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Abstract
International Ocean Discovery Program Expedition 363 Sites

U1489 and U1490, located in the Western Pacific Warm Pool, con-
tain diverse assemblages of planktonic foraminifers. We examined
and imaged specimens of Miocene Dentoglobigerina and Globo-
quadrina to determine the presence or absence of spine holes and
pustules in their wall texture. A total of 15 specimens were observed
across six species, including Dentoglobigerina baroemoenensis,
Dentoglobigerina binaiensis, Dentoglobigerina globosa, Dentoglobi-
gerina globularis, Dentoglobigerina tripartita, and Globoquadrina
dehiscens. Here we present scanning electron microscope and z-
stacking light microscope images in three views, including illustra-
tions of their wall texture.

Introduction
Dentoglobigerina is a diverse genus of planktonic foraminifers that

ranges from the middle Eocene to recent. The descendant genus Glo-
boquadrina is currently monospecific, consisting of Globoquadrina
dehiscens and ranging from the early to late Miocene (Wade et al.,
2018). The taxonomy and biostratigraphy of Eocene and Oligocene
Dentoglobigerina were reviewed by Olsson et al. (2006) and Wade et
al. (2018), respectively, as part of the Paleogene Planktonic Foramin-
ifera Working Group. However, the wall texture of Miocene Dentoglo-
bigerina and Globoquadrina has not yet been examined in detail.

The dentoglobigerinids are a difficult group; in addition to mor-
phological variability is the issue that the wall texture and the pres-
ence and absence of spine holes are highly variable across the
lineage. Research to date has not been able to determine whether or
not spines are a conservative trait in Miocene Dentoglobigerina.
Spine holes have not been observed in all species of Dentoglobiger-
ina (Wade et al., 2018), mostly because of the difficulty in finding
well-preserved specimens and the considerable time needed to lo-

cate them under a scanning electron microscope (SEM). However,
given that the identification of spine holes is not evident in some
species, it was suggested by Pearson and Wade (2015) that there
could be two clades with similar morphologies, one spinose and one
nonspinose, or that spines could have been lost through evolution.
Pustules are also of interest for this study because they are fre-
quently seen in umbilical shoulders of Dentoglobigerina specimens.
Here we contribute to the debate on Miocene Dentoglobigerina and
Globoquadrina wall texture and taxonomy through light micro-
scope (z-stacking) and SEM examination of specimens from Sites
U1489 and U1490 in three views (umbilical, edge, and spiral). We
also include wall texture images and record the presence or absence
of spine holes and pustules around the umbilical area.

Site location and setting
Seven sites were cored in 2016 during International Ocean Dis-

covery Program Expedition 363 in the Western Pacific Warm Pool
(Figure F1). We examined two sites to record the presence of Dento-
globigerina and Globoquadrina: Site U1489 cored four holes at 3400
meters below sea level (mbsl), and Site U1490 cored three holes at
2300 mbsl (Rosenthal et al., 2018a). This data report focuses on the
Dentoglobigerina and Globoquadrina genera found in lower to mid-
dle Miocene sediments. The geological age of the sediment samples
ranges from 22.13 to 13.27 Ma according to the shipboard age
model (Rosenthal et al., 2018a).

Site U1489 (02°07.19ʹN, 141°01.67ʹE) is situated on the western
slope of the southern Eauripik Rise in the Caroline basin of Papua
New Guinea (Figure F1; Rosenthal et al., 2018b). Site U1490
(05°48.95ʹN, 142°39.27ʹE) is located on the northern edge of the Eau-
ripik Rise about 431 km north of Site U1489 (Figure F1; Rosenthal
et al., 2018c). Of the seven total holes cored at Sites U1489 and
U1490, Holes U1489D and U1490A are examined in the present
study.
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Methods and materials
Sites U1489 and U1490 both recovered the lower and middle 

Miocene and were chosen for the relatively good preservation of 
planktonic foraminifers (Rosenthal et al., 2018b; Rosenthal et al., 
2018c). Table T1 lists the samples analyzed, including their depth in 
the section and biostratigraphic age assignment. The site ages cov-
ered in this study were calibrated with the Miocene Planktonic For-
aminiferal Zonation by Wade et al. (2011).

Dentoglobigerina and Globoquadrina specimens were picked 
manually from the residues of the >150 μm size fraction using a 
light microscope. A total of 15 specimens were selected across 5 
samples based on their preservation. Images in three views (umbili-
cal, edge, and spiral view) of the selected specimens were taken us-
ing an Olympus SZX10 z-stacking light microscope. A Jeol JSM-
6480LV high-performance SEM from the UCL Earth Sciences labo-
ratory was used to examine wall texture and assess the presence of 
morphological features, including spine holes and pustules, at 
higher resolution. Each stub was sputter-coated in an argon and 
gold atmosphere using a sputter-coater machine. Spine holes were 
investigated across the three views of each specimen’s test, and the 
study focused on areas where pores were sufficiently preserved, 
pore ridges smooth, and not affected by diagenetic processes.

Results
At least six species belonging to the genus Dentoglobigerina, in-

cluding its descendant G. dehiscens, were identified in five samples 
from Holes U1489D and U1490A. Morphological features (pustules 
and spine holes) of the wall texture of each Miocene specimen are 
recorded in Table T2, and images of each specimen are illustrated in 
Plates P1–P15. Overall, the preservation of specimens from Hole 
U1489D is better than for Hole U1490A.
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Table T1. Biostratigraphic and location details of studied samples, Sites 
U1489 and U1490. Download table in CSV format.

Table T2. Spinose characters and pustules of selected Dentoglobigerina and 
Globoquadrina specimens, Sites U1489 and U1490. Download table in CSV 
format.
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Appendix
Systematic paleontology of selected taxa

Order Foraminiferida d’Orbigny, 1826
Superfamily Globigerinoidea Carpenter, Parker and Jones, 1862

Family Globigerinidae Carpenter, Parker & Jones, 1862
Genus Dentoglobigerina Blow, 1979

Dentoglobigerina baroemoenensis (LeRoy, 1939)
(Plate P1, P2, P3, P4)

Globigerina baroemoenensis, LeRoy (1939), p. 263, pl. 6, figs. 1–2

Dentoglobigerina baroemoenensis, Wade et al. (2018), p. 335–338, 
pl. 11.1

Remarks: Wade et al. (2018) showed evidence for spine holes in 
D. baroemoenensis (pl. 11.1, fig. 12), but these were not observed by 
Fox and Wade (2013) (fig. 5.1c). In this report, we present addi-
tional evidence in Plate P1G–P1J with specimen S1 showing sev-
eral spine holes at pore intersections in the umbilical, edge, and 
spiral views. One spine hole is also observed in the edge view of 
specimen S2 in Plate P2H. These features were found in isolated ar-
eas, mostly over the last chamber near (1) the apertural shoulders 
and (2) at the intersection of chambers in the spiral view. In con-
trast, specimens from Plates P3 and P4 did not reveal any spine 
holes because recrystallization and calcite overgrowth heavily ob-
scure pore intersections. All the specimens lack pustules in the um-
bilical region. D. baroemoenensis was recorded in Subzone M1b and 
Zones M8 and M9.

Dentoglobigerina binaiensis (Koch, 1935)
(Plates P5, P6)

Globigerina binaiensis, Koch (1935), p. 558, nomen novum for G. 
aspera Koch (1926)

Dentoglobigerina binaiensis, Wade et al. (2018), p. 338–342, pl. 11.3

Remarks: Wade et al. (2018) reported evidence for spine holes in 
D. binaiensis (pl. 11.3, figs. 4, 8, 12), but these were not observed by 
Fox and Wade (2013) (fig. 5.3b). In this report, specimens illustrated 
in Plates P5 and P6 did not reveal any spine holes, even though they 
are well preserved as illustrated by the smooth and well-defined 
pores and pore ridges. Specimen S5 is highly pustulose in the aper-
tural region (Plate P5A, P5D) and to a lesser extent in the edge view 
(Plate P5B, P5E). Specimen S6 shows aligned pustules (Plate P6A) 
on the final chamber, which are particularly apparent in edge view 
(Plate P6E). D. binaiensis was recorded in Zone M3.

Dentoglobigerina globosa (Bolli, 1957)
(Plates P7, P8, P9)

Globoquadrina altispira globosa, Bolli (1957), p. 111, pl. 24, figs. 9a–10c

Dentoglobigerina globosa, Wade et al. (2018), p. 348–350, pl. 11.6

Remarks: Fox and Wade (2013) did not record spine holes in the 
wall texture of D. globosa (fig. 5.6c), whereas Wade et al. (2018) did 
not illustrate SEM wall texture images for this species (pl. 11.6). In 
this report, we document the first evidence of spine holes in speci-
men S7 (Plate P7H). Two spine holes are found in its edge view, iso-
lated in the last chamber and close to an intersection with two other 
chambers. However, no spine holes are observed in specimen S8 in 
Plate P8, despite the good preservation. Recrystallization (Plate 

P9G, P9H) and dissolution (Plate P9I) obscure the identification of 
spine holes in specimen S9, illustrated in Plate P9. Pustules are ob-
served in the apertural area of specimen S8 from Hole U1489D 
(Plate P8G), although they are not visible in specimens from Hole 
U1490A (Plates P7, P9). D. globosa was recorded in Zones M3 and 
M8 and Subzone M9a.

Dentoglobigerina globularis (Bermúdez, 1961)
(Plate P10)

Globoquadrina globularis, Bermúdez (1961), p. 1311, pl. 13, figs. 4–6

Dentoglobigerina globularis, Wade et al. (2018), p. 350–352, pl. 11.7

Remarks: Pearson and Wade (2009) did not record any spine 
hole in the wall texture of D. globularis (pl. 3, fig. 2d), whereas 
Leckie et al. (1993; pl. 3, fig. 4; pl. 2, fig. 8), Wade et al. (2007; pl. 2g, 
h), and Wade et al. (2018; pl. 11.7) did not illustrate SEM wall tex-
ture images for this species. Our study does not show spine holes or 
pustules in D. globularis, though the preservation state of the test is 
fairly poor because of recrystallization and infilled pores (Plates
P10G–P10I). D. globularis was recorded in Subzone M1b.

Dentoglobigerina tripartita (Koch, 1926)
(Plates P11, P12, P13, P14)

Globigerina bulloides var. tripartita, Koch (1926), p. 742, fig. 21a–21b

Dentoglobigerina tripartita, Wade et al. (2018), p. 368–371, pl. 11.15

Remarks: Although the preservation of specimen S11 is good, as 
shown in Plate P11, we did not find direct evidence for spine holes 
in Miocene D. tripartita, nor did previous studies (Wade et al., 
2018, pl. 11.15; Fox and Wade, 2013, fig. 8–3c). The rather poor 
preservation of other specimens (Plates P12, P13, P14), as shown 
by the presence of recrystallization (Plate P14I, P14J), overgrowth 
(Plate P12G, P12H), and dissolution in some parts of the tests 
(Plate P13H), did not allow for the identification of spine holes. 
Pustules are observed in specimens illustrated in Plates P11 and 
P13. Specimen 11 displays numerous pustules in its apertural area 
(Plate P11A, P11D, P11G), and these are aligned down the umbili-
cal suture from the edge view perspective (Plate P11B). Specimen 
13 shows fewer pustules in the apertural area both from the umbili-
cal and edge view perspectives. Also, specimen S13 in Plate P13 has 
a higher spire than typical specimens (Plates P11, P12, P14), and 
we refer to this specimen as D. cf. D. tripartita. D. tripartita was 
found in Subzone M1b and Zones M3, M6, and M8.

Genus Globoquadrina (Finlay, 1947)

Globoquadrina dehiscens (Chapman, Parr, and Collins, 1934)
(Plate P15)

Globoquadrina dehiscens, Chapman, Parr, and Collins (1934), p. 
569, pl. 11, figs. 36a–36c

Globoquadrina dehiscens, Wade et al. (2018), p. 377–380, pl. 11.17

Remarks: No spine holes were observed in G. dehiscens by Wade 
et al. (2018; pl. 11.17) or by Fox and Wade (2013; fig. 9-1c). Our 
study did not reveal any spine holes in G. dehiscens even though the 
preservation of specimen S15 in Plate P15 is good as shown by the 
smooth edges of pores (Plate P15G–P15J). Pustules are observed in 
the apertural area of specimen S15 both from the umbilical and 
edge view perspectives (Plate P15D, P15E), similar to its ancestor 
Dentoglobigerina. G. dehiscens is recorded in Zone M3.
IODP Proceedings 4 Volume 363
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Plate P1. Dentoglobigerina baroemoenensis (S1); Sample 363-U1490A-23H-CC, 18–23 cm; middle Miocene Subzone M9a. Z-stacker images of (A) umbilical view, 
(B) edge view, and (C) spiral view. Scanning electron microscope (SEM) images of (D) umbilical view, (E) edge view, and (F) spiral view. Wall texture SEM images 
of (G) umbilical view, (H) edge view, (I) spiral view, and (J) spiral view. Evidence of spine holes. Scale bars = 100 μm (whole specimens) and 10 μm (close-up 
images).
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Plate P2. Dentoglobigerina baroemoenensis (S2); Sample 363-U1490A-24H-CC, 11–16 cm; middle Miocene Zone M8. Z-stacker images of (A) umbilical view, 
(B) edge view, and (C) spiral view. Scanning electron microscope (SEM) images of (D) umbilical view, (E) edge view, and (F) spiral view. Wall texture SEM images 
of (G) umbilical view, (H) edge view, and (I) spiral view. Evidence of spine holes. Scale bars = 100 μm (whole specimens) and 10 μm (close-up images).
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F. Fayolle and B.S. Wade Data report: Miocene planktonic foraminifers Dentoglobigerina and Globoquadrina
Plate P3. Dentoglobigerina baroemoenensis (S3); Sample 363-U1490A-23H-CC, 18–23 cm; middle Miocene Subzone M9a. Z-stacker images of (A) umbilical view, 
(B) edge view, and (C) spiral view. Scanning electron microscope (SEM) images of (D) umbilical view, (E) edge view, (F) spiral view. Wall texture SEM images of 
(G) umbilical view and (H) edge view. No evidence of spine holes. Scale bars = 100 μm (whole specimens) and 10 μm (close-up images).
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F. Fayolle and B.S. Wade Data report: Miocene planktonic foraminifers Dentoglobigerina and Globoquadrina
Plate P4. Dentoglobigerina baroemoenensis (S4); Sample 363-U1490A-34X-CC, 32–37 cm; lower Miocene Subzone M1b. Z-stacker images of (A) umbilical view, 
(B) edge view, and (C) spiral view. Scanning electron microscope (SEM) images of (D) umbilical view, (E) edge view, (F) spiral view. Wall texture SEM images of 
(G) umbilical view and (H) spiral view. No evidence of spine holes. Scale bars: 100 = μm (whole specimens) and 10 μm (close-up images).
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F. Fayolle and B.S. Wade Data report: Miocene planktonic foraminifers Dentoglobigerina and Globoquadrina
Plate P5. Dentoglobigerina binaiensis (S5); Sample 363-U1489D-27X-CC, 18–23 cm; lower Miocene Zone M3. Z-stacker images of (A) umbilical view, (B) edge 
view, (C) and spiral view. Scanning electron microscope (SEM) images of (D) umbilical view and (E) edge view. Spiral view not obtained. Wall texture SEM 
images of (F) umbilical view and (G) edge view. No evidence of spine holes. Scale bars = 100 μm (whole specimens) and 10 μm (close-up images).
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F. Fayolle and B.S. Wade Data report: Miocene planktonic foraminifers Dentoglobigerina and Globoquadrina
Plate P6. Dentoglobigerina binaiensis (S6); Sample 363-U1489D-27X-CC, 18-23 cm; lower Miocene Zone M3. Z-stacker images of (A) umbilical view, (B) edge 
view, and (C) spiral view. Scanning electron microscope (SEM) images of (D) umbilical view, (E) edge view, and (F) spiral view. Wall texture SEM images of 
(G) umbilical view, (H) edge view, (I) spiral view, and (J) spiral view. No evidence of spine holes. Scale bars = 100 μm (whole specimens) and 10 μm (close-up 
images). 
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F. Fayolle and B.S. Wade Data report: Miocene planktonic foraminifers Dentoglobigerina and Globoquadrina
Plate P7. Dentoglobigerina globosa (S7); Sample 363-U1490A-23H-CC, 18–23 cm; middle Miocene Subzone M9a. Z-stacker images of (A) umbilical view, 
(B) edge view, and (C) spiral view. Scanning electron microscope (SEM) images of (D) umbilical view, (E) edge view, and (F) spiral view. Wall texture SEM images 
of (G) umbilical view, (H) edge view, (I) spiral view, and (J) spiral view. Evidence of possible spine holes. Scale bars = 100 μm (whole specimens) and 10 μm 
(close-up images).
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F. Fayolle and B.S. Wade Data report: Miocene planktonic foraminifers Dentoglobigerina and Globoquadrina
Plate P8. Dentoglobigerina globosa (S8); Sample 363-U1489D-27X-CC, 18–23 cm; lower Miocene Zone M3. Z-stacker images of (A) umbilical view, (B) edge view, 
and (C) spiral view. Scanning electron microscope (SEM) images of (D) umbilical view, (E) edge view, and (F) spiral view. Wall texture SEM images of (G) umbili-
cal view, (H) edge view, (I) spiral view, and (J) spiral view. No evidence of spine holes. Scale bars = 100 μm (whole specimens) and 10 μm (close-up images).
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F. Fayolle and B.S. Wade Data report: Miocene planktonic foraminifers Dentoglobigerina and Globoquadrina
Plate P9. Dentoglobigerina globosa (S9); Sample 363-U1490A-24H-CC, 11–16 cm; middle Miocene Zone M8. Z-stacker images of (A) umbilical view, (B) edge 
view, and (C) spiral view. Scanning electron microscope (SEM) images of (D) umbilical view, (E) edge view, and (F) spiral view. Wall texture SEM images of 
(G) umbilical view, (H) edge view, and (I) spiral view. No evidence of spine holes. Scale bars = 100 μm (whole specimens) and 10 μm (close-up images).
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F. Fayolle and B.S. Wade Data report: Miocene planktonic foraminifers Dentoglobigerina and Globoquadrina
Plate P10. Dentoglobigerina globularis (S10); Sample 363-U1490A-34X-CC, 32–37 cm; lower Miocene Subzone M1b. Z-stacker images of (A) umbilical view, 
(B) edge view, and (C) spiral view. Scanning electron microscope (SEM) images of (D) umbilical view, (E) edge view, and (F) spiral view. Wall texture SEM images 
of (G) umbilical view, (H) edge view, and (I) spiral view. No evidence of spine holes. Scale bars = 100 μm (whole specimens) and 10 μm (close-up images).
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F. Fayolle and B.S. Wade Data report: Miocene planktonic foraminifers Dentoglobigerina and Globoquadrina
Plate P11. Dentoglobigerina tripartita (S11); Sample 363-U1489D-27X-CC, 18–23 cm; lower Miocene Zone M3. Z-stacker images of (A) umbilical view, (B) edge 
view, and (C) spiral view. Scanning electron microscope (SEM) images of (D) umbilical view, (E) edge view, and (F) spiral view. Wall texture SEM images of 
(G) umbilical view, (H) edge view, (I) spiral view, and (J) spiral view. No evidence of spine holes. Scale bars = 100 μm (whole specimens) and 10 μm (close-up 
images).
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F. Fayolle and B.S. Wade Data report: Miocene planktonic foraminifers Dentoglobigerina and Globoquadrina
Plate P12. Dentoglobigerina tripartita (S12); Sample 363-U1490A-24H-CC, 11–16 cm; middle Miocene Zone M8. Z-stacker images of (A) umbilical view, (B) edge 
view, and (C) spiral view. Scanning electron microscope (SEM) images of (D) umbilical view, (E) edge view, and (F) spiral view. Wall texture SEM images of 
(G) umbilical view and (H) edge view. No evidence of spine holes. Scale bars = 100 μm (whole specimens) and 10 μm (close-up images).
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F. Fayolle and B.S. Wade Data report: Miocene planktonic foraminifers Dentoglobigerina and Globoquadrina
Plate P13. Dentoglobigerina cf. D. tripartita (S13); Sample 363-U1490A-25H-CC, 16–21 cm; lower–middle Miocene Zone M6. Z-stacker images of (A) umbilical 
view, (B) edge view, and (C) spiral view. Scanning electron microscope (SEM) images of (D) umbilical view, (E) edge view, and (F) spiral view. Wall texture SEM 
images of (G) umbilical view and (H) edge view. No evidence of spine holes. Scale bars = 100 μm (whole specimens) and 10 μm (close-up images).
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F. Fayolle and B.S. Wade Data report: Miocene planktonic foraminifers Dentoglobigerina and Globoquadrina
Plate P14. Dentoglobigerina tripartita (S14); Sample 363-U1490A-34X-CC, 32–37 cm; lower Miocene Subzone M1b. Z-stacker images of (A) umbilical view, 
(B) edge view, and (C) spiral view. Scanning electron microscope (SEM) images of (D) umbilical view, (E) edge view, and (F) spiral view. Wall texture SEM images 
of (G) umbilical view, (H) edge view, (I) spiral view, and (J) spiral view. No evidence of spine holes. Scale bars = 100 μm (whole specimens) and 10 μm (close-up 
images).
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F. Fayolle and B.S. Wade Data report: Miocene planktonic foraminifers Dentoglobigerina and Globoquadrina
Plate P15. Globoquadrina dehiscens (S15); Sample 363-U1489D-27X-CC, 18–23 cm; lower Miocene Zone M3. Z-stacker images of (A) umbilical view, (B) edge 
view, and (C) spiral view. Scanning electron microscope (SEM) images of (D) umbilical view, (E) edge view, and (F) spiral view. Wall texture SEM images of 
(G) umbilical view, (H) edge view, (I) spiral view, and (J) spiral view. No evidence of spine holes. Scale bars = 100 μm (whole specimens) and 10 μm (close-up 
images).
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