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Abstract of Results 
 

The YK06-12 Shinkai 6500 dives and dredge hauls along the forearc south and east of Guam 
collected the entire suite of rocks associated with what could be termed a “supra-subduction zone 
ophiolite” that formed during subduction initiation, and four dive sites for YK08-08 (1091, 1092, 
1093, 1097) were chosen to further sample and observe the geology and geomorphology of this 
region. Dredges in the region bordering the southeastern termination of the West Mariana Trough 
showed this area exposes depleted Mariana forearc related peridotites, less-depleted back-arc 
related peridotites as well as arc-related crustal rocks. Three dive sites for this cruise (1094, 1095, 
and 1096) were targeted to collect both types of peridotites. SeaBeam mapping, sidescan imagery 
and gravity data were collected around all of the dive sites, spanninga region from 11o35’N, 143o5’E 
to 13o20’N, 145o10’E.  
 
Taken together, the dives to the east of Santa Rosa Banks document a sequential but disjointed 
crustal section. Based on dredge hauls in waters deeper than our dive sites, the lowermost unit 
appears to consist of a relatively thin gabbroic layer with rare tonalite, underlain by harzburgite and 
dunite. Overlying the gabbroic layer is a comparatively thick zone of diabasic-textured rocks and 
pillow basalts (Figs. 1 & 2). These basaltic rocks are olivine-poor with abundant intergrown 
acicular plagioclase and augite. The pillow lavas might have erupted superheated based on the lack 
the phenocrysts and the unusual microdiabasic texture exhibited by the pillow lavas. Based on 
geochemical results from the last dive cruise, these lavas have compositions similar to those of mid-
ocean ridge or back-arc basin lavas, except for greater concentrations of V and Cu, suggesting that 
they were unusually oxidized (M. Reagan and K. Kelley unpublished data). We postulate that these 
were the first magmas to erupt after subduction initiation. Overlying these lavas are low-Ca and 
high-Ca boninites, with compositions that suggest generatiob from a depleted mantle source at 
shallow levels in the presence of a water-rich slab fluid. Above these lavas are normal arc basalts 
and andesites similar to those found in the Alutom Fm. on Guam, which have ages of 38-32 Ma 
(Reagan et al., 2008). An unusual site of hornblende andesites with light-enriched REE patterns was 
found in dives 974, 976, and 1092. These have tentative 40Ar/39Ar ages of 30-32 Ma (O. Ishizuka, 
unpublished data), suggesting that these could be the youngest lavas in this region and that they 
erupted at bout the same time as the Kyushu-Palau ridge rifted. The entire section has been broken 
up by a series of normal faults that generally down-drop lithologies toward the trench. Folding seen 
in dive 1092 could be related to the normal faulting if it was listric, but it also could document a 
compressional event that occurred after normal arc volcanism began in this region. 
 
Peridotites exposed at the southern end of the Mariana Trough at dives 1094 and 1095 are mostly 
pyroxene-poor peridotites with porphyroclastic to granular textures. These are interpreted to be 
“forearc type” peridotites (Michibayashi et al., 2007) comprising structural blocks of the original 
Mariana forearc left along the transpressional boundary between Santa Rosa Banks and Yap (see 
Geodynamic background section). Dredge hauls have shown that forearc crustal rocks overly these 
pieces of the mantle in some locations. Interspersed with the forearc peridotites are “backarc” type 
peridotites with that are less depleted in pyroxene and have spinels that are less enriched in Cr 
because of less melting. One location with backarc-type peridotites is dive site 973 on the east side 
of a small block of crust located within a trough that lies between faults to the west of the Santa 
Rosa banks. Dive 1096 on the other side of this small block recovered fresh basalts with 
petrographic characteristics like backarc basin lavas. This opens the possibility this trough is a site 
of recent basaltic volcanism, despite its proximity to the trench. Age determinations for these 
basalts and their compositions will be crucial for determining whether young hot asthenosphere has 
recently circulated close to the trench here, or whether these are remnants of early Mariana Trough 
back-arc basalts that were once further from the trench. Because it is structurally bounded, has 
potentially recent volcanism, and may have a separate geological history from adjacent crust, we 
have given this feature a tentative name of the West Santa Rosa Terrane.  
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1. Introduction 
 
Understanding how subduction starts, how magmatic arcs develop with time after 

subduction begins, mass cycling through subduction zones, and the role that arc crust 
plays in the formation of continental crust are all important questions that broadly 
impact the geoscientific community.  A lot of progress has been made in understanding 
especially the volcanic outputs at arcs, but our understanding of how arcs form and the 
nature of the structure and composition of deep arc crust and upper mantle is not as far 
advanced. The importance of understanding the composition and structure of the deep 
parts of juvenile arcs has been recognized by most international geoscientific research 
programs concerned with crust formation and evolution (e.g., IODP, ICDP, JAMSTEC, 
USA-MARGINS). It also is widely acknowledged that research into these topics is best 
carried out on juvenile “intra-oceanic” arcs, such as the Izu-Bonin-Mariana arc system, 
because their historical record is not complicated by the presence of preexisting 
continental crust (Leat and Larter, 2003).   A simple cartoon of a subduction zone 
associated with a strongly extensional intra-oceanic arc system like IBM is shown in Fig. 
1 

 

 
Figure 1: Schematic section through the upper 140 km of a typical extensional subduction zone, 
showing the principal crustal and upper mantle components and their interactions. Note the 
position of the forearc, between trench and magmatic front (Stern 2002) 
 

The IODP (2001) Initial Science Plan clearly states that studying deep crust of 
juvenile arcs is a top geoscientific priority (p. 67): “ The creation and growth of 
continental crust remains one of the fundamental, unsolved problems in Earth science. 
Arc magmatism is thought to be a principal process in continental creation.  Bulk 
continental crust is andesitic in composition, but the primary melt extracted from the 
upper mantle in subduction zones is basaltic.  We still do not understand what causes 
this compositional change.  IODP will drill into juvenile oceanic arcs, ideal sites for 
addressing this question, because extensive dredging and seismic surveys suggest that a 
major part of the middle arc crust is composed of rocks with andesitic compositions. … 
Probing the possible new “continental root” beneath juvenile oceanic arcs by IODP 
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will be a tremendous step towards understanding the origin of andesitic continental 
crust.”  The importance of these objectives is also reflected in JAMSTEC’s science plan 
for 2005-2010 and in the International Continental Scientific Drilling Project white 
paper (Behrmann et al., 2007).   Japan is also a member of InterMARGINS, which does 
not yet have a science plan but the US-NSF-MARGINS Science Plan identifies 
understanding crust formation and element recycling at convergent plate boundaries as a 
top priority.  We also hope that our efforts will encourage will use of the new 6500m 
diving capability of ALVIN in the region, perhaps as part of a joint US-Japan joint 
study of the IBM arc system. 
 

 
Figure 2:  A: Locality map for the IBM arc system.  Note that the Pacific plate is being subducted 
beneath the Philippine Sea Plate. Bathymetry  (red = shallow and blue =deep seafloor) is from  
Sandwell and Smith (1997),  using GMT software and  courtesy of F. Martinez (U. Hawaii).  B: 
Locality map of the southern Mariana arc, depth in m.  The map is a compilation of swath 
bathymetry from several US and Japanese research cruises over the past decade. Dashed lines 
represent two faults: West Santa Rosa Bank fault (WSRBF) and West Guam fault (WGF).   
Compilation thanks to S. Merle (PMEL-NOAA) 
 

Research results presented here continue research begun in 2004 with diving west of 
the Bonin Ridge and furthered with diving southeast of Guam in 2006.  YK04-05, dives 
823-826 were intended to study lower crust and upper mantle exposed on the eastern 
escarpment of the Ogasawara Ridge north and west of the Ogasawara Islands.  We 
found that these scarps were mantled with 41.8-43.9 Ma andesitic lavas (Ishizuka et al., 
2006).  YK06-12, dives 973-977 SE of sampled many of the igneous rocks associated 
with subduction initiation in the IBM system, including relatively fresh mantle 
peridotites at Dive Site 973.  YK08-08 (this cruise) continued this effort with 7 Shinkai 
6500 dives near Guam, in the southernmost IBM arc system (Fig. 2).  The goal was e to 
sample remaining the early arc crust and upper mantle exposed in the forearc, and to use 
this to gain a clearer understanding of the structure and evolution of Mariana fore-arc 
crust and upper mantle. We hope these efforts will stimulate geophysical experiments 
designed to better resolve crustal and upper mantle structure in three dimensions. 
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2. Geodynamic Background 
 

 Forearcs are ~200km wide zones along the leading edge of the overriding plate at 
convergent plate margins; they separate trenches (the surface expression of the 
convergent plate boundary) from active magmatic arcs.  Forearcs are characterized by 
very low heatflow, as a result being underlain by a cold subducting slab, which insulates 
forearcs from asthenospheric heat.  There are two forearc endmembers, Accretionary 
(sediment-rich) and Non-accretionary or Naked (sediment poor; Fig. 3). Accretionary 
forearcs form when more sediment is delivered to the trench than can be subducted, 
either by high sediment flux from the overriding plate or from the downgoing plate.  
Sediment flux at convergent margins is mostly controlled by proximity to land with 
high precipitation (rivers, glaciers) so accretionary forearcs are found near continents.  
Correspondingly, sediment flux decreases with distance from landmasses with high 
precipitation and is generally low for convergent margins that are situated within 
oceanic basins (intra-oceanic arc-trench systems).  In these situations, all of the 
sediment that is delivered to the trench is easily subducted and  
 

    
Figure 3. End-member forearc types: (top) accretionary forearc (high sediment flux, usually near 
continent) and (b) non-accretionary forearc (low sediment flux, usually intraoceanic forearc) (from 
Stern 2002). Note that the abundance of sediments associated with accretionary forearcs is 
manifested as an accretionary prism and as a thick forearc basin and that the relative lack of 
sediments leaves the nonaccretionary forearc exposed.  Nankai Trough is an excellent example of 
Accretionary Convergent Margin; IBM forearc is good example of a Non-accretionary (Naked) 
Convergent Margin, although it is the only one known with active serpentinite mud volcanoes 
(Fryer and Salisbury, 2006) 

 
tectonic erosion also removes the crust of the overriding plate (Von Huene et al. 2004).  
Most of the IBM arc is situated far from any significant landmass, so sediment supply to 
the trench and the Pacific Plate is very low and sediment cover is thin and discontinuous. 
Japan is fortunate to have excellent examples of both endmembers, the Nankai Trough 
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(accretionary) and IBM (non-accretionary) and these are both important targets of 
interdisciplinary geoscientific study. Consequently, the Izu-Bonin-Mariana forearc is a 
type example of a non-accretionary forearc convergent margin, and igneous basement is 
commonly exposed in the forearc where it can be studied and sampled with Shinkai 
6500.  Basement exposures are further enhanced by an unknown amount of tectonic 
erosion along the inner trench wall (von Huene et al., 2004).   Several forearc islands 
(Bonin islands, Guam-Rota-Tinian-Saipan) expose upper crust of the inner forearc,  
DSDP and ODP scientific drilling efforts also provide important perspectives about the 
nature of the outer forearc (Ishizuka et al., 2006; Reagan et al., 2007).  In aggregate, the 
IBM forearc comprises an in-situ arc ophiolite constructed during subduction initiation 
and early-arc development.  

The IBM forearc contains an extensive record of volcanism that reflects much of 
the history of the birth and development of an archetypal oceanic island arc and has 
long been recognized as an outstanding location for studying how subduction zones 
form and arcs evolve (Stern and Bloomer, 1992; Stern, 2004; Ohara et al. 2006).  This is 
reflected in the choice of the IBM arc as one of the focus sites for the US-NSF-
MARGINS Subduction Factory initiative (the other is Central America).   

The southernmost IBM arc system near Guam is ideal for studying deep arc crust 
and upper mantle as well as early arc evolution.  This is where the deepest gash on our 
planet’s face – the Challenger Deep – is found.  Recent studies indicate that southern 
end of the IBM arc and back-arc system (Fig. 4) is truncated south of Guam by N-S and 
E-W faults that expose several kilometers of arc and back-arc basin crust and upper 
mantle (Karig & Rankin 1983; Fujioka et al., 2002; Fryer et al., 2003; Gvirtzman and 
Stern, 2004; Kobayashi, 2004). Collision of the Caroline Ridge in Late Miocene time 
pinned the Yap portion of the IBM convergent margin, allowing the Mariana Trough to 
open.  E-W dextral shear zone progressively separated the Yap and Mariana arc 
segments; some blocks of forearc and West Mariana Ridge (WMR)  
 

 
Figure 4.  Evolution of southern Mariana Arc System, modified after Fujioka et al. (2002) and 
discussed in text.  WMR = West Mariana Ridge; MVF = Mariana Volcanic Front; r = rifts; G = 
Guam.  Time ranges are very approximate.  

 
arc crust were emplaced along the shear zone.  Continued NW motion of the Pacific 
Plate resulted in re-initiation of subduction beneath the E-W sheared margin.  This 
resulted in development of a new segment of the Mariana arc WSW of Guam, re-
orientation of southernmost Mariana Trough backarc basin spreading ridge, and 
development of a ~N-S tear in the subducted Pacific plate.  The slab tear allowed the 
short and narrow slab to the west to retreat more rapidly than the deep and wide slab 
beneath the rest of IBM to the east and north.  More rapid slab retreat to the west 
required development of at least one and perhaps two major N-S sinistral fault zones 
(West Guam Fault and West Santa Rosa Bank Fault, Fig. 2B) to allow the upper plate to 
move with the more rapidly retreating slab (Fryer et al., 2003 and Gvirtzman and Stern, 
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2004 for details about the slab tear, rapid trench rollback, and other tectonic effects of 
this evolutionary scenario). This scenario is consistent with a wide range of recent 
studies indicating that the southern Mariana Trough is deforming rapidly in response to 
recent and ongoing tectonic reorganization (Martinez et al., 2000; Kato et al., 2003). 

The easternmost of the two N-S faults (West Guam Fault) is clearly a sinistral fault, 
as demonstrated by observed offset between the Santa Rosa Bank crustal block (SRCB) 
and the coherent inner forearc crust represented by Guam. SRBCB is the southernmost 
coherent fragment of relatively thick forearc (frontal arc) crust, and the termination of 
thick forearc crust in this region must be related to the ongoing deformation discussed 
above and shown in Fig. 4. The significance of the westernmost N-S fault (West Santa 
Rosa Bank Fault) is less clear than that of the West Guam Fault; there is no obvious 
crustal block to the west with which it shows sinistral offset.  Instead, it may mark a 
major rift boundary or master fault separating back-arc basin crust from the arc.  Our 
discovery of a possible rift (the West Santa Rosa Terrane, see Synthesis Section) just to 
the west of the West Santa Rosa Bank Fault supports the interpretation that the latter is 
a major, rift-related fault.   

Regardless of these interpretations, these kinds of observations and arguments 
suggest that unusually deep exposures of the lower crust and upper mantle may be 
accessible along the termination of the forearc south and west of Guam and on either 
flank of Santa Rosa Bank. This is confirmed by results of dredging and YK06-12 and 
YK08-08 diving (See Table of Sample Locations in the Synthesis section). In addition, 
previous sampling of the forearc to the west indicates that relatively upper mantle 
peridotites and related rocks are exposed within the depth ranges that Shinkai 6500 can 
reach. 

We do not have modern geophysical surveys of crustal structure in the region near 
Guam, but seismic investigations to the north provide some useful insights.  Seismic 
investigations along a 600km long, active source-OBS line oriented WNW-ESE 
between 16° and 17°N yielded a high-resolution velocity model of the Mariana arc-
backarc-remnant arc system (Fig. 5).  This profile indicates that the Mariana arc is no 
more than 20 km thick before Vp ~7.7 km/s, interpreted as upper mantle, are reached.   
Note that the crust thins dramatically eastwards across the forearc towards the trench 
and westward into the Mariana Trough back-arc basin. Takahashi et al. (2007, 2008) 
identified significant velocity variations within the arc middle and lower crust and 
interpreted these to represent intermediate to felsic and mafic igneous rocks. This 
intraoceanic arc crust has a relatively simple crustal structure: upper crust with Vp ~4-5 
km/s, middle crust with Vp ~6 km/s, and lower crust with Vp ~7 km/s, underlain by 
uppermost mantle with Vp as low as 7.6-7.7 km/s.  This seismic section implies that the 
crust beneath the inner forearc – beneath the frontal arc islands of Guam and its 

Calvert et al. (in press) reported results of a 3-D active source-OBS investigation of 
Mariana arc crustal structure (Fig. 6).  This encompassed the region between 14.5°-
18.5°N and 145°-147°E, including part of the 2-D profile of Takahashi et al. (2007; 
2008).  Calvert et al. (in press) examined crustal structure much closer to the YK08-08 
study are and shows significant variations in crustal structure along strike of the active 
arc and inner part of the forearc. The active magmatic arc has an average thickness of 
18 km. Approximately 40 km to the east, the crust beneath the frontal arc high has an 
average crustal thickness of 21 km, due primarily to a thicker lower crust.  Calvert et al. 
(in press) noted that crust beneath the inner forearc (frontal arc) varies in  
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Figure 5. Mariana arc-backarc system seismic profile oriented WNW-ESE between 16° and 17°N. 
A: Final Vp velocity model (Takahashi et al., 2007). Dots indicate ocean-bottom seismograph 
locations. Numerals denote P-wave velocity (Vp) (km/sec).  Dark shading shows seismic-ray 
penetration; bsl—below sea level. B: interpretation of Mariana arc system crust and upper mantle 
(Takahashi et al. 2008).  US=upper crust; MC = middle crust; LC = lower crust. 

            
 

Fig. 6: A: Location of the grid of airgun shot lines, 52 OBS receivers, 2 land seismometers, and  
JAMSTEC 2-D OBS/airgun profile (Fig. 5), superimposed on the bathymetry of Mariana ac studied 
by Calvert et al. (in press). Numbers of the main airgun shot lines are marked. Circular regions of 
shallow (<1500 m) bathymetry along line 10 correspond to the isolated volcanic centers of the 
modern arc. The Eocene frontal arc is the more continuous region of shallow bathymetry along line 
20/21, which disappears to the north. The location of the primary survey grid shown in B is 
indicated by the dashed grey box.  B: Isopach map for igneous crust (Vp = 2.9-7.4 km/s) calculated 
from 3-D velocity model. P, Al, G, S, and An are volcanic islands of Pagan, Alamagan, Guguan, 
Sarigan and Anatahan. FdM is Ferdinand de Medinilla on the frontal arc. 
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thickness by a factor of up to two along the ~250 km of strike length investigated. Crust 
was thickest beneath where the frontal arc was shallow or emergent, and the presence of 
more and larger frontal arc islands to the south (culminating in Guam) implies that crust 
may be even thicker than the maximum of ~25 km found in the region studied by 
Calvert et al. (in press).  Average P wave velocities within the upper crust beneath 
active volcanic arc are 240-360 m/s lower than beneath the frontal arc, but are 280 m/s 
higher for the lower crust.   Middle crust with velocities of 6.0-6.5 km/s is best 
developed beneath the frontal arc. These results suggest that arc structure evolves with 
increasing age: Calvert et al. (in press) infer that fractures and porosity in the upper 
crust have been progressively closed through hydrothermal circulation and a reduction 
in the mafic character of the mid-lower crust as a result of intracrustal differentiation. 
Temperature and temporally-linked compositional variations may also play a role in 
controlling age-dependent velocity variations in crustal structure (more warm basalt 
beneath the active arc, more cold boninite beneath the frontal arc).  They also conclude 
that, although tonalitic rocks may predominate in the transition from upper to middle 
crust, the bulk of the crust is essentially basaltic. 
 
3. Objectives of the Cruise 

 
 Studies of the arcs and forearcs of intraoceanic convergent margins, focusing 
mostly on the Izu-Bonin-Mariana (IBM) system over the last few decades, have resulted 
in important new hypotheses about how these systems evolve and ultimately create 
continental crust. Stern and Bloomer (1992) attributed massive Eocene protoarc 
magmatism to large-scale mantle upwelling and forearc spreading to fill the gap left by 
the initial sinking of the Pacific plate. Hall et al. (2003) modeled this process, and 
showed that it is the likely result of convergence across an intraoceanic plate boundary. 
The geology, geochronology, and geochemistry of the igneous rocks from the Mariana 
forearc thus far encountered are generally consistent with this model (Ohara et al., 
2006). The MORB-like basalts encountered in deep YK06-12 dives appear to have been 
generated largely by mantle decompression perhaps during foundering of the Pacific 
plate and may therefore represent the oldest subduction-related magmas in the IBM 
system. The boninitic lavas appear to have been generated shortly after the basalts when 
the mantle continued melting at shallow levels in the presence of a flux of a hydrous 
fluid derived from the subducting Pacific plate. Normal arc magmatism began at 45 Ma 
on Saipan and 42 Ma on Guam when subduction drag initiated counterflow in the 
mantle wedge. This period also marked the first appearance of melts from subducted 
sediment in Mariana arc magmas. Our initial hypothesis for the origin of andesites and 
dacites from the trench slope is that they are related to transiently high temperatures in 
the subducting slab due to a partial and/or short-lived breakup of the Pacific plate about 
the time of subduction initiation. This hypothesis is tentative at present; a more concrete 
view of both the sequence of volcanism and the spatial distribution of lavas and 
associated plutonic rocks will require gaining a better understanding of the geological 
relationships between the different rock types and additional geochronology.  
 

Specifically, observations and sample analyses from YK08-08 Leg 2 will test the 
following related hypotheses: 

 
1) The composition of Mariana arc crust could be a progenitor of continental crust if 
modern arc and early arc crustal compositions are balanced and crust thickens to the 
point that refractory lower arc crust can delaminate. 
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2) The Mariana forearc is floored dominantly crust produced early in the evolution of 
the convergent margin and is formed at rate much higher than that of "normal" arc 
volcanism.  Older MORB crust is a minor component of forearc basement, having been 
removed by forearcr spreading. 
 
3) Tonalites in the forearc are distal exposures of middle crust seismically imaged 
beneath the IBM arc (Suyehiro et al., 1996; Takahahi et al. 2007; Kodaira et al., 2007).  
These tonalites are generated by anatexis of amphibolites in the lower crust (Tamura 
and Tatsumi, 2002).  
 
4) Gabbroic rocks and residual mantle exposed in the southern Mariana forearc can be 
associated to the various magma types and temporal episodes identified from the 
volcanic section. 
 
5)  The geologic history of the southern Mariana region can be inferred, and an initial 
geologic map created, with appropriate information on basement compositions and 
ages at key sites. 
 
 Related questions about the nature and evolution of intraoceanic arcs also will be 
addressed by dive-related research. For example, we will investigate whether forearc 
and arc crust thicken away from the trench and whether forearc lavas become less 
depleted in the same direction (Taylor and Nesbitt, 1992). If this is true, then it is the 
opposite of the relationship observed for mid-ocean ridges and reflects the fact that 
magmatic activity retreats from the trench as the mantle wedge cools following 
subduction initiation.  In fact, compilation of samplings in the region suggests that the 
Moho deepens eastward, implying that crust thickens towards the trench.  Previous 
dredging, diving, and on-land studies demonstrate that many ophiolitic lithologies are 
present in the Mariana fore-arc. Additional dive observations should show whether 
these  forearc- lithologies indeed compose an in-situ ophiolite, supporting the 
hypothesis that forearc environment of juvenile arcs is a better analog for most 
ophiolitic complexes than are mid-ocean ridges or back-arc basins (Stern 2004). This 
research also could test whether the sub-arc mantle has a history linked to the genesis of 
the arc crust. That is, is its composition consistent with its being the residue after 
melting to generate arc crust? Finally, by placing better constraints on the overall 
composition of arc crust, we also would provide a better estimate of the constituents 
from the mantle that yield arc crust, and the constituents from the continental crust that 
recycle into the mantle. 
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4. Running Cruise Narrative 
    

Local time 
(Approximate) Notes 

08-Jul-08 

The Yokosuka YK08-08-Leg 2 cruise began. It was rainy (sometimes heavy 
rain) in Guam. The Yokosuka was underway to the western part of the 
proposed survey area to target the mantle section of the landward slope of 
the southern Mariana Trench. Bathymetric mapping during the night. 

10:00 Scientists arrived at the Yokosuka. Ship's clock used Guam local time (UTC + 
10 h). 

13:30-14:10 Scientists held a meeting with the Shinkai Team. 

14:10 YK08-08-Leg 2 cruise began. Ship's clocks used Guam local time (UTC + 10 
h) during this cruise. 

15:00-15:30 Scientists held a meeting with the Chief Mate and Chief Radio Officer. 
16:40-17:00 The Kom'pira-san Ceremony, praying for a safe and successful crusise.  

18:00-19:00 

Science meeting was held at the No. 1 laboratory. Yasuhiko Ohara summarized 
the objectives and logistics of the cruise. Katsuyoshi Michibayashi, who was 
designated as the 1st observer, presented the strategy for the tomorrow's dive 
(Dive #1091).  

09-Jul-08 

The first dive, Dive #1091, targeted the mantle section of the landward 
slope of the southern Mariana Trench, was canceled due to an expected 
worsning weather condition. The Yokosuka headed to the east to map the 
Santa Rosa Bank area, preparing the tomorrow's dive.  

8:30 Dive #1091 was canceled.  

10:00-11:00 A ship tour was held for the scientists who are for the first time at the 
Yokosuka. 

18:00-19:00 

Science meeting was held at the No. 1 laboratory. Yasuhiko Ohara summarized 
the reason for the today's canceling of the dive, and then introduced 
JAMSTEC's new policy for sample handling. Mark Reagan presented what we 
know about the shallow crustal section of the southern Mariana forearc, and 
summarized the reason for the choice of the tomorrow's dive site, which is the 
western slope of the Santa Rosa Bank. Rosemary Hickey-Vargas summarized 
tomorrow dive's strategy. 

10-Jul-08 
Dive #1091 was conducted along the western slope of the Santa Rosa Bank. 
Rosemary Hickey-Vargas as the observer. Bathymetric mapping during 
the night. 

10:06 Dive #1091 started (the Shinkai opened vent). 
11:19 The Shinkai on bottom (2969 m). 
16:11 The Shinkai off bottom (1958 m); total 30 rocks were sampled. 
17:23 The Shinkai on deck. 

19:00-20:00 

Science meeting was held at the No. 1 laboratory. Yasuhiko Ohara summarized 
the reason for the choice of the tomorrow's dive site, which is a shallow dive 
located off the southeast of Guam. Rosemary Hickey-Vargas summarized the 
results of the today's dive, and Mark Reagan summarized tomorrow dive's 
strategy. 
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20:00-21:40 Scientists worked on curating the Dive #1091's samples.  

11-Jul-08 
Dive #1092 was conducted off the southeast of Guam, upslope of the YK06-
12 dive sites (#974, #975, #976). Mark Reagan as the observer. Bathymetric 
mapping during the night. 

10:09 Dive #1092 started (the Shinkai opened vent). 
11:29 The Shinkai on bottom (3000 m). 
15:59 The Shinkai off bottom (2599 m); total 24 rocks were sampled. 
17:24 The Shinkai on deck. 

19:00-19:40 

Science meeting was held at the No. 1 laboratory. Yasuhiko Ohara and Mark 
Reagan summarized the reason for the choice of the tomorrow's dive site, 
which is expected to cross the Moho, near the Jason 2 dive site by Patricia 
Fryer. Mark Reagan summarized the results of the today's dive, and Osamu 
Ishizuka summarized tomorrow dive's strategy. 

19:40-22:00 Scientists worked on curating the Dive #1092 samples. 

12-Jul-08 
Dive #1093 was conducted off the south of Guam, near the Jason-2 dive 
site by Patricia Fryer. Osamu Ishizuka as the observer. Bathymetric 
mapping during the night. 

9:03 Dive #1093 started (the Shinkai opened vent). 
11:46 The Shinkai on bottom (6441 m). 
14:53 The Shinkai off bottom (5798 m); total 18 rocks were sampled. 
17:24 The Shinkai on deck. 

19:00-19:55 

Science meeting was held at the No. 1 laboratory. Yasuhiko Ohara summarized 
the reason for the choice of the tomorrow's dive site, which is expected to 
explore the mantle exposure along the prvious dredge hauls by Teruaki Ishii. 
Osaumu Ishizuka summarized the results of the today's dive, and Katsuyoshi 
Michibayashi summarized tomorrow dive's strategy. 

20:00-22:00 Scientists worked on curating the Dive #1093 samples. 

13-Jul-08 
Dive #1094 was conducted along the slope previously dredged by Teruaki 
Ishii. Katsuyoshi Michibayashi as the observer. Bathymetric mapping 
during the night. 

9:01 Dive #1094 started (the Shinkai opened vent). 
11:34 The Shinkai on bottom (6469 m). 
14:46 The Shinkai off bottom (5964 m); total 17 rocks were sampled. 
17:22 The Shinkai on deck. 

19:00-20:00 

Science meeting was held at the No. 1 laboratory. Yasuhiko Ohara summarized 
the reason for the choice of the tomorrow's dive site, which is expected to 
explore the manlte exposure to the west of today's dive site. Katsuyoshi 
Michibayashi summarized the results of the today's dive, and Yasuhiko Ohara 
summarized tomorrow dive's strategy. 

20:00-22:00 Scientists worked on curating the Dive #1094 samples. 

14-Jul-08 Dive #1095 was conducted along the slope to the west of Dive #1095. 
Yasuhiko Ohara as the observer. Bathymetric mapping during the night. 

9:02 Dive #1095 started (the Shinkai opened vent). 
11:36 The Shinkai on bottom (6405 m). 
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14:56 The Shinkai off bottom (5356 m); total 21 rocks were sampled. 
17:20 The Shinkai on deck. 

19:00-20:00 

Science meeting was held at the No. 1 laboratory. Yasuhiko Ohara summarized 
the reason for the choice of the tomorrow's dive site, which is expected to 
explore the manlte exposure of the Mariana Trough backarc affinities. 
Yasuhiko Ohara summarized the results of the today's dive, and Sherman 
Bloomer summarized tomorrow dive's strategy. 

20:00-22:00 Scientists worked on curating the Dive #1095 samples. 

15-Jul-08 Dive #1096 was conducted along the slope to the east of Dive #1095. 
Sherman Bloomer as the observer. Bathymetric mapping during the night. 

9:01 Dive #1096 started (the Shinkai opened vent). 
11:30 The Shinkai on bottom (6077 m). 
15:05 The Shinkai off bottom (5414 m); total 28 rocks were sampled. 
17:31 The Shinkai on deck. 

19:00-20:00 

Science meeting was held at the No. 1 laboratory. Mark Reagan summarized 
the reason for the choice of the tomorrow's dive site, which is expected to cross 
the Moho at the eastern slope of the Santa Rosa Bank. Sherman Bloomer 
summarized the results of the today's dive, and Patricia Fryer summarized 
tomorrow dive's strategy. 

20:00-22:00 Scientists worked on curating the Dive #1096 samples. 

16-Jul-08 
Dive #1097 was conducted along the eastern slope of the Santa Rosa Bank. 
Patricia Fryer as the observer. The Yokosuka was underway to JAMSTEC 
right after recovery of the Shinkai. 

9:01 Dive #1097 started (the Shinkai opened vent). 
11:43 The Shinkai on bottom (6494 m). 
14:56 The Shinkai off bottom (5978 m); total 14 rocks were sampled. 
17:31 The Shinkai on deck. 

19:00-20:00 

Science meeting was held at the No. 1 laboratory. Yasuhiko Ohara summarized 
the schedule of the rest of the cruise. Since detroriorating sea condition is 
expected to due the typhoon near Taiwan, the Yokosuka steamed at full speed 
to JAMSTEC; no chance to conduct bathymetric mapping. Patricia Fryer 
summarized the results of the today's dive. 

20:00-22:00 Scientists worked on curating the Dive #1097 samples. 

17-Jul-08 The Yokosuka was underway to JAMSTEC. Scientists worked on curating 
the samples. 

Day time 
Scientists worked on curating the samples and writing cruise report. A map 
compiling the dive results and previous studies are produced, to be included for 
the synthesis chapter of the cruise report. 

13:00-13:10 Scientists and ship crew took group photos. 

18:00-18:30 Science meeting was held at the No. 1 laboratory. Yasuhiko Ohara summarized 
the schedule of the rest of the cruise. Scientists discussed the compiled map. 

0:00 Ship's clocks were changed from Guam local time (UTC + 10 h) to Japan local 
time. 

18-Jul-08 The Yokosuka was underway to JAMSTEC. Scientists worked on curating 
the samples. 
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Day time Scientists worked on curating the samples and writing cruise report. The 
compiled map was revised. 

9:00-10:00 

A seminar was held. Yasuhiko Ohara gave two talks. One was the sumarry of 
the cruise, and the other was on Japan's Law of the Sea project. Keita 
Matsumoto (the Shinkai Team) gave a talk about his recent visiting to 
IFREMER and the French DSV Nautile. 

18:00-18:30 
Science meeting was held at the No. 1 laboratory. Yasuhiko Ohara summarized 
the schedule of the rest of the cruise. Scientists discussed and revised the 
compiled map. 

20:00-23:00 A party hosted by the captain was held in the mess room. Scientists, officers, 
and the Shinkai Team were attended. 

19-Jul-08 The Yokosuka was underway to JAMSTEC. 

Day time Scientists worked on writing cruise report. The compiled map was further 
revised. 

15:40 Sofu-Gan rock was seen ~5 miles away on the port side of the Yokosuka.  

18:00-18:30 Science meeting was held at the No. 1 laboratory. Yasuhiko Ohara summarized 
the schedule of the rest of the cruise. Cruise report assingment was confirmed. 

18:30 Tori-shima Island was seen ~5 miles away on the port side of the Yokosuka. 

20-Jul-08 The Yokosuka was underway to JAMSTEC. 

Day time Scientists worked on writing cruise report.  
16:00 The Yokosuka anchored off JAMSTEC. 

18:00-18:30 Science meeting was held at the No. 1 laboratory.  

21-Jul-08 The Yokosuka anchored off JAMSTEC. 

Day time Scientists worked on writing cruise report.  

18:00-18:30 Science meeting was held at the No. 1 laboratory.  

22-Jul-08 End of the cruise. 

9:00 Arrived at the JAMSTEC's pier. End of the YK09-08-Leg 2 cruise. 
 
 
5. Operations and data processing 
 
Several surveys of the southern Mariana region were conducted during YK08-08 Leg 2, 
in addition to those done to characterize the dive sites.  Survey lines and waypoints for 
that mapping are shown in Figure 7.  
 
5-1. DSV Shinkai 6500 
 
DSV Shinkai 6500 is one of the finest manned submersibles in the world.  The 
operational characteristics of the submersible are described elsewhere. 
 
5-2. Bathymetric data 
 
Bathymetric data were collected using the SeaBeam 2112 system deployed on M/V 
Yokosuka.  The SeaBeam system uses sound velocity data from XBT data not only for 
calculating the depth and position of each beam during the ray tracing process, but also 
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for the beam forming process.  The sound velocity of the surface layer is very important 
for this step, so the system measures and uses these surface velocities in real time.  
Except for the surface layer, data from a CTD installed in the Shinkai 6500 were used 
for calculating sound velocities. The quality of the obtained bathymetry depends mostly 
on the sea state, which had been very good during the cruise (Table 1). Survey lines and 
way point locations are shown in Figure 7.  
 
Fig. 7. Survey lines and way points (see Table 2) employed during YK08-08 Leg 2 
cruise. Colored lines indicate different days or evenings of surveying. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5-3. Gravity data 
 
Gravity data was collected during YK08-08 Leg 2, though it was not processed on 
board. 
 
5-4. Magnetics data 
 
Three-component magnetometer data (Hx, Hy, Hz) was collected during our survey 
lines using an SFG-1214 magnetometer (Terra Tecnica Inc.). However, a figure eight 
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track to calibrate the effect of the ship’s magnetization was not carried out during the 
cruise.  The proton magnetometer was not deployed during the cruise. 
 
6. Scientific results 
 
6-1. Bathymetry 
 
Previous cruises in the area of our dive operations collected survey data used to 
construct the bathymetry basemap of the southern Mariana area (Fig. 8).  This includes 
surveys collected with the Hawaii Mapping Research Group (HMRG) shallow-towed 
swath mapping system (HMR-1) collected in 1997 and 2001, Seabeam data collected 
from the R/V Yokosuka in 1993, 2006 and 2008, EM300 hull-mounted swath mapping 
system collected with the R/V Thomas G. Thompson in 2001, and is augmented by 
Etopo2 satellite derived bathymetry data.  The areas surveyed during our 2008 
operations concentrated on the inner trench slope from 143°E to 145°30’E and on the 
eastern side of the Santa Rosa Bank, as well as over portions of the HMR-1 surveys 
where track-parallel artifacts existed.  The map showing both the 2006 and this year’s 
data is given in figure 9. A chart showing bathymetric data collected only during YK08-
08 Leg 2 is included as Figure 11. 
 
The bathymetry to the southeast of Guam (Fig 8) shows a series of down-faulted blocks 
of forearc along roughly E-W trending normal faults, antithetic to the main subduction 
thrust.  Furthermore, there are several narrow terraces on the east wall of the canyon 
formed along the left-lateral, dip-slip fault to the east of Santa Rosa Bank, suggesting 
these are fragments of the forearc to the south of Guam that have also been down-
faulted toward the fault trace.  This degree of faulting surrounding Guam probably 
accounts for the degree of uplift (footwall uplift?) necessary to expose dike complexes 
on the western coast of the island and raise the boninitic pillow basalts of the Facpi 
formation and associated volcaniclastics. 

 
Deformation to the west of Santa Rosa Bank, in the highly deformed (and possibly 
intruded) forearc region, is probably related to the N-S extensional regime in this part of 
the arc-trench gap (Fryer et al., 2003).  N-S trending faults along the inner trench slope 
(e.g., Dive#1096) may be related to disruption of blocks of the West Mariana Ridge and 
forearc that was called for by Karig (1971a, b; 1972) to accommodate the 25% E-W 
extension of the southern Mariana region that he required to explain opening of the 
southern Mariana Trough.  A map of the area west of Guam showing earthquake 
locations for events from 0-20 km (Engdahl et al. (2003) relocated events) is given in 
figure 10. 
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Fig. 8. Contoured, shaded bathymetry data compiled from academic sources augmented with ETOPO2 data.  Red lines indicate Shinkai 
6500 dive locations during YK06-12 and YK08-02 cruises.  Contour interval 250 m. 
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Fig. 9.  Bathymetry data collected during YK06-12 and YK08-02 cruises.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10. Bathymetry data from the southern Mariana region showing locations 
of seismic events at depths from 0-20 km (colors indicate depths), most of which 
occur east of 143°15’E.  Contour interval 200m. 
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Figure 11.  Bathymetric data collected during YK08-08 Leg 2.   
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6. 2  Submersible Studies 
 
We conducted seven dives during the cruise (Figure 8).  A summary of the video logs 
and sample basket records are listed in APpendix A.  Appendix B includes plots of the 
dive tracks for each dive, in X-Y units and Appendix C plots of the dive tracks on color 
bathymetry.  Appendices D, E, and F provide sample descriptions, distribution and 
pictures.  Note that figure and table references in each dive report are numbered and 
referenced individually within each report. 
 
6-2-1. Report for Dive 1091, 10-July-2008: R. Hickey-Vargas 
 
Aim and scope of dive #1091:  
 
The objective of the dive was to explore and sample an east-west trending ridge 
extending from the west side of the Santa Rosa Bank at 12°35.5’N.  The west side of 
the Santa Rosa Bank abuts the Mariana Trough.  This area had not been explored before, 
so one purpose was to determine whether further diving in this area would be useful.  
We expected to recover a crustal section similar to the sequence exposed on Guam and 
YK8-06 dive sites: protoarc volcanics including forearc basalts (FAB’s), boninites and 
low-K arc tholeiites, overlain by more typical arc rocks of the first arc. 
 
Shinkai 6500 landed at 11:21 am.  The landing point at 2696 meters was a relatively flat 
surface covered with white ooze, pebble sized manganese nodules and sparsely 
scattered large boulders (Fig. 1).  Shinkai moved along the south side of the ridge, 
ascending to 1959 meters before leaving for the surface.  Up slope, from the landing 
point to the end point at 1959 meters, there are discontinuous large outcrops of blocky, 
fractured and/or jointed pillow lavas that may form the crest of the ridge along its length.  
Moving along the south side, we encountered pillow lava outcrops with intervening 
areas of ooze/Mn pebble surfaces and/or talus shed from the ridge.  Rocks collected 
from 2688 meters to 2090 meters are extensively altered aphyric basalt, basaltic 
andesite, andesite, hyaloclastic breccia and some diabase, all with manganese coating.   
Diabase is somewhat less altered than other rock types.  The rocks appear to be 
hydrothermally altered, and many samples have silica veins and/or pervasive 
silicification (Figs. 2 and 3).  Hydrothermal (as opposed to hydrogenous) manganese 
was also noted in some samples.  From 2090 meters to the endpoint at 1959 meters 
there are numerous flat-sided slabs of siltstone and sandstone together with volcanic 
rock talus.    Samples were collected from 13 sites corresponding to points 3-15 on the 
navigation report.   Locations were chosen to be roughly evenly spaced (50-100 meters) 
and sited on or near significant outcrops. 
 
 
Observations: 
 
Sample Stop 1 at 2688 meters = Station 3 in navigation report (2688 meters). 
This was a field of rounded talus blocks like those at the landing site.  Blocks were dark 
colored due to manganese coating so it was impossible to determine the lithology.  One 
altered basalt (R1) and two altered andesite lavas (R2 and R3) were collected. 
 
Sample Stop 2 at 2687 meters = station 4 in navigation report (2678 meters). 



24 

There was a large outcrop on the left of the vessel just visible from the observer port.  
Three samples were collected from talus downslope of the outcrop.  These are also 
rounded, like stop 1, and covered with manganese.  Two samples were picked up by the 
manipulator at one time, and these were recorded as 5A and 5B.  These are altered 
basaltic glass (R4), diabase (R5A) and aphyric lava (R5B). 
 
Sample Stop 3 at 2650 meters = station 5 in navigation report (2650 meters) 
There was a large outcrop of pillow lava visible on the port side of the vessel.  Three 
samples collected at the base of the outcrop are extensively altered volcanic rock 
including pillow basalt (R6, R7 and R8).   
 
Sample Stop 4 at 2558 meters = station 6 in navigation report (2549 meters) 
This was a talus field of dark rock with some angular surfaces.  The one sample 
collected was altered aphyric basalt (R9).  
 
Sample Stop 5 at 2492 meters = station 7 in navigation report (2490 meters) 
This location was at the top of a long slope of pillow lava, possibly an outcrop, with a 
blocky jointing or fracture pattern.  Three samples were collected: an altered, brecciated 
pillow basalt (R10), silicified volcanic rock (R11) and diabase (R12). 
 
Sample Stop 6 at 2434 meters = station 8 in navigation report (2432 meters) 
This location was within a large outcrop of pillow lava, with a pronounced blocky 
jointing or fracture pattern (Fig. 4).  Two samples of altered lava were collected (R13 
and R14).   
 
Sample Stop 7 at 2372 meters = station 9 in navigation report (2365 meters) 
This location was within a large outcrop showing both pillow structures and blocky 
jointing.  Two samples collected here are altered pillow basalt (R16) and massive 
andesite lava (R15).  
 
Sample Stop 8 at 2300 meters = station 10 in navigation report (2297 meters) 
This location is at the top of a large outcrop of fractured and jointed pillow lava that 
extends from just above stop 7 to about 2290 meters (Fig. 5).  The outcrop is 
extensively fractured. Two of three samples collected here are brecciated pillow lava 
(R17 and R19), and one is massive basaltic lava (R18).  
 
Sample Stop 9 at 2256 meters = station 11 in navigation report (2253 meters) 
This location was adjacent to a large cliff face of pillow lava with blocky jointing or 
fractures.  Three samples collected at the base of the cliff at hyaloclastite (R20), pillow 
breccia (R21) and diabase (R22).  
 
Between Stop 9 and Stop 10 there was a significant expanse of outcrop with towering 
cliffs of lava blocks/pillows (Fig. 6). The outcrop ends at about 2200 meters, and the 
bottom becomes a smooth flat area with boulders and soft sediment only. 
 
Sample Stop 10 at 2169 meters = station 12 in the navigation report (2167 meters) 
This location is among the boulders found on the flat area, probably talus from the north 
or east. One highly altered lava sample was recovered (R23); four other samples 
crumbled in the sample manipulator as they were lifted.  
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After this stop there was a second large outcrop of blocky pillow lava, with numerous 
vertical fractures or joints.  At 2138 meters there was a deep depression that is not 
evident in the bathymetry.  The course was changed to move up close to the crest of the 
ridge, which turns northward here. 
 
Sample stop 11 at 2110 meters = station 13 in the navigation report (2109 meters) 
This location was a talus field just past the depression.   Two samples collected here are: 
altered basaltic lava (R24) and hyaloclastite (R25). After this location we changed 
course again to remain close to the ridge, passing over a second depression. 
 
Sample stop 12 at 2045 meters = station 14 in the navigation report (2047 meters) 
This location was within a talus field.  Many rocks have parallel flat surfaces, like 
bedding planes, a feature that was not seen downslope (Fig. 7).  Two samples collected 
here with this characteristic are sandstone (R27) and siltstone (R26).   Other rocks were 
not sampled, but are probably pillow and massive lavas. 
 
Sample stop 13 at 1959 meters = Station 15 in the navigation report (1958 meters) 
This location was within a continuation of the talus field and outcrop that started just 
above stop 12 (Fig. 8).   Rocks are both rounded and flat, like site 12.  Samples 
collected are volcanic breccia (R28) and basaltic andesite lava (R29).  
 
At 1610 we left from this point to return to Yokosuka.   
 
 
Summary of dive observations: 
 
The ridge traversed on Dive 1091 consists of rocks that are broadly consistent with the 
volcanic crustal section exposed on Guam.  The presence of diabase together with 
pillow lavas at several sites suggests that dikes are present in the sequence, at least until 
2250 meters.  Sedimentary rocks: siltstone, sandstone and volcanic breccia - join the 
sequence at 2050 meters.  A surprising feature is the extensive alteration of the rocks, 
particularly evidence for hydrothermal alteration and silicification.  Together with the 
fractured/jointed nature of the outcrops, this could indicate that rocks were heated 
and/or fractured during the opening of the Mariana Trough to the west.  In this case, 
other locations on the west side of the Santa Rosa bank may also be intensively altered 
and not appropriate for sample collection for geochemical purposes.  A few of the rocks 
collected are appropriate for geochemical study, which is needed in order to establish a 
definite correlation with the volcanic sequence on Guam. 
 
Based on petrography, the uppermost basaltic andesite sample R29 is probably 
correlative with the Miocene Umatac Formation on Guam.  Unusually large (>0.5 cm) 
pyroxene phenocrysts is a unique characteristic of lavas from this formation (M. Reagan, 
personal communication) and is also found in sample R29.  Using this as a guide, the 
lower part of the section may correlate with the Oligocene Alutom Formation or both 
the Alutom and part of the middle to late Eocene Facpi Formation.   
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Representative Photographs of the Dive: 
 

 
 
Figure 1: Surface at landing point 2696 meters. 
 

 
Figure 2: Mn-oxide coated volcanic rock with several generations of quartz veins.  
 

 
Figure 3: Silicified volcanic rock.  
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Figure 4. Sample stop 6 – outcrop of fractured and jointed pillow lava. 
 

 
Figure 5. Outcrop of pillow lava at sample stop 8. 
 

 
Figure 6: Outcrop of fractured/jointed pillow lava between sample stops 9 and 10. 
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Figure 7: Talus field near at sample stop 12 with flat slabs of siltstone/sandstone. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8: Last sample outcrop 13  – volcanic breccia and basaltic andesite lava 
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Waypoints and sample stops for Dive #1091 (10-July-2008)             

Point 
Number 

Sample 
Stop Samples Observer Record 

Time* 
Pilot Record 

Time* Latitude Longitude Depth 
(m) X Y 

1 - Landing Target 10:00 10:00 12°35.4500' N 144° 14.6000' E 0 92.1 -1267.5 
2  Landing 11:19 11:19 12° 35.4239' N 144° 14.6270' E 2696 44.0 -1218.6 
3 1 3 rocks(R01,R02 R03) 11:41 11:41 12° 35.4224' N 144° 14.6697' E 2688 41.2 -1141.3 
4 2 3 rocks(R04,R05A,R05B) 11:54 11:54 12° 35.4000' N 144° 14.6874' E 2678 0.0 -1109.2 

5 3 3 rocks(R06,R07,R08) 12:17 12:17 12° 35.2836' N 144° 14.8494' E 2650 -214.5 -815.9 

6 4 1 rock (R09) 12:53 12:53 12° 35.2814' N 144° 15.0644' E 2549 -218.6 -426.6 
7 5 3 rocks(R10,R11,R12) 13:12 13:12 12° 35.2807' N 144° 15.1395' E 2490 -219.9 -290.6 
8 6 2 rocks(R13,R14) 13:27 13:27 12° 35.2854' N 144° 15.1892' E 2432 -211.2 -200.6 
9 7 2 rocks (R15,R16) 13:48 13:48 12° 35.2521' N 144° 15.3394' E 2365 -272.6 71.3 
10 8 3 rocks (R17,R18,R19) 14:12 14:12 12° 35.2384' N 144° 15.4786' E 2297 -297.9 323.4 
11 9 3 rocks (R20,R21,R22) 14:31 14:31 12° 35.2463' N 144° 15.5507' E 2253 -283.3 453.9 
12 10 1 rock (R23) 15:02 15:02 12° 35.2384' N 144° 15.7569' E 2167 -297.9 827.3 
13 11 2 rocks (R24,R25) 15:21 15:21 12° 35.3078' N 144° 15.9115' E 2109 -169.9 1107.2 
14 12 2 rocks (R26,R27) 15:51 15:51 12° 35.3931' N 144° 15.9962' E 2047 -12.7 1260.6 
15 13 2 rocks (R28,R29) 16:11 16:11 12° 35.4466' N 144° 16.0581' E 1958 85.9 1372.7 

*Observer record is the starting time at a sampling stop; Pilot record is the time of departure from a sampling stop    
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6-2-2. Report for Dive 1092, 11-July-2008: M. Reagan 
 
Aim and scope of dive #1092:  
 
The main purpose of this dive was to continue the northwest-southeast transect across 
the Mariana forearc that began with Shinkai 6500 dives 974-976 during the YK06-12 
cruise of the RV Yokosuka. The goal of the entire transect was to sample all of the 
major categories of igneous rocks associated with the initiation of the Pacific plate 
subduction beneath the Philippine plate in the middle Eocene. We also intended to 
sample igneous rocks associated with the evolution of the subduction zone system 
towards a normal mantle convection regime in the Late Eocene and early Oligocene. 
The rocks we expected to encounter during dive 1092 were those lying 
stratigraphically above the boninites encountered in dives 974-976, and 
stratigraphically below the transitional boninites of the 44 Ma Facpi Formation on 
Guam. Another purpose was to better constrain the regional extent of the light rare-
earth element enriched hornblende andesites with ages of 30-32 Ma that were 
collected during the dives 974-976. 
 
Observations: 
 
The dive began at 11:26 and 3000 m on a relatively flat surface covered by sand and a 
few isolated subangular slab-like boulders, which I presumed were slabs of 
volcanogenic sedimentary rocks from farther upslope (see below). The particle rain 
was relatively heavy in this area. Stop 1 was just upslope in an isolated cluster of 
these boulders at about 11:35 and 2998 m. One subrounded weathered diabase 
(Sample R1 - 20x21x13 cm) was collected here. Upslope from this location the 
bottom was partly loose sand or mud, and partly sedimentary rock outcrop forming a 
dip-slope.  
 
Stop 2 (2984 m; 11:47) was on another of these clusters of slab-like boulders (Figure 
1). The large angular boulders were too large to collect, and too well lithified to break 
off, so we collected small rocks nearby. Sample R2 (17x11x9 cm) was a large, platy, 
and broke during collection. This sample is a foram-rich siltstone, which is likely a 
fragment of the nearby dip-slope sediment. The second sample collected (R3 – 
17x11x19 cm) is a volcanic sandstone, which is probably a talus fragment.  
 
The pattern of surface lithologies shown in Figure 1 (dip-slope of lithified sediments 
with clusters of larger angular rocks) continued until about 2950 m where large 
angular to subrounded blocks became significantly more abundant. The random 
arrangement of boulders and smaller clasts in the area suggests that it was covered by 
talus.  
 
Stop 3  (2954 m; 12:03) was at a deposit of talus consisting of boulders as large as a 
few meters across. The pilot tried to break-off a piece of one of the large angular 
blocks here unsuccessfully. We were finally able to collect a relatively large angular 
block (R4 – 28x21x12) of foram-rich tuffaceous sandstone. 
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Figure 1 – Slab-like 
boulders emplaced by 
mass wasting at Stop 2. 
 
 
 
 
 
 

 
Up slope from here, the surface largely was a dip slope of well-lithified sediment with 
a sand coating that was thin to substantial. In places, the surface of this covering of 
sedmentary rocks was broken by faulting and/or slumping. 
 
At Stop 4 (2936 m; 12:20), we encountered a fragmented outcrop of what appeared to 
be thickly bedded sedimentary rock with a dip sub-equal to the slope.  R5 (28x71x7 
cm) was a loose angular to subrounded piece of this sedimentary rock. This sample is 
a heterolithologic volcanic breccia. Sample R6 (31x22x14 cm) was a more equant 
subangular block that was lying on the surface. This sample is a weathered diabase, 
which I suspect tumbled down from further up slope. 
 
Continuing on, the slope remained largely a dip-slope of sedimentary rock, often 
covered with a thin coating of fine sand or mud. Every few tens of meters, there were 
patches of boulder size and smaller talus. Beginning at about 2926 m, the ocean floor 
was more commonly covered with angular bouldery rubble. The clasts in this rubble 
were significantly more equant than the slab-like clasts found further down slope.  
 
At Stop 5 (2913m; 12:36), the seafloor was covered with angular to subangular 
boulders and smaller clasts as well as what were likely angular to subangular outcrops 
10s of meters tall. Between the outcrops and bouldery rubble was a surface that is 
reminiscent of desert pavement, suggesting currents largely swept this area clean of 
sand and smaller particles. This type of surface is termed “ocean pavement” hereafter. 
Samples R7 (23x34x10 cm) and R8 (11x9x7 cm) were both clasts embedded in this 
surface. Both are samples of coarse heterolithologic volcanic breccia. I suspect that 
this outcrop actually is diabase, but we sampled material that had fallen from 
volcaniclastic sedimentary rocks that crop out farther upslope. 
 
At 2909 m, the sea floor was covered by ocean pavement and massive outcrops that 
might have been diabase.  The seafloor from 2887-2852 meters consisted of a dip-
slope of sedimentary rock (Figure 3). A few scattered cobble-sized clasts were atop 
this surface in deeper portions of this section. At about 2874 m, the dip-slopes folded 
from gently dipping north to gently dipping south. These dips might represent the 
original dips of the sediment draping over the topography, or they might represent 
folds. Above 2852 was a talus slope of cobbles and small boulders.  
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Figure 2 - Ocean pavement 
between bouldery talus and 
outcrop at Stop 5. 

 
 

 

 

 

 

 

 

 

 

Figure 3 – Dip-slope of 
volcaniclastic rock without a 
significant cover of loose 
sediment or Mn. 

 
 
 
 
 
 
 
 
 
 

 
At Stop 6 (2846 m; 12:50), the surface rocks were packed such that they appeared to 
be a sub-outcrop of largely in-place material (Figure 4). Sample R9 (17x13x10 cm) 
was a roughly equant and angular clast from this sub-outcrop. This sample is a 
relatively fresh diabase. Sample R10 (16x13x10 cm) was another piece of this rubble 
pile and also is a diabase. However, it is somewhat brecciated and much more altered 
than sample R9. 
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Figure 4 - Sub-outcrop of diabase near Stop 6. 

Upslope from here, the seafloor consists partly of ocean pavement with scattered 
cobbles, and partly of large talus of large angular to subrounded boulders. 
 
Stop 7 (2830 m; 13:06) was in one of the areas of cobble- to boulder-sized talus. 
Samples R11 (28x14x11 cm) and R12 (25x24x13 cm) were both subrounded to 
angular clasts from this talus. Both of these rocks are moderately altered diabase.  
 
Upslope from this talus deposit is a dip-slope of sedimentary breccia. The 
sedimentary rock forming the dip-slope has a few patches of what looks like emergent 
talus of what might be diabase (in contrast to a talus covering). 
 
At 2787, a sharp drop-off of a few meters was present. This escarpment probably is a 
fault that runs roughly NW-SE and is down to the north (Figure 5). North of this 
escarpment is a rubbly surface that probably is sub-outcrop of diabase and/or 
volcaniclastic sedimentary rocks. By 2785 meters, the volcaniclastic rocks again 
formed a dip-slope. These rocks were clearly much more finely bedded than the 
massively bedded rocks below (several cm to decimeter scale). The dip-slope surface 
here appeared to be broken up by small-scale faulting offset down to the south. By 
2782, the surface was again covered by the coarsely bedded (several decimeter to 
meter-scale) sedimentary rocks, which appear to be volcanic breccias. 
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Figure 5 – Northeast-facing escarpment (arrows) at ca. 2787 m depth.  

At 2777 m, the seafloor rocks became covered by a few to several cm of Mn crust. 
The seafloor here appeared to be a mixture of talus, dip-slope sediments, and sub-
outcrop. At 2759 meters, the surface was covered with large angular boulders, some 
with thick Mn crust, some without this thick crust. A large Mn-crusted sub-outcrop of 
unknown material was found at 2751 m. An escarpment several meters tall was found 
at 2749 m. The escarpment was curvilinear, and could have been the headwall of a 
landslide. Above this location, the seafloor consisted of outcrop, sub-outcrop, and 
talus of blocky material. Some of these areas were strongly coated with Mn; others 
were not. 

 
Figure 6 – Dip-slope of sedimentary rocks covered by Mn-crust. 
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Stop 8 (2738 m; 13:30) was in a talus or sub-outcrop and ocean pavement of cobbles 
that did not have a significant Mn crust. Sample R13 (25x18x15 cm) was a large 
angular clast of heterolithologic volcanic breccia from this area. Sample R14 (14x9x8 
cm) was a smaller subrounded clast of similar material. 
 
The mixture of dip-slope sediments and patches of talus continued upslope from here. 
All of this material was thickly coated with Mn (Figure 6). There were scoop-shaped 
scalloped-out depressions filed with sand in his area. The sand typically was rippled 
such that the crests of the waves aligned with the dip of the slope. 
 
Stop 9 (2697; 13:47) was in an area with an indurated sediment surface thickly coated 
with Mn. Samples R15 (28x18x14) and R16 (15x9x9 cm) were lying on the surface 
and had very little Mn coating suggesting that both of these samples fell to this site 
from above. R15 is an angular volcanic sandstone clast. R16 is a relatively fresh 
andesite or dacite, suggesting that the top of this ridge has exposures of silicic 
volcanic rocks. 
 
From here, we traversed about 0.6 km to the northwest, and downhill about a hundred 
meters. Glimpses of the bottom early on along the traverse indicate that the sea 
bottom lithologies in this area are similar to those near stops 8 and 9. 
 
Stop 10 (2810; 14:25) was in a field of boulders surrounded by ocean pavement and 
sandy sediment with dip-parallel ripples. The boulders were covered with variably 
thick Mn-crusts. It is possible that some of the larger Mn-covered blocks were 
outcrop in this area. Sample R17 (25x16x12) is a subangular volcanic sandstone clast 
that was partially covered with sediment. Sample R18 (12x10x5 cm) was taken at 
2804 m depth. It also is a subangular volcanic sandstone that was resting down in the 
sediment. 
 
The slope uphill from here was covered with talus of decimeter to meter scale clasts. 
At 2777 and above, the talus rested between very large blocks, which could have been 
outcrop. Very little Mn was in this area. At 2755 the sea surface consisted of thickly 
bedded sedimentary rock, which probably were volcanic breccias. The sedimentary 
layering was broken up so that large slab-like boulders form a near dip slope (Figure 
7). At 2754, a few meter tall south-facing escarpment with a thick Mn crust was 
present. From the knobby appearance of the Mn-coated outcrop at the top of this 
escarpment at 2750 m, I speculate that the outcrop was of volcaniclastic breccias. At 
2749 m, there was a northeast-facing meter tall escarpment with an irregular surface 
of outcrop and sub-outcrop below. This probably is a landslide scar. Farther upslope 
at about 2741-2735 the dips on this bedding became quite steep, varying between 20 
and 45 degrees to the northeast. Ocean pavement separated these outcrops (Figure 8). 
The rock was significantly fractured up at 2729, and the dips lessened to about 10-20 
degrees. The bedding here was decimeter scale. 
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Figure 7 - Sub-outcrop of massive volcaniclastic sediments at 2750 m. 

 
Figure 8 – Outcrop of steeply dipping volcaniclastic rocks surrounded by ocean pavement. 

We stopped at 2725 m (Stop 11 - 14:53) to sample these sedimentary rocks. Dips here 
were somewhat shallower and more southerly than the outcrops immediately below. 
Sample R19 (14x9x9) was collected essentially in place. It is an interbedded volcanic 
sandstone and siltstone.  
 
Upslope at 2720, these sedimentary rocks once again formed a dip-slope. There was 
almost no loose sediment cover in this area. At 2718 m, the volcaniclastic rocks had 
meter-scale bedding again. One meter-scale cut through the stratigraphy, which was 
likely a landslide scar, had a relatively thick Mn coating on the escarpment. This 
pattern of dip-slope bedding disrupted by landsliding continued up slope to next stop.  
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A squid was encountered and photographed at 2697 m (Figure 9). 

 
Figure 9 – Squid encountered at 2697 m. 

 
Stop 12 (2697 m; 15:12) was an area of what looked like talus, but could have been 
sub out-crop. Blocks here ranged from several meters across and smaller. Most the 
material had a thick Mn coating, such that rocks were hard to pull off the bottom.  
R20 (10x6x6 cm) was a loose sample of aphyric basalt with a thin Mn coating that 
must have fallen in from above. R21 (13x11x8 cm) was broken off the local Mn-
coated rubble. This sample is a volcanic breccia. 
 
Above this location to about 2686 m, the sea-floor was largely covered with Mn-
coated cobble-to boulder rubble (Figure 10). At 2686 m, the seafloor appeared to be a 
dip slope of the volcanic sediments with a heavy coating of Mn. At 2676 m, these 
sediments were exposed on a landslide scar. They appeared to be volcaniclastic rocks 
with meter-scale bedding. At 2670, a significant valley was encountered with dip-
slope sediments on both sides. This indicates either that the valley preceded 
sedimentation or that the sedimentary rock was plastic and deformed as the sea-floor 
folded. Based on the relatively large dips of these beds, the likely debris-flow origin 
of most of the sediments, and the folding exhibited elsewhere, it is most likely that 
these dip-slops surfaces have been folded. Sand in the center of the fold-valley had 
ripples whose crests aligned with the dip of the slope. At 2663, the area consisted of 
rock with a heavy coating of Mn that was either talus of cobble-sized clasts or an 
outcrop of coarse volcanic breccia. At 2656 the seafloor became a smooth dip-slope 
of sedimentary rock with a heavy Mn-coating. At 2651, these rocks clearly drape the 
topography (Figure 11). At 2636 m, another NE-trending scarp several meters tall and 
down to the north was encountered. This was likely a fault with eroded Mn-coated 
seds above and smooth sedimentary rocks forming a dip-slope below. This smooth 
slope was disrupted at 2625 m but then continued upslope. At 2620, this surface was 
again disrupted by what looked like a small slide. We stopped here (Stop 13) to 
collect the material that made-up this dip-slope. Samples R22 (17x9x23) and R23 
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(24x7x5) were pieces of the rock immediately underlying the surface. Both of these 
samples are platy siltstone. The Mn-coated dip-slope sediments continued up slope to 
the next disruption in the smooth surface, which was the site for Stop 14 (2599; 
15:49). 
 

 
Figure 10 – Example of Mn-coated talus or sub-outcrop. 

 
Figure 11- Folded dip-slope of volcaniclastic sediments. 

 
Stop 14 was in Mn-coated talus. Sample 24 (21x22x9) was a subangular clast of 
dacite laying on the surface. The sample surface had very little Mn, but was covered 
by a few mm of white sediment. Sample 25 (18x17x7) was another subangular clast 
from the surface. This sample is a volcanic breccia, which is likely the more 
proximally derived material. This was the end of the dive. 
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Summary of dive observations: 
The dive began in unconsolidated fine sediment with clusters of slabby boulders that 
were probably emplaced by sub-sea rock-falls. Volcaniclastic rocks cover the sea-
floor surface for most of the rest of both transects along the dive.  A majority of these 
rocks are breccias with clasts up to several cm across. Bedding for these breccias 
typically is approximately decimeter to meter-scale. These breccias are typically 
heterolithologic, with andesitic clasts containing phenocyrsts of plagioclase and 
pyroxenes less than 1 mm in length. These lithologies are reminiscent of the late 
Eocene to Oligocene volcanic rocks from the Alutom Fm. on Guam and similar units 
on Rota and Saipan, but differ from the Miocene volcanic rocks on Guam, which are 
dominated by andesites bearing augite crystals that are commonly several mm in 
length. A few of the breccias have clasts of diabase, suggesting local derivation. 
Volcanic sandstones and siltstones with centimeter to decimeter-scale bedded were 
interbedded with these heterolithologic breccias. The volcaniclastic sedimentary rocks 
formed dip-slopes in most locations. That is, the original sedimentation buried the 
pre-existing surface, and remained largely intact since they were emplaced. 
Exceptions to this are where sub-sea landslides removed the surface rocks, or where 
faulting produced scarps that cut through the sediments.  
 
In some of these areas, the faulting and landsliding exposed the igneous basement on 
the sea floor. Igneous basement in some areas pokes through the sedimentary rocks 
suggesting that it was incompletely covered by the volcaniclastic sediments. This 
igneous basement appears to be diabase consisting of fine-grained plagioclase and 
mafic minerals. The relationship of this diabase to those encountered under the low-
Ca boninites during the YK06-12 diving is uncertain without chemical analysis. It is 
possible that they are the same lithology. I speculate, however, that they are related to 
the high-Ca boninitic volcanism on Guam. The appearance of diabase immediately 
underlying the volcaniclastic sediments indicates that a significant section of basaltic 
volcanic rocks is missing here. It either was removed by erosion or by faulting. I 
suspect the latter is more likely than the former. The sedimentary rocks that coat most 
of the surface are significantly faulted and folded in the lower part of the western 
traverse and upper part of the eastern traverse, showing that significant tectonic 
activity occurred after their deposition. Landslide scars are common in this area. This 
is related to the dip-slopes of the surface sedimentary rocks, which provide surfaces 
for easy sliding. Shaking during large earthquakes probably triggers most of the 
submarine landslides.
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Waypoints and sample stops for Dive #1092 (11-July-2008)             

Point 
Number 

Sample 
Stop Samples Observer Record 

Time* 

Pilot 
Record 
Time* 

Latitude Longitude Depth (m) X Y 

1 - Landing Target 10:00 10:00 12°6.1800' N 145° 9.2000' E 0 -1327.4 -180.7 
2  Landing 11:29 11:29 12°6.1786' N 145° 9.1768' E 3000 -1330.0 -222.6 
3 1 1 rock (R01) 11:40 11:39 12°6.1833' N 145° 9.1838' E 2998 -1321.3 -209.9 
4 2 2 rocks (R02,R03) 11:47 11:51 12°6.1840' N 145° 9.2148' E 2984 -1320.0 -153.9 

5 3 1 rock (R04) 12:03 12:07 12°6.2636' N 145° 9.2745' E 2954 -1173.3 -46.0 

6 4 2 rocks (R05,R06) 12:20 12:28 12°6.2849' N 145° 9.2524' E 2936 -1134.0 -86.0 
7 5 2 rocks (R07,R08) 12:36 12:39 12°6.3240' N 145° 9.2845' E 2913 -1061.9 -28.0 
8 6 2 rocks (R09,R10) 12:50 12:59 12°6.3891' N 145° 9.3066' E 2846 -941.9 11.9 
9 7 2 rocks (R11,R12) 13:06 13:10 12°6.4241' N 145° 9.3480' E 2830 -877.4 86.7 
10 8 2 rocks (R13,R14) 13:30 13:35 12°6.5319' N 145° 9.4210' E 2738 -678.6 218.6 
11 9 2 rocks (R15,R16) 13:47 13:54 12°6.5579' N 145° 9.4435' E 2696 -630.7 259.3 
12 10 2 rocks (R17,R18) 14:25 14:38 12°6.6754' N 145° 9.1487' E 2804 -414.0 -273.3 
13 11 1 rock (R19) 14:53 14:56 12°6.7865' N 145° 9.1583' E 2725 -209.2 -256.0 
14 12 2 rocks (R20,R21) 15:12 15:17 12°6.8960' N 145° 9.1646' E 2697 -7.3 -244.6 
15 13 2 rocks (R22,R23) 15:38 15:42 12°6.9532' N 145° 9.1661' E 2618 98 -241.9 
16 14 2 rocks (R24,R25) 15:47 15:56 12°6.9853' N 145° 9.1679' E 2600 157.2 -238.7 

*Observer record is the starting time at a sampling stop; Pilot record is the time of departure from a sampling stop    
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6-2-3. Report for Dive 1093, 12-July-2008: O. Ishizuka 
 
Aim and scope of dive #1093:  
 
 This dive was planned to examine southward facing steep slope south of Guam and 
east of Santa Rosa bank. in order to observe crust-mantle boundary which is expected 
to dip  eastward in this area. This dive site is close to JASON 2 dive site where both 
mantle peridotite and upper crustal volcanic rocks. Also this site is located at 
shallower depth relative to the Shinkai Dive site 973 and dredge site DM1403 where 
mantle peridotite was recovered. Accordingly we expected to observe  core-mantle 
boundary (Moho). Anticipated rock types were: 1)down slope: mantle peridotite, 2) 
upper slope: lower crustal gabbro. The result of this dive will test the generalized 
geologic section of Southern Mariana forearc. 
 
Observations: 
 
 Shinkai landed on the seafloor at 6441mbsl at 11:46 and we started the scientific 
operation. The landing point was covered with white colored unconsolidated sediment, 
and some large boulders that have probably slided down from upper slope are 
scattered, half buried with sediment. At 6408mbsl (12:03) we collected 2 debris 
blocks on the slope, one is fresh diabase (R01) and another one is aphyric basalt  lava 
with fresh glass rind. 
 When we reached 6393mbsl, we encountered the first outcrop. The outcrop is heavily 
jointed and was easily broken with a manipulator. Collected samples are weathered 
microdiabase (R03) and diabase (R04). These rocks seem to have been weathered 
along joints.  
  After the first outcrop, we soon reached another outcrop at 6347mbsl, which forms 
small cliff (strike: N66oW).  This outcrop is similar to the previous one, i.e., heavily 
jointed, but it was a struggle to take samples directly from the outcrop. The samples 
collected here are variably weathered microdiabase (R05-R07). 
 At 6260mbsl, a ridge composed of jointed rock appeared. The joints here seem to be 
coarser relative to those at the previous outcrops. This ridge might correspond to a 
dyke. Since it was very difficult to collect from sample from nearly vertical surface of 
the ridge, we landed on the gentle slope near the top of the ridge. At the landing point, 
areas with  two different surface morphologies were recognized, implying different 
lithology (Fig. 1). One is in the area where Shinkai landed (i.e., lower slope: Fig. 2) 
and the boundary between the two are 4-5m ahead of Shinkai. The area where Shinkai 
landed shows finer jointing with more irregular pattern (Fig. 2). We collected 2 
samples from this area, and they are altered hyaloclastite disseminated with 
hydrothermal Mn-oxides and fresh aphyric basalt lava with fresh glass rind. On the 
other hand, the area ahead of Shinkai shows more regularly jointed character and 
joints trend almost parallel to the dip of the slope (Fig. 3). One sample (R10) was 
recovered from this area, which is a diabase (R10). 
 At 13:24 (6195mbsl), we reached a galley, where we observed an outcrop with a step. 
The step dips towards downslope. Both of the layer (i.e., both above and below the 
step) were heavily jointed. The upper layer seems to have coarser joints. We collected 
samples from upper layer of the outcrop, and they are coarse-grained diabase (R11, 
R12: Fig. 4,5). The jointed outcrop continues up to 6173mbsl. 
 After passing sediment covered area, we encountered an outcrop of pillow lava 
(13:51: Fig. 6). Occasionally lava tube shape is also recognized (Fig. 7). The lava 
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outcrop continues until at least 5988mbsl which makes the height of this lava outcrop 
at least 50m. This outcrop forms steep cliff, whose strike is about E-W. We collected 
3 samples from this outcrop, all of them are aphyric (or sparsely ol-phyric) basalt lava.  
 The slope was covered with white sediment after passing the lava outcrop. Abundant 
white-colored blocks which has been slided down from upper slope are abundant on 
the sediment-covered slope. We collected these white-colored block at the last 
moment of this dive (R17, R18). These seem to be semi-consolidated calcareous 
sedimentary rocks. 
 We left bottom at 14:53 (at 5798m). 
 
Summary of dive observations: 
 
  We observed good exposures of basalt lava flows and diabases, i.e., upper crustal 
section during the course of the dive, rather than upper mantle and lower mantle 
section which we expected to see. Based on petrographic similarities, we tentatively 
correlate these basaltic rocks to FAB that has been recovered  at dive sites during the 
previous cruise (e.g., YK06-12 6K#975). If this is the case, upper crust formed  by 
earliest arc magmatism exists as deep as 6450mbsl and crust-mantle boundary in this 
area should exist deeper than this level. This requires some revision of proposed 
generalized geologic section.  
 Field relation implies that diabase intruded into aphyric pillow basalt lava flow 
sequence. Frequent occurrence of diabase might indicate high density distribution of 
dyke against lava flows under extensional tectonic environment.  
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Representative Photographs of the Dive: 
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Waypoints and Sample Stops for Dive #1093 (12-July-2008): 
 

 

Waypoints and sample stops for Dive #1093 (12-July-2008)

Point

Number

Sample

Stop
Samples

Observer Record

Time*

Pilot Record

Time*
Latitude Longitude Depth (m) X Y

1 - Landing Target 9:00 12° 40.2' N 144° 43.8' E 0 -1290.5 -543

2 Landing 11:46 11:46 12° 40.1963' N 144° 43.7479' E 6441 -1297.3 -637.3

3 1 2 rocks(R01,R02) 12:03 12:03 12° 40.2252' N 144° 43.7855' E 6408 -1244 -569.2

4 2 2 rocks(R03,R04) 12:20 12:20 12° 40.2600' N 144° 43.8422' E 6393 -1179.9 -466.6

5 3 3 rocks(R05,R06,R07) 12:49 12:49 12° 40.2773' N 144° 43.8378' E 6345 -1148 -474.6

6 4 3 rocks(R08,R09,R10) 13:16 13:16 12° 40.3337' N 144° 43.8643' E 6257 -1044 -426.6

7 5 2rocks(R11,R12) 13:35 13:35 12° 40.3916' N 144° 43.8790' E 6191 -937.2 -400

8 6 3rocks(R13,R14,R15) 13:57 13:57 12° 40.5456' N 144° 43.8967' E 6014 -653.3 -367.9

9 7 1rock(R16) 14:25 14:25 12° 40.6559' N 144° 43.8720' E 5917 -450 -412.7

10 8 2rocks(R17,R18) 14:53 14:53 12° 40.8024' N 144° 43.9026' E 5798 -179.9 -357.3

*Observer record is the starting time at a sampling stop; Pilot record is the time of departure from a sampling stop
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6-2-4. Report for Dive 1094, 13-July-2008: K. Michibayashi 
 
Aim and scope of dive #1094:  
This dive was planned to examine southward facing steep slope of the southern 
Mariana Trench at west of Guam in order to observe mantle section. This dive site 
was supposed to fill a gap between two previous dredges: KH92-1-D02 (6594-
7431m), KH98-1-D03 (5123-6016m). Also this site is located at deeper depth relative 
to the Shinkai Dive site 157 and at shallower depth relative to the Kaiko Dive site 162. 
By previous studies, peridotites have two petrogeneses: back-arc type and fore-arc 
type based on spinel Cr#. Accordingly we expected to observe peridotites which are 
either back-arc or fore-arc types. The result of this dive will give new insights about 
the petrogenesis of the mantle section exposed in the Southern Mariana forearc. 
 
Observations: 
Shinkai landed on the seafloor at 6469m at 11:34 and we started the scientific 
operation. The landing point was covered with white colored unconsolidated sediment, 
and some large boulders that have probably slided down from upper slope are 
scattered, half buried with sediment. At 6469m (12:48) we collected 2 debris blocks 
on the slope, both are heavily altered peridotites (harzburgite?) (R1 and R2 in S1; 
Photo 1). We started moving upward at 300o. The surface was always covered with 
whitish sediment. At 6423m, we reached to a rocky talus (Photo 2), where we 
collected 2 debris blocks on the slope (R3 and R4 in S2; Photo 2): R3 is pyroxenite 
and R4 is a heavily altered peridotite. After we moved up to 6348m, there is a tiny 
exposure, where we collected one peridotite sample (R5 in S3). At around 6235m, we 
encounterd relatively steep rocky talus, where may be a part of outcrop. Rocks were 
intensely fractured or jointed to rectangular shapes (Photo 4). After S3, the ground 
was back to the whitish sediments with scattered boulders. At 6297m, we collected 
one small peridotite sample (R6 in S4; Photo5). At 6237, we changed to sail from 
330o to 0o, since we expected to find some outcrop to 0o. Indeed, we found a tiny 
outcrop, where we directly collected two samples (R7 and R8 in S5; Photo 6). They 
are fragile. R7 was consolidated sandstone (? Or deadly altered peridotite) and R8 was 
heavily altered peridotite. After the whitish sedimentary surface, we once again 
changed our sailing direction from 0o to 300o at 6193m. We reached to a relatively 
rocky talus at around 6190m, where we collected two samples (R9 and R10 in S6; 
Photo 7). Both are heavily altered peridotites. We kept facing sedimentary surface. So, 
we decided to take one sample at 6100m (R11 in S7; Photo 8). Subsequently, we 
collected two samples at 6050m (R12 and R13 in S7; Photo 9), where is a talus with 
irregular sized boulders on whitish sediments. The ground were always dominated by 
whitish sediments and occasionally some boulders were scattered. So, we kept 
moving upward. At 6008, we collected two samples (R14 and R15 in S9; Photo 10). 
They were heavily altered peridotites. We dicided to collect the last two samples at 
5979m (R16 and R17), where was an another talus with whitish sediments (Photo 
11). Shinkai started to ascent at 5964m at 14: 46. 
 
Summary of dive observations: 
 
The dive track was mostly talus covered by the whitish sediments with various sized 
peridotite boulders.  Tiny outcrops were exposed in a few meters width and striking 
320o due to straight fractures, suggesting that fault systems striking 320o may result in 
stepping talus series along the dive track. Rock’s color seems to be changed from dark 
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to lighter at around 6000 m. Samples collected from this dive show that those from 
the deeper level were similar to those identified as back-arc type peridotites, whereas 
those from the light colored peridotites obtained from shallower levels were less 
pyroxene bearing harzburgite or dunite that are similar to fore-arc type peridotites. 
 
Representative Photographs of the Dive: 
 

 
Photo 1. Station: S1. Two peridotites (R1 and R2) were collected from a muddy 
surface. 
 

  
Photo 2. Station: S2. A rocky talus. Two peridotites (R3 and R4) were collected. 
 

 
Photo 3. Station: S3. One sample was collected from the ground: R5. 
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Photo 5. Station: S4. R6. 
 

 
Photo 4. Photo images of outcrops at around 6235m. 
 

 

 
Photo 6. Station: S5. Outcrops with whitish sediments around. Two samples have 
been directly taken from the outcrop: R7 and R8, which were intensely 
weathered rocks. 
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Photo 7. Station: S6. A rocky talus with many irregular shaped boulders. Two 
samples are collected: R9 and R10, which were heavily weathered peridotites. 
 

 
Photo 8. Station: S7. A rocky talus, but mostly covered by whitish sediments. 
One sample was collected: R11, which was heavily altered peridotites. 
 

 
Photo 9. Station: S8. A talus with irregular sized boulders on whitish sediments. 
Two samples were collected from the ground: R12 and R13, which were heavily 
altered peridotites.  
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Photo 10. Station: S9. A talus with irregular sized boulders on whitish sediments. 
Two samples were collected from the ground: R14 and R15, which were heavily 
altered peridotites. 
 

 
Photo 11. Station: S10. A talus with small size bouders on whitish sediments. 
Two samples were collected from the ground: R16 and R17, which were heavily 
altered peridotite and relatively fresh peridotite, respectively. 
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Waypoints and Sample Stops for Dive #1095 (13-July-2008): 
 
 
Waypoints and sample stops for Dive #1094 (13-July-2008)             

Point 
Number 

Sample 
Stop Samples Observer 

Record Time* 
Pilot Record 

Time* Latitude Longitude Depth (m) X Y 

1 - Landing Target  9:00 11° 44.7300' N 143° 29.9500' E 0 -866.4 1180.6 
2  Landing   11:34 11° 44.6901' N 143° 29.9001' E 6469 -939.9 1090 
3 1 2 rocks (R01,R02) 11:48 11:48 11° 44.6901' N 143° 29.9001' E 6469 -939.9 1090 
4 2 2 rocks (R03,R04) 12:00 12:03 11° 44.7454' N 143° 29.8582' E 6409 -838 1013.9 

5 3 1 rock (R05) 12:24 12:23 11° 44.8496' N 143° 29.8355' E 6348(6319) -645.9 972.7 

6 4 1 rock (R06) 12:40 12:40 11° 44.8774' N 143° 29.7654' E 6297 -594.7 845.3 
7 5 2 rocks (R07, R08) 13:06 13:11 11° 45.0217' N 143° 29.7111' E 6227 -328.6 746.7 
8 6 2 rocks (R09, R10) 13:29 13:29 11° 45.2014' N 143° 29.6593' E 6186 2.5 652.6 
9 7 1 rock (R11) 13:47 13:51 11° 45.3085' N 143° 29.4982' E 6091 200 360 

10 8 2 rocks (R12,R13) 14:05 14:06 11° 45.3580' N 143° 29.4292' E 6052 291.2 234.6 
11 9 2 rocks (R14,R15) 14:23 14:24 11° 45.4152' N 143° 29.3551' E 6007 396.7 100 
12 10 2 rocks (R16, R17) 14:33 14:39 11° 45.4260' N 143° 29.3169' E 5979 416.6 30.6 
13       14:46 11° 45.4369' N 143° 29.3066' E 5964 436.7 11.9 

*Observer record is the starting time at a sampling stop; Pilot record is the time of departure from a sampling stop    
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Note that the depths of the sampling sites were corrected to those obtained by the 
Shinkai6500. 
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 6-2-4. Report for Dive 1095, 14-July-2008: Y. Ohara 
 
Aim and scope of Dive #1095:  
As same as Dive #1094, this dive was planned to examine the steep landward slope of 
the southern Mariana Trench west of Guam in order to observe the mantle section.  
 
As noted in the dive report for Dive #1094, peridotites exposed on the slope of Dive 
#1094 have two petrogeneses: back-arc type (fertile, with low spinel Cr#) being 
exposed along the upslope, whereas and fore-arc type (depleted, with high spinel Cr#) 
exposed along the lower slope.  
 
Since the site for Dive #1095 is located reasonably close to the Dive #1094 site (~20 
miles away to the west), we expected to observe peridotites which are either back-arc 
or fore-arc types. Accordingly, the primarily objective of this dive was to identify the 
provenance of the mantle section at this site within the southern Mariana Trench. In 
order to accomplish this objective, the basic strategy of this dive was to cover the 
vertical and horizontal distance as much as possible.  
 
Observations: 
The Shinkai landed on the seafloor at 6405 m at 11:36 and we started the scientific 
operation. The landing point (station 1) was covered with cobble-sized gravels and 
tan-colored unconsolidated sediment. The station 1 most likely represents a part of 
talus. At this station (11:38), we collected two debris blocks on the slope, both are 
serpentinized peridotites (harzburgite?) (R1 and R2 in S3). We started moving 
upward at ~0° along a steep slope. The surface was dominantly covered with cobble-
sized gravels and tan-colored sediment, although scattered large boulders were also 
observed. At 6294 m (station 2; 12:00), we stopped to collect two debris blocks on the 
slope (R3 and R4 in S1): both R3 and R4 are serpentinized peridotite. Upslope of the 
station 2 to ~6226 m, the slope is covered with gravels and tan-colored sediment, 
while further upslope to ~6206 m, the slope is gentle, covered almost with tan-colored 
sediment. Further upslope, the slope again covered with gravels and tan-colored 
sediment, although short interval of gentle slope covered almost with tan-colored 
sediment is present between ~6195-6183 m. At 6181 m (station 3; 12:29), we stopped 
to collect two debris blocks on the slope (R5 and R6 in S4): both R5 and R6 are 
serpentinized peridotite. The upslope is more or less similar to the down below: 
between station 3 and ~6156 m, the slope is covered with gravels and tan-colored 
sediment, whereas ~6156-6119 m the slope becomes gentle, covered almost with tan-
colored sediment. At ~6119 m, gravels are shown up, and at 6108 m (station 4; 12:50), 
we stopped to collect two debris blocks on the slope (R7 and R8 in S2): both R7 and 
R8 are serpentinized peridotite. After we moved up to ~6085 m, the slope is becoming 
steep. At ~6037 m, we encountered rocky talus area almost covered with gravels with 
little sediment. At ~6036 m (station 5; 13:05), we stopped to collect two debris blocks 
on the slope (R9 and R10 in P1): both R9 and R10 are serpentinized peridotite. At 
13:10 (~6023 m), the Shinkai navigation system installed on the Yokosuka went 
down, requiring rebooting of the system. Accordingly, the Shinkai had to stay there 
for several minutes, making an accidental stop for sampling (station 6; 13:19). One 
debris block was sampled on the slope (R11 in B2): R11 is serpentinized peridotite. 
After successful system recovery (at 13:20), we resumed to move up. The slope was 
similar to further below; a steep slope covered with gravels and tan-colored sediment. 
At 13:26, a small squid was observed in the No. 1 camera. Beginning from ~5882 m 
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(13:33), the size of gravels becomes large, implying that an outcrop that provide these 
large debris blocks are located closely. Fresh scratches can be seen on some blocks, 
indicating that the slope is actively collapsing. At ~5868 m (station 7; 13:41), we 
stopped to collect two debris blocks on the slope (R12 and R13 in P2): both R12 and 
R13 are serpentinized peridotite. Upslope of the station 7 (~5868 m) until the final 
point of the dive track (~5356 m), the slope is basically steep, covered with large-
sized debris blocks. At ~5713 m (station 8; 14:02), we stopped to collect two debris 
blocks on the slope (R14 and R15 in P4): both R12 and R13 are serpentinized 
peridotite. Further upslope, we encountered a possible outcrop at ~5645 m (14:09). 
Just below the possible outcrop (at ~5654 m; 14:08), scattered white bands, 
interpreted as serpentine mud flows, were observed. At ~5625 m (station 9; 14:15), 
we stopped to collect two debris blocks on the slope (R16 and R17 in P3): both R16 
and R17 are serpentinized peridotite. At ~5542 m (station 10; 14:26), we stopped to 
collect two debris blocks on the slope (R18 and R19 in P5): both R18 and R19 are 
serpentinized peridotite. At ~5432 m (14:38), we again encountered a possible 
outcrop. Several “umiyuri” are observed there. At ~5393 m (station 11; 14:49), we 
made a final stop to collect two debris blocks on the slope (R20 and R21 in P6): R20 
is a mud cake and R21 is a mud cake with a piece of serpentinized peridotite. Finally, 
we made a brief observation of the slope for ~ five minutes until the Shinkai made 
ascent at ~5356 m (14:56). 
 
Summary of dive observations: 
Samples were collected from 11 stations in this dive. The lithology of the seafloor 
along the dive course was mostly debris made of angular perditotite clasts of various 
sizes, ranging fist size gravels to large-sized boulders. Two possible outcrops were 
encountered during the dive, each exposed in the very steep slope located in ~5800-
5400 m along the dive track.  
 
Hand specimen observations suggest that the rocks collected during the dive are 
serpentinized peridotites with only one exception (R20; mud cake). Many of these 
serpentinized peridotites preserve fresh portions, and look petrographically very 
similar to the serpentinized peridotites dredged during KH92-1-D2 (Ohara and Ishii, 
1998) along the slope below dive #1094 (not this dive, but the previous dive). The 
similarity of the dive #1095 peridotites to KH92-1-D2 peridotites suggests that the 
former also has a fore-arc type signature like the latter does.  
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Representative Photographs of the dive: 

 
Photo 1. The seafloor covered with debris blocks and tan-colored sediment, 
observed at the landing point (~6405 m). 
 

 
Photo 2. Relatively steep slope covered with debris blocks and tan-colored 
sediment. Note that the two debris blocks exposing red-colored cut surfaces of 
serpentinized/weathered peridotite can be seen in the middle to upper part of the 
photo.  
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Photo 3. Relatively steep slope covered with debris blocks and tan-colored 
sediment. Note that the two debris blocks exposing red-colored cut surfaces of 
serpentinized/weathered peridotite can be seen in the middle to upper part of the 
photo.  
 

 
Photo 4. Relatively steep slope covered with debris blocks and tan-colored 
sediment at ~5645 m. Note the scattered white bands interpreted as serpentinie 
mud flows. 
 

 
Photo 5. A possible outcrop at ~5645 m.  
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Waypoints and sample stops for Dive #1095 (14-July-2008)             
Point 

Number 
Sample 

Stop Samples Observer 
Record Time* 

Pilot Record 
Time* Latitude Longitude Depth (m) X Y 

1 - Landing Target  9:00 11°38.2000' N 143° 08.5000' E 0 -1290.4 0.0 
2 - Landing   11:36 11°38.2183' N 143° 08.5194' E 6405 -1256.6 35.2 
3 1 2 rocks (R01, R02) 11:38 11:38 11°38.2184' N 143° 08.5194' E 6405 -1256.5 35.2 
4 2 2 rocks (R03, R04) 12:00 12:00 11°38.3210' N 143° 08.5279' E 6294 -1067.3 50.6 

5 3 2 rocks (R05, R06) 12:29 12:29 11°38.6125' N 143° 08.5345' E 6181 -529.9 62.6 

6 4 2 rocks (R07, R08) 12:50 12:50 11°38.7579' N 143° 08.5484' E 6108 -261.9 87.9 
7 5 2 rocks (R09, R10) 13:05 13:05 11°38.8458' N 143° 08.5550' E 6036 -99.9 99.9 
8 6 1 rock (R11) 13:19 13:19 11°38.8783' N 143° 08.5605' E 6023 -40.0 109.9 
9 7 2 rocks (R12, R13) 13:41 13:41 11°39.0302' N 143° 08.5770' E 5868 240.0 139.9 
10 8 2 rocks (R14, R15) 14:02 14:02 11°39.1408' N 143° 08.5939' E 5713 443.9 170.6 
11 9 2 rocks (R16, R17) 14:15 14:15 11°39.2020' N 143° 08.5917' E 5625 556.7 166.6 
12 10 2 rocks (R18, R19) 14:26 14:26 11°39.2797' N 143° 08.5939' E 5542 699.9 170.6 
13 11 2 rocks (R20, R21) 14:49 14:49 11°39.4511' N 143° 08.5840' E 5393 1015.9 152.6 
14 - Left Bottom   14:56 11°39.5278' N 143° 08.5803' E 5356 1157.3 145.9 

*Observer record is the starting time at a sampling stop; Pilot record is the time of departure from a sampling stop    
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6-2-6. Report for Dive 1096, 15-July-2008: S. Bloomer 
 
Aim and scope of dive #1094:  
 
Dive #1093 was located to confirm the basement structure of a major crustal block 
southwest of the southern end of Santa Rosa Bank.  Dives 1094 and 1095 had 
recovered ultramafic rocks from the lower slopes of a large crustal massif that runs 
from about 143oE at least to 143o45’E.   These Shinkai dives, and previous dredging 
and diving have established that ultramafic rocks are abundant on the landward slopes 
in that crustal section, occurring as shallow as 3500 km.  The rocks recovered in the 
dives were largely serpentinized CPX-poor harzburgites and dunites and seem more 
associated with a forearc crustal section than with the back-arc. 
 
In contrast, YK06 6K#973 on the western flank of a major north-south rift at about 
144o12’E recovered peridotites with clear back-arc basin affinities.  This flank of the 
rift is the eastern side of another crustal block that appears to run from 144o12’E to 
about 143o55’E.   Dive#1096 was planned to examine the lower crustal structure of 
the western side of this crustal block.  The scientific party anticipated recovering 
ultramafic or lower crustal rocks that would provide some clues as to whether this 
area had back-arc or forearc affinities. 
 
Dive #1093 was sited on the eastern slope of a major north-south trending valley cut 
into the landward slope of the Mariana Trench at about 143o51’E.  The dive plan was 
to land about 6100 m near the head of the canyon (12o06.25N, 143o51.15E) and 
proceed roughly NE to the summit of the adjacent ridge at about 5460 meters (about 
12o06.7N, 143o51.85E).  The area was relatively steep and showed high backscatter in 
the multibeam survey.  A small offset to the N was planned at about 5840 m to 
traverse the steepest part of the slope.   Approximately 10 sample stations were 
planned.   
 
 
Observations: 
 
Dive #1096 reached the bottom at 1130 (6077 m) in a large talus field.  Some blocks 
appeared to have pillow morphologies, though most were angular and irregular.   
Most of the dive traverse was across talus-covered slopes; little outcrop was identified 
until the very uppermost part of the dive.   There were, however, very clear changes in 
the characteristics of the talus.   Some areas had very large, dark-colored blocks, 
where pillow morphologies were common (pictures 1, 3).  Some of these areas 
included large blocks that appeared have been from columnar jointed outcrops.   
These terrains typically changed upwards to talus fields with smaller pieces that were 
more angular and typically lighter colored (picture 4).   
 
A review of the dive video showed that these changes were fairly consistent.   The 
changes from the small talus slope morphology back into the large talus morphology 
were usually very sharp.  In at least one case that transition was marked by a light-
colored area under the blocky morphology that looked like it might be outcrop 
(picture 5).  We suggest that these transitions reflect characteristics of the underlying 
outcrops and indicate transitions between flows or flow groups.  The large, dark, talus 
morphologies (sometimes with quite large pillows) mark the base of units that pass 
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upwards into finer, more weathered material that represents the upper parts of flows 
or flow units.   The alteration zone observed may represent contact metamorphism at 
the base of a flow.  An inferred stratigraphy based upon a review of the video from 
Camera 1 is shown in Figure 1.  Some of the thinner units inferred are speculative, 
based on a subjective interpretation of transitions into the more blocky, larger talus 
morphology.   The inferred stratigraphy provides a framework in which to consider 
the results of chemical analysis of the samples. 
 
The upper reaches of the transit (5498 m, 5472) included very large blocks and pillow 
morphologies in the basal parts of units.  These areas include some outcrop.  Sea stars 
and sponges rooted on the talus were not uncommon (picture 6) 
 
There were two thin sediment intervals, one observed at 1313, at 5791 m after 
transiting a north across the slope.  The other occurred near the top of the ridge at 
5429 m (picture 7).  There were clearly outcrops of both sediments and volcanic rocks 
in the upper part of the ridge.  The dive ended on a volcanic outcrop at the very crest 
of the ridge picture 8).   
 
Examination of the volcanic rocks in the laboratory showed them to be principally 
vesicular aphyric or OL-PLAG phyric basalts.  Most were highly vesicular (>30%) 
and had abundances of OL to 4%.   The two samples at the top of the dive were 
sparsely PL-phyric vesicular basalts.   Some samples retained a thin glassy margin.  
The samples are reasonably fresh.  The sediment samples included mudstone and 
siltstone.   
 
The consensus of the petrologists aboard was that the volcanic samples had a strong 
resemblance to basalts typically recovered from the back-arc basin, and are not at all 
similar to rocks recovered from the forearc or early arc section. 
 
 
Summary of dive observations: 
 
The most important conclusion of the dive was that the crust here comprises volcanic 
rocks that appear to be of back-arc affinity, based upon mineral chemistry and texture.   
This suggests that the crustal block bounded by the north-south valley here and the 
rift from which Dive#973 recovered back-arc peridotites bound a block of crust 
formed by volcanism associated with the rifting of the southern back-arc basin.  This 
result is somewhat surprising, given the proximity of this site to the Mariana Trench. 
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Figure 1:    Inferred stratigraphy of the 6K#1096 traverse based upon the morphology 
of the rocks distributed on the surface of the seafloor.  Most of these are talus, 
although there are some outcrops in the upper reaches of the dive.  Sample depths and 
numbers are noted for reference to the inferred flow units. 
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Representative Photographs of Dive 6K #1096: 
 
 
 
 

 
Sampling for R10 in an area typical of the large talus 

block exposures with large pillow morphologies;   
1233, about 5898 m 

 
Alteration near base of one of the exposures of large 

pillow morphologies, possibly near a flow base; 1208, 
about 6004 m 

 
At summit of ridge, near summit of dive; 1504, 5414 m  

Sediments near summit of ridge; 1455, 5429 m 
 

 
Sessile organism on blocky, large talus;  1435, about 

5484 m 

 
Sampling for R11 in area typical of smaller, lighter 

colored talus morphology; 1251, 5797 m 
 

 
Area typical of smaller talus slope morphology; 

interpreted as upper parts of units; 1241, about 5860 m 

 
Area typical of larger talus slope morphology; 

interpreted as lower part of units; 1438, 5457 m 
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Waypoints and Sample Stops for Dive #1096 (15-July-2008): 

 

Event 

Number

Sample 

Stop Samples

Observer 

Record Time*

Pilot Record 

Time* Latitude Longitude

Depth 

(m) X Y

1 Landing target 9:00 12- 6.3300N 143-51.1500E 6077 -411.2 -585.4

2 Landing 11:30 12- 6.2769N 143-51.1773E

3 1 2 rocks 11:32 11:32 12- 6.2770N 143-51.1773E 6077 -411.1 -585.4

4 2 2 rocks 11:46 11:46 12- 6.3051N 143-51.2398E 6027 -359.3 -472.0

5 3 2 rocks 12:02 12:07 12- 6.3127N 143-51.2920E 6006 -345.2 -377.3

6 4 2 rocks 12:16 12:22 12- 6.3416N 143-51.3368E 5947 -292.0 -296.0

7 5 2 rocks 12:30 12:36 12- 6.3590N 143-51.3736E 5898 -259.9 -229.2

8 6 2 rocks 12:51 12:54 12- 6.4154N 143-51.4419E 5797 -155.9 -105.3

WP 1 target 12:56 5822 -80.0 -60.0

WP 2 target 13:10 5840 -130.0 75.0

9 7 1 rock 13:17 13:23 12- 6.5029N 143-51.4655E 5789 5.3 -62.5

10 8 2 rocks 13:38 13:37 12- 6.5217N 143-51.5522E 5737 40.0 94.6

11 9 2 rocks 13:57 13:57 12- 6.5825N 143-51.6360E 5652 152.0 246.7

12 10 2 rocks 14:07 14:10 12- 6.6150N 143-51.6661E 5609 212.0 301.3

13 11 2 rocks 14:13 14:21 12- 6.6461N 143-51.7102E 5556 269.3 381.3

14 12 2 rocks 14:30 14:33 12- 6.6685N 143-51.7661E 5492 310.6 482.7

15 13 3 rocks 14:43 14:53 12- 6.7119N 143-51.8477E 5438 390.6 630.7

16 14 2 rocks 14:58 15:04 12- 6.7278N 143-51.8844E 5414 419.9 697.3

17 Left bottom 15:05 12- 6.7278N 143-51.8844E 5414 419.9 697.3

Observer record is the time noted by the science observer; pilot record is the time of departure from a sampling stop; 

waypoints were not noted in dive events record
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6-2-7. Report for Dive 1097, 16-July-2008: P. Fryer 
 
Aim and scope of dive #1093:  
 
The objectives of this dive are 1) to sample the deepest traverse possible on the 
eastern side of the Santa Rosa Bank fault scarp in hopes of accessing the contact 
between forearc mantle and lower crust; 2) to determine the nature of mid-crustal 
level plutonics of the southern Mariana arc; and 3) to ascertain whether the Santa 
Rosa Bank preserves the early record of early arc intrusives and/or extrusives. The 
base of the scarp lies at approximately 6600 m, thus the touchdown target locality for 
this dive, at 6500 m, is likely to be above talus at the base of the slope.  The dive plan 
was to ascend the scarp to a terrace at ~5900 m and to sample at roughly 50 m 
intervals. 
 
Observations: 
At 11:41L the seafloor came into view.  We landed slightly north of the proposed 
landing point at about 6496 m.  The seafloor was sedimented and the sediment had 
numerous animal trails and burrows.  There were scattered boulders lying in the 
sediment.  We collected one rock from a group of boulders, which seemed relatively 
soft (broke up in the claw of the manipulator), but the rock we collected was, in fact, 
an extrusive.  At 11:54L we saw a better outcrop of boulders set in the sediment 
(~6480m) and recovered two rocks (#2, 3), one of which was a very large prismatic 
subangular block (Fig. 1).  After this sampling stop, the seafloor was covered with a 
smooth sediment drape, with only occasional rocks sticking up through the mud (from 
6480 to ~6433 m).  At 12:08L we stopped again at a small outcrop to sample #4 (very 
bad sediment cloud problems precluded obtaining a second sample)).  From 6433 to 
6418 m we traversed a sedimented surface with some talus deposits.  There were 
numerous animal trains and burrows (Fig. 2).  At 12:26L (~6418 m) there was a 
relatively steep outcrop of rock that looked layered, but was moderately covered with 
sediment.  In places the slope was made of prominent ridges of this rock and then 
dropped back into sedimented channels.  Possibly resistant dikes (?) form the ridges.  
Above this outcrop (12:29L) the slope angle decreased across a small sedimented 
terrace with scattered boulders sticking out of the mud. At ~6291 m (~12:41L) there 
was the beginning of a rocky outcrop (Fig. 3).  The slopes of the outcrop varied and 
were occasionally sedimented, but by 12:45L at ~6265 m, the outcrop was well-
exposed, very blocky rock and we stopped to collect samples #5, 6.  The rock 
appeared heavily jointed and was interspersed with some light-colored alteration (?) 
zones between the blocks (internal photo #40).  Sampling was hampered by an up-
slope current that moved a sediment cloud into the pilot’s field of view, from where 
the Shinkai 6500 touched the seafloor at the sampling station.  This was a continuing 
problem for most of the dive.  At 13:00L we began to see steeper slopes of 45° with 
boulders that appear altered.  The outcrops were blocky starting at 13:05L (6211 m) 
and partially sediment covered where the slope angle decreased.  The outcrop 
continued thus until we sampled at 13:09L, 6204 m (#7, 8).  Immediately above the 
sampling stop (~13:27L) the slope was heavily sedimented again and at this time at 
~6188 m we saw a cephalopod (squid?) ~30-40 cm long on the port side of the sub.  
Starting at about 6180 m (~13:29L) we rose up a debris channel with talus lobes on 
either side of the sub.  At 13:31L we crossed a small talus slope then immediately 
approached a very steep wall of outcropping, blocky rock.  We climbed to 6150 m 
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and sampled the outcrop at 13:34L (#9, 10) (Fig. 4).  After rising past the outcrop to 
6142 m there was a small terrace and the sonar screen showed a strong return to port 
at ~70 yards (not visible from the sub), but within view all we saw was a sedimented 
slope with undulations ~1 m high with wavelengths of ~3 m (like “moguls” on a ski 
slope).  At 13:59L, the pilot (T. Komuku) saw a large outcrop and we stopped to 
sample #11 at 6106m.  The seafloor above this outcrop was sedimented with a few 
scattered boulders exposed through the mud until at 14:06L we saw lobes of relatively 
small (<10 cm diameters) talus blocks rising up a steeper part of the slope.  
Immediately another steep, strongly jointed outcrop slope (Fig 5) came into view and 
we rose up it to 6073 m to sample at 14:14L (#11, 12).  The outcrop remained very 
blocky and steep (45° up to 65° in places) with a complex jointing pattern as we rose 
to ~5998 m at 14:31L.  There were several colorless sea cucumbers on the rocks or 
lying on the sediment, some 20 cm long white fish, and one white anemone in this 
area (Fig. 6).  At 14:34L (5983 m) we approached a nearly vertical wall of rock, also 
blocky and heavily jointed.  We rose up this wall to ~5978 m and tried to find a loose 
sample to recover in an area that appeared to have columnar jointing.  Some of the 
rock surfaces were smooth and somewhat rounded (Fig. 7), but there were no obvious 
pillow forms despite the presence of some curved joint patterns (see right side of Fig. 
7).  Most of the surface of the outcrop was unyielding despite numerous joints in the 
rock.  We were able only to recover some small fragments from one locality and ran 
out of time on the dive.  We ended at a depth of 5979m at 14:55L. 
 
Summary of dive observations: 
 
Despite significant sediment cover over most of the gentler slopes, the dive traversed 
a sequence of dike rock and extrusives, apparently of boninitic parentage.  Many of 
the outcrops were blocky and heavily jointed.  The sequence appears similar to 
boninitic formations on the southern part of the island of Guam, not a surprising result 
considering that Santa Rosa Bank has separated from the Guam block by a N-S left 
lateral strike-slip fault.  This would require, however, that the whole of Santa Rosa 
Bank be tilted to the east/southeast in order to place these equivalent rocks at depths 
of 6000+m.  This would be consistent with our 2006 model of a mantle interface, and 
overlying sequences dipping relatively steeply to the east/southeast.  Most of the 
samples appear reasonably fresh and should, we hope, provide age constraints for this 
eruptive phase of the arc.  
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Representative Photographs of the Dive:  

 
 
Figure 1.  Stop #2 (sample #3 is the large rock near the center of the image), 
blocky rocks outcropping through a moderately sedimented slope. 
 

 
Figure 2.  Sedimented part of slope with animal trails and burrows. 
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Figure 3.  Blocky outcrop heavily jointed, with alteration zones along joints. 
 

 
Figure 4.  Top of a blocky outcrop that forms a terrace on the slope. 
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Figure 5.  Strongly jointed outcrop producing subangular boulders  
 

 
Figure 6.  Blocky outcrop on steep slope with two translucent colorless sea 
cucumbers (near center) and one white anemone (upper right). 
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Figure 7.  Steep outcrop of complexly jointed rock with some smooth surfaces 
(left center) and slightly curving joint pattern on the lower right side of this 
image. 
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Waypoints and Sample Stops for Dive #1097 (16-July-2008): 
 

Point 
Number 

Sample 
Stop Samples Observer Record 

Time* 
Pilot Record 

Time* Latitude Longitude Depth (m) X Y 

1 - Landing Target  9:00 12-34.7000N 144-39.8800E  0 1050.2 
2 - Landing  11:43 12-34.7322N 144-39.8224E 6494 59.3 945.9 
3 1  1 rock (R01) 11:48 11:51 12-34.7539N 144-39.8018E 6492 99.3 908.6 
4 2 2 rocks (R02, R03) 11:54 11:59 12-34.7582N 144-39.7878E 6479 107.2 883.3 

5 3 1 rock (R04) 12:15 12:23 12-34.7560N 144-39.7583E 6433 103.2 829.9 

6 4 2 rocks (R05, R06) 12:45 12:57 12-34.7228N 144-39.5478E 6259 42 448.7 
7 5 2 rocks (R07, R08)  13:24 12-34.7655N 144-39.4822E 6199 120.7 329.9 
8 6 2 rocks (R09, R10) 13:34 13:52 12-34.7655N 144-39.3865E 6148 120.7 156.6 
9 7 3 rocks (R11, R12, R13) 14:14 14:16 12-34.7589N 144-39.2650E 6073 108.5 -63.3 

10 8  1 rock (R14); Left 
Bottom 14:50 14:56 12-34.7955N 144-39.1704E 5978 176 -234.6 

*Observer record is the starting time at a sampling stop; Pilot record is the time of departure from a sampling stop    
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6-3. Sample descriptive notes 
 
6-3.1  Hand sample descriptions 
Every rock sample was described as hand sample onboard. These descriptions are 
presented as  summary tables shown below.  The full information on each sample is 
presented in Appendix D.  Pictures of each sample are included in Appendix F and 
the distribution of sample pieces to the scientific party for shore-based work is listed 
in Appendix E.   
 
YK08-08 6K#Dive1091     

# Lithology Igneous texture Glass  Wt 
(kg) Weathering 

1 altered ol basalt partially variolitic, sparsely ol-phyric - 15.9 extensive 
2 altered andesite lava porphyritic - 0.85 hydrothermal 
3 altered andesite lava aphyric? Difficult to identify - 3.5 hydrothermal 
4 altered basaltic glass glass 2-3% 0.2 extensive 
5a diabase     3.1 weak 
5b altered aphyric lava variolitic texture   0.7 extensive 
6 altered volcanic rock variolitic texture - 7.4 extensive 

7 altered pillow basalt aphyric(abundant pl microphenocryst) 2-
3mm 5.9 extensive 

8 altered porphyritic lava porphyritic(no original phenocryst 
remained)   2.0 extensive 

9 altered aphyric lava variolitic texture   7.6 extensive 
10 altered brecciated pillow fragmented glass &altered lava   2.0 extensive 
11 silicified lava no original texture remained   1.3 extensive 
12 altered diabase doleritic texture   2.9 extensive 
13 altered lava px-(pl)-phyric?   1.1 extensive 
14 altered basaltic andesite? lava sparsely px-phyric   1.5 extensive 
15 altered massive andesitic? Lava sparsely px-phyric   3.9 weaker 
16 altered pillow basalt lava px-phyric & variolitic   1.9 extensive 
17 hyaloclastic breccia(pillow breccia) hyaloclastite   1.1 extensive 
18 altered basaltic lava px-phyric   1.5 extensive 
19 pillow breccia sparsely px-phyric & variolitic   2.4 slightly weaker 
20 hyaloclastite hyaloclastic   2.2 extensive 
21 pillow breccia hyaloclastic   3.7 extensive 
22 basaltic lava~diabase sparsely px-phyric and doleritic?   1.5 weaker 
23 altered basaltic lava? no original texture remained   5.5 extensive 
24 altered basaltic lava? no original texture remained   2.2 extensive 
25 hyaloclastite hyaloclastite   0.7 extensive 
26 sandstone~siltstone     4.0   
27 sandstone     2.3   
28 volcanic breccia heterolithic   6.1 moderate 
29 px-pl phyric basaltic andesite lava porphyritic   3.4 moderate 
        78.2   

      
YK08-08 6K#Dive1092      

# Lithology Igneous texture Glass  Wt 
(kg) Weathering 

1 diabase partly variolitic   7.8 extensive 
2 mudstone, siltstone     0.80   
3 sandstone     0.6 extensive 
4 mudstone, siltstone     6.2   
5 scoriaceous, tuff breccia     3.8 extensive 

6 diabase variolitic texture   10.8 moderate - 
extensive 

7 volcanic sandstone, breccia heterolithic   5.0 moderate 
8 andesitic breccia PL-phyric   1.2 fresh 
9 diabse fine-grained equigranular?   3.5 fresh 

10 altered diabase? partly variolitic   2.0 moderate to 
extensive 

11 diabase     5.0 moderate 
12 diabse     9.7 moderate 
13 tuff; pumice breccia     5.1 moderate 
14 pumiceous tuff breccia matrix supported   0.9 moderate 
15 volcanic sandstone, breccia     8.7 fresh 
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16 andesitic dacitic lava     2.5 fresh 
17 volcanic sandstone     5.6 extensive 
18 sandstone     1.0   

19 tuffaceous siltstone and volcanic 
sandstone     1.6 extensive 

20 aphyric basalt     0.7 weak 
21 volcanic breccia     0.9 breccia are fresh 
22 siltstone     3.4   
23 siltstone     2.2   
24 dacitic lava     7.5 weak 
25 altered tuff breccia     3.4 extensive 
26           

      
YK08-08 6K#Dive1093      

# Lithology Igneous texture Glass  Wt 
(kg) Weathering 

1 diabase medium-grained   6.5 light to strong 

2 microdiabse very fine grained basalt   2,7 light to 
moderate 

3 microdiabse very fine grained basalt   0.2 strong 
4 diabase fine-grained diabase   2.1 moderate 
5 microdiabse very fine grained basalt   1.2 strongly 
6 microdiabse very fine grained basalt   11.5 light to strong 

7 microdiabse very fine grained basalt   19.5 light to 
moderate 

8 hyaloclastite holohyaline   0.7 slight 
9 microdiabase very fine grained basalt   0.4 moderate 

10 diabase coarse diabasic   1.5 slight -moderate 
11 diabase coarse diabasic   4.0 moderate 
12 diabase coarse diabasic   8.5 moderate 
13 microdiabase very fine grained basalt   0.6 slight 
14 diabase fine diabasic   0.5 light-strong 

15 microdiabase very fined grained basalt   2.8 slight(except 
along veins) 

16 diabase porphyritic medium-grained diabasic   5.5 light-moderate 
17 mudstone-siltstone     1.5 light -heavy 
18 mudstone-siltstone     2.5 light -heavy 
19       27.8   
      
YK08-08 6K#Dive1094       

# Lithology Igneous texture Glass  Wt 
(kg) Weathering 

1 Gabbro with pyroxenite vein equigranular   0.3 moderate 
2 Serpentinized harzburgite granular, slightly porphyroclastic - 0.35 high 

3 Fine-grained pyroxenitic gabbro or 
pyroxenite equigranular - 4.3 moderate 

4 Serpentinized harzburgite slightly porphyroclastic - 1.7 very high 
5 Serpentinized harzburgite little original texture left - 10.7 high 
6 Pyroxenite equigranular - 6.5 moderate 
7 Very coarse sandstone grain supported - 0.5 high 
8 Serpentinized harzburgite slightly porphyroclastic - 0.5 high 
9 Serpentinized harzburgite porphyroclastic - 2.7 moderate - high 

10 Serpentinized harzburgite weakly porphyroclastic - 2.2 high 
11 Serpentinized harzburgite strongly foliated - 0.4 very high 
12 Serpentinized harzburgite slight fabric - 12.0 high 

13 Serpentinized harzburgite with 
gabbroic impregnation? porphyroclastic - 1.5 high 

14 Serpentinized harzburgite granular - 0.3 very high 
15 Serpentinized harzburgite granular, no strong fabric - 4.5 very high 
16 Serpentinized harzburgite weak fabric - 16.2 very high 
17 Serpentinized harzburgite porphyroclastic - 7.5 moderate 
      
YK08-08 6K#Dive1095      

# Lithology Igneous texture Glass Wt 
(kg) Weathering 

1 Serpentinized harzburgite porphyroclastic   6.3 moderate to 
high 

2 Serpentinized harzburgite porphyroclastic - 2.50 moderate to 
high 
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3 Serpentinized harzburgite with 
veins porphyroclastic - 4.0 high 

4 Serpentinized dunite with vein granular - 1.3 moderate 
5 Serpentinized dunite granular - 1.9 low to moderate 
6 Serpentinized dunite granular - 4.3 low to moderate 
7 Serpentinized dunite granular - 2.7 low to high 

8 Serpentinized harzburgite granular - 7.4 moderate to 
high 

9 Serpentinized harzburgite?  Serp. 
Pyroxenite/ strong foliation - 2.0 high 

10 Serpentinized harzburgite porphyroclastic - 1.4 moderate to 
high 

11 Serpentinized harzburgite granular? Little fabric - 2.8 high 
12 Serpentinized dunite granular - 12.0 low to moderate 
13 Serpentinized dunite granular to fibrous - 3.1 high 

14 Serpentinized dunite pronounced foliation - 0.9 moderate to 
high 

15 Serpentinized dunite to 
serpentinized harzburgite granular to somewhat deformed - 8.7 moderate 

16 Serpentinized dunite   - 6.4 moderate to 
high 

17 Serpentinized dunite to 
serpentinized harzburgite   - 2.8 moderate 

18 Serpentinized dunite   - 4.5 moderate to 
very high 

19 Serpentinized dunite   - 4.8 moderate to 
very high 

20 siltstone, fine to medium sandstone   - 5.5   
21a siltstone, fine to medium sandstone   - 7.0   
21b Serpentinized dunite   - 0.5 high 
      
YK08-08 6K#Dive1096       

# Lithology Igneous texture Glass Wt 
(kg) Weathering 

1 aphyric basalt aphyric, vesicularity 30% - 6.2 fresh 
2 aphyric basalt aphyric, vesicularity 40-50% - 8.50 fresh 
3 aphyric basalt aphyric, vesicularity 40-50% 8mm 9.5 fresh 
4 aphyric basalt aphyric, vesicularity 50% - 13.0 fresh 
5 aphyric basalt aphyric, vesicularity 50% 10nn 3.0 weak 
6 aphyric basalt aphyric, vesicularity 50% - 1.4 fresh 
7 aphyric basalt aphyric, vesicularity 40-50% 6mm 6.5 fresh 
8 aphyric basalt aphyric, vesicularity 30-40% 10mm 7.0 fresh 
9 aphyric basalt aphyric, vesicularity 40-50% 2mm 2.5 fresh 

10 aphyric basalt aphyric, vesicularity 30-40% - 6.2 fresh 
11 aphyric basalt aphyric, vesicularity 40% - 3.2 weak 
12 aphyric basalt aphyric, vesicularity 40-50% - 1.8 weak 
13 siltstone semiconsolidated - 1.0   
14 ol basalt (ol)-pl-phyric - 9.2 fresh 
15 ol basalt (ol)-pl-phyric 2mm 2.0 fresh 
16 ol basalt sparsely ol-phyric,vesicularity 50%  - 3.7 weak 
17 ol basalt sparsely ol-phyric,vesicularity 50%  - 8.30 fresh 
18 ol basalt sparsely ol-phyric,vesicularity 50%  6mm 7.0 fresh 
19 ol basalt sparsely ol-phyric,vesicularity 50%  - 0.9 fresh 
20 nearly aphyric basalt vesicularity 50% - 5.4 fresh 
21 ol basalt vesicularity 40-50% 3mm 7.0 fresh 
22 ol basalt vesicularity 40-50% - 4.0 fresh 
23 aphyric basalt vesicularity 40-50% - 7.5 weak 
24 mudstone semiconsolidated - 5.5   
25 aphyric basalt vesicularity 40-50% 3mm 2.5 strong 
26 siltstone unconsolidated - 6.8   
27 pl-phyric basalt vesicularity 40%,pl-phyric - 14.0 weak 
28 pl-phyric basalt vesicularity 40%,pl-phyric - 7.0 weak 
        105.5   

      
YK08-08 6K#Dive1097      

# Lithology Igneous texture Glass Wt 
(kg) Weathering 

1 ol basalt  (boninitic) highly ol-phyric(groundmass rapid 
quenched) - 3.5 80 
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2 diabase diabasic - 1.10 50 
3 diabase diabasic?aphyric? - 28.5 70 

4 pl-phyric basalt non vesiculated, pl-phyric(very fine 
grained) - 0.9 30 

5 ol basalt (boninitic)   - 1.0 80 

6 non vesiculated pl-phyric basalt ot 
andesite (boninitic) finely pl-phyric - 7.4 30 

7 ol-rich basalt (boninite) ol-pl-phyric - 2.8 70 
8 ol-rich basalt (boninite) ol-pl-phyric - 3.6 90 
9 ol-phyirc basalt?(boninitic) ol phyric - 3.2 40 

10 ol-rich basalt (boninite) ol phyric - 12.0 90 
11 aphyric basalt?(boninitic) aphyric(could be diabasic) - 1.9 50 
12 aphyric basalt?(boninitic) aphyric(could be diabasic) - 0.2 80 
13 aphyric basalt?(boninitic) aphyric(could be diabasic) - 1.4 90 
14 diabase diabasic (could be aphyric basalt) - 0.4 70 
        67.9   
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6-3-2 Thin section descriptions 
 
Dr. Ishii prepared 22 thin sections of representative samples during the cruise.  Brief 
descriptions of these sections are included below.  OL=olivine; CPX=clinopyroxene; 
OPX=orthopyroxene; PYX=pyroxene; PLAG=plagioclase 
 
Sample # Description Observer 
6K#1091 R05a Coarse diabase consisting of 70% plag laths, 5% equant 

intersitial cpx, and 3% skeletal magnetite. All crystals have 
dimensions of ~0.1-1mm in length. The crystalline phases are 
highly fractured and partly altered. 22% of the rock consists of 
interstices filled with a brown alteration mineral with second-
order interference colors, which might be some sort of clay. This 
cay either replaced original matrix or ol, 

Reagan 

6K#1091 R16 Highly altered basalt(?). Most of this sample of radiating clusters 
of brown acicular minerals with low birefringence together with 
needles of a colorless low-relief, low birefringent mineral that 
might be albite. Phenocrysts with morphologies reminiscent of ol 
are entirely replaced by epidote and zeolite. 

Reagan 

6K#1091 R28 Heterolithologic volcanic breccia. Has 60% angular clasts up to 
5mm in length and 40% fine grained calcareous matrix. The 
clasts are highly altered basalts and andesites. The latter have cpx 
phenocrysts are up to 3mm in length suggesting that they might 
have erupted in the Miocene. 

Reagan 

6K#1091 R29 Lightly altered andesite. Consists of 20% plag laths <0.5 m in 
length, 20% euhedral cpx <2 mm in length, and 5% magnetite in 
fine-rained altered groundmass. This rock looks like clasts in 
Umatac Fm. breccias from Guam. 

Reagan 

6K#1092 R08 Lightly altered Hornblende 2 pyroxene andesite.  Consists of 
20% plag laths up to 1mm in length, 5% euhedral opx and 2 % 
cpx < 0.2 mm in length, and 3% euhedral hornblende < 0.3 mm 
in length with rims of magnetite dust. The groundmass is brown 
cryptocrystalline minerals and altered. This rock looks like the 
forearc andesites from dive sites 974 and 976. 

Reagan 

6K#1092 R12 Diabase with subophitic texture. Consists of 50% acicular to 
skeletal plag up to 1 mm in length, 25% anhedral cpx < 0.5 mm 
in length, 5 % granular magnetite < 0.05 mm. 20% of the sample 
is brown fine-grained altered groundmass. This diabase has 
textures similar to those of the forearc basalt related diabases 
from dive site 975 and 977. 

Reagan 

6K#1092 R20 Nearly aphyric (forearc) basalt. Consists of about 4 % acicilar 
plagioclase <0.5 mm in length and 1% diabase crystal clots. The 
matrix consists of radiating cryptocrystalline needles of what is 
probably plag and cpx based on SEM analysis of similar rocks 
from dive sites 974, 975, and 977. 

Reagan 

6K#1093 R01 Diabase with subophitic texture. Consists of 45% skeletal to 
acicular plag up to 0.5 mm in length, 30% anhedral to subhedral 
cpx < 0.2 mm in length, and 5 % skeletal magnetite <0.1mm in 
length. A fine-grained altered matrix makes up 20% of the rock. 
Probably crystallized forearc basalt.  

Reagan 

6K#1093 R02 Pillow lava of forearc basalt. This rock consists of about 95% 
matrix that is altered glass in the rind and radiating 
cryptocrystalline plag and cpx (?) in the interior. About 3% of the 
rock consists of recognizable acicilar to skeletal plag up to 0.1 
mm in length, 1% equant cpx < 0.1 mm in length, and 1% 
diabasic clots. Small vesicles partially filled with clays make up 
about 1% of the sample. 
 

Reagan 
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6K#1093 R07 Coarse-grained forearc basalt. Consists of about 35% acicular 
plag <0.3 mm in length, 20% subhedral cpx, 30% radial 
intergrowth of plag and cpx needles, 15% cryptocrystalline 
matrix, and 2% round vesicles. 

Reagan 

6K#1093 R12 Highly altered diabase with subophitic texture. Consists of 60% 
skeletal to acicular plag up to 1 mm in length, 35% anhedral to 
subhedral cpx < 0.5 mm in length, and 3 % magnetite <0.1mm in 
length. A fine-grained altered matrix makes up 5% of the rock. 
Probably a crystallized forearc basalt. 

Reagan 

6K#1093 R15 Forearc basalt. Consists of about 2% acicular plag up to 0.2 mm 
in length in a cryptocrysalline groundmass of acicular cpx, plag 
(?) and granular magnetite. There might have been < 1 % ol that 
has since been replaced by secondary minerals. 

Reagan 

6K#1094 R03 Pyroxenite, fine to medium grained; some deformation of 
pyroxene; CPX:OPX about 2:1 ??; interstitial PLAG (<10%), 
abundant interstitial opaque; minor, rounded OL;  PYX lamellae 
commonly bent; appears to be a cumulate texture 

Bloomer 

6K#1094 R06 Clinopyroxenite, interlocking texture, looks like some grain 
boundary recrystallization to more mosaic, finer texture in many 
places; little OPX, may be minor OL; primary opaques rare; 
serpentine veins, dark green-brown alteration patches in some 
CPX  clays??  

Bloomer 

6K#1094 R13 Serpentinized harzburgite to dunite; abundant relict OL (little 
deformed); common euhedral to subhedral opaques, probably a 
spinel; OPX largely replaced by bastite structures, likely with 
some amphiboles; spinel morphology is not typical of residual 
peridotite, as these are often nice euhedral grains 

Bloomer 

6K#1094 R17 Serpentinized dunite, large original OL grains outlined by 
abundant relict OL grains; looks like fairly common secondary 
amphibole in places now partially replaced itself by serpentine 
and other minerals; little if any primary PYX; primary 
spinels/opaques rare 

Bloomer 

6K#1095 R12 Altered orthopyroxenite with some CPX?; darker gray lense-like 
patch is entirely replaced by amphibole maybe with very rare 
relict OPX? ; might be minor OL; the PYX are highly undulose, 
partly deformed with extensive alteration to amphibole, some 
talc, and serpentine?; common, high relief dark honey brown 
accessory mineral, euhedral to anhedral, a variety of spinel?? 

Bloomer 

6K#1095 R13 Highly altered serpentinized dunite?  An odd fibrous replacement 
texture;  most remnants are, I think, OL and the fibrous 
serpentine is creating a false appearance of cleavage; the texture 
is complex and honestly too difficult to sort out at sea 

Bloomer 

6K#1095 R17 Orthopyroxenite, much like R12 but with less extensive 
replacement by amphibole 

Bloomer 

6K#1095 R18 Pyroxenite much like other two from Dive 1095; extensively 
altered to amphibole; most PYX remnants have second order 
interference colors but parallel extinction; likely OPX and the 
section is a little thick 

Bloomer 

6K#1097 R03 Diabase, beautiful interlocking PLAG-CPX texture; some dark, 
altered interstitial groundmass, looks like now largely replaced 
by clays, very fine opaques?; not much obvious primary opaque 
grains, rare PLAG microphenocrysts 

Bloomer 

6K#1097 R10 Section is somewhat thick and small; very abundant euhedral OL: 
groundmass has radiating almost spinifex like bundles in places; 
some PYX phenocrysts too, maybe CPX but could be some OPX 
too?  Slightly inclined extinction on most, but it is possible there 
is clinoenstatite if these are boninitic; no obvious PLAG 

Bloomer 
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6.4 Dive Summary and Geological Synthesis 
 
The forearc of the Izu-Bonin-Mariana (IBM) volcanic arc system comprises crust and 
mantle associated several stages of arc volcanism.  Recent studies on Guam, Rota, 
Saipan, the Bonin Islands, the Ogasawara escarpment and Palau; along with work on 
DSDP and ODP drill cores have provided constraints on the timing, composition, 
sources, and subsequent tectonic history of the volcanic portion of this earliest arc 
crust and the underlying mantle (e.g. Cole, 1950; Mason et al., 1956; Cloud et al., 
1956; Schmidt, 1957; Tracey et al., 1964;; Kuroda & Shiraki, 1975; Shiraki et al., 
1978; Meijer, 1980; Hickey & Frey, 1982; Meijer et al., 1983; Reagan & Meijer, 1984; 
Umino, 1985; Yamaguchi, 1985; Dobson, 1986; Hickey-Vargas & Reagan, 1987; 
Dobson & Tilton, 1989; Stern & Bloomer, 1992; Gill et al., 1994; Taylor et al. 1994; 
Cosca et al., 1998; Taylor and Nesbitt, 1998; Pearce et al., 1999; Maehara and Maeda, 
2004; Ishizuka et al., 2006; Reagan et al., 2008). Several dredges from the Mariana 
Trench to the south and southeast of Guam identified exposures of relatively fresh 
ultramafic, gabbroic, tonalitic, and diabasic rocks, along with subduction-related 
volcanics (Dietrich et al., 1978; Bloomer & Hawkins, 1983;  Bloomer, 1983; Bloomer 
& Hawkins, 1987). The scientific party for the YK06-12 cruise performed five dives 
in the same general region selected for this, the YK08-08 dive-cruise. Based on all of 
the information obtained from these excursions and the samples obtained during that 
work (see Table 1), we much better  understand the geology of the IBM forearc, and 
its implications for the tectonic development of the region.  
 
The YK06-12 Shinkai 6500 dives and dredge hauls along the forearc south and east of 
Guam collected the entire suite of rocks associated with what could be termed a 
“supra-subduction zone ophiolite” that formed during subduction initiation, and four 
dive sites for YK08-08 (1091, 1092, 1093, 1097) were chosen to further sample and 
observe the geology and geomorphology of this region. Dredges in the region 
bordering the southeastern termination of the West Mariana Trough showed this area 
exposes depleted Mariana forearc related peridotites, less-depleted back-arc related 
peridotites as well as arc-related crustal rocks. Three dive sites for this cruise (1094, 
1095, and 1096) were targeted to collect both types of peridotites. SeaBeam mapping, 
sidescan imagery and gravity data were collected around all of the dive sites, 
spanninga region from 11o35’N, 143o5’E to 13o20’N, 145o10’E. This mapping 
expanded  several high-resolution bathymetric datasets compiled by  S. Merle 
(PMEL/NOAA). 
 
Dive 1091 was from 2696 to 1954 m depth along a steep escarpment created by a N-S 
strike slip or normal fault on the west side of Santa Rosa Banks. Overall, the rocks 
encountered in this section are broadly consistent with the volcanic section exposed 
on Guam.  The presence of diabase together with highly-altered pillow lavas at 
several sites early in the dive demonstratess that dikes are present in the sequence, at 
least up to 2250 meters.  Siltstone, sandstone and volcanic breccia join the sequence 
at 2050 meters. This lower part of the section may correlate with the Oligocene 
Alutom Formation or both the Alutom and part of the middle to late Eocene Facpi 
Formation. The upper portion of the dive collected basaltic andesite with unusually 
large (up to 0.5 cm) augite phenocrysts reminiscent of Miocene lavas in the Umatac 
Fm. on Guam.  
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Dive 1092 was from 3000-2600 m depth on an escarpment upslope from YK06-12 
dive number 976. The dive was mostly on dip-slopes of volcaniclastic breccias and 
related sandstones and shales. These breccias are typically heterolithologic, with 
andesitic clasts containing phenocyrsts of plagioclase and pyroxenes less than 1 mm 
in length. These lithologies are reminiscent of the late Eocene to Oligocene volcanic 
rocks from the Alutom Fm. on Guam and similar units on Rota and Saipan. The 
volcaniclastic sedimentary rocks formed dip-slopes in most locations. Exceptions to 
this are where sub-sea landslides removed the surface rocks, or where faulting 
produced scarps that cut through the sediments.  In some of these areas, the faulting 
and landsliding exposed the igneous basement on the sea floor. Igneous basement 
pokes through the dip-slope sediments in other areas suggesting that it was 
incompletely covered during sedimentation. This igneous basement was diabase with 
crystals of fine-grained plagioclase, augite and magnetite and minor basalt. Thin-
section examination indicated that the diabase is similar in texture and composition to 
those associated with the fore-arc basalts discussed in more detail below. The 
sedimentary rocks that coat most of the surface are significantly faulted and folded in 
the upper half of the dive, showing that significant tectonic activity occurred after 
their deposition. 
 
Dive 1093 examined a southward-facing steep slope south of Guam and east of Santa 
Rosa Bank from 6441 to 5798 m depth. Good exposures of basalt lava flows and 
diabases were encountered along the entire length of the dive. Based on petrographic 
similarities, we correlate these basaltic rocks to the “fore-arc basalts” that were 
recovered at dive sites 974, 975, and 977 during YK06-12. Field relations imply that 
the diabase intruded into the pillow basalt lava flow sequence in an extensional 
tectonic environment. The pillow lavas are aphyric. Pillow interiors have a micro-
diabasic texture composed of finely intergrown plagioclase and augite. Rims are 
nearly pure altered glass. The diabases have classic subophitic textures and generally 
lack olivine. 
 
Dive 1094 examined a southward facing slope along the southern margin of the 
Mariana Trough from 6469 to 5964 m depth. The dive track was mostly on boulder-
scale talus covered by whitish sediments.  Small outcrops a few meters wide and 
striking 320o  suggest that a fault system with this orientation cuts the area. The color 
of the outcrops and talus clasts change from dark to lighter at around 6000 m. 
Samples collected from this dive show that those from the deeper levels were similar 
to those identified as back-arc type peridotites at YK06-12 dive 973, whereas those 
from the light colored peridotites obtained from shallower levels were low-pyroxene 
harzburgite or dunite that are similar to fore-arc type peridotites found in many dredge 
hauls from the region. 
 
Dive 1095 was further west along the southern margin of the Mariana Trough from 
6405 to 5456 m depth. The lithology of the seafloor along the dive course was mostly 
debris made of angular peridotite clasts of various sizes, ranging from fist-size gravel 
to large-sized boulders. Two possible outcrops were encountered during the dive, 
each exposed at the very steep slope ~5800-5400 m deep.  Hand specimen 
observations suggest that  dive samples are serpentinized peridotites.  Many of these 
serpentinized peridotites preserve fresh portions, and look petrographically very 
similar to the highly-depleted serpentinized “forearc” peridotites dredged during 
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KH92-1-D2 (Ohara and Ishii, 1998) along the slope below dive 1094 and in the upper 
portion of dive 1094.  
 
Dive 1096 was from 6069-5414 m depth along a west-southwest-facing escarpment 
formed by faulting on the west side of a comparatively low-elevation crustal block 
that is bounded on the east by the West Santa Rosa Bank Fault. Nearly all of the rocks 
collected in this dive were fresh or nearly fresh pillow lavas with phenocrysts of 
plagioclase and olivine.  The most important conclusion of the dive was that the crust 
here comprises volcanic rocks that appear to be of back-arc affinity, based upon 
mineralogy, texture, and freshness of the rock. This suggests that the crustal block 
bounded by the north-south valley here and fault west of Santa Rosa Banks is a 
previously-unknown rift that has been accompanied by basaltic volcanism of 
unknown but relatively recent age.  This result is somewhat surprising, given the 
proximity of this site to the Mariana Trench, only 30 km distant, in part of the forearc 
that elsewhere have no igneous activity. 
 
Dive 1097 was from 6494 to 5978 m depth along an east-facing slope west of the 
major N-S left-lateral strike-slip fault separating the Santa Rosa Banks from Guam 
(West Guam Fault). Despite significant sediment cover over most of the gentler 
slopes, the dive traversed a sequence of dike rock and pillow lavas, apparently of 
boninitic parentage.  The rocks have abundant large olivine phenocrysts, tiny euhedral 
augite, and sporadic plagioclase, and are reminiscent of the high-Ca boninites of the 
Facpi Fm. on southwestern Guam (Reagan and Meijer, 1984). This is not surprising 
considering that Santa Rosa Bank was separated from the Guam block by faulting.  
This requires, however, that the whole of the Santa Rosa Bank block is tilted to the 
east/southeast in order to place these equivalent rocks at depths of greater than 6000m.  
This is consistent with dips found in sedimentary rocks on Guam and is consistent 
with our 2006 results.  Most of the samples appear reasonably fresh and should, we 
hope, provide age constraints for this eruptive phase of the arc.  
 
Taken together, the dives to the east of Santa Rosa Banks document a sequential 
but disjointed crustal section. Based on dredge hauls in waters deeper than our 
dive sites, the lowermost unit appears to consist of a relatively thin gabbroic layer 
with rare tonalite, underlain by harzburgite and dunite. Overlying the gabbroic 
layer is a comparatively thick zone of diabasic-textured rocks and pillow basalts 
(Figs. 12 & 13). These basaltic rocks are olivine-poor with abundant intergrown 
acicular plagioclase and augite. The pillow lavas might have erupted superheated 
based on the lack the phenocrysts and the unusual microdiabasic texture exhibited 
by the pillow lavas. Based on geochemical results from the last dive cruise, these 
lavas have compositions similar to those of mid-ocean ridge or back-arc basin 
lavas, except for greater concentrations of V and Cu, suggesting that they were 
unusually oxidized (M. Reagan and K. Kelley unpublished data). We postulate 
that these were the first magmas to erupt after subduction initiation. Overlying 
these lavas are low-Ca and high-Ca boninites, with compositions that suggest 
generatiob from a depleted mantle source at shallow levels in the presence of a 
water-rich slab fluid. Above these lavas are normal arc basalts and andesites 
similar to those found in the Alutom Fm. on Guam, which have ages of 38-32 Ma 
(Reagan et al., 2008). An unusual site of hornblende andesites with light-enriched 
REE patterns was found in dives 974, 976, and 1092. These have tentative 
40Ar/39Ar ages of 30-32 Ma (O. Ishizuka, unpublished data), suggesting that these 
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could be the youngest lavas in this region and that they erupted at bout the same 
time as the Kyushu-Palau ridge rifted. New Hf isotope data  (M. Woods and M. 
Reagan, unpublished data) suggest that these lavas formed by melting arc crust. 
This implies that hot asthenosphere invaded the forearc region during the rifting 
event. 
 
The entire section has been broken up by a series of normal faults that generally 
down-drop lithologies toward the trench. Folding seen in dive 1092 could be 
related to the normal faulting if it was listric, but it also could document a 
compressional event that occurred after normal arc volcanism began in this region. 
 
Peridotites exposed at the southern end of the Mariana Trough at dives 1094 and 
1095 are mostly pyroxene-poor peridotites with porphyroclastic to granular 
textures. These are interpreted to be “forearc type” peridotites (Michibayashi et al., 
2007) comprising structural blocks of the original Mariana forearc left along the 
transpressional boundary between Santa Rosa Banks and Yap (see Geodynamic 
background section). Dredge hauls have shown that forearc crustal rocks overly 
these pieces of the mantle in some locations. Interspersed with the forearc 
peridotites are “backarc” type peridotites with that are less depleted in pyroxene 
and have spinels that are less enriched in Cr because of less melting. One location 
with backarc-type peridotites is dive site 973 on the east side of a small block of 
crust located within a trough that lies between faults to the west of the Santa Rosa 
banks. Dive 1096 on the other side of this small block recovered fresh basalts with 
petrographic characteristics like backarc basin lavas. This opens the possibility 
this trough is a site of recent basaltic volcanism, despite its proximity to the trench. 
Age determinations for these basalts and their compositions will be crucial for 
determining whether young hot asthenosphere has recently circulated close to the 
trench here, or whether these are remnants of early Mariana Trough back-arc 
basalts that were once further from the trench. Because it is structurally bounded, 
has potentially recent volcanism, and may have a separate geological history from 
adjacent crust, we have given this feature a tentative name of the West Santa Rosa 
Terrane (Fig. 12).  
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Figure 102 – Preliminary geological map of the Mariana forearc region based on 
Shinkai 6500 diving during the YK06-12 and YK08-08 cruises, dredging, and geological 
mapping on Guam (Reagan & Meijer, 1984). FAA = forearc andesite; FAB = forearc 
andesite. The first arc erupted relatively low-K subduction-related volcanics between 42 
and 32 Ma when Guam was adjacent to the Kyushu-Palau Ridge. The second arc 
erupted high-K subduction-related volcanics in the Miocene when Guam was adjacent 
to the West Mariana Ridge. Also shown is the proposed West Santa Rosa Terrane. 

 
 

Figure 13 – Speculative and schematic cross-section from Guam to the Mariana Trench 
that includes the positions of some YK0612 and YK0808 dive sites. The topography is 
from GeoMapApp. The thickening of the plutonic crust layer to the west is based on 
seismic imaging of the Mariana arc-backarc north of Saipan (Geodynamic Setting, Fig. 
5  
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Table 1 – Summary of rock sampling in the southern Mariana Region by 
longitude from west to east 

 
 
 
 
 

Lat (N) Long (E) Lat (N) Long (E) Start End

KH05-01-D6 Dredge 11°51.77 141°35.98 11°52.08 141°36.04 2873 2644 basalt
breccia, tuff, 

carbonate
Unpublished cruise report

R.L. Fisher Dredge 11°20' 142°07' 10000 Bloomer & Hawkins 83 AGU Mono27

R.L. Fisher Dredge 11°21' 142°08' 10000 Bloomer & Hawkins 83 AGU Mono27

R.L. Fisher Dredge 11°26' 142°08' 8400 Bloomer & Hawkins 83 AGU Mono27

R.L. Fisher* Dredge 11°12' 142°10' 9200 Bloomer & Hawkins 83 AGU Mono27

R.L. Fisher Dredge 11°40' 142°11' 6200 Bloomer & Hawkins 83 AGU Mono27

MARA05 D24 Dredge 11°40' 142°12' 11°48' 142°09' 5000 4600
Gabbro, diabase, 

volcanics

Siltstones, 

amphibolite
Bloomer & Hawkins 83 AGU Mono27

KH05-01-D5 Dredge 11°51.89 142°13.17 11°52.14 142°13.62 2889 2628 basalt sandstone, tuff Unpublished cruise report

MARA05 D25 Dredge 11°42' 142°38' 11°46' 142°31' 6100 4800 Diabase, basalts Siltstones Bloomer & Hawkins 83 AGU Mono27

MARA05 D22 Dredge 11°41' 142°45' 11°45' 142°42' 5400 4400 Tonalite, basalt Diorite, Siltstone Bloomer & Hawkins 83 AGU Mono27

KH05-01-D4 Dredge 11°50.96 142°52.19 11°51.67 142°51.23 3350 2975 basalt
conglomerate, 

sandstone, andesite
Unpublished cruise report

KH05-01-D3 Dredge 11°54.76 143°06.37 11°54.75 143°06.47 3904 3540 basalt
dolerite, andesite, 

breccia, sediment
Unpublished cruise report

YK08-08#1095 Shinkai 6500 11°38.9 143°08.3 6405 5356 peridotite This cruise

MARA05 D21 Dredge 11°45' 143°22' 11°47' 143°20' 6900 6000 Ultramafic
Gabbro, basalt, 

siltstone
Bloomer & Hawkins 83 AGU Mono27

MARA05 D20 Dredge 11°41' 143°23' 11°42' 5100 4300 Ultramafic, gabbro Basalt, amphibolite Bloomer & Hawkins 83 AGU Mono27

KH98-1 D03 Dredge 11o44' 143o25' 11o46' 143o25' 6016 5123
Serpentinized 

harzburgite, dunite

Basalt, gabbro, 

amphibolite, 

sediment

Ishii, unpublished figure

KH98-1 D04 Dredge 143o26.5' 3239 2289 volcanic rocks Ishii, unpublished figure

KH03-3-D5 Dredge 12o59' 145o25' 6000 volcanic rocks tuff/breccia, others

KH03-3-D6 Dredge 12o19' 144o20' 6000 volcanic rocks tuff/breccia, others

KH03-3 D07 Dredge 11o46. 143o26' 11o47' 143o26' 4861 4450
serpentinized 

peridotite

dolerite, talc, 

sediment
Ishii, unpublished figure

KH03-3 D08 Dredge 11o47 143o25' 11o48' 143o26' 4126 3474
serpentinzed 

peridotite

pyroxenite, talx, 

gabbro, amphibolite, 

volcanics, quartz 

diorite, hyaloclastite

Ishii, unpublished figure

KR00-3 10K162 Kaiko 143o26.5' 7351 6995 peridotite Ishii, unpublished figure

YK92 6K#157 Shinkai 6500 11°43.47' 143°26.50' 6083 5789 peridotites sediment Ishii, unpublished figure

YK08-08#1094 Shinkai 6500 11°45.1 143°29.6 6469 5964 peridotite This cruise

KH92-1-D02 Dredge 11°41.16' 143°29.62' 7431 6594 peridotites
pyroxenites, 

metamorphic rocks
Ohara and Ishii, 92

MARA05 D26 Dredge 11°48' 143°42' 11°48.5' 143°35' 6900 5700 Ultramafic, basalt
Breccia, sandstone, 

amphibolite
Bloomer & Hawkins 83 AGU Mono27

YK08-08#1096 Shinkai 6500 12‚06.5 143°51.5 6077 5414 Fresh basalt This cruise

KH98-1 D02 Dredge 12o14' 144o04' 12o14' 144o03' 4880 4292
Serpentinized 

harzburgite

Serpentinite sand, 

dunite, pyroxenite
Michibayashi et al., in prep.

KH98-1 D01 Dredge 12°12.5' 144o06' 12o12.5' 144o05' 5843 5388
Serpentinized 

harzburgite
Serpentinized dunite Michibayashi et al., in prep.

MARA05 D27 Dredge 12°16 144°05' 12°16.5 144°04.5 5500 4600 Ultramafic
Gabbro, volcanics, 

sediment
Bloomer & Hawkins 83 AGU Mono27

YK06-12#973 Shinkai 6500 12°14.8' 144°07.3 6469 5957 Serp. Perid. Michibayashi et al., in prep.

Y9204 D159 Shinkai 6500 12°19.8 144°08.6 5730
Basalt, diabase, 

microgabbro
Fryer 93 Proc. JAMSTEC Symp. DSR

Y9204 D158 Shinkai 6500 12°19.7 144°08.8 5730 Basalt Fryer 93 Proc. JAMSTEC Symp. DSR

YK08-08#1091 Shinkai 6500 12°35.4' 144°15.3 2696 2047 Volcanics This cruise

Dmit. Men17 1404 Dredge 1404 12°16.3 144°21 5500 5400 Pillow basalt, diabase Dietrich et al. 78 EPSL 39

MARA05 D28 Dredge 12°25 144°31 12°26' 144°24 5093 3846 Boninite Volcanics, sediments Bloomer & Hawkins 83 AGU Mono27

Dmit. Men17 1403 Dredge 1403 12°7.6' 144°31 8400 8100 Perid, gab, bslt, bon Dietrich et al. 78 EPSL 39

R.L. Fisher Dredge 12°08' 144°32' 8800 Bloomer & Hawkins 83 AGU Mono27

Cook7 D77 Dredge 13°23.9 144°34.9 1702 1555 volcanics, breccia Bloomer & Stern,  unpub.

Cook7 D76 Dredge 13°22.2 144°35.5 1680 1453 volcanics, breccia Bloomer & Stern,  unpub.

YK08-08#1097 Shinkai 6500 12°34.8 144°39.5 6494 5978 boinite & diabase This cruise

TN154 Jason 45 12°40.4' 144°42' 6500 4331
Serp. Perid, gabbro, 

basalt
Fryer, unpublished

R.L. Fisher* Dredge 11°55' 144°43' 8400 Bloomer & Hawkins 83 AGU Mono27

YK08-08#1093 Shinkai 6500 12°40.5 144°43.8 6441 5798 Basalt, diabase This cruise

R.L. Fisher* Dredge 11°56' 144°45' 8500 Bloomer & Hawkins 83 AGU Mono27

YK08-08#1092 Shinkai 6500 13°06.6 145°9.2 3000 2599 Volcanics This cruise

YK06-12#974 Shinkai 6500 12°55.6' 145°18,9 6270 5757 Volcanics Ohara et al. 2006 EOS

YK06-12#976 Shinkai 6500 13°02.4' 145°20.0' 3802 3079 Volcanics Ohara et al. 2006 EOS

YK06-12#975 Shinkai 6500 12°47.2' 145°28.8' 6489 5892 Volcanics Ohara et al. 2006 EOS

Depth (m) Primary Igneous 

Lithologies

Secondary    

Lithologies
Source Sample Station Type

Start End

KK810626 D64 Dredge 12°45 145°33 8200 7500 Serpentinite, gabbro Fryer AGU abstract

YK06-12#977 Shinkai 6500 13°16.8' 145°56.4' 6363 5483 Diabase Ohara et al. 2006 EOS

KK810626 D63 Dredge 13o15' 146o05' 7390 7195 Serpentinite, tonalite

KH05-01-D1 Dredge tuff basalt, mud, pumice Unpublished cruise report

KH05-01-D2 Dredge tuff
pumice, mud, 

hydrothermal
Unpublished cruise report

This table was assembled from information available at sea.  Locations and depths in italics were estimated from locations plotted in various figures.  Lithologies in italics indicate that 

estimates of proportions were not available.  Samples by R.L. Fisher were plotted in Bloomer and Hawkins, 83 but other information was not available.  An asterick by a sample indicates it 

was on the offshore plate.  Secondary lithologies in bold indicate the dominant lithology in the dredge was sedimentary.  Samples missing latitute or longitude were from a cross-section plot 

or unpublished sample descriptions
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7. Analytical tasks (All samples will be archived at JAMSTEC.)  
 
Volcanics (FAB, Boninite, FAA, first and second arcs):  
TI:  petrography, general characterization  
OI:  major and trace elements; isotopes and 40Ar/39Ar geochronology 
MR: petrog., SEM, microprobe (?), U-Pb geochronology, Hf isotopes, SIMS glasses 

(?) 
KK: LA-ICPMS glasses, SIMS glasses (?), ICPMS traces (especially Li) 
RHV: petrog., SEM (?), microprobe (?) 
PF: Raman  
 
Volcanics (dive 1096):  
RS/JR:  leaders on analytical work (Julia’s thesis); petrography; probe work; Sr-Nd-

Pb isotopes; separate as much glass as possible. 
OI:  major and trace elements (co-ordinate with RS/JR); 40Ar/39Ar geochronology 
MR: Hf isotopes (co-ordinate with RS/JR), SIMS glasses (?) 
KK: LA-ICPMS glasses, SIMS glasses (?) 
 
Peridotite:   
PF: serpentinization and seismic velocities (w/ KM and N. Christensen) 
KM: petrography, mineral fabrics, microprobe 
TI, YO: petrography, microprobe 
YO: Os isotopes (W/Jon Snow) 
JIK, TI: bulk rock major and trace element, LA-ICPMS, other isotopes 
  
Pyroxenite: 
SB: LA-ICPMS (few) 
KM: petrography, mineral fabrics, microprobe 
TI, YO: petrography, microprobe 
YO: Os isotopes (W/Jon Snow) 
PF : Raman 
 
Metamorphics and alteration: 
PF: all 
 
Sedimentary Rocks: 
RS – coordinate paleontological age determinations 
RHV – petrography, clast populations 
 
Gabbros and Tonalites (from dives and preexisting dredge hauls):  
PF, RHV/JJ: sample characterization, microprobe, major elements, trace elements, 

isotopes, geochronology (Julie’s thesis) 
 
Note: Yasuhiko Ohara (YO); Mark Reagan (MR); Teruaki Ishii (TI); Rosemary 
Hickey-Vargas (RHV); Osamu Ishizuka (OI); Katsuyoshi Michibayashi (KM); Robert 
Stern (RS); Sherman Bloomer (SB); Patricia Fryer (PF); Katharine Kelley (KK); Jun-
Ichi Kimura (JIK); Julia Ribiero (JR); Julie Johnson (JJ) 
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APPENDIX A: VIDEO LOGS and SAMPLE BASKET DESCRIPTIONS 
Rosemary Hickey-Vargas 7/10/08

Chief-pilot: Chief-pilot: T. Komuku 

     Co-pilot: H. Ueki 
page: 1 /2

Time(LCL)

hh:mm

Dep.

(m)

11:21 2696

11:22 2696

11:26 2690

11:32 2689

11:34 2688 Sample stop 1 in a talus field of scattered boulders

11:36 2688

11:37 2688

11:38 2688

11:40 2688

11:43 2688

11:46 2683

11:50 2682

11:51 2682

11:52 2682

11:54 2682

11:58 2678

12:05 2654

12:09 2654

12:10 2649

12:13 2650

12:15 2650

12:16 2650

12:17 2650

12:18 2650

12:19 2644

12:23 2651

12:24 2652

12:25 2650

12:27 2648

12:29 2640

12:34 2612

12:41 2556

12:50 2549

12:51 2549

12:52 2549

12:53 2549

12:54 2539

13:01 2491

13:12 2491

13:13 2486

13:20 2433

13:25 2435

13:26 2435

13:27 2435

13:30 2422

13:38 2379

Leave stop 6 and continue upslope

Sample stop 5 at top of long slope of rounded boulders

R10, R11 and R12 in S3

Leave sample stop

Sample stop 6 on large  outcrop of lava with blocky fracture pattern (Fig. 2)

Ask for location

R13 and R14 in S4 

SHINKAI 6500 Dive #1091

Observation

Landing point, white ooze with Mn pebbles, few boulders (Fig. 1)

Ask for  location

Start observations

R3 in P3

Move upslope

Set course

Ask for location

Start sampling

R1 in P3

Select other samples

R2 in P3

R6 in P5

R7 and R8 in P5

Large outcrop of lava on port side

Sample stop 2 in talus of outcrop

R4 in P6

R5A and R5B B in P6 - appeared to be one rock

Leave stop 2 and head up slope

More Mn pebbles and few boulders

Boulders become more abundant

Large outcrop of lava on the port side

Sample stop 3 in talus of outcrop

Search for samples

Search for samples

First sample is lost

 Record sampling

Leave stop 3 and continue up slope

Continue upslope

Talk about time for sampling

Continue upslope

Continue upslope

Ask for location

Continue upslope

Ask for location

Sample stop 4 -field of large rounded boulders

R9 in P1

Leave stop 4

Move upslope
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Rosemary Hickey-Vargas 7/10/08

Chief-pilot: Chief-pilot: T. Komuku 

     Co-pilot: H. Ueki 
page: 2 /2

Time(LCL)

hh:mm

Dep.

(m)

13:38 2379 Ask for location

13:40 2373

13:45 2366 Select samples

13:47 2366 R15 and R16 in S1

13:48 2365 Leave sample stop 7

13:51 2363 Large outcrop of brecciated pillow lave

13:58 2323

14:05 2292

14:10 2297 R17 and R18 in P2

14:11 2297 R19 in P2

14:12 2297 Ask for location

14:13 2296 Leave stop 8 and continue upslope

14:15 2290 Set course

14:22 2254

14:25 2253 Select samples

14:27 2253 R20 in S1

14:29 2253

14:30 2253

14:31 2253

14:33 2251

14:42 2213

14:48 2170

15:01 2167

15:02 2165

15:10 2126

15:16 2109

15:21 2109

15:23 2105

15:24 2103

15:28 2096

15:40 2045

15:42 2045

15:47 2047

15:48 2047

15:50 2047

15:51 2047

15:53 2041

15:54 2041

15:59 2001

16:05 1957

16:07 1958

16:08 1958

16:10 1958

16:11 1954

16:55 Arrive at Yokosuka

R28 in B1

R29 in B1

Finish sampling

Prepare to ascend

Continue upslope

Ask for location

Sample stop 13 in a field of blocks of sedimentary rock and lava

Ask for location

Sample stop 12 on outcrop  (Fig. 5)

Rocks are rounded lava and flat pieces of siltstone and sandstone

Prepare to sample

R26 in B3

Sample stop 11 on outcrop of fractured lava

R24 and R25 in P4

Ask for location

Set course

R27  in B3

Sample stop 7- pillow lava with blocky fracture pattern

Outcrop gives way to flat surface covered with Mn pebbles 

Sample stop 8 on outcrop of fractured pillow lava (Fig. 3)

Sample stop 9 at base of large cliff of fractured lava

Outcrop ends at 2205 meters

Sample stop 10 at base of outcrop of fractured lava (Fig. 4)

R23 in S2, 4 other samples crumble in the sample manipulator

Leave sample stop 10, change course to northeast

Ask for location, set course

Leave stop 9

SHINKAI 6500 Dive #1091

R21 in B2

R22 in B2

Leave sample stop 11

Set course

Observation

"Fly" over unmapped depression
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Mark Reagan 7/11/08

Chief-pilot: K. Matsumoto

     Co-pilot: K. Chiba
page: 1 /2

Time(LCL)

hh:mm

Dep.

(m)

11:29 3000

11:35 2998

11:40 2998 heading=40o; dip-slope sedimentary rocks 

11:47 2984

11:52 2984

11:57 2958 x=-1190, y=-70

12:03 2954 Stop 3; sample R4 collected

12:07 2954

12:09 2951

12:17 2938

12:20 2936

12:32 2924

12:36 2913

12:39 2913

12:41 2909

12:46 2874

12:48 2853

12:50 2851

12:57 2848

12:59 2848

13:00 2844

13:06 2830

13:12 2828 dip-slope of volcanic breccias

13:16 2792

13:17 2787

13:19 2785

13:21 2781

13:23 2777

13:26 2759

13:27 2749

13:30 2738

13:35 2738

13:39 2729

13:47 2697

13:54 2696

13:58 2696

14:19 2811

14:25 2810

14:37 2804

14:39 2793

14:42 2777

14:45 2758 return to broken-up dip-slope of volcaniclastic rocks; x=-330, y=-250

sample R18 collected in similar material; x=-409, y=-270

end of "flight" on area covered with bouldery talas or sub-outcrop, ocean 

pavement, and sand or mud; x=-440, y=-290

Stop 10; sample R17 collected in talus with variably thick Mn

flying over subangular to subrounded talus; heading = 10o

large angular blocks with little Mn - could be outcrop of diabase

x=-630; y=260

begin "flight" to next traverse heading approximately 290o

Stop 6 cont.; sample R10 collected on sub-outcrop

large boulders with variable thickness of Mn-crust

x=-680; y=220; heading=40o

Mn-encrusted sedimentary rocks and talas, patches of rippled sand

Stop 8; talus samples R13 and R14 

heavy Mn crust begins

landslide scarp(?)

x=-940; y=10

heading=40o; dip-slope sedimentary rocks and boulder clusters

x=-1170, y=-50; head 40o

dip-slope of sedimentry rocks

slab-like boulders atop dip-slope of sedimentary rocks

x=-780; y=140

flat-lying dip-slope of volcanic beccias 

Stop 5; samples R7 and R8 collected

heading=30o; massive outcrop and ocean pavement

patches of coarse talus; head 40o

dip-slope sedimentary rocks draped over topography

talus slope of small cobbles and boulders

Stop 7; samples R11 and R12 collected from talus; x=-880, y=90

NW-SE (fault?) escarpment, down to north

dip-slope continues and drapes topography

talus of boulders and cobbles

Stop 9; samples R15 and R16 collected

SHINKAI 6500 Dive #1092

Observation

Landing point, white sand or clay with slab-like boulders; x=-1330, y=-220

Stop 1; sample R1 collected; x=-1320, -y=-210

Stop 2;  samples R2 and R3 collected; x=-1320, y=-150

Stop 4; samples R5 and R6 collected; x=-1140, y=-80

x=-1060; y=-30; outcrop, talus, and ocean pavement

Stop 6; sample R9 collected on sub-outcrop
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Mark Reagan 7/11/08

Chief-pilot: K. Matsumoto

     Co-pilot: K. Chiba
page: 2 /2

Time(LCL)

hh:mm

Dep.

(m)

14:46 2754

14:47 2741

14:50 2729

14:53 2725

14:55 2725

14:59 2720

15:01 2718

15:04 2709

15:07 2697

15:12 2697

15:17 2697

15:21 2689

15:23 2676

15:24 2669

15:26 2663

15:27 2656

15:28 2650

15:30 2635

15:31 2630

15:38 2620

15:43 2613

15:47 2599

15:57 2600

Stop 12; samples R20 and R21 collected

dip-slope volcaniclastic rocks draping over ridge

steeply-dipping (30-40o) volcaniclastic rocks; heading = 5o

dips of volcaniclastic sedments lessen to 10-20o

Stop 11; sample R19 collected from volcaniclastic outcrop w/~5o dip

x=-330, y=-250

Mn-encrusted talus

Mn-encrusted outcrop of volcaniclastic rock; heading=5o

Mn-encrusted volcaniclastic rocks; x=100, y=-220; heading = 355o

Observation

SHINKAI 6500 Dive #1092

volcaniclastic rocks form dip-slope; heading=5o

southwest facing meter-tall landslide scar(?)

Mn-encrusted dip-slope; x=-70; y=-240

squid encounter

x=-10, y=-240

meter-tall, south-facing land-slide scar (?)

dip-slope volcaniclastic rocks draping over valley

Mn-encrusted outcrop of volcaniclastic rock; heading=5o

Mn-encrusted dip-slope volcaniclastic rocks

x=70, y=-240 

Stop 13; samples R22 and R23 collected

NE-trending scarp dipping north

Stop 14; samples R24 and R25 collected;

End of dive; x=160, y=-240
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Osamu Ishizuka 7/12/08

Chief-pilot: Chief-pilot: Y. Sasaki

     Co-pilot: F. Saito
page: 1 /2

Time(LCL)

hh:mm

Dep.

(m)

11:47 6441

11:48 6441

11:58 6408 abundant block slided down from upper slope

11:59 6405

12:02 6403

12:03 6403 R2 at S3, X=-1240, Y=-570

12:04 6403

12:07 6393

12:12 6393

12:20 6393

12:21 6393

12:23 6386

12:29 6347

12:32 6345

12:40 6342

12:48 6345

12:49 6344

12:51 6336

12:54

12:57 6337 finely jointed outcrop

12:58 6273

12:59 6262 irregulary jointed massive outcrop

12:59 6262

13:03 6259

13:07 6259

13:12 6259

13:16 6257

13:17 6257

13:19 6248

13:24 6195

13:25 6192

13:30 6192

13:35 6191

13:36 6189

13:37 6178

13:38 6161 outcrop gone

13:41 6129 steep outcrop, probably lava

13:42 6125 joint developped(dyke?)

13:42 6116 top of outcrop

13:43 6109 vertically jointed. Top of outcrop

X=-940, Y=-400

head 20o

head north finely-jointed steep outcrop (lava?)

head 20o

X=-1040, Y=-430

stopped and started sampling

R11,R12 at P1

Agalley-like topography. Outcrop with a step. Upper layer and lower layer 

show slightly different jointing characteristics. We sampled upper layer.

R10 at S2

head 10o

head 45o

R1 at S3

head 30o

heavilly jointed outcrop. stopped and started sampling

R3 at B2

R8 at S2

R9 at S2

head 20o

R5 at S1

X=-1150, Y=-470

X=-1180, Y=-470

R6 at S1

R7 at S3

X=-1070, Y=-400

stopped and started sampling

there is a boundary between the surface with different jointing character 

(basalt lava and diabase). We are on a ridge.

SHINKAI 6500 Dive #1093

Observation

Landing point, white ooze with  boulders, very weal current, 1.6oC
X=-1310 Y=-640, head north

start sampling of block on the slope (not outcrop).

R4at B2

jointed outcrop. stopped and started sampling
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Osamu Ishizuka 7/12/08

Chief-pilot: Chief-pilot: Y. Sasaki

     Co-pilot: F. Saito
page: 2 /2

Time(LCL)

hh:mm

Dep.

(m)

13:45 6090

13:50 6048

13:51 6032

13:54 6015

13:56 6015

13:57 6012

14:01 5986

14:09 5941

14:10 5938

14:14 5913 irregularly jointed outcrop with small height

14:15 5914

14:25 5915

14:27 5903

14:44 5799

14:46 5799

14:52 5797

14:53 5797

Observation

X=-680, Y=-390

encountered almost vertical outcrop of pillow lava

stopped and started sampling

R13-R15 at P2

R16 at P5,X=-450, Y=-410

head north

SHINKAI 6500 Dive #1093

X=-650, Y=-370

head north

X=-470, Y=-360

go up the slope with lots of boulders

stopped and started sampling

X=-790, Y=-350

stopped and started sampling

R17 at S4

R18 at S4

Left bottom, X=-180, Y=-360
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Katsuyoshi Michibayashi 7/13/08

Chief-pilot: Chief-pilot: T. Komuku

     Co-pilot: E. Ueki
page: 1 /1

Time(LCL)

hh:mm

Dep.

(m)

11:33 6469

11:48 6469

6427 X=-850, Y=1030

12:00 6423

6418

12:06 6411 Muddy surface

12:09 6395

12:24 6348

12:40 6297

12:56 6233

13:06 6229

6199

13:25 6193

13:28 6188

6160

6130

13:47 6099

6051 X=290, Y=230

14:05 6050

14:23 6008

14:33 5978

14:46 5964

SHINKAI 6500 Dive #1094

Observation

Landing point, whitish sediment with  boulders, no current, 1.5oC
Sampling; R1 and R2 in S1

Sampling; R3 and R4 in S2; X=-840, Y=1010

Outcrop?; a few meters of boulders

Outcrop striking to 320 degree due to straight fractures

gound in a few tens of intervals

Sampling from an outcrop; R7 and R8 in S5; X=-330, Y=750

Sampling; R11 in S7; X=200, Y=360

Sampling; R12 and R13 in S8; X=290, Y=230

Sampling; R16 and R17 in S10; X=420, Y=30

Sampling; R14 and R15 in S8; X=400, Y=100

X=110, Y=470

Outcrop striking to 330 degree; many boulders on muddy ground

Outcrop; X=-20, Y=700

Sampling; R9 and R10 in S6; boulders taken near an outcrop; X=0, Y=650

the ground keeping alternating between a few meters of outcrops and muddy 

Outcrop: irregular shaped, fractured

Outcrop; fractures striking 270 degree

Sampling; R5 in S3; X=-650, Y=970

Sampling; R6 in S4; boulders in muddy ground; X=-590, Y=850

Outcrop color seems to get lighter than the deeper ones. Fore-arc type?

Left bottom; X=440, Y=10; muddy ground with scattered boulders
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Observer: Y. Ohara 7/14/08

Chief-pilot: K. Matsumoto

     Co-pilot: F. Saito
page:  1 /2

Time(LCL)

hh:mm

Dep.

(m)

11:33 6404

11:35 6405

11:38 6405

11:39 6405

11:44 6382

11:45 6374

11:50 6330

12:01 6294

12:03 6285

12:10 6228

12:14 6216

12:22 6208

12:26 6184

12:27 6181

12:29 6181

12:36 6157

12:43 6117

12:50 6109

12:58 6053

13:01 6036

13:05 6036

13:10 6022

13:12 6022

13:20 6023

13:25 5975

13:27 5954

13:29 5931

13:33 5888

13:38 5868

13:41 5868

13:52 5774

14:01 5713

14:09 5648

14:09 5645

The slope is still covered with large boulders.

Station 8:  sampling.  R14, R15 in P4.

Patchy white mud (serpentine mud?)

A possible outcrop?

Steep slope continues. Very storng echos in the rader installed on the 

Shinkai.

Very large boulders emarged. The slope is dominantly covered with 

boulders and smaller gravels, with intervening sediment.

A seacucumber was recorded by No. 1 camera.

Station 7:  sampling.  R12, R13 in P2.

Station 6:  sampling. R11 in B2.

System rebooting was successful. Steep slope. The X and Y coordinate 

shifted somewhat eastward, probablly due to rebooting of the 

navigation system and not due to the bottom current. The bottom there 

was almost negligible.

A small squid was recorded by No. 1 camera.

Steep slope continues.

The slope become steeper

Debris blocks are dominant

Station 5:  sampling. R9, R10 in P1.

The Shinkai navigation system installed on the Yokosuka 

malfunctioned, requiring rebooting of the system. In the mean time, the 

Shinkai stayed at this point.

Station 3:  sampling. R5, R6 in S4.

The tan-colored sediment is dominant

Debris blocks emarged 

Station 4:  sampling. R7, R8 in S2.

The tan-colored sediment is dominant

Debris blocks and tan-colored sediment

The tan-colored sediment is still dominant

Debris blocks emarged 

Steep slope continutes

Station 2:  sampling. R3, R4 in S1.

Heading: north

The tan-colored sediment becomes dominant on the slope

SHINKAI 6500 Dive #1095

Observation

Bottom in sight; talus slope covered with debris blocks and tan-colored 

sediment.

Landing; 1.7oC

Station 1:  sampling.  R1, R2 in S3.  

Heading: north

The slope is steeper than expected (before diving)

Debris size: smaller gravels
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Observer: Y. Ohara 7/14/08

Chief-pilot: K. Matsumoto

     Co-pilot: F. Saito
page:  2 /2

Time(LCL)

hh:mm

Dep.

(m)

14:14 5626

14:26 5542

14:38 5432

14:51 5393

14:55 5356 Debris blocks and tan-colored sediment. End dive.

Station 9:  sampling.  R16, R17 in P3. Still in steep slope with large 

boulders.

Station 10:  sampling.  R18, R19 in P5. Still in steep slope with large 

boulders.

A possible outcrop? A few "umiyuri" are obsereved.

Station 11:  sampling.  R20, R21 in P6.

Observation

SHINKAI 6500 Dive #1095
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Observer:    Bloomer 7/15/08

Chief-pilot:  Sasaki

     Co-pilot:  Chiba
page:   1/2

Time(LCL)

hh:mm

Dep.

(m)

1126 6069

1130 6077

1132 6077

1135 6077

1141 6046

1144 6033

1145 6032

1146 6027

1150 6023

1152 6011

1153 6010

1154
6010

1207
6006

1207 6006

1209 6002

1211 5988

1213 5973

1215 5963

1216 5964 some pillow like talus

1222
5947

1224

1227 5915

1230 5899

1236

5898

1237 5891

1240 5877

1242 5846

1244
5830

1245 5820

1251 5797

1254
5797

1256
5797

1259 5780

1303 5775

1306 5777

1309 5787

1310 5790 near waypoint 2; c/c 070 to head upslope

SHINKAI 6500 Dive #1096

Observation

bottom in sight; rocky, talus covered slope with large angular blocks, a couple 

with pillow forms; one piece might have a slickenside surface, tan sediment 

between blocks, small shrimp

landing; 1.6oC, no significant current; -411.2, -585.4

Station 1:  sampling.  R1, R2 in S1.  --411.1, -585.4

o/c 070, moving upslope, huge talus slope

-370, -530

Fewer boulders; flattish sedimented area

many big boulders

Station 2:  sampling. R3, R4 in S3  -359.3, -472.0; still in talus slope

back in rock; there are some softer white-yellow areas that seem to be under 

dark talus; stop to try to sample some of the lighter stuff

Station 3:  sampling stirred up a lot of soft material; not much current; R5, R6 in 

S2; R5 was probably soft, R6 a black piece; -345.2, -377.3

o/c 070; back in talus

-340, -400; small sediment bench

c/c 070

many boulders

-320, -320, many boulders

o/c 055

 Station 4:try for a rounded, maybe pillow piece; R7 more blocky, R8 somewhat 

roundedR7, R8 in S4; -292.0, -296.0

-260, -170

o/c 055; many small boulders

a change to large black keystone like fragments; likely pillows

Station 5:  R9, R10 in P1; large blocks close to in place; tried to get a piece off 

one outcrop like area; R10 was somewhat hard to pull out, might be close to in 

place; -259.9, -229.2

Station 6:  R11, R12 in P2; R12 might be from the more ledgy, underneath 

"outcrop";  it was actually pretty hard; -155.9, -105.3
c/c towards Waypoint 2; took picture of animal; small coelenterate swam by 

window a bit ago

(Bloomer edited and merged Shinkai and shipboard log records; corrected shipboard error on R24-28; reconciled sampling times with 

Shinkai team records)

c/c 000; to waypoint 2; looks like some large pillows along the way

-70 -130

sediment blanketed slope; sediment chute in slope?

some kind of balloon-like sponge; some more slabby pieces

a change to finer talus; more smaller pieces with sediment chutes

big blocks with finer talus; big jelly fish floated by observer window

o/c 050; many small boulders in mud

softer appearing more ledgy outcrop under talus?

o/c 055; many small boulders

looks like some outcrop under talus maybe?  Soft er white-brown, could be 

ultramafic weathering (samples proved this to be not true)

c/c 030

20 -120
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Observer:    Bloomer 7/15/08

Chief-pilot:  Sasaki

Co-pilot:  Chiba
page:  2/2

Time(LCL)

hh:mm

Dep.

(m)

1313 5791

1323
5789

1323 5789 c/c 070

1327 5782

1328 5771

1329 5761

1333 5737

1337 5737

1340 5732

1344 5715

1345 5705

1347 5694

1350 5673

1357
5652

1358 5656

1402 5639

1405 5618

1407 5610

1410 5609

1410 5609

1413 5585

1414 5580

1421 5556

1423 5554

1426 5524

1430 5498

1433 5492

1435 5484

1437 5472

1438 5457

5441

1453 5438

1455 5429

1457 5417

1458 5414

1504 5414

1505 5414

at peak of knoll; can see it dropping off on other side

R26, R27 in P1; both seem softer materials (not true when examined on deck; 

rock outcrop at peak, with sediments around); 419.9, 697.3

end dive; final position 419.9 697.3; estimated time on surface 1705

boulders in mud

Station 13; R24  very soft and broke, pieces went in B3, S1 and S2 (all were 

found on recovery and put together);  R25 in B3; R26 a tan piece into S3); 

390.6, 630.7

o/c 070 towards top, white-orange sediments in places clearly layered

390 650

up a steep slope, with large blocks; sample towards top

Station 11:  R20, R21 in P3; 269.3 381.3

o/c 070; many boulders

280 460

large blocks some with pahoehoe-like surfaces

Station 12:  R22, R23 in B2; 310.6, 482.7

o/c 070

very steep with blocky talus; clear bulbous pillow shapes

340 560

90 170

Station 8: R14, R15 in P5; R15 is the smaller of the two; 40.0, 94.6

o/c 060

pass into more rubbly, finer talus, sediment between blocks

10 20

c/c 060; many boulders

SHINKAI 6500 Dive #1096

o/c 060

very rugged steep cliff to port; very large blocks and huge boulders

230 370

move into more blocky talus again; shrimp by at 1330

50 100

Station 9:  R16, R17 in B1; R16 is a tan block, R17 black; 152.0, 246.7

140 200; area has black and tan colored blocks

Station 7: R13 in P4; flat, slabby blocks; very soft, breaks easily, one small 

piece; 5.3 -62.5

sediment, flat slabby outcrop

Observation

Station 10:  R18, R19 in P6; 212.0, 301.3

a little bench, into a new talus pile

o/c 060

larger talus blocks

200 320
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Patricia Fryer 7/13/08

Chief-pilot: T. Komuku

     Co-pilot: F. Saito
page: 1 /2

Time(LCL)

hh:mm

Dep.

(m)

11:41 6496

11:42 6496

11:48 6493

11:52 6488 make course 270° to ascend the slope

11:54 6480

position is x110, y880;  then made course 270°

11:59 6479

12:00 6447

12:06 6441

12:15 6433

12:23 6430 Position is x100, y830; made course 270°  

12:26 6418

12:29 6391 Position is x70, y690

12:37 6336

12:45 6265

12:58 6258 Position is x40, y450

13:00 6246

13:05 6211

13:23 6200

13:24 6198 Position is x120, y230

13:27 6188

13:29 6180

13:31 6169

13:34 6150

13:52 6148 Position is x120, y160

13:55 6142

13:50 6106

13:59 6119 Position is x140, y50

14:06 6089

14:09 6072

14:14 6073

14:16 6073 Position is x110, y-60

14:24 6031 Position is x190, y-150

14:26 6021

14:29 6013

14:30 6000 Position is x220, y-170

14:32 5998

14:34 5983

14:38 5978

of time.

heavily jointed

Came to the base of the steep wall of outcropping rock, heavily jointed and 

very solid.  There were few places to pry a sample loose.

The outcrop becomes very steep, nearly vertical in places and quite solid if 

Passed overe outcrop into talus chute,then approached steep wall

sub.  Smooth sedimented surface around the sub forms "moguls" (like a ski

Observed a large outcropping block and tried to sample, but sediment cloud

Stopped to try to sample.  

Talus lobes with cobbles and small boulders appear in the sediment 

Sampling R14 in P5,  sample broke into a few pieces, we tried several other 

Sampled R11, R12, R13 from a blocky outcrop.

Huge angular boulders and intact outcrop

slope) with heights of ~1m and wavelength of several m

SHINKAI 6500 Dive #1097

Observation

Crossing over talus and then immediately came upon the base of an outcrop

Slopes are locally greater than 45°, large boulders in outcrop look altered

Numerous animal trails (several circular trails) in the sediment

Sampling R4 in P6

Outcrop of layered rock 

Increased speed over sedimented terrace

tried to sample, sediment cloud obscured the sea floor, position x70, y790

Sampling R7, R9 in P2, the outcrop is very solid

Stopped to sample R9, R10 in S3 at a blocky part of the outcrop

Landing point,  sediment with numerous animal burrows, a few boulders

places, but could not break a sample free.  We eventually ran out 

sonar shows  strong return to port, but at 70 m it is too far to see from the

Outcrop of very blocky rock , heavily jointed

Squid to port swimming away from sub, too far to catch on video

Rising through sedimented channel with talus lobes to either side

Sampling better outcrop of boulders near R1; collected R2, R3 in P3, 

obscured the seafloor so we moved upslope a bit to try again

Approaching a sedimented bottom water 1.6°C 300°N 5m/hr x60, y950

Sampling; R1 and R2 in P3 (boulders seem easily broken by manipulator)

ascending a sedimented slope with lobes of cobbles/boulders to the port side

Stop to sample R5, R6 in P1 Rock crumbled in claw (altered?)
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Patricia Fryer 7/13/08

Chief-pilot: T. Komuku

     Co-pilot: F. Saito
page: 2 /2

Time(LCL)

hh:mm

Dep.

(m)

14:56 5977

17:05 0 on the surface

SHINKAI 6500 Dive #1097

Observation

End of dive at x180, y -230.  Left bottom.
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Appendix B: Dive tracks on X-Y coordinates 
 
YK08-08 6K Dive#1091 
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YK08-08 6K Dive#1092 
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YK08-08 6K Dive#1093 
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YK08-08 6K Dive#1094 
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YK08-08 6K Dive#1095 
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YK08-08 6K Dive#1096 
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YK08-08 6K Dive#1097 
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Appendix C: Dive tracks and sampling stations 
superimposed on color bathymetry maps 
 
YK08-08 6K Dive#1091 
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YK08-08 6K Dive#1092 
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YK08-08 6K Dive#1093 
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YK08-08 6K Dive#1094 
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YK08-08 6K Dive#1095 
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YK08-08 6K Dive#1096 
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YK08-08 6K Dive#1097 
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Appendix D : Sample Descriptions 
YK08-08 6K Dive#1091 (1of 2) 

YK08-08 Dive1091
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1 altered ol basalt
partially variolitic, 

sparsely ol-phyric
- <5 90? 15.9 25.0 19.0 19.0 extensive SA 3 qz veinlet network pervaisive

2 altered andesite lava porphyritic - ? ? 100 0.85 13.0 9.0 6.0
hydrother

mal
SR 1

pervaisive qz veinlet network. Extensive 

hydrothermal alteration

3 altered andesite lava
aphyric? Difficult 

to identify
- 100 3.5 16.5 16.0 10.0

hydrother

mal
SA 1

pervaisive qz veinlet network. Extensive 

hydrothermal alteration

4 altered basaltic glass glass 2-3% 98 0.2 8.0 6.0 5.0 extensive A 4
altered hyaloclastic breccia (basaltic glass partially 

remained)

5a diabase 60 <10 25-30 ~30 3.1 16.0 13.0 11.5 weak SR 2 moderately altered ol?-px diabase

5b altered aphyric lava variolitic texture 100 0.7 10.5 8.5 8.2 extensive A
extensively altered aphyric lava with variolitic 

texture

6 altered volcanic rock variolitic texture - ~40 100 7.4 18.0 18.0 17.0 extensive SR 5 original composition unknown

7 altered pillow basalt

aphyric(abundant 

pl 

microphenocryst)

2-3mm ~100 5.9 22.0 18.3 11.0 extensive A 6 pillow lava with glassy rind

8 altered porphyritic lava

porphyritic(no 

original 

phenocryst 

remained)

? ? ~100 2.0 17.5 11.0 10.0 extensive A 10 1mm thick quartz veinlet

9 altered aphyric lava variolitic texture ~100 7.6 31.0 19.0 14.0 extensive A 2

10 altered brecciated pillow
fragmented glass 

&altered lava
~100 2.0 17.0 11.0 10.0 extensive A 1

completely altered pillow breccia? Hard to 

recognize original texture

11 silicified lava
no original texture 

remained
~100 1.3 16.0 10.0 9.0 extensive A film

12 altered diabase doleritic texture ~60 20-30 80-90 2.9 21.0 18.0 7.0 extensive A film some qz veinlet

13 altered lava px-(pl)-phyric? ? ? ~100 1.1 18.0 8.2 5.2 extensive A film no original phenocryst remained. Qz veinlet 

14
altered basaltic 

andesite? lava
sparsely px-phyric ~100 1.5 16.0 9.5 5.5 extensive A film

15
altered massive 

andesitic? Lava
sparsely px-phyric ~5 70-80 3.9 15.0 15.0 15.0 weaker A 2

non vesiculated cpx-pl andesite lava block. 

Alteration is weaker than other samples.

16
altered pillow basalt 

lava

px-phyric & 

variolitic
6-8 ~90 1.9 13.5 10.5 8.5 extensive A film altered non-vesiculated px-phyric basalt

SamplesSample characteristicsAlteration 

Comments
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YK08-08 6K Dive#1091 (2of 2)  
 
 
YK08-08 Dive1091
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17
hyaloclastic 

breccia(pillow breccia)
hyaloclastite ~100 1.1 18.5 7.5 9.0 extensive A ~10

completely altered hyaloclatsite. Some 

hydrotherma Mn and qz veinlet network present.

18 altered basaltic lava px-phyric 4-5 100 1.5 14.0 9.5 6.5 extensive A film
altered non-vesiculated moderately px-phyric 

basalt lava

19 pillow breccia
sparsely px-phyric 

& variolitic
2-3 90-95 2.4 15.0 11.5 11.0

slightly 

weaker
A 1

altered non-vesiculated pillow breccia(basaltic or 

andesitic)

20 hyaloclastite hyaloclastic 100 2.2 18.0 10.0 7.5 extensive A 1
completely altered hyaloclastite composed of 

fragmented glass)

21 pillow breccia hyaloclastic 2-3 ~100 3.7 17.0 12.0 11.0 extensive A 1 sparsely px-phyric basaltic pillow breccia

22 basaltic lava~diabase
sparsely px-phyric 

and doleritic?
2-3 ~70 1.5 15.5 8.0 9.0 weaker A 1 dense sparsely px-phyric basalt lava or diabase

23 altered basaltic lava?
no original texture 

remained
100 5.5 30.5 18.0 9.5 extensive A 1 pervaisive alteration & qz-epidote vein network

24 altered basaltic lava?
no original texture 

remained
100 2.2 17.0 9.5 8.9 extensive A 2

reddish colored completely altered lava with qz-

epidote veins

25 hyaloclastite hyaloclastite 100 0.7 17.0 10.0 5.5 extensive A 2
hyaloclastite disseminated with hydrothermal Mn-

oxides

26 sandstone~siltstone 4.0 23.0 17.0 9.0 A film weakly stratified and cross laminated

27 sandstone 2.3 25.0 18.5 3.5 platy film weakly stratified volcanic sanstone

28 volcanic breccia heterolithic 6.1 22.0 20.0 14.0 moderate A film

clast-supported, some breccias are relatively 

fresh.Hb or cpx crystals are fresh. Some breccias 

are dacitic.

29
px-pl phyric basaltic 

andesite lava
porphyritic 10-15 ? 15-20 60 3.4 19.0 15.0 10.5 moderate A 10

phenocryst are relatively fresh, dense non-

vesiculated px-pl phyric basaltic andesite lava

98.4

SamplesSample characteristicsAlteration 

Comments
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YK08-08 6K Dive#1092 (1of 2)  
 
 
YK08-08 Dive1092
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1 diabase partly variolitic 60-70 50-100 7.8 21.0 20.0 13.0 extensive SR film

2 mudstone, siltstone 0.80 17.0 11.0 9.0 SR - forma-rich, tuffaceous

3 sandstone 100 0.6 11.0 8.0 6.5 extensive SA film
stratified altered volcaniclastic sandstone, parallel 

lamination

4 mudstone, siltstone 6.2 28.0 24.0 12.0 SA film foram-rich, tuffaceous

5 scoriaceous, tuff breccia 90 3.8 28.0 21.0 7.0 extensive platy 1 similar to 7

6 diabase variolitic texture 60-70 ? ? 70 10.8 31.0 22.0 13.5
moderate - 

extensive
SR 1 brown-colored weathered diabase

7
volcanic sandstone, 

breccia
heterolithic 60 5.0 23.0 34.0 9.5 moderate SR 1

dominantly composed of latered lithic fragments; 

there is a 4-5 cm thick socria-rich layer ???

8 basaltic breccia PL-phyric 20-30 ? ? 20 1.2 11.0 9.0 7.0 fresh SR film
large breccia of moderately vesicular CPX-PL 

phyric andesitic lava

9 diabse
fine-grained 

equigranular?
~60 ? ~10 30 3.5 17.0 13.0 10.0 fresh SR film dense relatively fresh dark-colored diabase

10 altered diabase? partly variolitic 60-70 20-30 60 2.0 16.0 13.0 9.8

moderate 

to 

extensive

SR 3 weathered diabase with variolitic PL texture

11 diabase 60-70 ? ? 60 5.0 28.0 14.0 10.5 moderate A 1 PL are fresh

12 diabse 70-80 40 9.7 25.0 24.0 13.0 moderate SR 1 more PL-rich than others

13 tuff; pumice breccia 40 5.1 25.0 18.0 14.5 moderate A film

matrix is pumiceous, matrix supported; relatively 

fresh. PL-PYX are fresh.  There are some fresh 

felsic blot

14 pumiceous tuff breccia matrix supported 50 0.9 14.0 9.0 8.0 moderate A 11 pumiceous matrix; some dacitic clasts are fresh

15
volcanic sandstone, 

breccia
~10 8.7 28.0 14.0 17.5 fresh 3

non-structured; dark colored moderately sorted; 

there are convolutions of the silty stuff???

SamplesSample characteristicsAlteration 

Comments
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YK08-08 6K Dive#1092 (2of 2) 
 

 

16 andesitic dacitic lava 2.5 15.0 8.5 9.0 fresh SR 6-May
non-vesiculated light gray-colored PX-PL phyric 

andesitic-dacitic lava

17 volcanic sandstone 5.6 25.0 16.0 12.0 extensive platy 1 finely bedded volcanic sandstone

18 sandstone 1.0 21.0 10.0 4.5 platy 1
well-stratified brownish colored volcanic 

sandstone

19
tuffaceous siltstone and 

volcanic sandstone
1.6 13.5 9.2 9.0 extensive A 20

lower 3/4 a brownish tuffaceous siltstone; upper 

1/4 is moderately sorted volcanic sandstone

20 aphyric basalt 0.7 10.0 6.0 5.5 weak SA <1 dark grey colored non-vesiculated aphyric basalt

21 volcanic breccia 0.9 13.0 11.0 8.0
breccia 

are fresh
SR 10 breccia clasts are diabase

22 siltstone 3.4 17.5 9.0 23.0 platy 2 non structured siltstone with abundant burrows

23 siltstone 2.2 24.0 7.0 5.0 platy 10 dark brown colored siltstone with many burrows

24 dacitic lava 7.5 21.0 22.0 8.5 weak SR 2 non-vesiculated HB-bearing dacite lava

25 altered tuff breccia 3.4 18.0 17.0 7.0 extensive A 1 clast supported, but matrix is completely altered

26
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YK08-08 6K Dive#1093 (1of 1)  
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YK08-08 6K Dive#1094 (1of 2) 
 

1
Gabbro with 

pyroxenite vein
2-3 mm equigranular

gabbro- 

vein

40-50 

none

none 

none

40-60? 

>90 

none  

??

30?  

>50?
0.3 8.0 7.0 4.0 moderate A film

PYX-gabbro cut by pryoxenite vein (vein contains 

fragments or clost of the gabbro); pyroxentie cut 

by a couple <1-1 mm white-green veins; thin veins 

of pyroxenite invade the gabbro; also thin (~1 mm) 

veins or crushed zones in one end of gabbro

2
Serpentinized 

harzburgite
<1-4 mm

granular, slightly 

porphyroclastic
- - 15-25 <1 2-8? ~75 0.35 11.0 7.0 3.5 high A <1

Orange-brown extensively serpentinized with 

black serpentine veins; Cr-spinel present

3

Fine-grained 

pyroxenitic 

gabbro or 

pyroxenite

<1-2 mm equigranular - 10-20 5-15 65-90? ? 10-15 4.3 22.0 10.0 10.0 moderate A <1

texture to diabasic in places; seems to be pyroxene -

rich in parts; dark, irregular 1-2 mm clots appear 

to be altered olivine (?) pseudomorphs; PLAG is 

largely interstitial; hard to tell PYX proportions

4
Serpentinized 

harzburgite
<1-3mm

slightly 

porphyroclastic
- - <5 - 5-15 80-90 1.7 11.0 12.0 9.0 very high SA <1

highly weathered, orange-brown, OPX largely 

pseudomorphed

5
Serpentinized 

harzburgite
<1-10 mm

little original 

texture left
- - <5 10.0 ? 80-90 10.7 31.0 17.0 16.0 high A <1

orange-brown serpentinite; abundant grey, 

tanslucent veins, 1 very large OPX clot; some 

remnant PYX but much is replaced; only minor to 

rare spinel?

6 Pyroxenite <1-3 mm equigranular - 1-3? 3-8? 70-90 70-90 10-30 6.5 16.5 15.0 13.0 moderate A <1

proportions of PYX (OPX-CPX) hard to 

determine; some interstitial OL now largely 

altered to serpentinite; may be minor interstitial 

PLAG; some grain size variations <1  to 3 mm

7
Very coarse 

sandstone
<1-5 mm grain supported - - - - - - 0.5 -- -- -- high A film

6 pieces, each ~5cm length; largely serpentinized 

harzburgite (orange brown) fragments, some 

serpentine mud, minor other lithics

8
Serpentinized 

harzburgite
<1-2 mm

slightly 

porphyroclastic
- - <10? <2? 3-10? 70-80 0.5 12.0 6.0 7.0 high A film

orange-brown, some spinal, some OPX (now 

bastite?); slight fabric

9
Serpentinized 

harzburgite
<1-10 mm porphyroclastic - - <5-30 <2?? 15-25 60-90 2.7 16.0 10.0 10.0

moderate - 

high
A <1

orange-brown serpentinite; distinct elongation in 

OPX pseudomorphs; some gray-green less altered 

(?) sections with more olivine remnants perhaps

10
Serpentinized 

harzburgite
<1-4 mm

weakly 

porphyroclastic
- - <5-10 <1? 5-15 70-90 2.2 17.0 13.0 9.0 high A <1

orange-brown serpentinized harzburgite; highly 

weathered, a few grains of spinel
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YK08-08 6K Dive#1094 (2of 2)  
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11
Serpentinized 

harzburgite
<1-3mm strongly foliated - - <5-10? <1 5-15 65-90 0.4 7.0 7.0 7.0 very high A film

highly weathered oragne-brown serpentinite; some 

OPX mostly gone to bastite; some spinel; appear to 

be some less altered clots in a foliated matrix

12
Serpentinized 

harzburgite
<1-10 mm slight fabric - - 10-15? <3? 10-20 50-60 12.0 31.0 22.0 13.0 high SA

<1 in 

places

fairly abundant OPX; many to bastite and 

serpentinite pseudomorphs; probably some spinel

13

Serpentinized 

harzburgite 

with gabbroic 

impregnation?

<1-4 mm porphyroclastic -

some 

in 

veins

<5

1-3? > 

in 

veins

5-10 

some 

in 

veins?

60-90 1.5 16.0 10.0 9.0 high SR film

orange-brown porphyroclastic harzburgite cut by 

irregular veins and clots of white-grey gabbroic-

pyroxenitic (?) material; veins distributed and 

diffuse but clearly cut porphyroclastic fabric; 

suggested that the white could also be diallage 

structure/alteration in PYX

14
Serpentinized 

harzburgite
<1-2 mm granular - - <5 <1? 5 80-90 0.3 12.0 6.0 5.0 very high A film orange-brown, highly weathered

15
Serpentinized 

harzburgite
<1-3 mm

granular, no 

strong fabric
- - <5 - <5 85-95 4.5 28.0 22.0 9.0 very high A film

highly weathered orange-brown serpentinite, some 

spinel, little evidence of bastite pseudomorphs; 

may have been dunite

16
Serpentinized 

harzburgite
<1-3 mm weak fabric - - <5 <2? 5-10 85-95 16.2 32.0 20.0 18.0 very high A film

highly weathered orange-brown serpentinite, some 

spinel, most of OPX to bastite pseudomorphs

17
Serpentinized 

harzburgite
<1-4 mm porphyroclastic - - 30-40 <5? 5-15 30-60 7.5 19.0 17.0 13.0 moderate A <1

grey-green serpentinized harzburgite; blocky, 

black serpentine veins, some fractures

Observer:  Bloomer; olivine proportions in pyroxenites are estimates of original amounts; most now altered; OPX/CPX proportions hard to establish; 72.2 kg total sample weight
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YK08-08 6K Dive#1095 (1of 2) 
  

1
Serpentinized 

harzburgite

<1 to 3 

mm
porphyroclastic 5-15 <3? 10-15 60-75 6.3 20.0 24.0 12.0

moderate 

to high
A <1

orange-brown; little CPX? But spinel is common; 

some fabric

2
Serpentinized 

harzburgite

<1 to 3 

mm
porphyroclastic - - 5-15 <3? 10-15 60-75 2.50 12.0 12.0 10.0

moderate 

to high
A <1

orange-brown; abundant deformed OPX 

pseudomorphs; also some greyish clots; veins 

could be secondary or deformed OPX; original 

OPX % hard to estimate

3

Serpentinized 

harzburgite 

with veins

<1 to 2 

mm
porphyroclastic - - 5-10 <2? 10-15? 60-75 4.0 14.0 18.0 13.0 high A <1

2 cm vein of pyroxenite or OL-PYXenite cuts 

sample; also a 1 cm vein of gabbroic material with 

significantly altered PLAG; spinel common, 

abundant secondary magnetite

4

Serpentinized 

dunite with 

vein

<1 to 6 

mm
granular - - 20-30 <1? <3? 35-60 1.3 11.0 16.0 8.0 moderate A <1

sepentinized dunite with grey-green core; 0.5-3 cm 

rim of orange oxidized weathering; spinel common 

but not much OPX; cut by 1 cm pyroxenitic vein; 

PYX quite altered

5
Serpentinized 

dunite

<1 to 4 

mm
granular - - 25-50 <1? <3? 45-50 1.9 22.0 10.0 8.0

low to 

moderate
A <1

0.5-3 cm orange-brown rim on a fresher grey core; 

OL in places quite granular, might have interstitial 

PYX though most of what is around remnant OL 

likes like black serpentine; some spinel

6
Serpentinized 

dunite

~2 to 4 

mm
granular - - 45-50 <1? <3? 45-50 4.3 30.0 16.0 10.0

low to 

moderate
A <1

serpentinized dunite; grey core quite fresh, 

common spinel, little PYX; spinel common; oragne 

brown rim 2-6 cm thick; cut by 2-3 mm black 

serpentine vein; OL in places equigranular texture 

seems not very deformed

7
Serpentinized 

dunite

<1 to 5 

mm
granular - - 5-40 <1? <3? 50-90 2.7 16.0 15.0 10.0

low to 

high
A <1

grey fairly fresh core, 1-4 cm oragne brown rim; 

one <1 mm irregular felsic vein; OL granular, 

doesn't seem very deformed

8
Serpentinized 

harzburgite

<1 to 4 

mm
granular - - 5-25 <1? 5-10 60-90 7.4 31.0 28.0 12.0

moderate 

to high
A <1

grey-green fresher core, 2-4 cm orange-brown rim; 

some OPX pseudomorphs, spinel common

9

Serpentinized 

harzburgite?  

Serp. 

Pyroxenite/

<1 to 5 

mm
strong foliation - - ? ? ? 70-90 2.0 20.0 14.0 8.0 high A <1

very odd; strong porphyroclastic texture; 

serpentine has a pronounced fibrous structure; 

makes one think it could be pyrozenite; grey-green 

lenses in more weathered orange-brown could also 

be stretched and then serpentinized OL ("cleavage 

OL") giving rise to this domino-like serpentine 

fabric; original mineral proportions impossible to 

tell; some spinel

10
Serpentinized 

harzburgite

<1 to 4 

mm
porphyroclastic - - 5-10 <1? 10-15 75-90 1.4 16.0 13.0 7.0

moderate 

to high
A <1

orange brown, distinct fabric, OPX 

pseudomorphs; common spinel

11
Serpentinized 

harzburgite

<1 to 3 

mm

granular? Little 

fabric
- - 2-5 <1? 10-15 80-95 2.8 17.0 13.0 8.0 high A <1

orange brown; some spinel; OPX largely replaced; 

little primary OL

12
Serpentinized 

dunite

<1 to 4 

mm
granular - - -110.0 <1? <5 30-50 12.0 18.0 24.0 18.0

low to 

moderate
SA <1

very fresh grey dunitic core; orange weathered on 

rim and along crosscutting fracture
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YK08-08 6K Dive#1095 (2of 2)  
 

 
 
 
 
 

13
Serpentinized 

dunite

<1 to 4 

mm

granular to 

fibrous
- - <5-10 <1? <5? 75-85? 3.1 19.0 18.0 9.0 high A <1

grey to orange; mostly dunitic; beginning of fabric 

like R9; suggests fabric in R9 does derive from OL 

deformation and alteration, not pyroxenite 

alteration

14
Serpentinized 

dunite

<1 to 4 

mm

pronounced 

foliation
- - 5-40 <1? <3 50-90 0.9 16.0 11.0 6.0

moderate 

to high
A <1

gray dunitic core; thick orange-brown rim; spinel 

present

15

Serpentinized 

dunite to 

serpentinized 

harzburgite

<1 to 6 

mm

granular to 

somewhat 

deformed

- - 35-40 <3? 5-10? 40-70 8.7 35.0 15.0 11.0 moderate A <1
grey, relatively fresh core, though still extensive 

alteration of OL and PYX; not as fresh as R12

16
Serpentinized 

dunite
- - 5-40 <1? <3? 50-95 6.4 25.0 20.0 12.0

moderate 

to high
A <1

very sheared, strong fabric; elongate fresher grey 

clots in orange-brown matrix; little PYX

17

Serpentinized 

dunite to 

serpentinized 

harzburgite

- - 40-60 <2?

to 5% 

in 

places

30-50 2.8 18.0 13.0 11.0 moderate A <1

fresh grey core, clots of small OPX in places, 

cleavage is clear; some spinel; orange-brown 

weathered rind

18
Serpentinized 

dunite
- -

50 in 

core
<2? <3? 50-95 4.5 25.0 20.0 13.0

moderate 

to very 

high

A <1
grey fresher core; 1 cm green rim on that, 1-2 cm 

orange brown rim on outermost rind; some spinel

19
Serpentinized 

dunite
- -

50 in 

core
<2? <3? 50-95 4.8 31.0 14.0 11.0

moderate 

to very 

high

A <1
very much like R18; cut by thin black serpentine 

vein

20

siltstone, fine 

to medium 

sandstone

- - 5.5 29.0 25.0 15.0
very much like R21 with fewer black lithic (?) 

grains

21a

siltstone, fine 

to medium 

sandstone

- - 7.0 31.0 20.0 15.0

brown fine sandstone-siltstone with scattered 

coarser black grains (volcanic lithic fragments?  

Mn pieces?)

21b
Serpentinized 

dunite
- - <5 <1 <5 90-100 0.5 14.0 7.0 5.0 high A <1 orange-brown, highly altered, little PYX

Described by S. Bloomer; the alteration and complexity of serpentinization makes estimates of OL and PYX proportions very difficult

OL estimates attempt to note how much relict olivine might be present; OPX estimates include primary and pseudomorphed OPX

YK08-08Dive1095
S

a
m

p
le

 #

Lithology

A
v

e
. 

g
r
a
in

 

si
z
e

Igneous texture

G
la

ss
 

(m
m

)

P
la

g
. 

(%
)

O
li

v
. 

(%
)

C
p

x
. 

(%
)

O
p

x
. 

(%
)

%

S
u

lf
id

e

W
t 

(k
g

)

X
 (

c
m

)

Y
 (

c
m

)

Z
 (

c
m

)

W
e
a

th
e
r
i

n
g

A
n

g
u

la
r
i

ty

S
u

r
fa

c
e

M
n

 

(m
m

)

S
e
c
ti

o
n

e

d
 

o
n

b
o

a
r
d

D
is

tr
ib

u
t

io
n

Alteration Sample characteristics Samples

Comments



132 

 
 
 

YK08-08 6K Dive#1096 (1of 2) 
 

1 aphyric basalt
aphyric, 

vesicularity 30%
- 0 6.2 30.0 16.0 17.0 fresh SA film

fresh highly-vesiculated aphyric basalt with pl and 

ol microphenocrysts 

2 aphyric basalt

aphyric, 

vesicularity 40-

50%

- 0 8.50 30.0 20.0 15.0 fresh SA film
fresh highly-vesiculated aphyric basalt with pl and 

ol microphenocrysts 

3 aphyric basalt

aphyric, 

vesicularity 40-

50%

8mm 0 9.5 23.0 16.0 26.0 fresh SA film pillow lava with glass rind

4 aphyric basalt
aphyric, 

vesicularity 50%
- 5 13.0 27.0 23.0 18.0 fresh A film

same as above,slightly weathered rim, vesiculated 

fillings

5 aphyric basalt
aphyric, 

vesicularity 50%
10nn 10 3.0 19.0 13.0 12.0 weak A film pillow lava fragment

6 aphyric basalt
aphyric, 

vesicularity 50%
- 5 1.4 15.0 11.0 11.0 fresh A film similar to above

7 aphyric basalt

aphyric, 

vesicularity 40-

50%

6mm 0 6.5 24.0 19.0 15.0 fresh SA film pillow lava with glassy rind

8 aphyric basalt

aphyric, 

vesicularity 30-

40%

10mm 0 7.0 15.0 18.0 18.0 fresh SA film pillow lava with glassy rind

9 aphyric basalt

aphyric, 

vesicularity 40-

50%

2mm 0 2.5 23.0 12.0 11.0 fresh A film pillow lava with glassy rind

10 aphyric basalt

aphyric, 

vesicularity 30-

40%

- 0 6.2 26.0 20.0 13.0 fresh A film vesiculated aphyric basalt

11 aphyric basalt
aphyric, 

vesicularity 40%
- 5 3.2 15.0 18.0 12.0 weak A film vesiculated aphyric basalt

12 aphyric basalt

aphyric, 

vesicularity 40-

50%

- 5 1.8 17.0 10.0 9.0 weak A film some vesicular fillings

13 siltstone semiconsolidated - 1.0 15.0 10.0 8.0 R - tuffaceous non-structured siltstone

14 ol basalt (ol)-pl-phyric - 30 4-5 0 9.2 37.0 20.0 13.0 fresh A film fresh ol basalt with ol and abundant pl

15 ol basalt (ol)-pl-phyric 2mm 30 3-4 0 2.0 14.0 14.0 9.0 fresh A film pillow lava of ol basalt
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YK08-08 6K Dive#1096 (2of 2)  

 
 
 

16 ol basalt

sparsely ol-

phyric,vesicularity 

50% 

- 20-30 2-3 0 3.7 18.0 15.0 12.0 weak A film some vesicular fillings

17 ol basalt

sparsely ol-

phyric,vesicularity 

50% 

- 20-30 1-2 0 8.30 15.0 12.0 11.0 fresh A film highly vesiculated sparsely ol phyric basalt

18 ol basalt

sparsely ol-

phyric,vesicularity 

50% 

6mm 20-30 2-3 0 7.0 23.0 20.0 17.0 fresh A film pillow basalt

19 ol basalt

sparsely ol-

phyric,vesicularity 

50% 

- 20-30 1-2 0 0.9 13.0 9.0 9.0 fresh A film some aphyric segregation vein

20 nearly aphyric basalt vesicularity 50% - 20-30 <1 0 5.4 18.0 19.0 15.0 fresh A film nearly aphyric basalt lava

21 ol basalt
vesicularity 40-

50%
3mm 20-30 3-4 0 7.0 32.0 18.0 12.0 fresh A film pillow lava

22 ol basalt
vesicularity 40-

50%
- 20-30 2-3 0 4.0 20.0 15.0 16.0 fresh A film fresh ol basalt

23 aphyric basalt
vesicularity 40-

50%
- - - 0 7.5 28.0 25.0 15.0 weak A film slightly weathered along margin

24 mudstone semiconsolidated - - - 0 5.5 27.0 17.0 10.0 R
brown colored semiconsolidated tuffaceous 

mudstone

25 aphyric basalt
vesicularity 40-

50%
3mm - - 0 2.5 17.0 14.0 11.0 strong A film altered pillow lava

26 siltstone unconsolidated - - - 6.8 33.0 20.0 19.0 R tuffaceous mudstone

27 pl-phyric basalt
vesicularity 

40%,pl-phyric
- 40 <1 0 14.0 38.0 23.0 18.0 weak A film blocky pl-phyric lava

28 pl-phyric basalt
vesicularity 

40%,pl-phyric
- 30-40 <1 5 7.0 34.0 19.0 13.0 weak A film blocky pl-phyric lava

160.6
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YK08-08 6K Dive#1097 (1of 1)  
 

1 ol basalt  (boninitic)

highly ol-

phyric(groundmas

s rapid quenched)

- ~30 60 3.5 22.0 14.0 12.0 80 A film

non vesiculated weathered "picritic" basaltic lava, 

probably boninitic, but pl is abundant in glassy 

groundmass

2 diabase 0.5-1 diabasic - - 1.10 13.0 9.0 7.0 50 A film weathered pl-ol?? Diabase

3 diabase ~1 diabasic?aphyric? - 60-70 30 28.5 34.0 28.0 24.0 70 A film
Only core part seems to be fresher, very fine 

grained ol-pl diabasic rock

4 pl-phyric basalt <1

non vesiculated, pl-

phyric(very fine 

grained)

- 20-30 30 0.9 11.0 10.0 9.0 30 A - finely pl-phyric weathered basaltic lava

5 ol basalt (boninitic) <1 - 20-30 20-30 80 1.0 15.0 9.0 8.0 80 A - Groundmass is vvery glassy (boninitic?)

6

non vesiculated pl-

phyric basalt ot andesite 

(boninitic)

1~2 finely pl-phyric - 40 ? 70 7.4 20.0 19.0 18.0 30 A - glassy pl-phyric basaltic lava

7 ol-rich basalt (boninite) 1~2 ol-pl-phyric - 20-30 30-40 60 2.8 18.0 16.0 10.0 70 A film
ol-rich basalt or boninite with glass-rich 

groundmass

8 ol-rich basalt (boninite) 1~2 ol-pl-phyric - 20-30 30-40 90 3.6 23.0 20.0 14.0 90 A film
highly altered boninitic? basalt, only iddingsitized 

ol can be recognized. 

9
ol-phyirc 

basalt?(boninitic)
1~2 ol phyric - 20 40 3.2 17.0 16.0 12.0 40 A 1 weakly weathered ol-rich boninitic? Basalt

10 ol-rich basalt (boninite) 1~2 ol phyric - 20-30 30 90 12.0 37.0 29.0 12.0 90 A - similar to R08

11
aphyric 

basalt?(boninitic)
<1

aphyric(could be 

diabasic)
- - - 50 1.9 13.0 10.0 9.0 50 A -

non vesiculated aphyric lava with 

microphenocrysts of ol,pl, pervaisive 

chloritization?

12
aphyric 

basalt?(boninitic)
<1

aphyric(could be 

diabasic)
- 60 20 80 0.2 7.0 5.0 3.0 80 A -

non vesiculated aphyric lava with 

microphenocrysts of ol,pl, pervaisive 

chloritization?

13
aphyric 

basalt?(boninitic)
<1

aphyric(could be 

diabasic)
- 60 20 90 1.4 14.0 12.0 7.0 90 A 1

non vesiculated aphyric lava with 

microphenocrysts of ol,pl, pervaisive 

chloritization?

14 diabase ~1
diabasic (could be 

aphyric basalt)
- 60 ? 70 0.4 4.0 2.0 4.0 70 A - diabasic, but very fine-grained

67.9
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Samples from YK08-08 Needs: hand specimen (HS); thin section (TS); teaching specimen (TE); Geochemistry (GC); geochronology (Age); glass (g); paleontology (p);

Dive 1091
Sample: Notes: YO MR TI JIK OI KM SB RS PF RHV HI AF SU JR

R1 TS (rind) TS GC
TS (slab) w/ 

white vein

R2 GC TS

R3 TS TS TS

R4 TS TS TS

R5a GC TS GC GC

R5b TS TS TS

R6 TS TS

R7 TS (mn) TS TS

R8 TS (mn) TS
TS (slab) w/ 

white vein

R9 TS TS TS
TS (slab) w/ 

white vein

R10 TS TS

R11 TS TS

R12 TS
TS (slab) w/ 

white vein

R13 TS TS

R14 TS TS

R15 GC TS GC

R16 TS GC TS

Appendix E: Lists of sample distribution 
YK08-08 6K Dive 1091 (1 of 2) 
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YK08-08 6K Dive 1091 (2 of 2) 
 
 
Sample: Notes: YO MR TI JIK OI KM SB RS PF RHV HI AF SU JR

R17 TS TS

R18 GC TS GC

R19 TS TS GC

R20 TS TS TS TE TS

R21 TS TS TS

TS (slab) 

breccia + 

dark vein

R22 GC TS GC

R23 GC TS TS

TS with 

white vein

R24 GC TS GC

R25 TS TS TS
TS with white 

cement

R26 TS TS TS P

R27 TS TS P

R28 TS TS TS P TS

GS/HS 

(Big)

R29 GC TS GC TE TS

Y Ohara (YO); M Reagan (MR); T Ishii (TI); O Ishizuka (OI); K Michibayashi (KM); J-I Kimura (JIK)

S Bloomer (SB); R Stern (RS); Patty Fryer (PF); R Hickey-Vargas (RHV);

H Imoto (HI); A Fujii (AF); S Uehara (SU); J Ribeiro (JR); J Johnson (JJ)
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YK08-08 6K Dive 1092 (1 of 2) 
 
Samples from YK08-08 Needs: hand specimen (HS); thin section (TS); teaching specimen (TE); Geochemistry (GC); geochronology (Age); glass (g); paleontology (p);

Dive 1092
Sample: Notes: YO MR TI JIK OI KM SB RS PF RHV HI AF SU JR JJ

R1 GC TS GC,AGE

R2 TS

R3 TS TS P

R4 TS P

R5 TS TS TS P TS/slab

R6 GC TS GC TE TE/TS

R7 TS TE TS HS/clasts

R8 GC TS GC,AGE

R9 GC TS GC,AGE

interior/ 

GC

R10 TS TS TS TE/TS

R11 GC TS GC,AGE

R12 GC TS GC,AGE TS

R13 TS TS TS/slab

R14 TS TS

R15 TS TS P HS/clasts

R16 GC TS GC,AGE |



138 

138 

YK08-08 6K Dive 1092 (2 of 2) 
 

Sample: Notes: YO MR TI JIK OI KM SB RS PF RHV HI AF SU JR JJ

R17 TS TS

R18 TS TS P

R19 TS/Mn TS P

R20 GC TS GC/AGE

R21 TS

R22 TS P

R23 TS P

R24 GC TS GC/AGE

R25 TS TS P TS?slab

Y Ohara (YO); M Reagan (MR); T Ishii (TI); O Ishizuka (OI); K Michibayashi (KM); J-I Kimura(JIK)

S Bloomer (SB); R Stern (RS); Patty Fryer (PF); R Hickey-Vargas (RHV);

H Imoto (HI); A Fujii (AF); S Uehara (SU); J Ribeiro (JR); J Johnson (JJ)
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YK08-08 6K Dive 1093 (1 of 2) 
 
 
Samples from YK08-08 Needs: hand specimen (HS); thin section (TS); teaching specimen (TE); Geochemistry (GC); geochronology (Age); glass (g); paleontology (p);

Dive 1093
Sample: Notes: YO MR TI JIK OI KM SB RS PF RHV HI AF SU JR JJ

R1 GC/AGE TS GC/AGE TS

GC 

(interior)

R2

GC/AGE 

(glass) TS

GC/AGE 

(glass)

R3 TS TS TS

R4 GC/AGE TS GC/AGE

R5 GC TS GC/AGE

R6 GC TS GC/AGE

R7 GC TS GC/AGE TS HS

R8 TS TS TS TS B-TS

R9

GC/AGE 

(glass) TS GC/AGE

R10 GC/AGE TS GC/AGE

R11 GC/AGE TS GC/AGE

R12 GC/AGE TS GC/AGE TS

R13 GC TS GC/AGE

R14 TS TS GC/AGE

TS (incl 

green)

R15 GC TS GC/AGE

TS (near 

vein)

R16 TS TS GC/AGE

TS (near 

vein) HS
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YK08-08 6K Dive 1093 (2 of 2) 
 
 
Sample: Notes: YO MR TI JIK OI KM SB RS PF RHV HI AF SU JR JJ

R17 TS P

R18 TS P

Y Ohara (YO); M Reagan (MR); T Ishii (TI); O Ishizuka (OI); K Michibayashi (KM); J-I Kimura(JIK)

S Bloomer (SB); R Stern (RS); Patty Fryer (PF); R Hickey-Vargas (RHV);

H Imoto (HI); A Fujii (AF); S Uehara (SU); J Ribeiro (JR); J Johnson (JJ)
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YK08-08 6K Dive 1094 (1 of 1)
Samples from YK08-08 Needs: hand specimen (HS); thin section (TS); teaching specimen (TE); Geochemistry (GC); geochronology (Age); glass (g); paleontology (p);

Dive 1094
Sample: Notes: YO MR TI JIK OI KM SB RS PF RHV HI AF SU JR JJ

R1 TS TS GC TS

large TS 

across vein
HS/ with 

vein

R2 TS TS GC HS

R3 TS TE TS GC TS HS TS TS HS HS

R4 TS TS GC HS TS TS

R5 TS TS GC HS TS TS

R6 TS TE TS GC TS HS TS TS HS HS

R7 TS TS GC HS

R8 TS TS GC HS

R9 TS TS GC HS

HS 

(foliated)

R10 TS TS GC HS

R11 TS TS GC HS

R12 TS TS GC HS TS

HS 

(fresher)

R13 TS TS GC HS

large TS 

across 

contact TS HS HS

R14 TS TS GC HS

R15 TS TS GC HS

HS 

(foliated)

R16 TS TS GC HS HS

R17 TS TS GC HS TS

HS (big 

for VpVs) HS HS

Y Ohara (YO); M Reagan (MR); T Ishii (TI); O Ishizuka (OI); K Michibayashi (KM); J-I Kimura(JIK)

S Bloomer (SB); R Stern (RS); Patty Fryer (PF); R Hickey-Vargas (RHV);

H Imoto (HI); A Fujii (AF); S Uehara (SU); J Ribeiro (JR); J Johnson (JJ)
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YK08-08 6K Dive 1095 (1 of 2) 
 
 
Samples from YK08-08 Needs: hand specimen (HS); thin section (TS); teaching specimen (TE); Geochemistry (GC); geochronology (Age); glass (g); paleontology (p);

Dive 1095
Sample: Notes: YO MR TI JIK OI KM SB RS PF RHV HI AF SU JR JJ

R1 TS TS GC HS HS (vein)

R2 TS TS GC HS TS

R3 TS TS GC HS TS (vein) HS (vein)

R4 TS TS GC HS TS (vein) HS (vein)

R5 TS TS GC HS TS slab HS

R6 TS TS GC HS

TS slab 

(vein) HS/TE

R7 TS TS GC HS TS slab

R8 TS TS GC HS

R9 TS TS GC HS TS slab HS

R10 TS TS GC HS TS slab

R11 TS TS GC HS TS slab

R12 TS TS GC HS HS

HS (big 

for VpVs) HS/TE

R13 TS TS GC HS TS slab

R14 TS TS GC HS TS slab

R15 TS TE TS GC HS

HS (big 

for VpVs)

R16 TS TS GC HS

HS (big 

for VpVs)
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YK08-08 6K Dive 1095 (2 of 2) 
 

 

Sample: Notes: YO MR TI JIK OI KM SB RS PF RHV HI AF SU JR JJ

R17 TS TS GC HS TS slab HS/TE

R18 TS TS GC HS TS slab

R19 TS TS GC HS

HS (big 

for VpVs) HS

R20 TS TS HS

R21 TS TS GC HS

Y Ohara (YO); M Reagan (MR); T Ishii (TI); O Ishizuka (OI); K Michibayashi (KM); J-I Kimura(JIK)

S Bloomer (SB); R Stern (RS); Patty Fryer (PF); R Hickey-Vargas (RHV);

H Imoto (HI); A Fujii (AF); S Uehara (SU); J Ribeiro (JR); J Johnson (JJ)
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YK08-08 6K Dive 1096 (1 of 2) 
 
Samples from YK08-08 Needs: hand specimen (HS); thin section (TS); teaching specimen (TE); Geochemistry (GC); geochronology (Age); glass (g); paleontology (p);

Dive 1096
Sample: Notes: YO MR TI JIK OI KM SB RS PF RHV HI AF SU JR JJ

R1 TS Glass TS GC TE

GC  

Glass

TS with 

vein

R2 TS Glass TS Glass GC

GC  

Glass TS HS

R3 TS Glass TS

GC  

Glass

GC  

Glass

R4 TS TS GC GC TS

R5 TS TS

GC  

Glass

GC  

Glass

R6 TS GC

R7 TE Glass TS

GC  

Glass
TE w/ 

bubble line

GC  

Glass

slab with 

veins

R8 TS

GC  

Glass

GC  

Glass TS

R9 TS TS GC

GC  

Glass

R10 TS GC GC TS

R11 TS TS GC GC

R12 TS GC GC TS HS

R13 TS GC P

R14 TS Glass TS GC TE GC TS

R15 TS Glass TS

GC  

Glass

GC  

Glass

R16 TS GC GC
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YK08-08 6K Dive 1096 (2 of 2) 
 
Sample: Notes: YO MR TI JIK OI KM SB RS PF RHV HI AF SU JR JJ

R17 TS TS GC GC

R18 TS Glass TS

GC  

Glass TE GC TS

HS 

(Glass)

(small) 

HS w/ 

glass

R19 TS GC

R20 TS GC GC TS

R21 TS Glass TS

GC  

Glass TE GC TS

R22 TS TS GC GC TS HS

R23 TS Glass TS GC GC TS HS

R24 TS P

R25 TS TS

P (Sed 

corner)

slab with 

pink and 

vein

R26 TS P

R27 TE TS GC TE GC TS

R28 TS TS GC GC HS

Y Ohara (YO); M Reagan (MR); T Ishii (TI); O Ishizuka (OI); K Michibayashi (KM); J-I Kimura(JIK)

S Bloomer (SB); R Stern (RS); Patty Fryer (PF); R Hickey-Vargas (RHV);

H Imoto (HI); A Fujii (AF); S Uehara (SU); J Ribeiro (JR); J Johnson (JJ)
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Samples from YK08-08 Needs: hand specimen (HS); thin section (TS); teaching specimen (TE); Geochemistry (GC); geochronology (Age); glass (g); paleontology (p);

Dive 1097
Sample: Notes: YO MR TI JIK OI KM SB RS PF RHV HI AF SU JR JJ

R1 TS TS GC TS TS TS TE

R2 Age - 1/4 TS GC TS

R3 GC/Age TS GC TE (small) TE TS TE

R4 GC TS GC TS

R5 TS TS TS

TS from 

larger pc. TS

R6 TE TS GC TE TE TS HS TE

R7 TS TS TS

TS with 

vein TS

R8 TS TS TS TS TS TS TS HS TE

R9 GC TS GC TS TE

R10 TS TS TS TE TE

slab with 

veins TS HS

R11 GC TS GC TS

R12 TS TS TS TE

R13 GC TS GC TS

R14 TS TS TS TS

Y Ohara (YO); M Reagan (MR); T Ishii (TI); O Ishizuka (OI); K Michibayashi (KM); J-I Kimura(JIK)

S Bloomer (SB); R Stern (RS); Patty Fryer (PF); R Hickey-Vargas (RHV);

H Imoto (HI); A Fujii (AF); S Uehara (SU); J Ribeiro (JR); J Johnson (JJ)

YK08-08 6K Dive 1097 (1 of 1)  
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Appendix F: Sample photographs 
YK08-08 6K Dive#1091 
 
 
 

YK08-08 6K#1091-all samples 

 

YK08-08 6K#1091-R1 

 

YK08-08 6K#1091-R2 

 

YK08-08 6K#1091-R3 

 
YK08-08 6K#1091-R4 

 

YK08-08 6K#1091-R5a 

 
YK08-08 6K#1091-R5b 

 

YK08-08 6K#1091-R6 
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YK08-08 6K Dive#1091 (continued) 
 

YK08-08 6K#1091-R7 

 

YK08-08 6K#1091-R8 

 
YK08-08 6K#1091-R9 

 

YK08-08 6K#1091-R10 

 
YK08-08 6K#1091-R11 

 

YK08-08 6K#1091-R12 

 
YK08-08 6K#1091-R13 

 

YK08-08 6K#1091-R14 
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YK08-08 6K Dive#1091 (continued) 
 

YK08-08 6K#1091-R15 

 

YK08-08 6K#1091-R16 

 
YK08-08 6K#1091-R17 

 

YK08-08 6K#1091-R18 

 
YK08-08 6K#1091-R19 

 

YK08-08 6K#1091-R20 

 
YK08-08 6K#1091-R21 

 

YK08-08 6K#1091-R22 
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YK08-08 6K Dive#1091 (continued) 

YK08-08 6K#1091-R23 

 

YK08-08 6K#1091-R24 

 
YK08-08 6K#1091-R25 

 

YK08-08 6K#1091-R26 

 
YK08-08 6K#1091-R27 

 

YK08-08 6K#1091-R28 

 
YK08-08 6K#1091-R29 
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YK08-08 6K Dive#1092 
 

YK08-08 6K#1092-all 

 

YK08-08 6K#1092-R1 

 
YK08-08 6K#1092-R2 

 

YK08-08 6K#1092-R3 

 
YK08-08 6K#1092-R4 

 

YK08-08 6K#1092-R5 

 
YK08-08 6K#1092-R6 

 

YK08-08 6K#1092-R7 
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YK08-08 6K Dive#1092 (continued) 
 

YK08-08 6K#1092-R8 

 

YK08-08 6K#1092-R9 

 
YK08-08 6K#1092-R10 

 

YK08-08 6K#1092-R11 

 
YK08-08 6K#1092-R12 

 

YK08-08 6K#1092-R13-

RR13R13 YK08-08 6K#1092-R14 

 

YK08-08 6K#1091-R15 
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YK08-08 6K Dive#1092 (continued) 
 

YK08-08 6K#1092-R16 

 

YK08-08 6K#1092-R17 

 
YK08-08 6K#1092-R18 

 

YK08-08 6K#1092-R19 

 
YK08-08 6K#1092-R20 

 

YK08-08 6K#1092-R21 

 
YK08-08 6K#1092-R22 

 

YK08-08 6K#1092-R23 
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YK08-08 6K Dive#1092 (continued) 
 
 YK08-08 6K#1092-R24 

 

YK08-08 6K#1092-R25 
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YK08-08 6K Dive#1093 
 
  YK08-08 6K#1093-all samples 

 

YK08-08 6K#1093-R1 

 
YK08-08 6K#1093-R2 

 

YK08-08 6K#1093-R3 

 
YK08-08 6K#1093-R4 

 

YK08-08 6K#1093-R5 

 
YK08-08 6K#1093-R6 

 

YK08-08 6K#1093-R7 
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YK08-08 6K Dive#1093 (continued) 
 
 YK08-08 6K#1093-R8 

 

YK08-08 6K#1093-R9 

 
YK08-08 6K#1093-R10 

 

YK08-08 6K#1093-R11 

 
YK08-08 6K#1093-R12 

 

YK08-08 6K#1093-R13 

 
YK08-08 6K#1093-R14 

 

YK08-08 6K#1093-R15 
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YK08-08 6K Dive#1093 (continued) 
 
 YK08-08 6K#1093-R16 

 

YK08-08 6K#1093-R17 

 
YK08-08 6K#1093-R18 

 

YK08-08 6K#1093-loose pieces 
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YK08-08 6K Dive#1094 
 
 

YK08-08 6K#1094-all samples 

 

YK08-08 6K#1094-R1 

 
YK08-08 6K#1094-R2 

 

YK08-08 6K#1094-R3 

 
YK08-08 6K#1094-R4-

-R44 

YK08-08 6K#1094-R5 

 
YK08-08 6K#1094-R6 

 

YK08-08 6K#1094-R7 

 



159 

159 

YK08-08 6K Dive#1094 (continued) 
 
 

YK08-08 6K#1094-R8 

 

YK08-08 6K#1094-R9 

 
YK08-08 6K#1094-R10 

 

YK08-08 6K#1094-R11 

 
YK08-08 6K#1094-R12 

 

YK08-08 6K#1094-R13 

 
YK08-08 6K#1094-R14 

 

YK08-08 6K#1094-R15 
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YK08-08 6K Dive#1094 (continued) 
 

YK08-08 6K#1094-R16 

 

YK08-08 6K#1094-R17 
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YK08-08 6K Dive#1095  
 
 YK08-08 6K#1095-all samples 

 

YK08-08 6K#1095-R1 

 
YK08-08 6K#1095-R2 

 

YK08-08 6K#1095-R3 

 
YK08-08 6K#1095-R4 

 

YK08-08 6K#1095-R5 

 
YK08-08 6K#1095-R6 

 

YK08-08 6K#1095-R7 
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YK08-08 6K Dive#1095 (continued) 
 
 YK08-08 6K#1095-R8 

 

YK08-08 6K#1095-R9 

 
YK08-08 6K#1095-R10 

 

YK08-08 6K#1095-R11 

 
YK08-08 6K#1095-R12 

 

YK08-08 6K#1095-R13 

 
YK08-08 6K#1095-R14 

 

YK08-08 6K#1095-R15 
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YK08-08 6K Dive#1095 (continued) 

YK08-08 6K#1095-R16 

 

YK08-08 6K#1095-R17 

 
YK08-08 6K#1095-R18 

 

YK08-08 6K#1095-R19 

 
YK08-08 6K#1095-R20 

 

YK08-08 6K#1095-R21 
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YK08-08 6K Dive#1096  
 
 

YK08-08 6K#1096-all samples 

 

YK08-08 6K#1096-R1 

 
YK08-08 6K#1096-R2 

 

YK08-08 6K#1096-R3 

 
YK08-08 6K#1096-R4 

 

YK08-08 6K#1096-R5 

 
YK08-08 6K#1096-R6 

 

YK08-08 6K#1096-R7 
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YK08-08 6K Dive#1096 (continued) 
 
 YK08-08 6K#1096-R8 

 

YK08-08 6K#1096-R9 

 
YK08-08 6K#1096-R10 

 

YK08-08 6K#1096-R11 

 
YK08-08 6K#1096-R12 

 

YK08-08 6K#1096-R13 

 
YK08-08 6K#1096-R14 

 

YK08-08 6K#1096-R15 
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YK08-08 6K Dive#1096 (continued) 

YK08-08 6K#1096-R16 

 

YK08-08 6K#1096-R17 

 
YK08-08 6K#1096-R18 

 

YK08-08 6K#1096-R19 

 
YK08-08 6K#1096-R20 

 

YK08-08 6K#1096-R21 

 
YK08-08 6K#1096-R22 

 

YK08-08 6K#1096-R23 
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YK08-08 6K Dive#1096 (continued) 
 
 

YK08-08 6K#1096-R24 

 

YK08-08 6K#1096-R25 

 
YK08-08 6K#1096-R26 

 

YK08-08 6K#1096-R27 

 
YK08-08 6K#1096-R28 
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YK08-08 6K Dive#1097 

YK08-08 6K#1097-all samples 

 

YK08-08 6K#1097-R1 

 
YK08-08 6K#1097-R2 

 

YK08-08 6K#1097-R3 

 
YK08-08 6K#1097-R4 

 

YK08-08 6K#1097-R5 

 
YK08-08 6K#1097-R6 

 

YK08-08 6K#1097-R7 
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YK08-08 6K Dive#1097 (continued) 
 
 
 
 
 

YK08-08 6K#1097-R8 

 

YK08-08 6K#1097-R9 

 
YK08-08 6K#1097-R10 

 

YK08-08 6K#1097-R11 

 
YK08-08 6K#1097-R12 

 

YK08-08 6K#1097-R13 

 

YK08-08 6K#1097-R14 
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Appendix G:  Sidescan imagery over the dive areas from YK08-08 Leg 2 
YK08-08 6K Dive#1091 
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YK08-08 6K Dive#1092 
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YK08-08 6K Dive#1093 
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YK08-08 6K Dive#1094 
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YK08-08 6K Dive#1095 
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YK08-08 6K Dive#1096 
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YK08-08 6K Dive#1097 
 
 




