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ABSTRACT 
A new calcareous-agglutinated species, Gaudryina cribrosphaerellifera from the uppermost Cre- 
taceous (upper Campanian-Maastrichtian) of the Central Pacific, is described. The test-building 
material'(agg1utinan;) is concluded to have been (actively) selected by the foraminifera, which 
utilized a certain coccolith species to develop a well-oriented, smooth "pavement" covering the 
test surface, especially in the two ultimate chambers. The preferred coccolith species, Cribro- 
sphaerella ehrenbergii (Arkhangelsky), controls the ipper stratigraphicA limit of G .  
cribrosphaerellifera n.sp. by going extinct at the Cretaceous/Tertiary (K/T) boundary. When its 
prime test-building material was no longer available to the foraminifera, it became "orphaned" 
and extinct as well. 

INTRODUCTION 
During a study on benthic foraminiferal changes 
across the Cretaceous/Tertiary (K/T) boundary at 
three DSDP sites, of which one was from the Pacific 
(Site 465) and two were from the South Atlantic 
Oceans (Sites 525 and 527), Widmark & Malmgren 
(1992a) encountered some taxa that had not been de- 
scribed in the literature. Among these poorly known 
taxa was a calcareous-agglutinated species from 
Site 465 that these authors tentatively named V u l -  
vulina sp. A. This species, here described under the 
name of Gaudryina cribrosphaerellifera n.sp., is the 
subject for the present study. A more detailed analy- 
sis with respect to its wall structure, morphology, 
ontogeny, intraspecific variation, and paleoecology 
is under preparation. 

It is a well-known fact that foraminifera in 
general and Upper Cretaceous benthic foraminifera 
in particular have been subject to extensive 
taxonomic research during the last century. This has 
resulted in a redundance of described species, of 
which a vast majority in fact are junior synonyms. 
However, the benthic foraminiferal fauna from K/T 
boundary strata at Site 465 has yet not been 
described in detail - apart from the documentation 
of the most common taxa given by Widmark & 
Malmgren (1992a,b). It is also obvious that experts 
on agglutinated benthic foraminifera are more 
concerned about investigating faunas from areas 
with a significant terrigenous influence (i.e. 
"Flysch-type" faunas) mainly from the (North) 
Atlantic Ocean, whereas true pelagic areas with 
very little terrigenous influx, such as the Central 
Pacific, are of less interest. These circumstances 
strengthen our belief that the proposed species has 
not yet been described in the literature; the senior 
author has presented specimens of this particular 

form to colleagues (M. Kaminski & S. Geroch, pers. 
comm., 1991), who confirm our opinion on this 
matter. 

MATERIAL AND METHODS 
The present material was obtained from a 3 m long 
section across the K/T boundary at the Pacific DSDP 
Site 465 (Hole 465% southern Hess Rise; Fig.l), used 
by Widmark & Malmgren (1992a) for a study on 
benthic foraminiferal changes across this boundary. 
The section consists of nannofossil ooze and the K/T 
boundary occupies a "mixed zone" of Danian and 
Maastrichtian sediments, approximately 30 cm 
thick (Thiede et al., 1981). Widmark & Malmgren 
(1992a) established a sedimentation model for this 
section based on the assumption that the base of the 
Maastrichtian calcareous nannofossil Micula prinsii 
Zone occurred about 0.2 m.y. below the K/T 
boundary, and that the top of the Danian plank- 
tonic foraminiferal "Globigerina" eugubina Zone 
occurred about 0.3 m.y. above the K/T boundary 
(Berggren et al., 1985; Henriksson, 1993a) (Table 1). 

Seventeen samples were taken across the K/T 
boundary and immersed in de-ionized water and 
placed on a rotary table for about 24 hrs. They were 
washed over a 63 ym sieve, and both fractions were 
dried and weighed. The sand fraction was then 
sieved over a 125 ym screen, and the larger fraction 
was used for generation of compositional data. A 
total of 167 specimens (140 complete and 27 
fragmented) of G.  cribrosphaerellifera n.sp. were 
encountered by Widmark & Malmgren (1992a), and 
an account for the samples analyzed (with respect to 
sample depths, sample weight, and number of G .  
cribrosphaerellifera n.sp. specimens per sample) is 
given in Table 2. 
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Figure 1. Present-day locations of DSDP Sites 171 and 465. 

In order to avoid the closed sum effect, which 
always follows with the usage of relative 
abundances (%), we instead used accumulation rates 
(number of specimens/ky/cm2) to visualize the 
quantitative changes of G. cribrosphaerellifera 
n.sp. across the K/T boundary. The number of 
specimens/ky/cm2 was calculated as D8N*S, where 
D is the density of the sediment (set to 1.925 g/cm2 
in this study), N is the number of specimens per gram 
sediment and S is the sedimentation rates in'cm/ky, 
which were given in Table 2. In order to obtain 
accumulation rates for the various particles smaller 
than 63 pm that could be utilized by G .  
cribrosphaerellijera n.sp. as test-building material, 
we used a counting method for absolute abundances 
of calcareous namofossils introduced by Henriksson 
(1993b). 

MORPHOLOGY AND THE AGGLUTINANT OF 
THE TEST WALL 
Gaudryina cribrosphaerellijera n.sp. has a tiny, 
hardly visible, one-whorled, triserial initial stage 
that makes it referable to the genera of Gaudryina. 
Chambers developed after the triserial stage are 
biserially arranged and dominate the gross 
morphology of the test, which superficially is 
similar to some Spiroplectarnrnina or Vulvulina,  
genera that are (in part) diagnosed on the basis of 
the possession of an initial coil. 

Table 1. Data on present-day location and water depth, 
paleolatitude and paleodepth at the time of the WT 
boundary event, IUT boundary depth (below sea floor), and 
estimated sedimentation rates (established by Widmark & 
Malmgren, 1992a) for DSDP Site 465 (see text for further 
explanation). Figures within parentheses refer to sources of 
information. 

Location: Southern Hess Rise (Central Pacific) 
Latitude: 34ON (5) 
Longitude: 179"E (5) 
Water depth: 2,161 m (5) 
Paleolatitude: 16"N (1) 
Paleodepth: 1,500 m (2) 
IUT boundary: 33-3,144 (5) 
Depth below sea floor: 62.44 m 
Top 'G. ' eugubina Zone (m) +1.2 (3) 
Base M. prinsii Zone (m) -2.3 (4) 
Estimated sedimentation rate 
above IUT boundary 0.4 cmky 
Estimated sedimentation rate 
below IUT boundary 1.2 cmky 

References: ( 1 )  Zachos & Arthur (1986); (2) Boersma (1981); (3) 
Boersma & Shackleton (1981); (4) Henriksson (1993a); (5) Thiede et al. 
(1981) 

The test wall of G. cribrosphaerellifera n.sp. 
gives a white, smooth, semi-lustrous impression. 
This is due to the species' highly selective test 
building habit in using almost exclusively a single 
calcareous nannofossil (coccolith) species as test 
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Table 2. Data for DSDP samples used in this study. "Weight" is total dry sample weight and "N" is the number of 
Gaudryina cribrosphaerellifera n.sp. encountered by Widmark & Malmgren (1992a). 

Sample Hole Core-Sec. Interval Depth below Weight N 
No. (cm) sea floor (m) (g) 

1 465A- 3-3, 84-85 61.84 3.61 0 
2 465A- 3-3, 99-100 61.99 3.61 0 
3 465A- 3-3, 120- 122 62.21 3.35 4 
4 465A- 3-3, 130-132 62.31 4.30 3 
5 465A- 3-3, 139- 140 62.39 2.42 6 

IVT boundary 62.43 
6 465A- 3-3, 148-149 62.48 3.22 10 
7 465A- 3-4, 4-5 62.54 4.41 6 
8 465A- 3-4, 12-13 62.62 1.77 3 
9 465A- 3-4, 20-22 62.71 2.29 3 
10 465A- 3-4, 30-3 1 62.80 3.66 19 
11 465A- 3-4, 40-4 1 62.90 4.22 20 
12 465A- 3-4, 61-62 63.1 1 4.58 15 
13 465A- 3-4, 79-80 63.29 3.61 14 
14 465A- 3-4, 100-101 63.50 3.08 8 
15 465A- 3-4, 140-142 63.91 3.66 2 
16 465A- 3-5, 30-32 64.31 6.68 38 
17 465A- 3-5, 89-91 64.90 5.96 16 

material (i.e. "agglutinant" of Bronniman & Whit- 
taker, 1988). The degree of selection is highest and 
most significant in the final chambers (Pl. 2, Figs. 3- 
4), which are entirely covered by the coccolith 
species Cribrosphaerella ehrenbergii (Arkhangel- 
sky, 1912) (Pl. 2, fig. 1). Furthermore, the specimens 
of C.  ehrenbergii are orientated with the distal 
(convex) side outward on the chamber walls, all 
over the foraminiferal test. The early portion of the 
test is, however, somewhat worn down with respect 
to C.  ehrenbergii, which gives these parts of the 
test a less well-sorted impression (Pl. 2, figs. 5-8), 
probably because this delicate species is sensitive to 
mechanical stress. This assumption is based on the 
fact that C. ehrenbergii has been considered suscep- 
tible to calcite dissolution (Thierstein, 1980). How- 
ever, there are still some C. ehrenbergii present as a 
component in the early portion of the tests, together 
with different species of calcareous nannofossils and 
other calcareous objects (micrite, foraminiferal 
fragments, etc.) (PI. 2, fig. 5); the latter objects seem 
to constitute an inner, thicker, and unsorted test- 
layer of various particles covered by an outer, thin, 
and well-sorted cover or "pavement" of C. ehren- 
bergii (at least when the chamber was "young"). 

The sediment in which G. cribrosphaerellifera 
n.sp. lived consists of a calcareous nannofossil ooze 
made up by approximately 50 different species that 
were encountered by the junior author during the cen- 
sus counts of 500 specimens in each sample. This 
flora is marked by a significant dominance of Watz- 
naueria barnesae (30-45%), whereas C.  ehrenbergii, 
the species used by G. cribrosphaerellifera n.sp., 
only constitutes 3-8% of the entire calcareous nanno- 
plankton flora. This fact is interesting in the light 
of the debate as to whether or not some foraminifera 
are able to actively select their agglutinant or 
whether they just pick up what is available. In the 

case of G. cribrosphaerellifera n.sp., it is evident 
that the foraminifera was able to actively select, 
exclusively, a particular nannofossil species and 
orientate the selected agglutinant in a certain man- 
ner with the distal (convex) side out in order to form 
a smooth "pavement". The next question is what  
benefit may G. cribrosphaerellifera n.sp. obtain by 
the selection and orientation of this certain kind of 
particle? Among the different particles available 
to the foraminifera, C. ehrenbergii seems to have 
the highest area:volume ratio, a property that 
would make this "choice" the most economical one 
for an effective cover of the test surface. This im- 
plies that such a selective foraminiferal species not 
necessarily utilizes the most available or abundant 
test-building material, but rather the material that 
best fits its purpose (i.e. as a "pavement" or cover in 
this case). Another benefit from the "choice" of C .  
ehrenbergii ,  may be its sieve-like central area, 
which may act as a sieve-plate to protect the pore 
entrances into the test itself. However, a detailed 
study on the wall structure of G. cribrosphaer- 
ellifera nsp. is needed to test this hypothesis. 

DISTRIBUTION AND THE KIT BOUNDARY 
Widmark & Malmgren (1992b) studied biogeo- 
graphical patterns in deep-sea benthic foraminifera 
from a time-slice representing the final 50 kyr of the 
Cretaceous at six DSDP sites. The material studied 
was from the Pacific (Site 465), North Atlantic 
(Site 384), and South Atlantic (Sites 356, 516, 525, 
and 527) oceans. They found that G. cribrosphaerel- 
lifera n.sp. (= their Vulvulina sp. A) was one of the 
species restricted to the Pacific Ocean (Site 465) and 
thus one of the species that had the greatest respon- 
sibility for the biogeographical separation of 
faunas (sites) in their study. The senior author had 
the opportunity to extend the biogeographical sur- 
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vey of Widmark & Malmgren (1992b) by including 
terminal Cretaceous (upper part of the Abathom- 
phalus mayaroensis Zone) DSDP/ODP material 
from all over the world (Table 3). In addition to Site 
465, Gaudryina cribrosphaerellifera n.sp. was en- 
countered at the Central Pacific Site 171 (Horizon 
Guyot) only. This is in accordance with Douglas 
(1973), who studied benthic foraminifera (Upper 
Cretaceous to Recent) from the Central Pacific 
DSDP Sites 167 (Magellan Rise) and 171 (Horizon 
Guyot). In the material from Site 171, Douglas 
(1973) found and documented a form that he called 
Spiroplectammina sp. (his P1.3, Fig.6), which is the 
same form as G .  cribrosphaerellifera n.sp. (Douglas, 
pers. com., 1993). However, Douglas' study focused 
on the Cenozoic fauna, whereas Cretaceous taxa 
were almost omitted from the range charts. The only 
information he provided on the vertical distribution 
of Spiroplectammina sp. (= G .  cribrosphaerellifera 
n.sp.) was that it occurred in some upper Campanian 
and Maastrichtian samples from Site 171. 

Table 3. DSDPIODP sites used in a biogeographic 
survey on upper Maastrichtian benthic foraminifera by the 
senior author of this study. Localities (sites) where 
Gaudryina cribrosphaerellijera n.sp. was encountered are 
highlighted in bold typefaces. 

Site 
47 Shatsky Plateau 
171 Horizon Guyot 
208 Lord Howe Rise 
305 Shatsky Rise 
465 Hess Rise 
10 N. American Basin 
1 1 1 Orphan Knoll 
384 J-Anomaly Ridge 
548 Goban Spur 
605 Off New Jersey 
20 Brazil Basin 
356 Sao Paulo Plateau 
363 Walvis Ridge 
5 16 Rio Grande Rise 
525 Walvis Ridge 
527 Angola Basin 
216 Ninetyeast Ridge 
21 7 Ninetyeast Ridge 
758 Ninetyeast Ridge 
689 Maud Rise 
698 Georgia Rise 
700 Georgia Basin 
738 Kerguelen Plateau 
750 Kerguelen Plateau 

Ocean ~aleolatitude* 
Pacific 20% 
Pacific 5"N 
Pacific 50"s 
Pacific 20% 
Pacific 16"N 
N. Atlantic 20% 
N. Atlantic 35 % 
N. Atlantic 29% 
N. Atlantic 36% 
N. Atlantic 32% 
S. Atlantic 33"s 
S. Atlantic 32"s 
S. Atlantic 29"s 
S. Atlantic 30"s 
S. Atlantic 36"s 
S. Atlantic 36"s 
Indian 37"s 
Indian 33"s 
Indian 35"s 
Southern 70"s 
Southern 55"s 
Southern 55"s 
Southern 62"s 
Southern 44"s 

*Data on paleolatitudes for the sites investigated were obtained (or 
estimated) from various DSDP and ODP reports. 

The upper limit of the vertical distribution of G .  
cribrosphaerellifera n.sp. is controlled by its prime 
agglutinant (Cribrosphaerella ehrenbergii), which 
appeared in the late Albian (Thierstein, 1973) and 
became extinct at the K/T boundary (Bramlette & 
Martini, 1964; Percival & Fisher, 1977; Perch- 
Nielsen, 1985). Figure 2 depicts the simultaneous oc- 

curence and decline across the K/T boundary for both 
the foraminifera and its prime agglutinant in terms 
of accumulation rates (number of specimens/ 
kyr/cm2) plotted against the depth (m) in site; note 
the lag in the decrease just above the boundary due 
to the "mixed zone" of Maastrichtian and Danian 
sediments. The number of specimens/ky/cm2 for C.  
ehrenbergii declined from a mean value in the 
Maatrichtian of about 2 . 4 ~ 1 0 ~  to about 3x10~ in the 
"mixed zone", and further down to a mean value of 
1 . 5 ~ 1 0 ~  in the "pure" Danian samples, that is, a 
more than 100-fold decrease from the upper 
Maastrichtian to the lower Danian. Accumulation 
rates for G .  cribrosphaerellifera n.sp. mirror this 
pattern in declining from a mean value in the 
Maastrichtian of about seven specimens/ky/cm2 to 
about one in the "mixed zone", and finally to zero in 
the Danian. When the prime test-building material 
was no longer available, G .  cribrosphaerellifera 
n.sp. became "orphaned" and extinct as well, and 
there was obviously no mechanism for the unfortu- 
nate creature to change to another kind of aggluti- 
nant to survive the biotic crisis at the K/T boundary. 

The restricted biostratigraphic distribution of G .  
cribrosphaerellifera n.sp. may give it some biostra- 
tigraphic value as indicative of Upper Cretaceous 
(upper Campanian-Maastrichtian) strata. The 
senior author traced it down to the level of sample 
465A-3-6, 10-12 cm (depth in core: 65.6 m), which 
represents the lowest part of the Abathomphalus 
mayaroensis Zone (Thiede et al., 1981). Below Core 
3, there are three short cores (4, 6, 7; Core 5 is miss- 
ing) represented by a cherty drilling breccia between 
67.5 and 105.5 m (Thiede et al., 1981) that was not 
sampled due to its high chert content. An additional 
set of samples from Cores 8 to 12 were analyzed for 
benthic foraminifera but yielded no G .  cribrosphaer- 
ellifera n.sp. An account for the samples used to 
estimate the vertical distribution of G .  cribro- 
sphaerellifera n.sp. at Site 465 is given in Table 4. 

Table 4. Additional samples from DSDP Site 465 (Hole 
465A) examined for the determination of the vertical 
distribution of Gaudryina cribrosphaerellijera n.sp. Planktic 
foraminifera1 zonation is from Thiede et al. (1981). 

Hole 

465A- 
465A- 
465A- 
465A- 

465A- 

465A- 

465A- 

Core- 
Sec. 
3-5, 
3-6, 
8 , ~  
9-1, 

10-3, 

11-2, 

12-1. 

Inter. Present(+)/ Planktic 
(cm) Absent(-) Foram. zone 
0-2 + A. maya. 

10-12 + A. maya. 
0-2 G. cont. 
0-2 G. scut.- 

G. gans. 
0-2 G. s a t . -  

G. gans. 
0-2 G. SCW- 

G.  gans. 
38-40 G. s a t . -  

G. gans. 

Abbreviations: A. maya. = Abathomphalus mayaroensis; G. conl. = 
Globotruncana contusa; G. scut. = Globotruncana sculilla; G. gms. = 
Globotruncana gansseri 
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Gaudryina cribrosphaerellifera n . sp. Cribrosphaerella ehrenbergii 

0 5 10 0 50 100 150 200 250 300 
Accumulation rate N/kyr/cm2 Accumulation rate N/kyr/cm2 xlo6 

Figure 2. Accumulation rates (in number of specirnens/ky/cm2) of the agglutinated foraminifera Gaudryina cribrospher- 
ellifera n.sp., and its prime agglutinant (a coccolith species) Cribrospherella ehrenbergii (in number of specimens/ky/cm2 
x106). A 100-fold decline in accumulation rate across the K/T boundary, which preceded the extinction of the coccolith, 
made the foraminifera virtually "orphaned" by its prime agglutinant and extinct as well. 

SYSTEh4ATIC TAXONOMY 
The concepts on the generic, as well as on the supra- 
generic levels follow Loeblich & Tappan (1987). 

Order Foraminiferida Eichwald, 1830 
Suborder Textulariina Delarge & Hkrouard, 1896 
Superfamily Verneuilinacea Cushman, 1911 
Family Verneuilinidae Cushman, 1911 
Subfamily Verneuilininea Cushman, 1911 
Genus Gaudyina dlOrbigny, 1839 

Gaudyina  cribrosphaerellifera n.sp. 
P1. 1, Figs. 1-5, P1. 2, Figs. 1-8 

S iroplectammina s Douglas, 1973, pl. 3, fig. 6.  
d l u u l i n a  s A - $idmark k Malmgren, 1992a. p. 113, pl. 

lo, fi . 11'- Widmark k Malmgren, 1992b, p. 403, p l  6,  
fig. IB  

Derivation of name. From the generic name of the 
species prime agglutinant, Cribrosphaerella ehren- 
bergii (i.e. cribrosphaerelli-"fera" = cribrosphaer- 
ella- "bearing" or "carrying") 
Diagnosis. This species is easy to recognize on the 
basis of its characteristic test-shape (i.e. tiny, sin- 

gle, triserial initial whorl, followed by a well- 
developed biserial stage), white, semi-lustrous, 
smooth test wall (made up by fine-grained carbon- 
ate particles, mainly coccoliths), and a basal 
aperture. 
Type material. Holotype (macrosphere, pl. 1, figs. 
1-2) and one paratype (microsphere, pl. 1, figs. 3-5). 
Primary types deposited at the Cushman Collec- 
tion, National Museum of Natural History, Smith- 
sonian Institution, Washington DC, under the cata- 
log numbers 483513 (holotype) and 483514 
(paratype). 
Material .  167 (140 complete and 27 fragmented) 
specimens obtained from DSDP Site 465 (Hole 
465A). 
Locality and type level. Pacific Ocean, southern 
Hess Rise, upper Maastrichtian, Aba thompha lus  
mayaroensis Zone, DSDP Sample 465A-3-4, 30-31 
an. 
Description. Test "kiteo-shaped (macrospheres) to 
fan-shaped (microspheres), compact, with a tiny, 
one-whorled triserial (sometimes "quadriserial" in 
microspheres) initial end, which is bent toward the 
"ventral side" in the macrospheres. Unevenly 
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rhomboid in section with an invagination along the 
axial suture; "ventral side" convex and "dorsal side" 
weakly convex to flat; microspheres are more or less 
flat on both sides and thus more symmetrical in this 
respect. Periphery acute, flaring, with a few blunt 
spines. Chambers increasing rapidly in size and bis- 
erially arranged throughout, apart from initial 
tri(quadri)serial whorl; third chamber of triserial 
stage on "ventral side" in the macrospheric forms. 
Sutures distinct, depressed, oblique and straight. 
Wall agglutinated, smooth, white, of fine-grained 
calcareous material with a "pavement" of a single 
coccolith species (Cribrosphaerella ehrenbergii) es- 
pecially on last formed chambers. Aperture consist- 
ing of a simple, low arch at the base of final 
chamber. 
Dimensions. Holotype: length = 0.38 mm, width = 
0.33 mm, thickness = 0.19 mm; paratype: length = 
0.24 mm, width = 0.30 mm, thickness = 0.16 mm. 
Remarks .  This highly selective species shows a 
lower degree of particle selection on earlier formed 
chambers, which is probably due to abrasion of the 
delicate coccolith species (Cribrosphaerella ehren- 
bergii) that constitutes the prime agglutinant of the 
foraminifera. Gaudryina cribrosphaerellifera n.sp. 
seems to be "endemic" to the north-central Pacific 
Ocean and it has hereto been encountered at DSDP 
Sites 171 (Horizon Guyot) and 465 (Hess Rise) only. 
The biostratigraphic value of G. cribrosphaerel- 
lifera n.sp. is not yet well constrained; it has, so far, 
only been found in upper Campanian-Maastrichtian 
strata, which may make it indicative of the 
uppermost Cretaceous. 
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Plate 1. G~t rd ry rna  cribrosph~erellifcra n.sp. (sample 465h-3-4, 30-31 cm). I. Holotype (macrosphere), 
convex "ventral" side showing third hiserial chamber of initial coil (~150) .  2. Holotype, flattened "dorsal" 
side (~100). 3. Paratype (microsphere), apertusal view, showing invagination along the axial sutures on both 
sides (~200). 4. Paratype, "ventral" side 1x200). 5. Paratype, "dorsal" side (~200) .  Note that the "ventral" 
and "dorsal" sides in the paratype (microsphere) are more or less equally flattened in contrast to in the more 
or Iess plano-convex holotvpe (macrosphere). 
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Plate 2. 1. Cribrosp/rnerrl la  r l l r r , n b ~ r g l ~  (Arkhangelsky), thc prime agglut inant  of G m ~ t s J r y i n n  
cribmspftaerellifera n.sp., from the surface of the final chamber of the topotype figured in Plate 2, Figure 2; 
note the sieve-like central area of C. ehrenbrrgii (~7,500). 2. Garrdryina criIlrosri~a~relIifera n.sp., topotype 
(sample 46SA-3430-31 cm); numbers (3-8) on specimen indicate the positions of the blow ups given in Figures 
3-8 (scale=50 microns). 3. Detail on the ultimate chamber, showing the h i ~ h  degree of selection and the 
orientation of all of the coccoliths (C, ~ h r r n b ~ r g i i )  with their distal (convex) side outward (~1,500). 4 .  
Detail on the penultimate chamber; note that some C. rhrenbergii are already worn down (~3,500). 5. Detail 
on the suture between the penultimate and first biserial chamber, showing the different degree of sorting 
between later and earlier parts of test (~3,500). 6. Enlargement of upper right spine; note the "rodlike" 
nannofossil (Microrftnbdlrlus sp.) frequently used in building up the spine (~3,500). 7. Detail on third chamber 
of initial triserial whorl showing the unsorted test wall of the early portion of test (~3,500). 8. Marginat 
blow up on the proloculus showing the wide variety of calcareous objects used for the inner thicker unsorted 
test layer (~3,500). 
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