
Micropaleontological proxies as tool to date serpentinite mud volcanism and
seamount subduction and to reconstruct paleoenvironmental conditions in the

Mariana convergent margin system (IODP Expedition 366)

IODP Expedition 366 recovered cores from three serpentinite mud volcanoes at increasing 

distances from the Mariana trench subduction zone along a south-to-north transect: Yinazao 

(Blue Moon), Fantangisña (Celestial), and Asùt Tesoru (Big Blue) (Figure 1). These cores 

consist of serpentinite mud containing lithic clasts derived from the underlying forearc crust and 

mantle, as well as from the subducting Pacific Plate. Additionally, in situ pelagic sediments and 

volcanic ash deposits underlying the serpentinite mud volcanoes were recovered at 

Fantangisña. A thin cover of pelagic sediment was found at many sites. 

The main component in all cores was serpentinite mud (Zone 1 in Figure 2). In contrast to lithic 

serpentinite, which is typically light green in color, the serpentinite mud ranged from pale green 

to dark blue-gray in color, except in the upper few meters, which are typically oxidized to yellow-

orange color. Ultramafic clasts are the dominant clast type at all of the seamounts (Zone 4). 

These are mainly harzburgite (<<5% clinopyroxene) with less common dunite and pyroxenite. 

The clasts display serpentinization degrees from 30 to 100%.
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GEOLOGICAL SETTING   PLANKTIC FORAMINIFERA  BIOSTRATIGRAPHY (PRELIMINARY RESULTS)

 DISTRIBUTION OF PLANKTIC FORAMINIFERA (PRELIMINARY RESULTS) 

A detailed analysis of Calcareous nannofossils will possibly refine the 
biostratigraphy for Site U1498A. 

Sample 16R-CC W 4-6 (143.59 mbsf) contains very few foraminifera and no 
stratigraphic markers were recorded.   

A total of 43 samples was analyzed from Site U1498A (Figure 3). Planktonic 
foraminifera preservation ranges from poor to very good. Depth values are 
expressed in Core depth below see floor-A, CSF-A (mbsf). Several 
biostratigraphic events were recognized for the Pleistocene. Globigerinella 
calida occurs from the topmost sample 1R-1W, 6-8 (0.06 mbsf) to sample 
1R-4W, 1-3 (3.78 mbsf). The base of the taxon corresponds to an absolute 
age of 0.22 Ma. The above-mentioned samples also contain Globorotalia 
flexuosa (Top 0.07 Ma) and Globorotalia hirsuta, thus dated younger than 
0.22 Ma but older than 0.07Ma. The absence of Globigerinella calida and 
the occurrence of Globorotalia flexuosa in samples 1R-4W, 61-63 (4.36 
mbsf) and 1R-4W, 120-122 (4.97 mbsf) allow to infer an age between 0.22 
Ma and 0.44 Ma (Base G. flexuosa). The base of G. hirsuta (0.45 Ma) was 
observed in sample 1R-4W, 148-150 cm (5.25 mbsf). The top of 
Globorotalia tosaensis was recorded in sample 4R-1W, 45-47 cm (26.25 
mbsf) determining the base of the subzone PT1b. It occurs continuously in 
the stratigraphic range until 45.50 mbsf (sample 6R-CC W 8-10). 
Furthermore, the contemporaneous presence of Globorotalia tosaensis 
and Pulleniatina finalis (Base 2.05 Ma) in sample 6R-CC W 8-10 establish 
an age older than 0.61 Ma and younger than 2.05 Ma.

The common occurrence of  Sphaero id ine l lops is  d is juncta , 
Sphaeroidinellopsis  seminulina, Globoturborotalita druryi and rare 
Globoturborotalita nepenthes suggests a middle Miocene age 
(Serravallian) from sample 10R-CC W 11-15 (84.41 mbsf) to sample 13R-
CC W 15-17 (115.30 mbsf).

The Pleistocene/Pliocene boundary, the entire Pliocene and late Miocene 
are not indicated in Site U1498A due to poor core recovery.

Figure 1: Location map of Sites on Expedition 366 (U1491-U1498). 

43 species of planktonic foraminifera were identified for Site U1498A 
(Figure 4).
The planktonic assemblage in the Pleistocene shows abundant to 
common  (sub)tropical Globigerinoides taxa such as G. conglobatus, G. 
elongatus, G. ruber, and T. immaturus/trilobus group. Other (sub)tropical 
species showing lower abundances: T. sacculifer, G. menardii, G. tumida, 
O. universa,  G. siphonifera, G. calida, N. dutertrei, S. dehiscens,  P. 
obliquiloculata, P. finalis, showing lower abundances. 
G. glutinata, G. bulloides and G. rubescens are also present but are minor 
constituents of the population. 
In middle Miocene samples, G. druryi and S. seminulina dominated the 
assemblage whereas G. nephentes and S. disjuncta are less common. 
Benthic foraminifera abundances will also be determined and presented. 
Overall, benthic foraminifera are less abundant but show high diversity. 
Identified are Lagena, Cibicidoides, Fissurina, Ehrenbergina, Gyroidina, 
Melonis, Pullenia, Osangularia, Favulina, Reophax, Rhabdammina, 
Saccorhiza, and Hormosinella. To the best of our knowledge, the 
occurrence of benthic forms in such environments is highly unusual and 
has not been recorded in detail so far. 
Quantitative and statistical analyses on planktonic and benthic 
foraminifera assemblages will be performed to provide information on 
water column and bottom water conditions. Moreover, a detailed 
comparison between assemblages pre- and post-volcanism may reflect 
possible changes in the ecological conditions.  

Figure 4: Relative abundances of planktonic foraminifera at site U1498A. At least 300 specimens from the 500-125 µm size fractions  were identified from random counts and indicated as follow: A= abundant 
(>20%-50% of the washed sample); C= common (>5%-20% of the washed sample); F= few (1%-5% of the washed sample); R= rare (<1% of washed sample).Sample preservation categorized as follow: G= 
good (mostly whole specimens, well preserved ornamentation, nearly all specimens identifiable at the species level; M= moderate (specimens often etched or broken, most specimens identifiable at the species 
level.

Figure 2: Cartoon cross-section of the forearc setting of the mud volcanoes targeted on 
Expedition 366. Tectonic zones 1 to 6 in the forearc subduction zone complex are keyed to core 
images (in this figure scale bars in lower images are 2 cm). Cores are, from left to right, U1492A-
1H-4, 2-30 cm, U1492A-1H-3, 67-94 cm, U1498B-23R-3, 0-27cm, U1498A-3R-2, 85-96 cm, 
U1498B-23R-1, 12-34 cm, U1498B-21R-1,108-128 cm and U1498B-27R-1, 15-41 cm. Figure 
modified after Fryer, 2012.
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Crustal rocks derived from both the underlying forearc crust (Zone 3) and from the subducting 

Pacific plate (Zones 5 and 6) are found at several sites, but they form a major fraction of the 

recovered clasts at three sites: U1496 (Asùt Tesoru summit), U1497 and U1498 (Fantangisña 

summit and flank). Volcanic clasts from Fantangisña include forearc basalts (Zone 3), boninite 

and volcanic glass (boninitic), as well as greenstones and subgreenschist (prehnite-pumpellyite 

facies) metavolcanics (Zone 6). Meta-sediments from sites U1497 and U1498 are characterized 

by recrystallization of calcareous and siliceous microfossils (Zone 5).

The seamounts are overlain by  pelagic sediment, sampled at site U1498, which is composed of 

volcanic ash, calcareous nannofossils (discoasters and coccoliths), foraminifera, radiolarian 

and sponge spicules (Zone 2). A similar pelagic sediment overlies most sites as well. The 

underlying volcanic ash with nannofossils allow to establish a maximum age for mud volcano 

activity, whereas the overlying pelagic mud that blankets the surface of the volcanoes (Figure 3) 

constrains their most recent activity. 
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Figure 3: Stratigraphy of Site U1498A. Planktonic foraminifera bioevents follow Wade et al., 
(2011). Grey areas refer to intervals of poor/lack of core recovery and/or absence of appropriate 
lithologies for biostratigraphic evaluations. B= base, T= top. For lithological description see 
legend below.
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Legend:
Muddy silt with sand horizons of serpentinite detritus 

Serpentinized ultramafic rock clasts (brecciated and oxidized); no matrix 
 Serpentinized ultramafic rock clasts(unoxidized); no matrix 
   Mafic metavolcanic and polymict breccia clasts; no matrix 
   Layered serpentinite sand and silt,no clasts 
   Blue sandy serpentinite mud with green sandy serpentinite 
intercalations 
   Mud,silt and sand with ash; dark yellow-brown   
   Nannofossils-rich sand with ash; dark greenish gray   
   Mixed ultramafic and volcanic rock clasts with some
silty ash
  
   
Silty serpentinite mud with sand and volcanic ash
  
   
Nannofossil-rich silty mud with ash; ultramafic rocks  and 
sandstone clasts 
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