiferen des
russischen Kohlenkalks: Acad. Imp. Sci. St. Petersburg,
Mem., ser. 7, v. 25, no. 9, p. 1-147, pl. 1-15, 6 fig.

Gl11

Schwager, Conrad, 1887, Sub-Kingdom—Protozoa, in Waag°n,
William, 1887, Salt-Range fossils : Palacontographica Indi-a,
ser. 13, v. 1, p. 983-994, pl. 76-78.

Skinner, J. W., and Wilde, G. L., 1954, The fusulinid subfamily
Boultoniinae: Jour. Paleontology, v. 28, no. 4, p. 434444,
pl. 42-45.

Sosnina, M. 1., 1956, The genus Ussuriella, gen. nov., and the
genus AMonodicrodina, gen. nov., in Kiparisova, L. D., 1£56,
[Contributions to paleontology—mnew families and genera]:
Vses. Nauchno-Issled. Geol. Inst. Trudy, n.s., Paleo., v. 12,
p. 21-29, pl. 4-7.

Teichert, Curt, 1966, Nomenclature and correlation of the “Per-
mian Productus Limestone,” Salt Range, West Pakistan:
Pakistan Geol. Survey Recs., v. 15, pt. 1, p. 1-20.

Thompson, M. L., 1949, The Permiam fusulinids of Timor: Jour.
Paleontology, v. 23, no. 2, p. 182-192, pl. 3436, 1 text
figure.

Williams, T. E., 1963, Fusulinidae of the Hueco Group (lower
Permian), Hueco Mountains, Texas: Yale Univ. Peabody
Mus. Nat. History Bull. 18, 123 p.






PLATES 1-7




PLATE 1

Ficures 1-21. Codonofusiella lara Douglass, n. sp. (p. G5). From locality f23788 in the lower part of the Amb Formation, West

Pakistan.

1-5. Equatorial and subequatorial sections showing the development of the flange. Note the irregilar path of the
flange and the irregular development of basal chamberlets. Figures 3 and 4 show some pseudoctomata, and the
section in figure 5 seems to cut the middle of the tunnel without touching the secondary depnsits. All X 50,
except figure 4b X 100. USNM 688167-171.

6. Section tangential to the outer coiled volution and the flange, showing chomata in the outer volution and straight
septa in the flared flange. X 50. USNM 688172.

7. Oblique axial section cutting the inner volutions in the equatorial plane. X 50. USNM 688172,

8. Axial section cutting the inner volutions and the outer volutions in the axial plane but at right angles to each
other and showing the tunnel and chomata. X 50. USNM 688174.

9. Axial section oriented as in figure 8. X 100. USNM 688175.

10, 11. Sections cutting the flange at an oblique angle and showing the more complex fluting of the lower parts
of the septa. X 50. USNM 688176 and 688177.

122, b. Axial section of the holotype, showing the inner volution at right angles to the outer volutions and a
tangential slice obliquely through the flange. > 50 and X 100. USNM 688178.

13. Axial section through the coiled part of the shell and a start of the flange. X 100. USNM 688179.

14. Near-axial section showing ncarly right-angle change in coiling plane. X 100, USNM 688180.

15. Axial section of coiled part of the shell. X 100. USNM 688181.

16. Near-axial section with inner volution cut in the equatorial plane. X 100. USNM 688182.

17. Axial section with inner volution in the equatorial plane, showing the beginning of the flange. X 100. USNM
688183.

18. Axial section cutting through part of the flange. X 100. USNM 688184.

19. Tangential section of the outer coiled volutions and part of the fiange, showing nearly straight septa and the
chomata. X 100. USNM 688185.

20. Axial section with early volutions in the cquatorial plane. X 100. USNM 688186.

21. Equatorial section with inner volution in the axial plane, showing the first part of the flange and part of the
tunnel bordered by pscudochomata. X 100. USNM 688187.










































