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Abstract The Integrated Ocean Drilling Program (IODP) Expedition 344 drilled cores following a transect

across the convergent margin off Costa Rica. Two of the five sites (U1381 and U1414) are the subject of the

present study. Major radiolarian faunal breaks and characteristic species groups were defined with the aid

of cluster analysis, nodal analysis, and discriminant analysis of principal components. A middle-late Miocene

to Pleistocene age (radiolarian zones RN5 to RN16) was determined for the sites, which agrees with the nan-

nofossil zonations and 40Ar/39Ar and tephra layers. Considering the northward movement of the Cocos plate

(�7.3 cm/yr), and a paleolatitude calculator, it is assumed that during the Miocene the two sites were locat-

ed �1000 km to the southwest of their current position, slightly south of the equator. The radiolarian faunas

retrieved were thus seemingly formed under the influence of different oceanic currents and sources of

nutrients. Changes in the radiolarian assemblages at Site U1414 point at dissimilar environmental settings

associated with the colder South Equatorial Current and the warmer Equatorial Countercurrent, as well as to

coastal upwelling. These differences are best reflected by changes in the abundance of the morphotype

Spongurus spp., with noticeably higher values during the Miocene, than in the Pliocene and the Pleistocene.

Because Spongurus spp. is generally associated with cooler waters, these abundance variations (as well as

those of several other species) suggest that during the Miocene the area had a stronger influence of colder

waters than during younger periods. During the Pliocene and the lowermost Pleistocene, biogenic remains

are scarce, presumably due to the terrigenous input, which could have diluted and affected the preservation

of pelagic fossils, as well as to the displacement of the site to warmer waters. A typically tropical fauna

characterized the Pleistocene, yet with widespread presence of colder water species, most probably

indicative of the influence of coastal upwelling processes.

1. Introduction

From the Miocene to the Recent, the sedimentary record of the Equatorial Pacific Ocean contains abundant

and well-preserved radiolarians. Multiple studies, chiefly based on ocean drilling material, have considerably

improved the quality of the microfossil data, facilitating the use of radiolarians as a major tool for dating

Neogene marine deposits [Riedel and Sanfilippo, 1970, 1978; Johnson et al., 1989; Moore, 1995; Sanfilippo and

Nigrini, 1998]. On the other hand, surveys of the geographic and bathymetric distribution of radiolarian spe-

cies based on water-column samples, including plankton tows [Petrushevskaya, 1971; Renz, 1976; Kling,

1979; Boltovskoy and Riedel, 1987; Kling and Boltovskoy, 1995; Welling, 1997], sediment trap samples

[Takahashi, 1991; Boltovskoy et al., 1993, 1996; Okazaki et al., 2003, 2005, 2008], and surface sediment materi-

als [Nigrini, 1967; Renz, 1976; Petrushevskaya, 1971; Morley, 1977; Molina-Cruz, 1977, 1997; Johnson and Nig-

rini, 1980, 1982; Boltovskoy, 1987; Moore et al., 1980; Pisias et al., 1997; Hollis and Neil, 2005] furnished

abundant ecological information which allowed the use of radiolarian fossil assemblages for paleoceano-

graphic reconstructions [see Boltovskoy and Correa, 2016, for a review of the biogeography of Recent Radio-

laria]. These works gradually refined our understanding of the association of species-specific radiolarian

assemblages with more or less discrete environmental envelopes (chiefly temperature and food availability,

as represented by primary production), which in turn are often representative of different water masses,

allowing the extrapolation of these relationships to pre-Recent settings.
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Studies of microplankton are chiefly based on two sources of material: water-column samples (plankton

tows and sediment traps) and sediments samples. Both techniques have their advantages and disadvan-

tages [e.g., Boltovskoy, 1994]. The main advantages of sedimentary materials are: (1) A small fraction of the

sample is used, the remainder being stored and available for future studies. (2) The sample-size is usually

orders of magnitude larger than that needed for any particular micropaleontological survey, whereby only a

gram of material can yield tens to millions of microfossils. (3) As opposed to water-column materials, which

reflect instantaneous snapshots representative of a very short time-span (days to months), sedimentary

samples yield a time-averaged (years or decades to millennia) image of the environmental conditions in the

overlying water. On the other hand, disadvantages of sedimentary material include: (1) Fragmentation and

dissolution, meaning that only a fraction of the skeletons are preserved in the fossil record, this process

being often selective and, occasionally, associated with the area and the thermal envelope of the species.

(2) Reworking of the sediments by bioturbation processes of the uppermost strata, bottom currents, and

tectonic processes, all of which can alter the original stratification. (3) Winnowing and advection by subsur-

face and bottom currents can mobilize and displace the shells hundreds and even thousands of kilometers

from their living areas in the uppermost water layers, significantly biasing their environmental signal. (4) Dif-

ferential seasonal dynamics: seasonality is rarely preserved in the fossil record. However, major seasonal

shifts in dominant species and differential seasonal production rates can bias the sedimentary assemblages.

(5) Species-specific productivity differences, whereby in the sediments, species with high reproduction rates

and short-life spans can be overrepresented with respect to those with lower reproductive outputs and lon-

ger life spans. (6) Equator ward subsurface transport: because cold-water species expatriated into warmer-

water areas can extend their survival by sinking in the water-column in search of lower temperatures, expa-

triated surface and subsurface planktonic organisms end up dying and sedimenting in areas outside of their

home range in the upper layers, thus ‘‘contaminating’’ these deposits with forms that do not normally

inhabit the area [e.g., Boltovskoy and Correa, 2017]. Despite these shortcomings, radiolarians have proved

their usefulness in many paleobiogeographic and paleoecological studies, especially on large-scale time

intervals and ample oceanic areas, where the above-described biasing mechanisms are less significant. The

present study uses the specific ecological assignments developed in the above mentioned surveys.

In the sediments of the eastern Equatorial Pacific, radiolarians are very diverse and abundant, having been

used in several biostratigraphic and paleoceanographic investigations based on DSDP and ODP materials

[e.g., Nigrini, 1968; Goll, 1980; Haslett, 1992, 1994, 1995].

According to plate motion vectors (7.3 cm/yr) and the paleolatitude calculator of van Hinsbergen et al.

[2015], during the late Miocene (�12 Ma), the studied area was located close to the equator (�28S). Thus,

the biogenic remains obtained from the two sites were generated under a range of conditions character-

ized by different surficial currents and their associated temperatures and primary production values

[Baumgartner, 2013]. The goal of this work is to identify the influences of both the cold South Equatorial

Current and the warm Equatorial Countercurrent, expected to have influenced these sediments. Our results

also provide interesting comparative information with reports on radiolarian stratigraphy and paleoceanog-

raphy in the area [Molina-Cruz, 1977, 1997; Romine, 1985; Kamikuri et al., 2009a, 2009b].

2. Setting

2.1. Geological Setting

The western active margin off Costa Rica represents the subduction zone resulting from the interaction of

the Cocos Plate and the Caribbean Plate. The Cocos Plate is located at the intersection of two ridges: the

fast spreading East Pacific Rise (EPR), which currently is the western boundary, and the slow-spreading

Cocos Nazca Spreading center (CNS), which currently is the eastern limit [Harris et al., 2013]. The boundary

separating the EPR and the CNS crusts is a combination of a triple junction trace and a fracture zone, collec-

tively comprising a ‘‘plate suture.’’ The EPR-generated crust has a smoother morphology than the CNS-

generated crust [Harris et al., 2013]. The age of the Cocos Plate at the Middle America Trench goes from 24

Ma, offshore the Nicoya Peninsula, to 15 Ma, offshore the Osa Peninsula [southern Costa Rica; Barckhausen

et al., 2001]. In the Osa Peninsula, the Cocos Plate is characterized by a rough surface due to the presence

of the prominent submarine and aseismic Cocos Ridge (Figure 1), created under the influence of Galapagos

hotspot volcanism. The highest peaks reach an elevation of approximately 1000 m below sea level
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Figure 1. Location of the IODP Expedition 344 in the geological context of western Costa Rica. The topographic map is adapted from

www.geomapapp.org [Ryan et al., 2009]. A. General map of western Costa Rica. B. Location of Holes U1414A and U1381C.
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[Meschede and Barckhausen, 2000]. These elevations decreased the subduction angle and reduced the

depth of the d�ecollement between the two plates. Due to this uneven morphology of the Cocos Ridge, the

studied sites are situated along a topographic difference of �400 m. Site U1414 is located in a flatter and

deeper area as compared with Site U1381. The incoming Cocos Plate basement consists of basaltic oceanic

crust covered by a relatively thin layer of sediments of approximately 1–2 km (Figure 2).

2.2. Equatorial Pacific Oceanographic Setting

The eastern Equatorial Pacific (�48N to 208N, 858W to 1058W) is the open oceanic region south of Mexico

and Central America, and northwest of South America. The region includes the Guatemala Basin and the

Cocos Ridge. The area is situated at the crossroads of three major currents: the North Equatorial Current

(NEC), the Equatorial Countercurrent (ECC), and the South Equatorial Current (SEC; Figure 3).

The NEC is fed by the California Current (CC), and by water from the eastern Tropical Pacific. In August, its

southern boundary lies between approximately 88N (eastern portion) and 108N to 128N (western portion).

The NEC stretches between 78N and 208N. It carries 20–25 Sv to the west between 108N and 258N. Most of

this flow is concentrated in the upper 300 m. This current is weak, with speeds below 20 cm/s [Wyrtki,

1966].

The ECC flows eastwards between 38N and 108N, inside the warm pool region and above 200 m in depth

[Yu et al., 2000]. The depth (�10–15 m), speed (�50 cm/s), and transport (�15 Sv) of this current vary sea-

sonally [Stewart, 2008]. The NEC bounds it to the north, while its southern boundary is not always evident.

In general, the ECC is closely linked to the Intertropical Convergence Zone (ITCZ), the zone of maximum

heating and convergence of the northeast and southeast trade winds. The ECC influences and maintains

the Eastern Pacific Warm Pool (EPWP), which is considered the second largest tropical pool in the world.

Figure 2. Seismic profile showing the plate boundary in southern Costa Rica. Red marks identify IODP Expedition 344 drilling sites; black

marks denote other sites drilled in the area [Stavenhagen et al., 1998; modified after Harris et al., 2013].
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This feature is located offshore of Central America and exhibits constantly warm water (�278C). Interannual

changes in the eastward extension of the ECC play a significant role in the formation and development of

the El Ni~no-Southern Oscillation (ENSO) cycles that affect the South American coasts and have worldwide

effects [Kamikuri et al., 2009b]. The area east of 908W is influenced by the Peru Current (PC) and hosts active

upwellings and geostrophic divergence.

The South Equatorial Current (SEC), mainly driven by south trade winds, flows to the west between 58S and

208S. Its transport reaches 50 Sv, and its velocity can be up to 50 cm/s [Wyrtki, 1966]. To the north it is

bounded by the ECC.

The Equatorial Undercurrent (EUC), or Cromwell Current, is located beneath the SEC and flows eastward. It

is a subsurface current with a maximum velocity of 120 to 150 cm/s at the equator, at about 100 m depth

[Wyrtki, 1966]. The EUC thickens at the equator, extending approximately between 50 and 200 m depth

near the Galapagos Islands. Its transport reaches 34–42 Sv, with temperatures around 138C. Part of this cur-

rent flows to the south feeding the PC [Wyrtki, 1966].

The Costa Rica Dome (CRD) is located off the Costa Rican coast, between 78N–128N and 888W–908W; it has a

diameter of 200–900 km (Figure 3). The CRD is marked by a relatively shallow (�25 m) 208C isotherm. The

dome appears to be the eastern end of the thermocline, which is caused by the reduction of the trade

winds. To the east of the CRD, a northwestward flow is known as the Costa Rica Coastal Current (CRCC)

[Kessler, 2006]. This current is fed by the stronger branch of the ECC, which splits off upon approaching the

coast of Central America [Wyrtki, 1966]. The upwelling associated with the CRD produces a nutrient-rich

environment.

The Peru Current (PC) flows northwestward along the southern coast of Peru, from 158S to 58S [Wyrtki,

1966]. It is mainly fed by bottom upwelling water [Molina-Cruz, 1977, 1997].

2.3. Miocene-Pleistocene Oceanographic Context

During the Cenozoic, including the Miocene, the continents and the general circulation pattern and the

geographic distribution of gyres and upwelling systems, were similar to those today [Romine, 1985; Lyle

et al., 2008], with the exception of the closure of the Central American seaway (CAS). Recent geological and

biological studies suggest that the CAS closed at �10 Ma [Brierley and Fedorov, 2016]. This closure gradually

precluded the exchange of deep and intermediate water masses along this pathway [Montes et al., 2015;

Bacon et al., 2015], but interchange of surface waters was still possible until about 4.7–4.2 Ma [Coates et al.,

1992, 2004]. Paleoceanographic models indicate that during the middle Miocene fresh surface waters

moved into the Atlantic cooling the surface of this ocean [Krapp and Jungclaus, 2011], but the connection

between the surface waters of the Pacific and the Caribbean became restricted at 4.7–4.2 Ma. The inflow of

low salinity Pacific waters into the Caribbean was interrupted at 3.5 Ma [Coates et al., 2004], as suggested by

the d
18O G. sacculifer record of the Pacific and the Caribbean [Haug et al., 2001], or even later (�2.8 Ma,

according to O�Dea et al. [2016]).

The climate during the Cenozoic shows a general global cooling tendency since the onset of Antarctic ice

sheet growth at 33.6 Ma [Zachos et al., 2001]. A maximum cooling is reported at 2.5 Ma, with the develop-

ment of the Northern Hemisphere ice sheets. Superimposed on this general trend, changes between warm

and cool periods are recognized.

In the Neogene, the Miocene was marked by two different periods: a warm period, from the early to the

middle Miocene (�23–15 Ma), characterized by a reduced extent of the Antarctic icecap [Zachos et al.,

2001] and low CO2 levels [Pagani et al., 1999]. This warm peak reaches a maximum at 17–15 Ma (Miocene

climatic optimum), and is followed by a gradual cooling from the middle to the late Miocene, which is asso-

ciated with the permanent development of the Antarctic ice sheet [Lyle et al., 2008]. During the late Mio-

cene several important events are recognized, such as the ‘‘carbonate crash’’ (�12–9 Ma) and the ‘‘biogenic

bloom’’ (�9–4 Ma) [Farrell et al., 1995; Lyle et al., 1995].

In the Pliocene, the climate was generally warm. Several authors suggested permanent El Ni~no-like condi-

tions during the warm early Pliocene (�4.5–3 Ma), [Molnar and Cane, 2002; Ravelo et al., 2004, 2006; Wara

et al., 2005, Fedorov et al., 2006]. This implies that east-west asymmetry in tropical Pacific Ocean sea surface

temperature (SST) and thermocline depth were reduced as compared with present-day values [Ravelo et al.,

2006]. SST were �38C higher than today [Ravelo et al., 2004]. Presently, the tropical Pacific is characterized
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by a marked east-west asymmetry. The eastern side has a shallow thermocline (�50 m), and the SST is com-

paratively cool, while in the west the thermocline is deeper (�200 m), and SST is about 58C higher. During

El Ni~no events, easterly winds are weaker, which in turn increases eastward water transport by the ECC lead-

ing to a more symmetrical pattern of the SST and thermocline depth across the tropical Pacific [Ravelo et al.,

2006]. The hypothesis of the El Ni~no-like Pliocene, however, has been contested by several studies using

various paleoclimatic proxies [Rickaby and Halloran, 2005; Watanabe et al., 2011; Zhang et al., 2014]. These

contradictions can stem from dissimilar resolution levels, different age-calibration methods, diagenetic

overprinting and seawater chemistry changes [Zhang et al., 2014]. The use of radiolarians as a paleoceano-

graphic tool can add to the clarification of these disagreements and the extent of El Ni~no-like conditions

during this period. Modern analogs [e.g., Pisias et al., 1986], pinpointed several western Pacific radiolarians

in the eastern Pacific during ENSO events that can be of great value for shedding light on this issue.

3. Materials and Methods

3.1. Sample Preparation

Samples were obtained from two drilling sites of the IODP Expedition 344: Costa Rica Seismogenic Project

(CRISP II, Figure 2). The first Site (U1381) is located about 4.5 km seaward of the accretionary prism, offshore

Osa Peninsula, on the incoming Cocos plate (8825.700N, 8489.480W, 2064 m water depth). The core is 109

meters long, and is mainly composed of sediments. The second Site (U1414), also located on the incoming

Cocos plate, about 1 km seaward of the deformation front (8830.230N, 84813.530W, 2459 m water depth),

yielded 471.6 m of sediments and basaltic rocks.

The two cores contain calcareous nannofossil-rich ooze with foraminifera, diatoms and radiolarians. Two

hundred and ninety-five samples were prepared (69 from Hole U1381C and 226 from Hole U1414A) using

standard methods for Neogene sediments [De Wever et al., 2001]. (1) Sediment (10–20 g) was placed in

beakers with 100–150 mL of 10% hydrogen peroxide. (2) Samples were boiled for a few minutes to achieve

oxidation of the organic matter and disaggregation of the clay fraction. (3) Samples were rinsed with water

and sieved through a 60 mm mesh. (4) The wet samples were placed again in beakers adding of a few drops

of 10% hydrochloric acid to eliminate foraminifers, nannofossils, and other calcareous remains. (5) The sam-

ples were rinsed and sieved again through a 60 mm mesh. (6) A drop of the wet residue (�1 mL) was placed

onto a labeled glass slide, dried for a few minutes on a hot plate, embedded in Norland 60 mounting medi-

um, and covered with a coverslip. (7) The slides were exposed for some minutes to ultraviolet light until dry.

(8) The mounted samples were analyzed under a transmitted light microscope.

One hundred samples with radiolarians were selected for our analyses (45 from Hole U1381C, and 58 from

Hole U1414A). Up to 300 radiolarian individuals per sample were scanned to obtain a representative faunal

spectrum [Fatela and Taborda, 2002]. For Hole U1414A, the average was 245 individuals per sample. This

site yielded a total of 105 species and 65 taxa with conditional identifications (see supporting information

for details, Table S1). For Hole U1381C, the average was 228 individuals per sample, yielding a total of 90

species and 55 taxa with conditional identifications (supporting information Table S2).

3.2. Age Model

The age model (Figure 4) was based on shipboard nannofossil data [Harris et al., 2013], shipboard and post-

cruise radiolarian data [Harris et al., 2013; this study], published 40Ar/39Ar ages of tephra horizons [Schindl-

beck et al., 2015, 2016a], and published tephra correlations [Schindlbeck et al., 2016a, 2016b]. In total, 2

nannofossil datums, 2 tephra ages and 15 tephra correlations were used to construct the age model for

Hole U1381A; and 4 nannofossil datums, 3 radiolarian datums, 1 tephra age, and 19 tephra correlations for

the age model for Hole U1414A. In addition to the first occurrences (FO) and last occurrences (LO) of indi-

vidual species (supporting information Figures S1–S4), we also defined radiolarian and nannofossil biozones

on the basis of shipboard preliminary observations (nannofossils), and both shipboard and post cruise stud-

ies (radiolarians). Radiolarian biozones follow the zonation for the tropics proposed by Sanfilippo and Nigrini

[1998], whereas nannofossil biozones used the zonation scheme of Martini and Worsley [1970], calibrated to

the timescale of Gradstein et al. [2012]. The ages of the radiolarian and nannofossil biomarker events used

for the age-depth model (Figure 4) were adopted from the program TS Creator [Ogg et al., 2016], and from

Gradstein et al. [2012], respectively.
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Mean sedimentation rates at Hole U1381C are 54 m/my for the first �50 m, with a decrease to 10 m/my

between 50 m and the Unit I/Unit II boundary (�55 mbsf). Sedimentation rates for the Miocene Unit II (56–

100 mbsf) are generally within the range of open-ocean, deep-sea marine sediments (�5 m/my). At Site

U1414, sedimentation rates are around 150 m/my for the first 0.5 Ma (�90 mbsf), decreasing steadily

throughout the middle Pliocene to �9.3 m/my (4.15–3.35 Ma; 160 mbsf). Based on the age model, sedimen-

tation rates in this core were highest in the late Miocene (12.05–8.39 Ma, 250–330 mbsf) (�35 m/my).

3.2.1. Radiolarians Constraints

3.2.1.1. Site U1381

Two distinct radiolarian assemblages were observed in Hole U1381C. The upper assemblage (Sections 2H-

4W, 66–68 cm to 7H-1, 24–26 cm, 13.36–55.84 mbsf) represents a Pleistocene-Holocene sequence within

Unit I. The lack of important radiolarian biostratigraphic species precluded age assignments of this interval.

However, the presence of Amphirhopalum ypsilon and Spongaster tetras from Section 5H-1, 27–31cm, (36.87

mbsf), to the top of the hole suggests a Late Pliocene–Pleistocene age. There is a significant hiatus between
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Table 1. Thermal Affinities of Selected Radiolarian Speciesa

Species/Group Ecology Age Source

Collosphaera spp. Warm water

Heliodiscus asteriscus Warm water Miocene-Recent Nigrini and Lombari [1984]

Hexapyle spp. Warm water

Lamprocyclas maritalis Warm water Miocene-Recent Nigrini and Lombari [1984]

Tetrapyle octacantha group Warm water Late Miocene-Recent Nigrini and Lombari [1984]

Zygocircus productus group Warm water Miocene-Recent Nigrini and Lombari [1984]

Actinomma langii Cold water

Botryostrobus aquilonaris Cold water Late Miocene-Recent Nigrini and Lombari [1984]

Cornutella profunda Cold water Miocene-Recent Nigrini and Lombari [1984]

Cycladophora davisiana Cold water Miocene-Recent Moore et al. [1993]

Dictyophimus infabricatus Cold water Miocene-Recent

Pterocorys minythorax Cold water Miocene-Recent Haslett [2003]

Spongurus spp. Cold water Miocene-Recent Nigrini and Lombari [1985]

Spongopyle osculosa Cold water Miocene-Recent Nigrini and Lombari [1984]

aBased on Molina-Cruz [1977, 1997], Kling [1979], Kling and Boltovskoy [1995], and Kamikuri et al. [2009b]. Age assignments are based

on the references detailed in the body of the table.
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Units I and II. The lower assemblage, in Unit II (Sections 7H-1, 37–39 cm to 11H-3, 46–48 cm), (55.97–97.06

mbsf) is characterized by the presence of Stichocorys armata, Didymocyrtis mammifera, and Didymocyrtis

basanii, which indicate a middle to late Miocene age (radiolarian biozone RN5) (see supporting information

Figures S2 and S3).

Figure 5. (1–10) Cold-water species. (1) Spongopyle osculosa Dreyer (U1414A 1H 1W, 24–26 cm, Pleistocene); (2–5) Spongurus spp. (U1414A 1H

1W, 2–4 cm, Pleistocene; U1414A 23X 6W, 24–26 cm, late Miocene); (6) Actinomma langii (Dreyer) (U1414A 2H 5W, 17–22 cm, Pleistocene); (7)

Cornutella profunda Ehrenberg (U1414A 2W 5W, 17–22 cm, Pleistocene); (8) Dictyophimus infabricatus Nigrini, (U1414A 1H 1W, 2–4 cm Pleisto-

cene); (9) Cycladophora davisiana Ehrenberg (U1414A 1H 1W, 24–26 cm, Pleistocene); (10–20) Warm water species. (10) Botryostrobus aquilonaris

(Bailey) (U1414A 1H 1W, 24–26 cm, Pleistocene); (11) Pterocorys minythorax (Nigrini) (U1414A 1H 1W, 24–26 cm, Pleistocene); (12) Collosphaera

macropora Popofsky (U1414A 28X 7W, 24–26 cm, late Miocene); (13) Zygocircus productus group (Hertwig) (U1414A 1H 1W, 2–4 cm, Pleistocene);

(14) Lamprocyclas maritalis Haeckel (U1414A 11H 3W, 33–35 cm, Pleistocene); (15–20) Cosmopolitan species. (15) Phorticium pylonium group

Haeckel (U1414 30X 5W, 22–24 cm, late Miocene); (16–18): (16–17) Spongotrochus spp. (U1414A 1H 1W, 2–4 cm, Pleistocene, (18) U1414A 30X

4W, 20–22 cm, Miocene); (19–20) Stylodictya spp. (19) U1414A 26X 7W, 16–18 cm, late Miocene; (20) U1414A 30X 5W, 22–24 cm, late Miocene).
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3.2.1.2. Site U1414

Hole U1414A contains eight radiolarian zones (supporting information Figures S1 and S3). An interval with

few radiolarians is observed in Cores 16H to 21H (�100 m to 200 mbsf), where four biozones appear to be

missing. The few specimens observed in this interval did not include any stratigraphically useful indicators.

Radiolarian-based correlation between Holes U1381C and U1414A is uncertain. For example, the RN5 zone,

recognized in Hole U1381C, is not present in U1414A (compare supporting information Figures S1 and S2).

3.3. Ecological Considerations

Paleoceanographic analyses of Holes U1381C and U1414A are based on the modern ecology of eastern

equatorial Pacific radiolarians (Table 1). Species considered as characteristic of deep, intermediate and

upwelling water are pooled here in the category of cold-water species (Figure 5).

3.4. Statistical Methods

To interpret the distribution of radiolarians through time, multivariate analyses were carried out. Because

many radiolarians were assigned conditional identifications, and some were very scarce or had stratigraphi-

cally limited distribution ranges, the database was filtered retaining only the ecologically significant forms

and those that ranged throughout all our samples (Table 1, Figure 5; see also supporting information Table

S1 and Figure S5). Two different, complementary, approaches were used: (1) A Q-mode cluster analysis

[Romersburg, 1984]; program PAST v.2.17 [Hammer et al., 2001], followed by a nodal analysis [Boesch, 1977],

performed in Excel v.14.6.6; and (2) A Discriminant Analysis of Principal Components (DAPC) [Jombart et al.,

2010], performed in R package adegenet 2.0.0 [Jombart and Collins, 2015].

3.4.1. Q-Mode Cluster Analyses and Nodal Analysis

The cluster analysis of the samples was based on a quantitative (% contribution of each species in the sam-

ples) similarity index widely used in ecological studies—the Bray-Curtis index. Clustering was performed

with the Unweighed Pair Group with Arithmetic Averages (UPGMA). The sample groups defined by the clus-

ters were then used as units for a Nodal Analysis to identify the species responsible for the classification

obtained. Two complementary measures of the affinity of each species for each sample cluster were calcu-

lated. Constancy, or the % of the samples in each cluster where the species was recorded; and Fidelity,

which is the mean % contribution of the species to each sample group defined by the cluster divided by its

mean % contribution to the entire collection [Boesch, 1977]. This approach has been applied previously in

radiolarian studies with satisfactory results [Boltovskoy, 1987; Boltovskoy and Riedel, 1987].

3.4.2. Discriminant Analysis of Principal Components (DAPC)

The Discriminant Analysis of Principal Components (DAPC) is a method developed and implemented in the

adegenet R packages [Jombart, 2008]. It partitions the samples analyzed into discrete groups based on their

specific contents synthesizing the overall variability in a few variables (the discriminant functions). This anal-

ysis is closely related to an analysis of variance (ANOVA), but it maximizes the ratio of the variance among

groups and minimizes the variance within groups [Montano et al., 2013]. The Bayesian Information Criterion

(BIC) is first used to establish the best number of groups comparing the decrease of the residual variance

among different numbers of groups, with the best number corresponding to the lowest BIC value [Jombart

et al., 2010]. Subsequently, DAPC is performed with the number of clusters indicated by the BIC curve. This

analysis comprises a classical Principal Components Analysis, and then the discriminant analysis itself, which

is applied to the matrix of principal components. All estimates were performed using the R package adege-

net 2.0.0 [Jombart and Collins, 2015].

4. Radiolarian Analysis Through Time, a Tool for Paleoceanographic

Interpretations

4.1. Overview of Radiolarian Abundances in Sites U1414 and U1381

At Site U1381, during the middle Miocene the number of morphotypes is relatively constant (Figure 6; see

supporting information Table S2 for preservation details and radiolarian counts), decreasing in the vicinity

of the hiatus. During the Pleistocene, species richness increases toward the Recent, but is generally lower

than in the middle Miocene. Comparison of these figures with those of specific diversity (Shannon-Wiener

index [Shannon, 1948]) indicates that during the middle Miocene the diversity was constant and moderate

(�2–3). An important drop is observed before the hiatus, followed by a slight increase during the
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Pleistocene. The Equitability varies little, suggesting that species diversity is chiefly driven by the number of

taxa, rather than by changes in their dominance (Figure 5).

In the lower part of Site U1414 the total number of taxa is scarce, and also the preservation of the samples

is poor (Figure 6 and supporting information Table S1). Radiolarian taxa richness increases between �275

and 200 mbsf (late Miocene) where a conspicuous trough occurs at the end of the Miocene, followed by

low numbers in the Pliocene and lowermost Pleistocene, also associated with poor radiolarian preservation.

At �100 mbsf (Pleistocene) the number of species recovers significantly, peaking in the upper section of

the core. Diversity and equitability follow a similar pattern, increasing during the late Miocene, dropping in

the Pliocene, and again increasing to moderate values (2–3) during the Pleistocene (Figure 6).

4.2. Statistical Analyses

Data from Site U1381 were not used for paleoceanographic analyses due to the presence of a �8 my hiatus

[Li et al., 2016].

Figure 7 illustrates the most conspicuous breaks in faunal similarities recorded at Site U1414. The cluster

clearly separates the samples into three chronologically consistent groups. The first group is represented by

all the Miocene samples, whereas the two others, more closely interrelated, comprise the three Pliocene

and most of the lower Pleistocene samples (group 2), and most of the upper Pleistocene samples (group 3).

As mentioned above, the taxa involved (41 species or species groups were selected for our paleoceano-

graphic analyses; see selected data in supporting information Table S1 and Figure S5 for the biostratigraph-

ic distribution of these taxa) are radiolarians present throughout the entire time-span covered, and

therefore these results are presumably not biased by evolutionary processes.

Cluster analyses are helpful for grouping faunistically similar samples, but without additional manipulation

of the data, they do not furnish information on the species responsible for the groupings obtained. In order

to pinpoint the taxa responsible for the groups identified by the cluster, a nodal analysis was performed
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(Figure 7, lower panel) Samples

encompassed by the first cluster

(group 1, Miocene) are characterized

by particularly higher values of fidelity

and constancy of Spongurus spp.,

Heliodiscus asteriscus, Larcospira quad-

rangula, Stylodictya spp. In group 2

(Pliocene and lowermost Pleistocene),

Spongotrochus spp. Phorticium pylo-

nium group, Acrosphaera spp., and

Stylosphaera spp. were conspicuously

more common and abundant than

elsewhere. The third group (Pleisto-

cene) was chiefly characterized by

Spongocore spp., Anthocyrtidium spp.,

Circodiscus spp., and Actinomma

langii. It should be noticed that not all

these taxa are readily interpretable in

ecological or paleoecological terms,

and therefore, in the context of this

work, in several cases their use as

paleoenvironmental indicators is limit-

ed (see Table 1 for a listing of the

paleoenvironmentally most important

forms).

To validate the results of the cluster

and nodal analyses, a Discriminant Analysis of Principal Components (DAPC) was performed using the same

41 taxa species as those used in cluster/nodal analysis (Figure 8). Cluster/nodal analyses allow a straightfor-

ward examination of the significance of each individual taxon, whereas DAPC relies heavily on the principal

components, while the significance of species with low abundance values is minimized. In contrast, DAPC

allows examining the data under a different perspective, pinpointing the faunal components, which con-

tribute the most to the internal structure of the data.

In DAPC, the BIC indicated that the number of sample groups best accommodated by the data is seven,

which was the number of sample groups used in the DAPC. The relative positions of these seven groups, as

defined by the discriminant functions, are represented in the scatterplot of Figure 8, generally confirming

the faunal differences between Miocene, Pliocene and Pleistocene samples. Discriminant Component 1

(DC1) clearly separated groups 1, 3, and 4 (Pleistocene) from groups 5, 6, 7 (Miocene), whereas group 2

(Pliocene, Pleistocene) was located between the former.

DC2 separated groups 2 and 6 (Pliocene-lowermost Pleistocene and Miocene, respectively) from all the oth-

er samples (Figure 8).

Loadings of the taxa on the DCs furnish a measure of their respective importance for the separation of the

sample groups defined (Figure 9). Spongurus spp., Stilodictya spp. are the radiolarians that most strongly

contribute to compositional differences in the samples along the x axis (DC1), which accounts for most on

the variance (51.6%, see Figure 8). The y axis (DC2) has a much lower Eigenvalue (25.3%), and reflects com-

positional differences between sample groups 2, 6 and the rest of the collection. Spongurus spp. loads

heavily on this DC2 as well, but highest values are those of Spongotrochus sp. and the family Collosphaeri-

dae (Figure 9).

4.3. Discussion

4.3.1. The Miocene

The late Miocene (biozones RN6 to RN8, Figure 10) is characterized by high abundances and occurrences of

Spongurus spp. This form is characteristic of cold, deep and/or upwelling waters [Kling and Boltovskoy,

1995]. The dominance of this group suggests that, in the late Miocene, the area was influenced by colder
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waters than today, probably represented by the cold equatorial tongue of the South Equatorial Current and

upwelling water associated with the Peru Current (Figure 3). In the Miocene this was located close to the

equator, where the influence of these currents is significantly stronger (Figure 3). Further, during this period,

the CAS was closing, leading to a general reorganization of circulation patterns in the area. The �8 my hia-

tus observed in Hole U1381C could be the result of this reorganization, which in turn affected sedimenta-

tion rates. This hiatus is not restricted to the site investigated, but seems to be a regional feature [e.g., Site

U1241 of ODP Leg 202 (Cocos Ridge), and in Hole U1381A of IODP Exp. 334 (Cocos Plate); see also Moore

et al., 1978]. According to Keller and Barron [1983], these Miocene gaps throughout the eastern equatorial

Pacific represent major erosional events related to bottom currents. Other possible causes are tectonic

changes associated with the displacement of these sites toward the accretionary prism of the subduction

zone [Mix et al., 2003]. Thus, both local tectonics and the large-scale effects of the closure of the CAS may
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Figure 9. Most significant species loadings on the two discriminant components shown in Figure 8. Notice that Spongurus spp. is chiefly

responsible for the differences between the Miocene (groups 5–7), the Pliocene-lowermost Pleistocene (group 2), and the Pleistocene

(groups 1, 3, 4) (DC1 in Figure 8), whereas the Pliocene-lowermost Pleistocene (group 2) and part of the Miocene (group 6) differ most

from all other samples in the loadings of Spongotrochus spp. and Collosphaeridae.
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explain the lack of sediment accumulation or the tectonic removal of the missing upper Miocene to Pleisto-

cene sedimentary sequence at Site U1381. However, despite their widespread occurrence, these hiatuses

are not a rule in the area, as indicated by the nearby Site U1414, which yielded a complete and well-

preserved sedimentary sequence. This contrast may be explained by the fact that Site U1414 is located in a

topographically more favorable location, flatter and �400 m deeper than Site U1381 and several other pre-

viously drilled sites. Major hiatuses occur primarily beneath topographic highs, in the path of strong bottom

currents [Keller and Barron, 1983]. This topographic effect on sediment accumulation was interpreted by Li

et al. [2016] in the context of a buckling or instability model, whereby the sedimentary response to the colli-

sion between the Cocos Ridge and the Middle American Trench leads to the formation of such hiatuses.

4.3.2. The Pliocene and Lowermost Pleistocene

In our materials this period is characterized by a short interval that according to the age model, represents

�40 m of sediments. Due to the poor silica preservation in these samples (supporting information Table S1)

and the scarcity of Pliocene materials, in agreement with geochemical shipboard analysis [Harris et al., 2013],

our age assignments for this period are based on nannofossils datums and tephras; no radiolarians biozones

could be established. A major drop characterizes the three Pliocene samples in species richness and diversity

(Figure 7). The nodal analysis shows that the dominant radiolarians in these samples are Spongotrochus spp.,

Phorticium pylonium group, Acrosphaera spp., and Stylospheaera spp. At present, these species have rather
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Figure 10. Main radiolarian assemblages and major paleoceanographic changes at Hole U1414 A. Climatic events are based on Zachos et al. [2001], Farrell et al. [1995], and Lyle et al.

[1995]. Tectonic events are from Coates et al. [2004]. ECC: Equatorial Countercurrent, SEC: South Equatorial Current (Time Scale Creator program, Version 5.4).
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wide latitudinal ranges [Boltovskoy et al., 2010], which complicates their use as paleoceanographic indicators.

On the other hand, the abundance drop of Spongurus spp. (Figure 7 and supporting information Figure S5),

could suggests a transition to warmer water conditions. During the Pliocene, the sites investigated were locat-

ed north of the equator, and were influenced by the warmer water of the ECC. A tectonic translocation of the

Cocos Plate into an area of lower nutrients and productivity probably occurred during this period. The Pliocene

climate has been the subject of many studies, most of which agree that it was similar to present-day El Ni~no-

Southern Oscillation (ENSO) conditions, characterized by warmer water in the Eastern Equatorial Pacific. This

ENSO situation in the Pacific was probably permanent from �4.5 to 3 Ma [Ravelo et al., 2004]. Both tectonics

and climate seem to have affected that area, causing drops in the preservation of biogenic silica during the Pli-

ocene.Molina-Cruz [1977, 1997] reported extremely low radiolarian abundances during the late Pliocene in the

Equatorial Pacific. He interpreted this in terms of high terrigenous inputs from the regional uplift, associated

with the final stages of the CAS. Geochemical shipboard analyses [Harris et al., 2013] show that enhanced ter-

rigenous input started during the early Pliocene, quartz and plagioclase being the principal minerals. Kamikuri

et al. [2009b] noticed a deepening of the thermocline, a weakening of upwelling, and the development of a

warm pool in the eastern Equatorial Pacific during the interval from 9.8 to 4.2 Ma.

4.3.3. The Pleistocene

The Pleistocene corresponds to radiolarian zones RN13 to RN16 (Figure 10). The cluster/nodal analyses per-

formed point at the dominance of ecologically significant radiolarians during this period, such as

Actinomma langii, Cycladophora davisiana, and Dictyophimus infabricatus (Figure 7). The presence of these

species suggests that cold waters played an important role in the formation of these deposits, and/or that

the area was influenced by coastal upwelling (see Table 1). This result aligns with those of Kamikuri et al.

[2009b], who reported that this area had been under the influence of upwelling since early Pliocene (4.2

Ma), as a result of the weakening of the East Pacific Warm Pool and the expansion of the oxygen minimum

zone in the intermediate layer. In our study, colder conditions seem to start in the early Pleistocene (rather

than in the Pliocene), which can be attributed to differences in the geographic locations of the materials

investigated, and to the scarcity of Pliocene radiolarians in our samples.

5. Conclusions

The radiolarian record in sites U1381 and U1414 of the IODP Expedition 344 is variable, with large sections

containing abundant and well-preserved biogenic remains, and others exhibiting low abundance and/or

poor preservation.

An important hiatus of approximately 8 my is present in Hole U1381C in the interval of radiolarian zones

RN6 to RN12, which are totally absent. The sequence of Hole U1414A is continuous, but presents a 100 m

thick interval with scarce siliceous microfossils, missing the biozones RN9 to RN12. The ages of this zone

were assigned based on nannofossil data and tephra ages.

On the basis of the radiolarian assemblages recovered, three paleoceanographic situations were recognized:

1. In the late Miocene, the area was dominated by cold-water currents, including the South Equatorial Current and

the Peru Current and its associated upwellingwater. Spongurus spp. dominated this cold-water environment.

2. The Pliocene and lowermost Pleistocene were characterized by poor silica preservation, possibly due to

the displacement of the corresponding locality from a cold water, high nutrient area to a warm water,

low nutrient zone (in the area of the Equatorial Countercurrent). The scarcity of siliceous remains is also

probably due to the El Ni~no-like conditions that have been reported to characterize this period in the

eastern equatorial Pacific, as well as to the high terrigenous continental input characterized by enhanced

proportions of quartz and plagioclase.

3. In the Pleistocene, sediments were dominated by a tropical fauna, but with significant proportions of

cold-water species, most probably associated with coastal upwelling water.
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Introduction 

The following files are additional information regarding our research on IODP data, CRISP II.  

Enclosed you will find the radiolarians total abundances from the two holes (U1381C and 

U1414 A), radiolarians biozones assigned from the two holes,  age model additional data and 

figures to better understand our study.  

 

Figure S1.Diagram showing the distribution of common and biostratigraphically 

important radiolarians species in Hole U1414A. Calcareous nannofossil and tephra layer 

ages were used to correlate the radiolarian biozones. Solid lines with arrows: extant 

species. Dashed lines: species with known stratigraphic distribution but absent in our 

materials. 
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Figure S2.Diagram showing the distribution of common and biostratigraphically 

important radiolarians species in Hole U1381C. Calcareous nannofossil and tephra layer 

ages were used to correlate the radiolarian biozones. Solid lines with arrows: extant 

species. Dashed lines: species with known stratigraphic distribution but absent in our 

materials. The hiatus in this sequence is ~8 m.y. long. 
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Figure S3.Assignment of the radiolarian biozones in Holes U1381C and U1414A in the 

context of the tropical radiolarian zonation proposed by Nigrini and Sanfilippo [2001]. 

 

Collosphaera tuberosa interval zone.

Defined by the morphotypic first appearance of Collosphae-

ra tuberosa coincident with the upper limit of the Amphirho-

palum ypsilon zone (Nigrini and Sanfilippo, 2001). The upper limit of Amphirhopalum ypsilon
 zone is 

not well-marked. The sample is certainly at the 

base of RN16.

Middle to Late Pleis-

tocene 

Corresponds to NN21 

nannoplancton zone.

Radiolarian 

biozones

Standard tropical zonations and definitions U1381C and U1414A observations Age and correlation

RN16

RN15

RN14

RN13

RN8

RN7

RN6

RN5

Collosphaera tuberosa

(sample U1414A 1H-1W, 2–4 cm)

U1381C:

U1381C:

U1381C:

U1381C:

U1381C:

U1381C:

U1381C:

U1381C:

U1414A:

U1414A:

U1414A:

U1414A:

U1414A:

U1414A:

U1414A:

no data

no data

no data

no data

no data

no data

U1414A: no data

Stylatractus universus concurrent range zone. 

This zone was proposed by Johnson et al. (1989) to 

subdivide the RN16. It is located between the LO of Styla-

tractus universus and the FO of Collosphaera tuberosa.

Middle Pleistocene 

Corresponds to NN21 

nannoplancton zone.

Amphirhopalum ypsilon interval zone.

Corresponds to the stratigraphic interval between the FO of 

Collosphaera tuberosa and the LO of Anthocyrtidium 

angulare.

Late-Early to Middle 

Pleistocene 

Corresponds to NN19 

nannoplancton zone.

Amphirhopalum ypsilon

(sample U1414A 1H-1W,24–26 cm)

Zone is not define by radiolarians, only by 

nannofossils. 

Anthocyrtidium angulare interval zone.

Corresponds to the interval from the LO of A. angulare to 

the LO Pterocanium prismatium.

Late-Early to Middle 

Pleistocene 

Corresponds to NN19 

nannoplancton zone.

Biomarkers of the zone were not observed. The interval is 

tentatively assigned based on the FO of Lithostrobus hexagonalis and 

Neophospyris renilla, but these species are not good age indicators.

Didymocyrtis penultima interval zone.

Zone assigned by the evolutionary transition from Stichoco-

rys delmontensis to S. peregrina and by the LO of Diartus 

hughessi.

Late Miocene 

Corresponds to NN11 

nannoplancton zone.

Didymocyrtis penultima

(sample U1414A 22H-6W, 24–26 cm)

Zone assigned with the LO of Diartus hughessi and 

the evolutionary transition from D. antepenultima to 

D. penultima (from U1414A 24X-1W-24–26 to

U1414A 25X-2W-24–26). Also includes the probable LO of Cyrtocap-

sella tetrapera, Lithopera neotera and Didymocyrtis laticonus; but 

younger deposits are poor in radiolarians.

Didymocyrtis antepenultima interval zone.

Defined by the LO of Diartus hughessi and the evolutionary 

transition from Diartus petterssoni to Diartus hughesi.

no data Late Miocene 

Corresponds to NN10 

and NN11 nanno-

plancton zones.

Didymocyrtis antepenultima 

(sample U1414A 23-1W-24–26 cm)

From U14141A 26X-7W-16–18 to U1414A 

30X-8W-24–26.

Diartus pettersoni interval zone.

Defined by the evolutionary transition from Diartus petters-

soni to Diartus hughesi and the first occurrence of Diartus 

pettersoni.

no data Diartus pettersoni (sample  

(sample U1414A 31X-1W-24–26 cm)

From U14141A 26X-7W-16–18 to U1414A 

30X-8W-24–26. The base of the zone is not clear, 

Age based from nannofossils.

Early-Late Miocene 

Corresponds to 

NN7–NN10 nanno-

plancton zones.

Dorcadospyris alata interval zone.

Defined by the FO of Diartus pettersoni and the evolutiona-

ry transition of Dorcadospyris dentata to Dorcadospyris 

alata.

Late-Middle Miocene 

Corresponds to NN5 

nannoplancton zone.

Biomarkers are not found. Zone based on the occurrence of 

A) Didymocyrtis mammifera B) D. basanii  and C) Stichocorys armata 

A B C(A, C sample U1381C

 8H3W, 50-52 cm)

(B sample U1381C 

7H6W, 45-47 cm)
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Figure. S4.Nannofossils and radiolarian biozones in Holes U1414A and U1381C. 
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Figure. S5: Stratigraphic distribution of several radiolarian species and species group at 

Hole U1414A  

Table S1.Radiolarian counts for Hole U1414A. Taxa used for paleoceanographic 

interpretations are denoted with asterisks.   

Table S2.Radiolarian counts for Hole U1381A.  

Table S3. Age markers for Hole U1381C. The depths for all age markers are 

midpoints calculated using the CSF-B scale. 

Table S4.Age markers for Hole U1414 A. 
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Table S1
Species counts in samples of Hole U1414A (absolute numbers counted)
Species used in paleoceanographic estimates are asterisked

The following basic criteria were used to qualitatively provide a measure of preservation of the radiolarian assemblage:
G = good (finely silicified forms are present, no fragmentation and/or dissolution is observed).
M = moderate (finely silicified forms are present, some fragmentation and/ or dissolution is observed).
P = poor (finely silicified forms are rare to absent and fragmented, robust forms dominate assemblage).

Top depth 

CSF-A (m)

Top depth 

CSF-B (m)

Sample 

(U1414A)

Acanthodesmia 

spp.

Acrobortys 

tributus 

Acrosphaer

a murrayana 

Acrosphaer

a spp. *

Actinomma 

langii*

Actinomma 

spp.

Amphiplect

a acrostoma 

Amphirhopalu

m ypsilon 

Amphisyris 

spp. 

Amphymenium 

spp. 

Anthocyrtidium

n spp.*

Anthocyrtidiu

m ehrenbergi

Anthocyrtidiu

m ophirense* 

Anthocyrtdium 

zanguebaricu

Artopilium 

undulatum 

Artostrobus 

annulatus 

Botryocyrtis 

scutum 

Botryocyrti

s spp. *

Botryostrobu

s aquilonaris 

Botryostrobu

s auritus 

Botryostrobu

s bramlettei

Botryostrobus 

miralestensis

Botryostrobus 

spp.

Calocyclett

a spp.

Carpocanistrum 

acutidentatum 

Carpocanistrum 

cephalum 

Carpocanistrum 

flosculum 

Carpocanistrum 

spp.*

Carpocanosi

s cristata 

Centrobotry

s spp.

Ceratocyrti

s group *

Circodiscus 

spp.*

Cladococcu

s cervicornis 

Cladoscenium 

spp.

Clathrocyclas 

alcmanae

Clathrocyclas 

spp. *

Collosphaer

a macropora 

Collosphaera 

tuberosa 
Collosphaerids*

Conorachnium 

polyacanthum

Cornutell

a 

Corocalyptr

a cervus 

Cycladophor

a davisiana*

Corocalyptr

a kruegeri?

Corocalyptra 

spp.

Cubotholus 

octoceras 

Cycladophor

a annulata

Cycladophor

a spp.

Cyrtocapsell

a cornuta

Cyrtocapsell

a japonica

Cyrtocapsell

a tetrapera

Cyrtopera 

laguncula 

Dendrospyri

s spp.

Diartus 

hughessi 

Diartus 

pettersoni

Dictyocorne 

profunda 

Dictyophimus 

butschlii

Dictyophimus 

hirundo 

Dictyophimus 

infabricatus *

Dictyophimus 

spp. *

Didymocyrtis 

antepenultima

Didymocyrtis 

basaniii

Didymocyrtis 

laticonus

Didymocyrtis 

mammifera 

Didymocyrtis 

penultima

Didymocyrtis 

tethralamus 

Didymocyrtis 

spp.

Disolenia 

spp.

Duppatractu

s spp. 

E-T D. pettersoni 

and hughessi 

Euchitoni

a elegans 

Euchitonia 

spp.*

Eucecryphalu

s group 

Eucecryphalu

m tricostatum 

Eucyrtidium 

hexagonatum/acuminatum

Eucyrtidium 

cienkowskii

Eucyrtidium 

cuspidum 

Eucyrtidium 

hexagonatum 

Eucyrtidium 

hexastichu

Eucyrtidium 

diaphanes 

Eucyrtidium 

spp.

Giraffosryri

s spp.  

Haeckelian

a 

Heliaster 

spp.

Heliodiscus 

asteriscus*

Hexacontiu

m spp.
0 0 1H 1W 2-4 4 0 0 3 8 6 0 5 2 0 6 0 2 1 0 0 0 1 0 0 0 0 7 0 0 0 0 2 0 0 4 10 0 5 0 0 0 4 8 0 0 3 9 0 0 0 0 0 0 0 0 0 0 0 0 5 1 0 3 0 0 0 0 0 0 3 5 0 0 0 0 5 3 2 0 0 0 4 0 0 5 0 0 4 0 13

0.24 0.239 1H 1W 24-26 4 0 0 4 8 6 0 7 3 0 2 0 2 1 0 0 0 4 0 2 0 0 6 0 0 0 0 4 0 0 0 11 1 5 0 1 0 0 0 0 0 0 2 0 2 0 0 0 0 0 0 0 0 0 0 4 1 0 4 4 0 0 0 0 0 3 6 0 0 0 0 5 0 6 1 0 0 1 0 0 6 0 0 3 0 12

0.85 0.846 1H 2W 24-26 2 0 0 1 3 7 2 1 2 0 2 0 1 9 2 0 1 0 0 1 0 0 6 0 0 0 0 2 0 0 0 11 0 0 0 0 0 0 2 1 0 2 3 0 2 0 0 0 0 0 0 0 0 0 0 2 1 0 4 1 0 0 0 0 0 0 4 0 1 0 0 7 2 0 0 0 0 2 0 0 8 0 0 2 1 13

4.95 4.813 2H 3W 23-28 0 0 0 1 4 4 0 2 0 0 4 0 5 1 2 0 1 0 0 0 0 0 3 0 0 0 1 1 0 0 0 6 0 0 0 0 0 0 2 0 0 1 1 0 4 1 0 0 0 0 0 0 0 0 0 4 0 0 2 0 0 0 0 0 0 2 5 0 7 0 1 8 0 5 0 0 0 4 0 0 7 0 0 1 0 2

7.71 7.447 2H 5W 17-22 2 0 0 6 10 5 1 2 0 0 4 0 0 0 1 0 2 0 0 2 0 0 7 0 1 0 0 4 0 0 2 11 0 1 0 0 0 0 4 4 0 2 7 0 9 0 0 0 0 0 0 0 0 0 0 2 0 0 2 5 0 0 0 0 0 4 8 0 0 0 0 6 0 2 5 0 0 0 0 0 11 0 0 1 0 12

11.64 11.626 3H 1W 24-26 3 0 0 5 11 5 0 1 0 0 4 0 1 2 0 0 0 0 0 3 0 0 14 0 0 0 0 5 0 0 0 10 0 1 0 0 0 0 12 0 0 2 4 0 2 0 0 4 0 0 0 0 0 0 0 3 0 0 1 3 0 0 0 0 0 2 6 0 0 0 0 5 2 2 0 0 0 5 1 0 15 0 0 6 1 12

17.28 16.936 3H 5W 24-26 0 0 0 0 13 5 0 0 0 0 12 0 4 0 0 1 1 0 4 0 0 0 7 0 1 1 0 5 0 0 0 5 0 0 0 0 0 0 4 0 0 0 10 0 6 0 0 0 0 0 0 1 0 0 0 0 0 1 2 2 0 0 0 0 0 0 2 0 0 0 0 0 0 1 0 0 0 3 0 0 14 0 0 6 0 13

23.96 23.84 4H 3W 24-26 0 0 0 2 20 4 0 1 1 0 9 0 0 0 1 0 0 0 0 0 0 0 12 0 0 0 0 7 0 0 0 7 0 0 1 0 0 0 1 0 1 12 12 0 6 3 0 0 0 0 0 0 1 0 0 0 0 0 2 1 0 0 0 0 0 0 8 0 0 0 0 3 0 0 0 0 0 2 0 0 17 0 0 0 0 16

28.21 27.922 4H 6W 24-26 0 0 0 4 17 7 0 1 0 0 6 0 1 0 0 0 0 0 0 1 0 0 11 0 0 0 0 11 0 0 1 9 0 0 0 0 0 0 3 0 1 12 0 0 4 0 0 0 0 0 0 0 0 0 0 4 0 0 3 0 0 0 0 0 0 2 5 0 0 0 0 3 0 1 0 0 0 3 0 0 11 0 1 0 0 10

30.64 30.63 5H 1W 24-26 0 0 0 4 14 16 0 4 1 0 4 0 0 0 0 0 0 1 0 0 0 0 21 0 0 0 0 7 0 0 0 7 0 0 0 0 0 0 2 0 0 0 0 0 4 0 0 8 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 2 7 0 0 0 0 0 0 0 0 0 0 0 0 0 19 0 0 0 2 20

36.28 36.042 5H 5W 24-26 0 0 0 0 2 8 0 1 1 0 3 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 1 0 0 4 7 0 0 0 0 0 0 0 0 0 0 1 0 10 0 0 9 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 4 3 0 0 0 0 4 0 0 0 0 0 0 0 0 8 0 0 0 0 9

40.16 40.156 6H 1W 26-27 0 0 0 1 10 5 0 0 1 0 3 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 1 4 0 0 0 0 0 0 1 0 1 0 0 0 3 0 0 5 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 1 1 0 0 0 0 0 0 3 0 0 0 0 0 0 10 0 0 0 0 12

45.97 45.888 6H 5W 26-27 0 0 0 0 8 4 0 2 0 5 11 0 4 0 3 0 0 2 6 0 0 0 16 0 0 0 0 12 0 0 0 6 0 0 0 0 0 0 3 0 0 4 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0 3 6 0 0 0 1 2 1 1 0 0 0 6 0 0 16 1 0 0 5 9

51.14 51.067 7H 2W 24-26 0 0 0 0 7 8 0 0 1 4 1 0 1 0 2 0 0 0 0 2 0 0 15 0 0 0 0 10 0 0 0 17 0 0 0 0 0 0 1 0 0 3 6 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 1 0 0 0 0 0 0 4 5 0 0 0 0 3 0 11 0 0 0 6 0 0 14 0 0 0 0 17

57.13 56.803 7H 6W 23-25 0 0 0 3 15 12 0 2 3 0 1 0 0 0 1 0 0 0 0 10 0 0 11 0 0 0 2 5 0 0 0 10 0 0 0 0 0 0 6 0 0 6 3 0 9 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 13 0 2 0 1 5 2 0 0 0 0 5 0 0 14 0 0 0 3 15

59.14 59.132 8H 1W 24-26 0 0 0 4 12 2 0 3 0 0 1 0 0 0 1 0 0 0 0 8 0 0 9 0 0 0 0 1 0 0 0 11 0 0 0 0 0 0 8 0 0 0 10 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 10 0 0 0 0 0 0 0 5 0 0 0 0 0 11 0 0 0 1 14

66.28 66.032 8H 6W 25-27 0 0 0 0 6 4 0 0 0 1 4 0 0 0 0 0 2 0 0 0 0 0 7 0 0 0 0 0 0 0 0 4 0 0 0 3 0 0 2 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 2 0 0 0 0 0 0 0 0 4 0 0 0 1 0

78.14 78.131 10H 1W 24-26 0 0 0 3 4 12 0 1 0 0 1 0 0 0 0 0 0 0 1 1 0 0 3 0 0 0 0 6 0 0 1 3 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 3 0 0 0 1 3

79.64 79.576 10H 2W 24-26 0 0 0 2 10 2 0 5 0 0 0 0 0 0 0 0 0 0 0 1 0 0 6 0 0 0 0 5 0 0 4 13 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 0 0 0 1 0 0 0 0 0 8 0 0 0 0 0 0 0 0 1 0 0 0 2 3

87.64 87.634 11H 1W 24-26 0 0 0 4 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 1 0 0 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 3 0 0 4 0 0 0 0 0

90.73 90.645 11H 3W 33-35 0 0 0 3 7 3 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 3 0 0 0 0 0 0 0 0 9 0 0 0 0 0 0 3 0 0 0 2 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 1 0 0 0 0 0

93.64 93.48 11H 5W 24-26 0 0 0 6 3 4 0 5 0 0 4 0 2 0 0 0 0 0 2 0 0 0 4 0 0 0 0 4 0 0 2 6 0 0 0 0 0 0 8 0 0 0 5 2 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 2 0 0 9 0 0 0 2 6

95.14 94.942 11H 6W 24-26 0 0 0 1 3 2 0 1 0 0 0 0 0 0 0 0 0 0 0 4 0 0 10 0 0 0 0 3 0 0 2 2 0 0 0 0 0 0 2 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 2 0 0 0 0 0

106.15 105.785 12H 7W 25-27 0 0 0 4 5 13 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 12 0 0 0 0 0 0 0 0 0 2 0 0 6 0 0 0 0 0 0 0 2 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 6 0 0 0 5 2

108.14 108.122 13H 2W 24-26 0 0 0 0 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 2 3 0 0 0 0 0 0 0 0 3 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 3

118.08 117.992 14H 2W 68-70 0 0 0 3 12 4 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 2 5 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0

127.69 127.632 15H 2W 79-81 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

131.64 131.48 15H 5W 24-26 0 0 0 4 4 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 1 0 0 0 0 0 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 3 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 6

154.14 154.139 18H 1W 24-26 0 0 0 1 2 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 3 0 0 0 2 0 0 0 0 0 0 5 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 3 0 0 0 0 0 0 1 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1

154.78 154.777 18H 2W 24-26 0 0 0 3 1 30 0 0 0 0 2 1 0 0 0 0 0 0 0 0 4 0 6 0 0 0 0 5 0 1 0 0 0 0 0 0 0 0 6 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 3

156.77 156.76 18H 4W 24-26 0 0 0 4 2 25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 2 0 0 0 0 0 4 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2

195.34 195.34 22H 4W 24-26 0 0 0 6 11 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 0 1 6 3 0 0 0 0 0 0 11 0 4 0 0 0 4 0 0 0 0 0 3 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 10 0 0 0 0 1 1 0 0 0 0 0 0 0 5 0 0 0 4 10

198.34 198.34 22H 6W 24-26 0 0 0 1 4 16 0 0 0 0 3 0 0 0 0 0 0 0 0 0 2 0 4 0 0 0 0 6 0 1 0 2 0 0 0 0 0 0 5 0 9 0 1 1 0 0 0 0 0 3 4 0 0 0 1 0 0 0 0 2 1 0 2 0 1 0 2 0 0 0 0 0 0 0 0 0 0 1 0 0 7 0 0 0 0 4

200.34 200.34 23X 1W 24-26 0 1 0 7 11 5 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 3 0 1 0 1 0 0 0 0 0 0 14 0 4 0 0 0 5 0 0 0 0 0 3 0 5 6 0 0 0 0 0 2 12 0 2 0 2 0 9 0 2 0 0 9 0 0 0 0 0 0 0 0 10 0 0 0 5 7

207.84 207.84 23X 6W 24-26 0 2 0 3 6 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 0 0 0 2 0 0 0 0 0 0 25 0 1 0 0 0 2 0 0 0 0 0 2 0 6 16 1 0 0 0 0 1 0 0 1 0 2 0 10 0 4 0 0 2 0 0 0 0 0 0 0 2 2 0 0 0 10 4

209.94 209.935 24X 1W 24-26 0 1 0 0 2 3 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 12 0 1 0 2 0 0 0 0 0 0 24 0 4 0 0 0 1 0 0 0 0 0 1 0 6 6 1 0 0 0 0 5 0 0 0 0 0 0 22 0 0 0 0 13 0 0 0 0 0 0 0 0 4 0 0 0 6 0

213.34 213.27 24X 3W 64-66 0 0 0 0 3 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 2 0 0 0 0 12 0 2 0 2 0 0 0 0 0 0 5 0 6 0 4 0 0 0 0 0 0 1 0 0 3 0 14 0 0 0 2 1 4 0 1 0 0 0 30 0 0 0 0 0 0 0 0 1 0 0 0 0 8 0 0 0 7 5

218.19 218.025 24X 7W 24-26 0 0 0 8 2 3 0 0 0 3 3 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 6 0 0 0 0 0 0 0 0 4 0 36 0 0 0 0 0 5 0 0 0 0 0 0 0 7 6 4 0 0 0 0 1 0 0 0 0 0 0 22 0 0 0 0 6 0 0 0 0 0 0 0 0 8 0 0 0 8 3

221.04 221.02 25X 2W 24-26 0 0 0 0 8 3 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 14 0 0 7 2 0 0 0 0 0 0 4 0 5 0 3 0 1 0 0 0 0 0 5 0 0 5 1 0 0 0 0 0 0 0 3 0 0 0 17 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 7 2

225.36 225.291 25X 5W 24-26 0 0 0 1 3 8 0 0 0 0 2 0 1 0 0 0 0 0 0 0 0 0 0 2 0 0 0 14 0 0 2 5 0 0 0 0 2 0 14 0 3 0 0 0 0 0 0 0 0 3 3 0 0 0 1 0 0 0 0 0 0 0 8 1 0 0 26 0 0 4 0 7 0 0 0 0 0 0 0 0 1 1 0 0 4 3

227.87 227.773 25X 7W 24-26 0 0 7 5 1 6 0 0 0 0 2 1 0 0 0 0 0 0 0 0 5 0 5 0 0 0 0 14 0 0 0 0 0 0 0 0 0 0 16 0 1 0 4 1 0 0 0 0 0 1 8 0 1 1 12 0 0 0 0 0 0 0 5 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 3 12

233.63 233.596 26X 4W 23-25 0 0 7 4 5 9 0 0 0 0 1 1 0 0 0 0 0 0 2 0 0 0 3 0 0 0 0 4 0 1 0 2 0 0 0 0 0 0 6 0 3 0 0 0 0 0 0 0 0 6 3 0 2 4 2 0 0 0 0 0 0 0 3 0 0 0 15 0 0 0 0 0 0 0 0 1 0 0 0 0 2 0 0 0 4 6

237.88 237.815 26X 7W 16-18 0 0 0 9 8 7 0 0 8 0 4 0 0 0 0 0 0 2 0 0 0 0 0 5 0 0 0 4 1 0 0 3 0 0 0 4 0 0 10 0 0 0 0 0 4 0 0 0 3 6 1 0 0 3 1 0 0 0 0 0 0 0 1 0 0 0 12 5 0 0 0 0 3 0 0 0 0 0 0 0 10 0 0 0 6 8

243.24 243.158 27X 4W 24-26 0 0 0 0 11 6 0 0 3 0 2 0 0 0 0 0 0 1 0 0 0 0 3 0 0 0 0 4 0 1 0 1 0 0 0 0 0 0 2 0 0 0 0 0 6 0 0 0 3 6 5 0 2 0 0 0 0 0 0 0 0 0 3 0 0 0 26 0 0 0 0 0 0 0 0 0 0 0 0 0 12 0 0 0 2 10

247.46 247.304 27X 7W 24-26 0 0 0 2 7 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 2 0 3 2 2 0 0 0 0 0 0 34 0 1 0 1 1 0 0 0 0 0 5 2 2 5 0 12 0 0 0 0 0 0 0 1 0 0 0 28 0 0 3 0 0 0 0 0 2 0 1 0 0 12 0 0 0 6 12

249.84 249.84 28X 2W 24-26 0 0 0 0 7 11 0 0 0 0 7 0 0 0 0 0 0 2 0 0 0 1 7 1 0 0 0 5 0 0 0 1 0 0 0 0 0 0 3 0 1 0 0 0 4 0 0 0 3 5 0 0 0 0 2 0 0 0 2 0 0 0 4 0 0 0 25 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 8 5

256.32 256.32 28X 7W 24-26 0 0 0 2 3 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 7 0 0 0 0 0 0 8 0 0 0 0 0 2 0 0 0 1 8 0 0 2 0 8 0 0 0 0 0 0 0 2 0 0 0 33 0 0 0 0 0 2 0 0 0 0 0 0 0 1 0 0 0 5 9

260.56 260.56 29X 3W 24-26 0 0 0 0 2 3 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 6 0 0 5 4 0 0 0 0 0 0 4 0 1 0 0 0 0 0 0 0 2 8 0 0 0 0 5 0 0 0 0 0 0 0 6 0 0 0 14 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 8 3

263.56 263.56 29X 5W 24-26 0 0 0 1 6 5 0 0 0 0 5 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 1 1 5 0 0 0 0 0 0 7 0 1 0 3 2 1 0 0 0 0 32 3 0 4 0 2 0 0 0 0 0 0 0 3 0 0 0 27 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 6 8

266.56 266.56 29X 7W 24-26 0 0 0 0 0 5 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 2 1 0 0 0 1 0 1 0 3 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 17 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 28 0 0 0 0 1 0 0 0 0 0 0 0 0 3 0 0 0 3 7

271.46 271.46 30X 5W 22-24 0 0 0 0 6 16 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 12 1 0 0 0 1 0 2 0 4 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 0 0 21 7 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 35 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 10 4

272.98 272.98 30X 6W 24-26 0 0 0 2 3 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 2 0 0 0 0 0 0 0 3 0 0 4 0 0 0 0 0 1 0 0 0 0 7 0 0 5 0 5 0 0 0 0 0 0 0 1 0 0 0 57 0 0 0 0 2 0 0 0 0 0 0 0 0 2 0 0 0 11 4

274.48 274.48 30X 7W 24-26 0 0 0 3 6 8 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 2 0 2 4 4 0 0 0 0 0 0 1 0 6 0 6 1 1 0 0 0 0 15 1 0 6 0 1 0 0 0 0 1 0 0 3 0 0 0 18 0 0 0 0 0 0 0 0 2 0 1 0 0 8 0 0 0 3 9

275.98 275.98 30X 8W 24-26 0 0 0 0 1 7 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 5 4 0 0 0 5 0 1 0 8 0 0 0 0 0 0 1 0 4 0 0 0 1 0 0 0 0 21 0 0 7 0 5 0 0 0 0 0 0 0 2 0 0 0 37 0 0 0 0 7 0 0 0 0 0 0 0 0 4 0 0 0 8 10

277.44 277.44 31X 1W 24-26 0 0 0 0 5 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 6 4 0 2 0 4 0 0 0 0 0 0 0 0 0 0 0 18 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 5 0

345.73 345.73 40R 1W 23-25 0 0 0 0 3 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0

* Species/group 



Hexapyle 

dodecantha 

Hexastylus 

spp.

Hymeniastrum 

spp.

Lamprocyclas 

hadros 

Lamprocycla

s hannai

Lamprocyclas 

maritalis*

Lamprocyclas 

martalis 

Lamprocyclas 

spp.

Lamprocyrtis 

nigrinae 

Lamprocyrtis 

spp.*

Lampromitra 

schultzei 

Lampromitra 

spp.*

Larcospira 

spp.*

Lipmanella 

dictyoceras 

Liriospyris 

parkerae 

Liriospyris 

spp.

Litharachniu

m tentorium 

Litharachniu

m spp. 

Lithelius 

spp.*

Lithomeliss

a spp.

Lithopera 

neotera

Lithopera 

renzae 

Lithopera 

thornburgi 

Lithopera 

spp.

Lithostrobus 

hexagonalis 

Lophophaena 

hispida

Lophophaen

a spp. *

Lophospyris 

spp.

Lychnodictyum 

audax*

Lychnodictyum 

spp.

Neophrospyris 

renilla 

Neophrospyris 

spp.

Otosphaera 

spp.

Peridium 

spp.

Peripyramis 

circumtexta *

Perypiramis 

spp. 

Phenocodon 

clathrostonium 

Phormospyris 

stabilis 

Phormospyris 

stabilis capoi

Phormospyris 

spp.

Phormostichoartus 

corbula *

Phormostichoartus 

doliolum 

Phormostichoartus 

marylandiscus 

Phormostichoartus 

spp.

Phorticium 

polycladum

Phorticium 

pylonium 

Plegmosphaer

a spp.

Porodiscus 

spp.

Pseudodictyophimu

s spp.

Pterocanium 

grandiporus 

Pterocaniu

m 

Pterocaniu

m 

Pterocaniu

m trilobum 

Pterocaniu

m spp.

Pterocorys 

campanula/zancleus 

Pterocorys 

minythorax 

Pterocory

s sabae

Pterocory

s spp. 

Pteroscenium 

murrayi

Pteroscenium 

pinnatum 

Pylospira 

octopyle 

Siphocamp

e lineata

Siphocamp

e spp.

Siphostichoartu

s corona 

Siphostichoartu

s spp.

Spirocyrtis 

scalaris 

Spirocyrtis 

subscalaris 

Spirocyrti

s spp.

Spongaster 

tetras

Spongaster 

spp.

Spongocore 

spp. *

Spongodiscus 

spp.

Spongopyle 

spp.

Spongotrochu

s spp.*

Sponguru

s 

Spongurus 

spp.*
Spyridae

Stichocorys 

armata

Stichocorys 

delmontensis

Stichocorys 

diaphanes 

Stichocorys 

spp.

Stichopiliu

m biocorne 

Stylatractus 

spp.*

Stylodicty

a 

Stylodictya 

spp.*

Stylosphaer

a spp.*

Tetraphormi

s spp.

Tetrapyle 

octacantha 

5 0 0 0 0 0 0 3 0 1 3 5 1 2 0 0 0 0 2 0 0 0 0 0 2 3 5 3 0 0 0 0 0 0 0 0 0 0 0 7 4 0 0 5 1 20 0 0 0 0 1 4 0 4 3 4 0 15 0 0 1 0 0 0 0 5 5 0 0 0 2 0 2 7 0 3 0 0 0 0 0 3 0 0 5 4 3 4

9 0 0 0 0 0 0 1 3 0 0 0 4 1 0 0 0 0 5 0 0 0 0 0 1 2 5 3 0 0 0 1 1 4 0 3 1 0 0 10 3 0 0 4 4 15 0 0 0 1 3 0 0 5 3 3 0 10 0 0 0 0 1 0 0 5 4 0 5 0 7 0 7 8 0 3 0 0 0 0 0 1 3 0 6 0 0 6

10 0 0 0 0 0 0 0 8 0 2 3 5 0 0 0 0 0 1 0 0 0 0 0 0 5 2 1 0 0 0 0 1 0 0 1 2 3 0 19 4 0 0 4 0 22 0 0 0 0 0 0 0 0 4 0 2 22 0 2 0 0 0 0 0 4 4 0 2 0 5 0 0 15 0 5 0 0 0 0 0 2 2 0 7 2 0 8

4 0 0 0 0 1 0 0 5 1 0 1 2 0 0 0 0 0 2 0 0 0 0 0 1 0 3 2 0 0 0 0 2 0 1 0 0 1 0 9 4 0 0 5 0 31 0 0 0 1 0 0 0 5 0 2 0 12 0 0 0 0 0 0 0 0 4 0 1 0 2 0 0 8 0 3 0 0 0 0 1 1 5 0 2 0 0 7

6 0 5 0 0 0 3 5 8 5 3 1 9 1 0 0 4 0 2 0 0 0 0 0 4 0 3 5 0 0 0 0 0 0 0 0 0 0 0 6 5 0 0 7 0 11 0 0 0 5 0 0 1 2 0 8 0 8 0 0 0 0 0 0 0 0 5 0 0 0 2 0 0 4 0 1 0 0 0 0 0 2 6 0 6 0 0 7

8 0 1 0 0 0 0 1 1 1 0 3 6 1 0 0 0 1 6 0 0 0 0 0 0 0 4 5 0 0 0 0 0 0 0 0 0 0 0 12 6 0 0 12 0 11 0 0 0 2 0 0 0 2 0 11 5 12 0 0 0 0 0 0 0 0 3 0 1 0 3 0 0 4 0 5 0 0 0 0 0 3 2 0 0 0 0 6

4 0 3 0 0 1 0 0 0 0 0 2 2 0 0 0 0 1 5 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 1 0 0 1 8 3 0 0 3 0 12 0 0 0 2 0 0 0 6 0 3 4 15 0 0 0 0 0 0 0 2 5 0 0 0 1 0 0 12 2 5 1 0 0 0 0 2 1 0 3 8 0 0

6 0 8 0 0 0 0 5 13 0 0 1 3 4 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 11 0 15 0 0 1 0 0 0 0 10 0 0 1 21 0 0 0 0 0 0 0 0 2 0 0 0 3 0 0 8 0 7 0 0 0 0 0 0 1 0 3 6 0 1

3 0 4 0 0 0 0 3 6 0 0 0 0 0 0 0 0 0 8 0 0 0 0 0 1 0 4 0 0 0 0 0 3 0 0 0 0 3 0 13 1 0 0 5 0 30 0 0 0 10 1 0 0 5 0 9 0 15 0 0 0 0 0 0 0 1 5 0 1 0 5 0 0 5 0 2 0 0 0 0 0 5 1 0 3 4 0 0

16 0 15 0 0 0 0 4 0 1 0 0 1 0 0 0 0 0 3 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 9 1 27 0 0 0 0 0 0 0 1 0 0 0 11 0 0 0 0 0 0 0 0 0 0 2 0 4 0 0 12 0 2 0 0 0 0 1 2 0 0 9 2 0 6

12 0 9 0 0 0 0 4 1 3 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 4 0 15 0 0 0 5 0 0 0 0 0 0 0 13 0 0 0 0 0 0 0 0 0 0 2 0 2 0 0 11 0 4 0 0 0 0 0 0 0 0 5 6 0 8

4 0 5 0 0 0 0 5 4 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 12 2 0 0 6 0 18 0 0 0 2 0 0 0 5 0 0 0 14 0 0 0 0 0 0 0 0 0 0 2 0 4 0 0 11 0 6 0 0 0 0 0 0 0 0 0 10 0 6

6 0 9 0 0 0 0 2 0 0 0 0 2 0 0 0 0 0 4 0 0 0 0 0 0 0 7 1 3 0 0 1 4 0 0 0 0 0 1 8 3 0 0 10 3 17 0 0 0 1 1 0 1 0 3 13 0 0 0 0 0 0 0 0 0 0 0 2 3 0 4 0 0 12 0 9 0 0 0 0 0 1 0 0 2 1 0 4

4 0 9 0 0 0 0 3 1 0 0 0 0 0 0 0 0 0 12 0 0 4 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 8 0 0 0 10 0 30 0 0 0 0 3 0 2 0 1 0 1 12 0 0 0 0 0 0 0 0 0 0 2 0 6 0 0 19 0 4 0 0 0 0 0 0 0 0 6 6 0 0

5 0 0 0 0 0 8 10 1 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 5 0 5 0 1 0 0 0 0 2 0 0 0 8 3 0 0 6 0 12 0 0 0 0 3 0 0 0 4 11 0 9 0 0 0 0 0 0 0 0 0 0 2 0 4 0 0 11 0 3 0 0 0 0 0 0 2 0 2 5 0 0

21 0 15 1 0 0 0 1 0 1 0 1 1 1 0 0 0 0 11 0 0 0 0 0 1 0 9 1 6 0 1 0 2 0 0 0 0 0 0 0 2 0 0 8 4 16 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 4 1 5 0 0 29 0 2 0 0 0 0 0 0 3 0 5 6 0 5

10 0 3 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 16 0 0 0 0 0 0 0 0 0 7 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 1 0 0 0 0 0 0 0 0 3 0 0 2

6 0 12 0 0 0 0 2 3 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 3 2 0 0 6 0 26 0 0 0 0 0 0 0 2 0 8 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 11 0 5 0 0 0 0 0 0 0 0 12 3 0 4

11 0 4 0 0 0 0 2 0 1 0 0 0 0 0 0 0 1 9 0 0 0 0 0 0 0 3 0 4 0 0 0 0 0 0 0 0 0 0 3 1 0 0 3 0 24 0 0 0 0 0 0 0 0 0 21 0 0 0 0 0 0 0 0 0 0 0 0 1 1 3 0 0 22 0 2 0 0 0 0 0 0 4 0 4 4 0 9

12 0 1 0 0 0 0 3 3 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 3 0 2 0 0 0 0 0 0 2 0 0 0 2 0 0 0 2 0 40 0 0 0 0 0 0 0 0 0 17 0 4 0 0 0 0 2 0 0 0 0 2 0 0 0 0 0 20 0 1 0 0 0 0 0 0 0 0 3 1 0 5

8 0 7 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 11 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 2 12 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 15 0 3 0 0 0 0 0 0 0 0 3 2 0 7

0 0 8 0 0 0 0 4 2 0 0 0 0 0 0 0 0 0 18 0 0 0 0 0 0 0 3 0 0 0 0 4 0 0 0 0 0 0 0 8 0 0 0 8 10 45 0 0 0 0 0 0 0 5 0 17 0 0 0 0 0 0 5 0 0 0 0 2 0 3 4 0 0 25 0 5 0 0 0 0 0 0 2 0 13 6 0 10

3 0 1 0 0 0 0 1 0 0 0 2 1 0 0 0 0 1 6 0 0 0 0 0 0 0 3 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 0 0 0 0 0 0 7 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 8 0 0 0 0 0 0 0 0 0 0 0 4 0 3

12 0 10 0 0 2 0 7 0 0 0 0 4 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 5 2 0 0 0 0 0 0 0 0 0 0 0 0 0 11 0 6 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 19 0 5 0 0 0 0 0 0 0 0 4 6 0 0

4 0 3 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 7 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 1 0 0 0 0 0 0 0 0 3 2 0 0

15 0 6 0 0 0 0 4 0 0 0 0 1 0 0 0 0 1 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 11 0 2 0 0 0 0 0 0 0 0 7 3 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 0 0

0 0 1 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 1 0 0 4 0 3 0 0 0 0 1 0 0 0 3 11 0 0

4 0 6 0 0 0 0 4 0 0 0 0 0 0 0 0 0 3 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 3 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 5 0 0 0 0 6 0 0 0 6 12 0 0

0 0 4 0 0 0 0 0 0 0 0 0 7 0 0 0 0 0 17 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 1 0 0 0 4 0 0 0 0 0 38 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 9 0 0 0 0 0 0 0 2 0 0 5 0 6 0 0 0 0 5 0 3 2 6 4 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 16 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 2 0 0 0 0 5 0 2 0 4 0 0 0

1 0 9 0 0 0 0 3 0 0 0 0 5 0 0 0 0 0 41 0 0 0 0 1 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 21 3 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 18 0 24 0 0 0 0 16 0 1 0 12 12 0 0

0 0 12 0 0 1 0 4 0 0 0 0 3 0 0 0 0 0 4 0 0 0 0 0 0 0 3 0 1 0 0 0 2 0 0 1 0 0 0 9 0 0 0 3 0 25 0 0 0 0 0 0 0 7 0 0 0 0 0 0 0 0 19 0 0 0 0 0 0 0 6 0 0 10 0 22 0 0 0 0 12 0 0 0 13 0 0 0

7 0 4 0 0 0 0 3 0 2 0 0 9 0 0 0 0 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 12 5 29 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 7 0 6 0 0 0 0 38 0 8 0 14 0 0 1

7 0 5 0 0 0 0 2 0 1 0 0 10 0 0 0 0 0 2 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 9 0 22 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 26 0 0 0 0 31 0 9 0 30 1 0 4

5 0 2 0 0 0 0 0 0 2 0 0 7 0 0 5 0 0 7 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 5 0 0 0 13 15 33 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 6 0 19 0 0 0 0 25 0 6 0 12 3 0 5

0 0 19 0 0 0 0 1 0 0 0 0 9 1 0 0 0 0 9 0 1 0 1 3 0 0 4 0 0 0 0 0 3 0 0 0 0 0 0 8 0 0 1 0 0 30 0 0 0 0 0 0 0 2 0 0 0 2 0 0 0 0 12 1 0 0 0 0 0 0 2 0 0 14 0 10 0 0 0 0 11 0 0 0 13 4 0 0

3 0 4 0 0 0 0 0 0 4 0 0 13 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 11 15 30 0 0 0 0 0 0 1 0 2 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 3 3 0 19 0 0 0 0 25 0 0 0 12 0 0 0

0 0 31 0 1 0 0 5 0 0 0 1 6 0 0 1 0 0 7 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 2 0 0 0 9 0 0 0 0 0 34 0 0 0 0 0 0 0 4 0 0 0 5 0 0 0 0 14 0 0 0 2 0 0 0 1 0 0 15 0 18 0 0 0 0 26 0 0 0 12 1 0 0

0 1 10 0 0 0 0 1 0 3 0 0 11 0 0 2 0 0 4 0 0 0 0 0 0 0 0 0 0 4 0 0 2 0 0 0 0 0 0 0 0 0 0 12 5 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 4 14 0 16 0 0 0 0 26 0 11 0 17 10 0 0

0 0 12 0 4 0 0 8 0 0 0 0 7 0 0 1 0 0 4 0 0 3 1 6 0 0 0 0 0 0 0 0 2 0 0 1 0 0 0 8 0 0 0 1 0 16 0 0 0 0 0 0 0 2 0 0 0 1 0 0 0 0 11 0 0 0 0 0 0 0 0 0 0 15 0 19 0 0 0 0 20 0 0 0 9 9 0 0

0 0 12 0 8 0 0 8 0 0 0 1 6 0 1 6 0 0 6 0 1 0 0 4 0 0 0 0 0 0 0 0 5 0 1 0 0 0 0 4 0 0 0 2 0 14 0 0 0 0 0 0 0 3 0 0 0 4 0 0 0 0 10 2 0 0 0 0 0 0 2 0 0 17 0 20 0 0 0 0 17 0 5 8 17 7 0 0

0 0 8 0 0 0 0 0 0 0 0 0 7 0 0 8 0 0 3 0 0 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 2 1 0 18 16 10 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 5 0 0 10 0 20 0 0 0 0 17 0 7 5 12 2 0 0

0 1 6 0 0 0 0 5 0 0 0 0 6 0 0 6 0 0 3 3 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 7 0 0 0 14 25 0 0 0 0 0 0 0 1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 19 0 25 0 0 0 0 20 0 8 0 14 3 0 6

0 0 14 0 2 0 0 6 0 0 0 0 3 0 0 5 0 0 10 0 0 0 0 1 0 0 0 0 0 0 0 0 4 0 0 1 0 0 0 3 1 0 0 3 0 8 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 1 10 0 0 0 1 0 0 0 2 0 0 6 0 20 0 0 0 0 19 0 1 0 10 4 0 0

0 0 18 0 0 0 0 0 0 3 0 1 5 0 0 3 0 0 4 4 1 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 1 0 0 15 14 2 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 13 0 20 0 0 0 0 30 0 5 0 16 10 0 0

0 0 10 0 0 0 0 6 0 0 0 0 11 0 0 2 0 0 6 0 0 1 2 6 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 2 0 0 0 6 1 10 0 3 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 23 0 50 0 0 0 0 19 0 6 0 15 0 0 4

0 0 13 0 0 0 0 3 0 0 0 0 5 0 0 1 0 0 5 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 5 0 0 0 7 13 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 5 0 0 22 0 79 0 0 0 0 27 0 3 0 12 0 0 0

0 0 14 0 1 1 0 3 0 0 0 2 6 0 0 7 0 0 15 0 0 1 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 20 0 0 0 0 0 0 2 0 0 0 4 0 0 0 2 5 1 0 0 2 0 0 0 0 0 0 12 0 16 0 0 0 0 19 0 2 0 15 2 0 0

0 0 16 0 0 0 0 4 0 0 0 5 7 0 0 2 0 0 9 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 6 30 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 15 0 50 5 0 0 0 30 0 5 0 15 0 0 1

0 0 15 0 0 0 0 0 0 0 0 0 11 0 0 15 0 0 15 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 10 0 24 6 0 0 0 14 0 0 0 15 0 0 0

0 0 12 0 0 0 0 1 0 0 0 0 12 0 0 2 0 0 12 1 2 0 0 2 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 2 1 14 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 9 0 32 0 0 0 0 30 0 10 0 15 1 0 2

0 0 9 0 0 0 0 3 0 0 0 3 8 0 0 4 0 0 15 0 2 1 0 2 0 0 6 0 0 0 0 0 0 0 0 1 0 0 0 6 0 0 0 2 0 15 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 7 0 0 0 4 0 0 0 2 0 0 14 0 20 0 0 0 0 12 0 0 0 16 5 0 3

0 0 10 0 0 0 0 0 0 0 0 0 6 0 0 6 0 0 6 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 3 0 0 0 5 4 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 1 0 0 0 0 0 0 0 0 0 6 15 0 19 0 0 0 0 26 0 8 0 20 3 0 0

3 0 5 0 0 0 0 0 0 0 0 0 2 0 0 12 0 0 13 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 3 14 0 28 2 0 0 0 22 0 0 0 20 0 0 0

0 0 5 0 0 0 0 0 0 0 0 0 3 0 0 1 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 15 0 12 0 0 0 0 14 0 0 0 12 0 0 0



Theocalyptr

a bicornis 

Theocalyptra 

spp. 

Theocorys 

spp. 

Theocorythium 

spp. *

Theocosphaer

a spp.

Tholospyris 

spp.

Trisolenia 

megalacti

Zygocircus 

productus 

TOTAL 

RADIOLARIA Preservation

0 0 0 0 0 4 0 6 296 G

0 0 1 1 0 3 0 3 296 G

0 0 0 0 0 3 0 7 298 G

0 0 0 0 0 3 0 1 225 G

0 0 0 0 0 2 0 3 298 G

0 0 0 0 0 7 0 2 297 G

1 0 0 0 0 4 0 0 250 G

0 0 0 0 0 7 0 1 300 G

0 3 0 0 0 5 0 4 300 G

0 0 0 0 0 11 0 1 300 G

0 0 1 0 0 4 0 0 200 G

0 0 0 0 0 10 0 0 200 G

0 0 0 0 0 8 0 2 300 G

0 0 0 0 0 6 0 5 300 G

0 0 0 4 0 0 0 0 300 G

0 1 0 0 5 7 0 3 298 G

0 0 0 0 0 1 0 4 110 P

0 0 0 2 0 4 0 3 169 P

0 0 0 0 2 4 0 10 225 M

0 0 0 0 0 4 0 0 160 P

2 0 0 0 0 0 0 2 125 P

0 0 0 0 0 10 0 2 300 G

0 0 0 0 0 5 0 2 100 P

0 3 0 0 0 0 0 0 175 P

0 0 0 0 0 0 0 0 60 P

0 0 0 0 0 7 0 4 129 M

0 0 0 0 0 2 0 0 20 P

0 0 0 0 1 2 0 0 110 P

0 0 0 0 0 5 0 0 130 P

0 0 0 0 4 7 0 0 200 M

0 0 0 0 0 8 0 0 110 P

0 0 0 0 0 3 0 1 300 G

0 0 0 0 7 2 0 2 251 G

0 0 0 2 3 8 0 0 300 G

0 0 0 0 1 3 0 4 300 G

0 0 0 0 0 7 0 0 300 G

0 0 3 0 0 10 2 3 300 G

0 0 0 1 0 9 0 2 299 G

0 0 0 0 0 4 0 2 300 G

0 0 0 2 0 8 0 0 299 G

0 0 4 0 3 0 3 0 304 G

0 0 3 0 0 4 2 0 296 G

0 0 2 0 0 3 0 2 301 G

0 1 0 0 0 6 0 2 300 G

0 0 3 0 0 5 0 0 300 G

0 0 0 0 0 6 0 0 300 G

0 0 0 0 0 6 0 0 298 G

0 0 0 0 0 2 0 0 300 G

0 0 2 0 0 7 0 0 300 G

0 0 0 7 0 0 0 0 298 G

0 0 0 0 0 4 0 3 300 G

0 0 1 1 0 11 0 0 300 G

0 0 6 0 2 8 2 2 300 G

0 0 0 0 0 1 0 0 300 G

0 0 0 0 0 0 0 0 200 M

0 0 0 0 0 0 0 0 100 M



Table S2
Species counts in samples of Hole U1381C (absolute numbers counted)
Species used in paleoceanographic estimates are asterisked

The following basic criteria were used to qualitatively provide a measure of preservation of the radiolarian assemblage:
G = good (finely silicified forms are present, no fragmentation and/or dissolution is observed).
M = moderate (finely silicified forms are present, some fragmentation and/ or dissolution is observed).
P = poor (finely silicified forms are rare to absent and fragmented, robust forms dominate assemblage).

Top depth 

CSF-A (m)

Sample 

(U1381C)

Acrosphaera 

murrayana 

Acrosphaera 

spp. 

Actinomma 

langii

Actinomma 

spp.

Amphirhopalum 

ypsilon 

Amphisyris 

spp. 

Antarticssa 

spp.

Anthocyrtidium 

ehrenbergi

Anthocyrtidiumn 

spp.

Artopilium 

undulatum 

Botryocyrtis 

spp. 

Botryopyle 

dictyocephalus 

Botryopyle 

disolenia 

Botryostrobus 

aquilonaris 

Botryostrobus 

auritus 

Botryostrobus 

bramlettei

Botryostrobus 

spp.

Calocycletta 

caepa 

Calocycletta 

virgnis

Calocycletta 

spp.

Carpocanistrum 

flosculum 

Carpocanistrum 

spp.

Carpocanopsis 

cingulata

Carpocanopsis 

spp.

Centrobotrys 

spp.

Ceratocyrtis 

group 

Circodiscus 

spp.

Cladococcus 

cervicornis 

Cladoscenium 

spp.

Clathrocanium 

spp.

Collosphaera 

macropora 
Collosphaerids

Conoorachnium 

polyacanthum

Cornutella 

profunda

Corocalypta 

cervus 

Corocalyptra 

davisiana

Corocalyptra 

kruegeri?

Corocalypta 

spp.

Cubotholus 

octoceras 

Cycladophora 

annulata

Cycladophora 

davisiana 

Cycladophora 

spp.

Cyrtocapsella 

cornuta

Cyrtocapsella 

japonica

Cyrtocapsella 

tetrapera

Cyrtocapsella 

spp.

Cyrtopera 

laguncula 

Dendrospyris 

spp.

Diartus 

pettersoni

Dictyocorne 

profunda 

Dictyophimus 

infabricatus 

Dictyophimus 

spp. 

Didymocyrtis 

antepenultima

Didymocyrtis 

basaniii

Didymocyrtis 

laticonus

Didymocyrtis 

mammifera 

Didymocyrtis 

penultima

Didymocyrtis 

violina 

Didymocyrtis 

spp.

Duppatractus 

spp. 

Eucecryphalus 

group 

Eucecryphalus 

tricostatum 

Euchitonia 

elegans 

Euchitonia 

spp.

Eucyrtidium 

acuminatum 

Eucyrtidium 

cienkowskii

Eucyrtidium 

cuspidum 

Eucyrtidium 

hexagonatum 

Eucyrtidium 

diaphanes 

Eucyrtidium 

veneris 

Eucyrtidium 

venosum

Eucyrtidium 

spp.

Giraffosryris 

spp.  

Haeckeliana 

porcellana 

Heliodiscus 

asteriscus

Hexacontium 

spp.

Hexapyle 

dodecantha group

Hymeniastrum 

spp.

Lamprocyclas 

maritalis

Lamprocyclas 

martalis maritalis 

Lamprocyclas 

spp.

Lamprocyrtis 

nigrinae 

Lamprocyrtis 

ophirense

Lampromitra 

schultzei 

Lampromitra 

spp.

Larcospira 

spp.

Lipmanella 

dictyoceras 

13.26 2H 4W 66-68 0 0 9 6 2 1 0 0 0 0 0 0 0 0 9 0 19 0 0 0 0 0 0 0 0 1 9 1 0 1 0 0 2 0 2 0 0 2 0 0 2 0 0 0 0 0 0 0 0 6 4 4 0 0 0 0 0 0 4 0 2 4 0 2 0 0 0 0 0 3 1 7 0 0 4 8 2 0 1 0 2 3 0 1 0 1 0

27.5 4H 1W 5-7 0 2 3 15 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 1 4 0 0 0 0 0 0 0 0 0 2 0 2 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 10 0 0 0 0 4 1 0 0 2 0 0 0 2 0 0 0 5 2 0 0 0 4 0 0 0 0 0 0

36.87 5H 1W 27-31 0 2 3 5 1 0 0 0 2 0 2 0 1 0 16 0 8 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 2 0 4 0 0 0 0 0 2 0 9 0 0 0 7 0 0 0 0 4 5 0 0 0 0 0

46.49 6H 1W 39-41 0 0 8 3 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 10 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 6 0 0 0 0 10 0 0 0 0 0 2 0 2 0 0 1 12 0 0 0 0 4 1 1 0 0 0 0

48.81 6H 2W 118-120 0 1 2 22 0 0 0 0 1 0 0 0 0 0 0 0 4 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 4 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 6 10 0 0 0 0 8 0 0 0 0 0 0

50.71 6H 4W 5-7 0 1 0 11 0 0 0 0 1 0 0 0 0 7 1 0 2 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 12 0 0 1 1 2 0 0 0 0 0 0

55.4 6H 7W 21-23 0 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

55.6 6H 7W 44-46 0 0 0 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0

55.61 7H 1W 1-3 0 0 1 28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 3 0 0 0 0 0 0

55.84 7H 1W 24-26 0 0 0 29 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 7 0 0 0 0 0 0 0 0 0 0 0

55.97 7H 1W 37-39 0 1 8 4 0 0 7 1 1 0 0 0 0 0 1 0 7 0 0 0 0 1 0 0 1 5 1 0 0 0 0 3 0 2 0 0 0 0 0 0 0 0 4 0 7 0 0 0 0 0 0 1 0 0 0 0 0 0 2 0 0 0 0 0 0 8 0 0 5 0 0 15 0 0 0 15 0 2 0 0 0 0 0 0 0 0 1

56.26 7H 1W 66-68 0 1 11 2 0 0 5 0 0 0 0 0 0 0 2 0 4 0 0 0 0 0 0 0 1 0 0 0 0 0 0 2 0 0 0 0 0 1 0 0 0 1 2 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 4 0 0 0 0 0 2 0 0 0 15 0 5 0 0 0 0 0 0 0 0 0

56.4 7H 1W 80-82 0 3 13 3 0 0 8 0 5 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 4 3 8 0 0 0 0 7 0 3 0 0 0 4 0 0 0 1 0 0 36 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 1 0 0 4 0 4 0 0 7 1 0 13 0 0 0 16 0 3 0 0 0 0 0 0 0 3 4

56.79 7H 1W 119-121 0 2 11 4 0 0 0 1 1 0 3 0 0 0 0 0 5 0 0 0 0 4 0 0 4 8 0 0 0 0 0 2 0 2 0 0 0 0 4 0 0 0 0 0 16 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 3 0 6 0 12 0 0 0 15 0 0 0 0 0 0 0 0 0 4 0

56.97 7H 1W 137-139 0 0 17 3 0 0 2 3 3 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 1 1 6 0 0 0 0 7 0 0 0 0 0 2 0 0 0 0 0 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0 0 0 5 0 0 0 9 0 0 0 16 0 0 0 8 0 1 0 0 2 0 0 0 0 1 1

57.11 7H 2W 1-3 0 2 4 0 0 0 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 3 0 0 0 2 3 0 0 0 0 7 0 3 0 0 0 2 0 0 0 0 0 0 8 4 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 9 0 0 2 9 0 0 0 0 2 0 0 0 0 0 1

58.43 7H 2W133-135 0 4 13 0 0 0 5 1 2 0 0 0 0 1 0 0 1 0 1 1 0 6 0 0 1 5 5 0 0 0 0 4 0 4 0 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 5 0 0 0 0 1 0 0 0 6 0 0 0 15 0 0 0 14 0 0 0 0 2 0 0 0 0 2 0

58.64 7H 3W 4-6 0 3 10 3 0 0 3 1 2 1 0 1 0 0 0 0 5 0 2 7 0 1 0 0 0 8 2 0 0 0 0 8 0 9 0 5 5 5 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 11 0 0 0 0 10 0 0 0 4 0 3 0 10 0 0 8 15 0 0 0 0 7 1 0 0 3 2 0

58.88 7H 3W 28-30 0 6 25 7 0 0 3 0 0 0 0 0 0 0 0 0 0 0 2 6 0 4 0 0 2 15 2 0 0 0 0 5 0 4 0 2 2 2 1 0 0 0 4 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 4 0 0 1 0 6 0 0 0 0 0 0 0 12 0 0 0 11 0 3 0 0 0 0 0 0 3 5 3

59.03 7H 3W 43-45 0 1 5 1 0 0 3 0 1 1 0 1 0 0 0 0 0 0 0 0 0 1 0 0 6 0 0 0 0 0 0 5 0 3 0 0 2 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 5 0 0 0 0 0 0 0 0 0 0 0 0 12 0 0 0 4 0 0 0 0 0 0 0 0 1 0 0

59.33 7H 3W 73-75 5 6 9 5 0 0 11 1 2 0 0 1 0 0 0 0 1 0 1 3 0 2 0 0 0 10 3 0 0 0 1 9 0 1 0 0 0 2 0 0 0 0 0 0 9 0 0 1 0 0 0 0 0 0 1 0 0 0 8 0 1 2 0 2 0 0 0 7 0 2 0 13 0 0 5 20 0 4 0 0 0 0 0 0 6 5 0

59.42 7H 3W 82-84 0 1 5 2 0 0 6 1 2 2 0 3 0 0 0 0 2 0 2 6 0 2 0 0 15 6 5 0 0 0 0 7 0 2 0 0 0 0 3 4 2 0 2 0 9 0 0 2 0 0 0 3 0 0 0 0 0 0 8 0 0 0 0 0 0 0 0 0 0 5 0 5 0 0 5 5 0 2 1 0 3 0 0 0 5 5 0

59.9 7H 3W 130-132 0 0 10 3 0 0 5 0 2 1 3 0 0 0 0 0 2 0 3 10 0 4 0 1 1 12 4 0 0 0 0 4 0 4 0 0 0 5 0 1 6 5 1 0 10 0 4 0 0 0 0 1 0 0 1 0 0 0 6 0 0 0 0 1 0 0 0 4 0 0 0 5 0 0 4 10 1 5 0 0 3 0 0 0 5 11 10

59.69 7H 3W 109-111 0 5 12 4 0 0 0 3 4 5 0 0 0 1 0 0 2 6 0 6 0 0 0 1 9 4 5 0 0 0 0 7 0 2 0 0 3 7 0 0 1 0 4 0 15 0 0 2 0 0 0 2 0 5 2 1 0 0 8 0 1 0 0 0 0 5 0 1 0 0 0 10 0 0 2 10 0 10 3 0 6 0 0 0 7 1 0

59.78 7H 3W 118-120 0 1 6 3 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 3 0 0 0 0 2 15 4 0 3 0 0 6 0 5 0 0 2 7 0 0 0 0 0 0 12 0 0 1 0 0 0 0 0 1 1 0 0 0 14 0 2 0 0 0 0 3 0 0 0 0 0 14 1 1 1 11 0 9 0 0 1 0 0 0 14 0 0

60.62 7H 4W 52-56 0 1 9 2 0 0 1 2 2 0 0 1 0 0 0 0 1 2 1 4 0 2 0 2 0 7 3 0 0 0 0 17 3 4 0 0 2 1 1 0 0 0 1 0 1 0 0 0 0 0 0 7 0 3 3 0 0 0 10 0 0 0 0 0 0 3 0 0 0 0 0 10 0 0 5 12 1 5 0 0 0 0 0 0 6 2 1

60.82 7H 4W 72-74 0 2 8 4 0 0 0 2 4 0 0 3 0 0 0 0 2 0 4 10 0 3 0 0 2 5 0 0 0 0 0 7 0 6 0 0 2 7 0 0 9 0 3 0 0 0 0 0 0 0 1 5 0 3 3 0 0 0 5 0 0 0 0 2 0 0 0 1 0 0 0 7 0 0 6 9 0 5 0 0 2 0 0 0 3 0 5

62.35 7H 5W 75-77 0 4 5 8 0 0 0 1 1 0 0 0 0 0 0 0 2 0 0 1 0 4 0 0 8 10 2 0 0 0 0 8 5 8 0 0 3 6 0 0 1 0 0 0 0 0 0 2 0 0 0 1 0 2 2 2 0 0 7 0 0 0 0 0 0 7 0 1 0 0 0 10 0 0 0 15 0 6 0 0 1 0 0 0 9 0 2

62.49 7H 5W 89-91 0 6 3 5 0 0 0 0 1 0 0 1 0 0 0 0 3 0 0 8 0 1 0 0 4 7 5 0 0 0 0 10 0 6 0 0 0 5 0 0 3 0 0 0 2 0 3 0 0 0 0 3 0 1 5 0 0 0 6 0 0 0 0 0 0 0 0 5 0 0 0 7 0 0 6 13 0 6 0 0 2 0 0 0 2 3 0

62.86 7H 5W 126-128 0 3 6 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 9 0 0 0 0 6 0 3 0 0 0 0 10 1 6 0 0 0 1 0 0 3 0 1 0 12 0 2 0 0 0 0 5 0 1 6 1 0 0 6 0 0 0 0 0 0 1 0 0 0 0 0 12 0 0 3 13 0 10 0 0 4 0 0 0 8 1 5

63.11 7H 6W 1-3 0 2 5 1 0 0 7 0 0 0 0 3 0 0 0 0 1 0 6 4 0 1 0 0 1 9 2 0 0 0 0 10 0 7 0 0 3 2 0 0 4 0 4 0 2 0 0 0 0 0 0 5 0 0 4 0 0 0 5 0 0 0 0 4 0 0 0 9 0 0 0 10 0 0 4 13 0 5 0 0 3 0 0 0 6 2 3

63.33 7H 6W 23-25 0 6 12 3 0 0 0 2 3 0 0 1 0 0 0 1 0 1 2 4 0 0 1 0 0 11 5 0 2 0 0 11 0 7 0 0 3 2 0 0 3 0 1 0 9 0 0 0 0 0 0 4 0 1 2 0 0 0 12 0 0 0 0 0 0 2 0 3 0 0 0 15 0 0 2 22 0 10 0 0 2 0 0 0 7 4 1

63.55 7H 6W 45-47 0 7 3 8 0 0 0 4 5 0 0 0 0 0 0 0 2 0 0 6 0 1 0 0 9 0 3 0 0 0 0 13 0 4 0 0 1 13 0 0 1 0 5 0 8 0 0 0 0 0 0 5 0 2 0 5 0 0 13 0 0 0 0 0 0 8 1 0 0 1 0 10 0 0 9 11 0 10 0 0 4 0 0 0 9 2 5

63.7 7H 6W 60-62 0 1 6 2 0 0 5 1 3 0 0 1 0 0 0 0 1 0 2 2 0 1 0 0 0 9 4 0 3 0 0 17 0 2 0 0 2 0 0 0 3 0 0 0 14 0 0 0 0 0 0 4 0 0 4 3 0 0 11 0 1 0 0 1 0 0 0 4 0 0 0 17 0 0 3 11 0 5 0 0 3 0 0 0 6 3 1

64.16 7H 6W 106-108 0 0 8 2 0 0 0 0 3 0 0 0 0 0 0 0 0 5 0 7 0 2 0 2 0 7 5 0 0 0 0 8 0 2 0 0 1 1 0 0 0 0 0 0 7 0 0 0 0 0 0 2 0 1 3 4 0 0 13 0 0 0 0 0 0 5 0 5 0 0 0 15 1 0 1 8 0 4 0 0 1 0 0 0 3 2 1

64.84 7H 7W 24-26 0 2 7 2 0 0 0 0 3 0 0 5 0 0 0 0 1 0 0 7 0 2 0 0 0 6 4 0 1 0 0 10 0 2 0 0 3 2 0 0 5 0 3 0 9 0 0 0 0 0 0 1 0 0 0 1 0 0 13 0 0 0 0 0 0 0 0 1 0 0 0 12 0 0 7 15 0 4 0 0 5 0 0 0 7 6 1

65.11 7H 7W 51-53 0 4 5 3 0 0 0 0 2 0 0 2 0 0 0 0 1 0 0 3 0 0 0 0 0 7 1 0 2 0 0 29 0 5 0 0 0 1 0 0 9 0 1 0 3 0 0 1 0 0 0 1 0 6 0 1 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 2 10 0 6 0 0 6 0 0 0 4 2 2

68.61 8H 3W 50-52 0 2 10 7 0 0 0 0 2 2 0 0 0 0 0 0 1 2 0 5 0 0 0 0 0 6 0 0 0 1 0 7 0 0 0 0 1 10 0 0 0 0 1 2 27 0 0 0 0 0 0 1 0 0 2 5 0 0 11 0 0 0 0 0 0 3 0 4 0 0 0 15 0 0 6 14 0 8 1 0 1 0 0 0 7 0 0

79.62 9H 4W 52-56 0 0 9 4 0 0 0 2 3 0 0 0 0 0 0 0 2 3 0 4 0 5 0 0 1 9 9 0 0 0 0 10 0 1 0 0 1 6 0 0 6 0 0 0 0 0 0 2 0 0 1 0 0 2 0 2 0 0 12 0 0 0 0 0 0 0 0 1 0 0 0 15 0 0 4 13 0 8 3 0 5 0 0 0 6 4 1

88.96 10H 4W 36-40 0 4 6 2 0 0 0 4 4 5 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 6 0 10 0 0 4 5 0 0 2 0 0 1 11 0 0 1 0 0 0 0 0 1 2 1 0 0 10 0 0 0 0 0 0 1 0 0 0 0 0 14 0 0 0 22 0 5 0 0 2 0 0 0 5 0 0

94 11H 1W 40-44 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 3 0 0 0 0 0 0 1 0 0 0 5 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 5 0 2 0 0 0 0 0 0 0 0 0

95.37 11H 2W 49-52 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 2 0 1 0 0 0 2 2 0 0 0 0 5 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 1 0 0 0 0 0 0 2 0 0

97.06 11H 3W 46-48 0 0 2 5 0 0 0 0 7 2 0 0 0 0 0 0 1 1 0 2 0 0 0 0 1 3 1 0 0 0 0 3 0 2 0 0 1 1 0 0 0 0 0 0 5 0 0 1 0 0 0 0 0 1 0 2 0 0 4 0 0 0 0 0 0 1 0 0 0 0 0 11 0 0 0 12 0 4 0 0 2 0 0 0 2 1 3



Liriospyris 

parkerae 

Liriospyris 

spp.

Lithelius 

spp.

Lithomelissa 

spp.

Lithopera 

renzae 

Lithopera 

thornburgi 

Lithopera 

spp.

Lophocyrtis 

leptetrum 

Lophocyrtis 

tanythorax

Lophophaena 

hispida

Lophophaena 

spp. 

Lophospyris 

spp.

Lychnodictyum 

audax

Neophropspyris 

spp.

Perypiramis 

circumtexta 

Perypiramis 

spp. 

Peromelissa 

spp.

Phenocodon 

clathrostonium 

Phormospyris 

stabilis 

Phormospyris 

stabilis capoi

Phormospyris 

spp.

Phormostichoartus 

corbula 

Phormostichoartus 

doliolum 

Phormostichoartus 

marylandiscus 

Phormostichoartus 

spp.

Phorticium 

polycladum

Phorticium 

pylonium group

Plegmosphaera 

spp.

Porodiscus 

spp.

Pseudodictyophimus 

spp.

Pterocanium 

trilobum 

Pterocanium 

spp.

Pterocorys 

spp. 

Pterocorys 

zancleus 

Pterocorys 

minithorax 

Pteroscenium 

pinnatum 

Pteroscenium 

murrayi

Pylospira 

octopyle 

Saturnalis 

circularis 

Siphocampe 

lineata

Siphocampe 

spp.

Siphonosphaera 

spp.

Siphostichoartus 

corona 

Siphostichoartus 

spp.

Spirocyrtis 

scalaris 

Spirocyrtis 

stabilis 

Spirocyrtis 

subscalaris 

Spirocyrtis 

subtilis 

Spirocyrtis 

spp.

Spongaster 

pentas 

Spongaster 

tetras

Spongaster 

spp.

Spongocore 

spp. 

Spongodiscus 

spp.

Spongopyle  

spp.

Spongotrochus 

spp.

Spongurus 

spp.
Spyridae

Stichocorys 

spp.

Stichopilium 

biocorne 

Stichopilium 

krugeri 

Stichocorys 

armata

Stichocorys 

peregrina

Stichocorys 

diaphanes 

Stylatractus 

spp.

Stylodictya 

spp.

Stylosphaera 

spp.

Tetrapyle 

octacantha group

Theocalyptra 

spp. 

Theocorys 

spp. 

Theocosphaera 

spp.

Tholospyris 

spp.

Trisolenia 

megalactis 

Zygocircus 

productus group

TOTAL 

RADIOLARIA Preservation

0 0 0 1 0 0 0 0 0 0 8 9 0 1 0 2 0 0 1 0 8 1 0 0 0 0 28 0 0 3 0 1 0 2 3 0 0 1 0 0 0 0 0 0 2 0 1 0 0 0 0 0 3 7 1 6 8 0 0 2 0 0 0 0 0 7 7 5 0 1 0 4 0 2 250 G

0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 3 0 0 0 2 0 11 0 0 0 0 0 3 0 0 0 0 0 0 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 6 4 0 0 0 0 0 0 0 0 3 2 3 0 0 0 0 0 2 110 P 
0 0 4 1 0 0 0 0 0 0 13 0 0 0 0 0 0 0 0 0 11 2 0 0 2 0 8 0 0 0 0 1 7 0 1 0 0 0 0 3 3 0 0 0 4 0 0 0 0 0 0 0 2 6 0 4 3 0 0 0 0 0 0 0 0 4 0 3 0 0 0 5 0 4 170 P 
0 0 6 0 0 0 0 0 0 0 8 1 0 2 0 1 0 0 0 0 4 3 0 0 2 0 15 0 0 0 0 0 4 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 5 5 0 0 0 0 0 0 0 0 2 5 8 0 0 0 4 0 3 150 P 
0 0 8 0 0 0 0 0 0 0 8 6 0 0 0 0 0 0 0 0 7 0 0 0 2 0 12 0 0 0 0 0 5 0 0 0 0 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 8 3 0 0 0 0 0 0 2 6 10 14 0 0 0 5 0 4 180 P 
0 0 6 0 0 0 0 0 0 0 2 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 6 0 0 2 0 0 2 0 1 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 6 4 0 0 0 0 0 0 0 0 5 2 4 0 0 0 4 0 0 100 P 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 35 P 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 0 0 0 0 0 0 0 4 0 0 0 5 0 4 50 P 
0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 0 0 0 0 0 0 0 1 0 0 0 4 0 1 52 P 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 3 0 0 0 0 1 0 0 50 P 
0 0 1 0 0 0 1 4 0 9 0 0 0 0 0 1 0 0 3 0 12 2 0 0 3 0 5 0 0 4 0 0 0 0 0 0 0 2 0 0 3 0 0 0 0 0 1 0 0 0 0 1 0 3 2 11 7 0 5 0 3 4 0 0 0 15 3 0 0 0 0 1 0 1 210 G

0 2 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 2 0 0 1 1 0 7 0 0 0 0 0 0 0 0 0 0 3 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 10 0 8 0 0 5 0 0 0 15 4 0 0 0 0 2 0 0 150 G

0 2 0 0 0 0 6 2 1 0 0 0 0 0 0 2 0 0 1 0 12 0 0 0 0 0 11 0 0 0 0 0 0 0 0 0 0 7 0 0 5 0 0 0 0 6 0 0 0 0 0 0 1 0 0 11 15 0 12 0 0 12 0 0 0 14 7 1 0 0 0 4 0 2 300 G

0 4 2 0 0 0 3 0 0 0 6 0 0 0 0 0 0 0 5 0 8 0 3 2 5 0 11 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 1 0 3 0 0 0 0 0 0 0 0 0 7 5 0 16 0 0 6 0 0 0 10 5 2 0 0 0 0 4 2 225 G

0 6 7 0 0 0 4 0 0 0 8 0 0 0 0 0 0 0 9 0 18 1 0 4 6 6 12 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 2 0 0 3 0 0 0 0 1 0 0 0 14 15 0 26 0 0 10 0 6 0 13 8 0 1 0 3 2 2 0 300 G

0 0 2 0 0 0 2 0 0 0 7 0 0 0 0 0 0 0 0 0 2 0 0 0 2 0 16 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 1 0 2 4 0 0 0 0 0 2 0 0 8 6 0 16 0 0 6 0 1 1 15 2 0 0 0 0 2 0 2 170 P 
0 7 8 0 0 0 0 0 0 0 10 0 0 0 0 2 0 0 4 0 17 0 0 0 10 0 18 0 0 0 2 2 0 0 0 0 0 0 0 0 13 0 0 0 0 0 0 0 4 0 0 0 0 0 2 15 12 0 16 0 0 10 0 0 2 15 4 2 0 0 4 8 0 5 300 G

0 4 4 0 0 0 6 0 0 0 6 4 0 0 0 2 0 0 0 0 9 0 0 0 1 4 6 0 0 0 0 5 0 0 0 0 0 0 0 5 11 0 0 0 0 0 1 6 0 0 0 0 0 0 0 6 5 0 8 1 0 7 0 0 4 5 8 0 0 6 6 2 2 10 300 G

3 5 5 0 0 0 0 0 0 0 12 0 4 0 0 0 0 0 0 0 10 0 0 0 1 4 11 0 0 0 0 0 0 0 0 0 0 0 0 0 11 0 0 0 0 6 0 0 0 0 0 0 1 0 0 11 9 0 15 2 0 7 0 0 0 12 4 0 0 5 6 1 1 12 300 G

0 1 0 0 1 0 0 0 0 0 15 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 2 0 0 0 2 0 0 0 0 0 0 0 0 15 7 0 15 0 0 0 0 0 0 10 6 0 0 0 5 0 0 1 150 P 
0 5 0 0 5 0 6 0 0 0 12 2 3 0 0 0 0 0 0 0 8 0 0 0 0 0 11 0 0 0 0 0 0 0 0 0 0 0 5 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 12 0 14 0 0 0 0 0 8 13 12 5 0 0 0 0 0 1 300 G

2 6 5 0 3 0 8 0 0 0 8 0 8 0 0 0 10 0 1 0 6 0 0 0 6 0 9 0 0 0 0 0 6 0 0 0 0 0 0 0 6 0 0 0 1 6 3 0 0 0 0 0 2 0 0 6 6 0 17 2 0 7 0 0 3 12 4 0 0 0 2 0 1 6 300 G

0 6 1 0 2 0 3 0 0 0 8 0 4 0 0 2 0 0 0 0 6 0 0 0 4 0 9 0 0 0 0 3 0 0 0 0 0 0 0 0 6 0 0 0 2 3 0 0 0 0 0 0 2 0 0 12 12 0 18 3 0 1 0 0 4 10 4 0 0 0 2 0 0 5 300 G

0 0 0 0 0 0 5 0 0 0 13 0 0 0 0 3 0 0 1 0 11 0 1 2 3 0 11 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 2 0 0 0 4 0 1 0 0 0 0 0 0 11 6 0 5 0 0 0 0 0 0 9 6 0 0 11 0 5 2 2 300 G

1 1 2 0 3 2 5 0 0 0 12 0 4 0 0 0 0 0 0 0 12 0 0 3 2 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0 4 3 0 0 0 0 3 0 0 13 10 0 13 0 0 1 0 0 0 9 8 0 0 10 1 5 3 3 300 G

1 0 16 0 2 0 4 0 0 0 9 0 1 0 0 4 0 0 0 0 12 0 0 1 0 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 12 1 1 1 0 2 0 0 2 0 0 0 3 0 0 12 8 0 10 2 0 5 0 0 0 9 4 0 0 15 5 3 2 6 300 G

1 2 0 0 1 0 1 0 0 0 7 0 7 0 0 2 0 0 0 0 5 0 0 0 4 0 12 0 0 0 0 0 1 0 0 0 0 0 0 0 8 0 0 0 0 2 3 0 0 0 0 0 0 0 0 11 12 0 26 2 0 12 0 0 2 10 4 0 0 12 3 0 4 6 300 G

1 3 0 0 1 0 13 0 0 0 11 0 2 0 0 2 0 0 0 0 10 0 0 3 2 0 12 0 0 2 0 0 0 0 0 0 0 0 0 0 11 0 6 0 0 0 0 4 2 0 0 1 1 0 0 10 7 0 3 3 0 0 0 0 0 8 10 0 0 10 3 5 5 5 300 G

1 5 0 0 4 0 7 0 0 0 12 0 5 0 0 2 0 0 0 0 10 0 0 0 1 0 18 0 0 0 0 0 0 0 0 0 0 0 0 0 12 0 0 0 4 0 0 0 0 0 0 0 1 0 0 16 10 0 12 3 0 2 0 0 0 10 4 0 0 11 5 0 1 12 300 G

0 1 0 0 1 0 3 0 0 0 5 0 3 0 0 3 0 0 0 0 10 0 0 0 3 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 0 0 0 0 0 0 0 1 0 0 20 16 0 5 4 0 0 0 0 0 15 14 0 0 15 3 5 10 7 300 G

1 0 0 0 7 0 11 0 0 0 15 2 4 0 0 0 0 0 1 0 6 0 0 0 3 0 9 0 0 0 0 1 0 0 0 0 0 0 0 0 10 0 1 0 0 4 3 0 0 0 0 0 2 0 0 18 6 0 6 1 0 2 0 0 0 5 4 0 0 10 3 6 4 8 300 G

0 5 2 0 2 0 4 0 0 0 4 1 1 0 0 2 0 0 0 0 5 0 1 2 2 0 15 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 2 0 0 1 0 0 0 0 0 0 1 0 0 10 10 0 4 0 0 0 1 0 0 7 7 0 0 12 2 6 5 4 299 G

1 4 3 0 1 0 4 0 0 0 4 0 1 0 0 1 0 0 0 0 5 0 0 0 0 0 8 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 3 0 1 0 0 0 0 0 0 1 3 0 0 15 10 0 9 0 0 4 0 0 0 5 5 0 0 12 2 2 2 5 300 G

0 0 0 0 4 0 9 0 0 0 6 0 7 0 0 0 0 0 2 0 11 0 0 2 5 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 2 0 0 3 0 0 0 0 0 0 0 0 0 18 12 0 5 0 0 1 0 0 1 5 10 0 0 15 0 6 1 3 300 G

0 3 17 0 0 0 2 0 0 0 7 1 0 0 0 0 0 0 1 0 9 0 0 0 4 0 15 0 0 0 0 0 0 0 0 0 0 1 1 0 6 0 5 0 0 0 2 0 1 0 0 2 3 0 0 12 15 0 7 0 0 3 0 0 0 10 9 0 0 12 6 7 4 5 299 G

1 2 5 0 0 0 7 0 0 0 7 0 0 0 0 0 0 0 0 0 10 0 0 1 4 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 2 0 0 1 0 0 0 0 0 0 1 0 0 15 15 0 4 0 0 1 1 0 1 12 9 0 0 15 0 5 3 12 299 G

0 0 1 0 0 0 6 0 0 0 4 0 6 0 0 2 0 0 0 0 10 0 0 0 6 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 6 0 0 0 0 0 0 0 0 0 4 0 1 10 12 0 6 0 0 4 7 0 0 15 6 0 0 15 4 7 7 4 300 G

0 0 6 0 4 0 6 0 0 0 3 0 4 0 0 0 0 0 0 0 8 0 0 5 3 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 1 0 0 0 1 0 0 0 1 0 0 19 9 0 13 0 0 4 0 0 0 5 8 0 0 9 0 5 5 4 300 G

0 3 9 0 3 0 3 0 0 0 6 0 7 0 0 2 0 0 0 0 9 0 0 6 7 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 3 0 0 0 5 0 0 0 0 0 5 0 0 10 4 0 5 0 0 2 0 0 2 10 4 0 0 11 0 4 1 7 300 G

0 0 4 0 0 0 3 0 0 0 9 0 2 0 0 2 0 0 0 0 13 0 0 4 4 0 27 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 3 0 0 6 3 0 0 0 0 0 0 0 0 11 8 0 9 0 0 1 0 0 0 20 12 0 0 20 0 1 0 7 300 G

0 0 1 0 1 0 2 0 0 0 0 0 3 0 0 1 0 0 0 0 3 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 2 50 P 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 3 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 3 1 0 0 0 1 0 0 0 50 P

0 0 3 0 0 0 2 0 0 0 3 0 2 0 0 2 0 0 0 0 4 0 0 1 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 1 0 0 0 0 0 0 1 0 0 10 2 0 9 0 0 0 0 0 0 7 2 0 0 9 0 0 0 3 160 P



Table S3: Age markers for Site U1381C. The depths for all age markers are midpoints calculated using the CSF-B scale.

Type Midpoint CSF-A (m) Midpoint Error ± (m) Top depth CSF-A (m) Bottom depth CSF-A (m) Age [Ma] Error (Ma) Nannofossil biomarkers Sample Numbers Reference Depth Scale

Tephra correlation 6.16 0.01 6.15 6.17 0.0407 344-U1381C-1H-5, 15–17 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)

Tephra correlation 9.08 0.01 9.07 9.09 0.06 344-U1381C-2H-1, 97–99 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)

Nannofossils 22.86 4.80 18.06 27.66 0.290 FO Emiliania huxleyi Harris et al., (2013) Midpoint CSF-A (m)

Tephra correlation 26.765 0.025 26.74 26.79 0.322 344-U1381C-3H-7, 14–19 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)

Tephra correlation 39.41 0.01 39.4 39.42 0.5004 344-U1381C-5H-2, 130–132 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)

Tephra correlation 44.855 0.015 44.84 44.87 0.6248 344-U1381C-5H-6, 72–75 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)

Tephra correlation 46.035 0.005 46.03 46.04 0.6517 344-U1381C-5H-7, 41–42 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)

Tephra correlation 46.215 0.005 46.21 46.22 0.6648 344-U1381C-5H-7, 59–60 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)

Tephra correlation 46.285 0.005 46.28 46.29 0.671 344-U1381C-5H-7, 66–67 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)

Tephra correlation 46.56 0.01 46.55 46.57 0.6928 344-U1381C-5H-CC, 26–28 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)

Tephra correlation 48.57 0.01 48.56 48.58 0.8903 344-U1381C-6H-2, 93–95 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)

Tephra correlation 48.65 0.01 48.64 48.66 0.8973 344-U1381C-6H-2, 101–103 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)

Nannofossils 50.95 4.38 46.57 55.32 0.440 LO Pseudoemiliania lacunosa Harris et al., (2013) Midpoint CSF-A (m)

Tephra correlation 52.9 0.01 52.89 52.91 1.3134 344-U1381C-6H-5, 73–75 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)

Tephra correlation 52.95 0.01 52.94 52.96 1.3183 344-U1381C-6H-5, 78–80 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)

Tephra correlation 55.77 0.01 55.76 55.78 1.5945 344-U1381C-6H-7, 60–62 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)

Tephra correlation 55.81 0.01 55.8 55.82 1.5984 344-U1381C-6H-CC, 0–2 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)

Tephra 76.52 0.01 76.51 76.53 12 ± 1.2 344-U1381C-9H-2, 41-43 cm Schindlbeck et al., (2015) Midpoint CSF-A (m)

Tephra 86.57 0.01 86.56 86.58 13.92 ± 0.03 344-U1381C-10H-2, 96-98 cm Schindlbeck et al., (2015) Midpoint CSF-A (m)



Table S4: Age markers for Site U1414A.

Marker Type Midpoint CSF-A (m) Midpoint Error ± (m) Top depth CSF-A (m) Bottom depth CSF-A (m) Age [Ma] Error (Ma) Biomarkers Sample Number Reference Depth scale

Tephra correlation 64.390 0.010 64.380 64.400 0.322 344-U1414A-8H-4, 98–100 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)

Tephra correlation 64.490 0.040 64.450 64.530 0.322 344-U1414A-8H-4, 105–113 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)

Tephra correlation 64.570 0.010 64.560 64.580 0.322 344-U1414A-8H-5, 3–5 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)

Tephra correlation 64.940 0.010 64.930 64.950 0.322 344-U1414A-8H-5, 40–42 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)

Tephra correlation 64.990 0.010 64.980 65.000 0.322 344-U1414A-8H-5, 45–47 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)

Tephra correlation 72.800 0.010 72.790 72.810 0.401 344-U1414A-9H-3, 139–141 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)

Nannofossils 73.490 4.810 68.680 78.300 0.290 FO E. huxleyi Harris et al., (2013) Midpoint CSF-A (m)

Tephra correlation 89.610 0.010 89.600 89.620 0.570 344-U1414A-11H-2, 70–72 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)

Tephra correlation 90.660 0.010 90.650 90.670 0.580 344-U1414A-11H-3, 25–27 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)

Nannofossils 92.430 4.720 87.710 97.150 0.440 LO P. lacunosa Harris et al., (2013) Midpoint CSF-A (m)

Tephra correlation 112.625 0.015 112.610 112.640 1.180 344-U1414A-13H-5, 21–24 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)

Tephra correlation 113.325 0.005 113.320 113.330 1.268 344-U1414A-13H-5, 92–93 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)

Tephra correlation 113.760 0.010 113.750 113.770 1.253 344-U1414A-13H-5, 135–137 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)

Tephra correlation 114.600 0.010 114.590 114.610 1.308 344-U1414A-13H-6, 69–71 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)

Tephra correlation 114.710 0.020 114.690 114.730 1.315 344-U1414A-13H-6, 79–83 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)

Tephra correlation 119.030 0.010 119.020 119.040 1.595 344-U1414A-14H-3, 12–14 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)

Nannofossils 120.875 4.925 115.950 125.800 2.060 LO D. brouweri Harris et al., (2013) Midpoint CSF-A (m)

Tephra correlation 129.620 0.010 129.610 129.630 2.060 344-U1414A-15H-3, 121–123 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)

Tephra correlation 129.960 0.010 129.950 129.970 2.084 344-U1414A-15H-4, 5–7 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)

Tephra correlation 133.670 0.010 133.660 133.680 2.339 344-U1414A-15H-6, 76–78 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)

Tephra correlation 151.670 0.030 151.640 151.700 3.350 344-U1414A-17H-5, 124–130 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)

Nannofossils 158.040 4.090 153.950 162.130 3.790 LO R. pseudoumbilicus Harris et al., (2013) Midpoint CSF-A (m)

Tephra correlation 159.090 0.020 159.070 159.110 4.150 344-U1414A-18H-5, 104–108 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)

Radiolarians 199.340 1.000 198.340 200.340 8.390 LO Diartus hughesi this study Midpoint CSF-A (m)

Radiolarians 208.890 1.050 207.840 209.940 8.390 FO Didymocyrtis penultima this study Midpoint CSF-A (m)

Radiolarians 248.650 1.190 247.460 249.840 8.840 FO Diartus hughesi this study Midpoint CSF-A (m)

Tephra 326.870 0.010 326.860 326.880 12.050 ± 0.11 344-U14141A-38R-1, 76-78 cm Schindlbeck et al., (2016a) Midpoint CSF-A (m)
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Collosphaera tuberosa interval zone.

Defined by the morphotypic first appearance of Collosphae-

ra tuberosa coincident with the upper limit of the Amphirho-

palum ypsilon zone (Nigrini and Sanfilippo, 2001). The upper limit of Amphirhopalum ypsilon
 zone is 

not well-marked. The sample is certainly at the 

base of RN16.

Middle to Late Pleis-

tocene 

Corresponds to NN21 

nannoplancton zone.

Radiolarian 
biozones

Standard tropical zonations and definitions U1381C and U1414A observations Age and correlation

RN16

RN15

RN14

RN13

RN8

RN7

RN6

RN5

Collosphaera tuberosa

(sample U1414A 1H-1W, 2–4 cm)

U1381C:

U1381C:

U1381C:

U1381C:

U1381C:

U1381C:

U1381C:

U1381C:

U1414A:

U1414A:

U1414A:

U1414A:

U1414A:

U1414A:

U1414A:

no data

no data

no data

no data

no data

no data

 U1414A:  no data

Stylatractus universus concurrent range zone. 

This zone was proposed by Johnson et al. (1989) to 

subdivide the RN16. It is located between the LO of Styla-

tractus universus and the FO of Collosphaera tuberosa.

Middle Pleistocene 

Corresponds to NN21 

nannoplancton zone.

Amphirhopalum ypsilon interval zone.

Corresponds to the stratigraphic interval between the FO of 

Collosphaera tuberosa and the LO of Anthocyrtidium 

angulare.

Late-Early to Middle 

Pleistocene 

Corresponds to NN19 

nannoplancton zone.

Amphirhopalum ypsilon

(sample U1414A 1H-1W,24–26 cm)

Zone is not define by radiolarians, only by 

nannofossils. 

Anthocyrtidium angulare interval zone.

Corresponds to the interval from the LO of A. angulare to 

the LO Pterocanium prismatium.

Late-Early to Middle 

Pleistocene 

Corresponds to NN19 

nannoplancton zone.

Biomarkers of the zone were not observed. The interval is 

tentatively assigned based on the FO of Lithostrobus hexagonalis and 

Neophospyris renilla, but these species are not good age indicators.

Didymocyrtis penultima interval zone.

Zone assigned by the evolutionary transition from Stichoco-

rys delmontensis to S. peregrina and by the LO of Diartus 

hughessi.

Late Miocene 

Corresponds to NN11 

nannoplancton zone.

Didymocyrtis penultima

(sample U1414A 22H-6W, 24–26 cm)

Zone assigned with the LO of Diartus hughessi and 

the evolutionary transition from D. antepenultima to 

D. penultima (from U1414A 24X-1W-24–26 to

U1414A 25X-2W-24–26). Also includes the probable LO of Cyrtocap-

sella tetrapera, Lithopera neotera and Didymocyrtis laticonus; but 

younger deposits are poor in radiolarians.

Didymocyrtis antepenultima interval zone.

Defined by the LO of Diartus hughessi and the evolutionary 

transition from Diartus petterssoni to Diartus hughesi.

no data Late Miocene 

Corresponds to NN10 

and NN11 nanno-

plancton zones.

Didymocyrtis antepenultima 

(sample U1414A 23-1W-24–26 cm)

From U14141A 26X-7W-16–18 to U1414A 

30X-8W-24–26.

Diartus pettersoni interval zone.

Defined by the evolutionary transition from Diartus petters-

soni to Diartus hughesi and the first occurrence of Diartus 

pettersoni.

no data Diartus pettersoni (sample  

(sample U1414A 31X-1W-24–26 cm)

From U14141A 26X-7W-16–18 to U1414A 

30X-8W-24–26. The base of the zone is not clear, 

Age based from nannofossils.

Early-Late Miocene 

Corresponds to 

NN7–NN10 nanno-

plancton zones.

Dorcadospyris alata interval zone.

Defined by the FO of Diartus pettersoni and the evolutiona-

ry transition of Dorcadospyris dentata to Dorcadospyris 

alata.

Late-Middle Miocene 

Corresponds to NN5 

nannoplancton zone.

Biomarkers are not found. Zone based on the occurrence of 

A) Didymocyrtis mammifera B) D. basanii  and C) Stichocorys armata 

A B C(A, C sample U1381C

 8H3W, 50-52 cm)

(B sample U1381C 

7H6W, 45-47 cm)
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