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OBJECTIVES

The goals of the Siqueiros Alvin Diving Cruise were to make
observations on and take samples from various terrains within the
Siqueiros Transform domain that had been identified as potential sites for
intra-transform seafloor spreading based on a Sea MARC Il sonar survey
carried out in 1987. Once collected, these data could be used to interpret
the recent spreading history of the Siqueiros-East Pacific Rise (EPR) plate
boundary and provide further understanding of the petrologically diverse
suite of rocks known to exist in this tectonically complex region. An
additional objective was to be able to compare the petrologic and
chemical compositons of rocks collected from the inferred spreading
centers with those of mid-ocean ridge (MOR) basalts erupted on the
adjacent EPR axis in an effort to better understand MOR petrologic
segmentation and magmatic processes and mantle heterogeneity. Finally,
because of the small size of the ridge-transform intersections (RTis) at
the inferred intra-transfomr spreading centers we hoped that additional
tectonic data could be collected which would help to clarify the structural
evolution of RTIs and their influence on accretionary processes at the
ends of MOR segments.

DIVE LOCATIONS

Cruise All125-25 was dedicated to the investigation of the
Siqueiros Transform Fault and its intersections with the East Pacific Rise
(EPR). A generalized tectonic/location map of the region is presented in
Figure 1. All references to transform faults and spreading centers in
Siqueiros are based on the nomenclature used in Fornari et al. (1989)
[Marine Geophysical Researches, v. 11, 263-299]. We completed 17 dives
(2375-2391) in the Siqueiros transform domain in the locations listed
below (Table 1) and shown in Figures 2a and 2b (individual dive tracks on
SeaBeam base maps are shown in Annex 1. The'last dive (2392) was
located in the axial summit caldera (ASC) of the EPR near 9° 50.6'N at the
request of numerous investigators involved in the Adventure cruise and
the RIDGE Steering Committee.
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OPERATIONAL SUMMARY

ALVIN B

ALVIN operations during the cruise were generally very satisfactory.
Each days diving commenced at approximately 0730 hrs and the sub. was
back on the surface between 1600-1700 hrs. On-bottom time varied
between 4.5 to 6 hours and usually depended on the depth, which
influenced the ascent and descent. Many dives were able to traverse over
3 km of seafloor, collecting on average 7-10 samples per dive.. There
were some instances where dives were terminated 0.5 to 1 hour early in
order to meet the established daily dive itinerary. With additional battery
power and future objectives that include deep dives it is clear that
adjustments need to be made to the current rules of diving between 0900-
1700 hours. :

Photographic equipment on the sub. consisted of the standard array
of SIT video, color video mounted on the starbord arm, 35mm bow-camera
transparencies and divers were equipped with hand-held 35 mm cameras.
In addition, we were equpped with a Canon Xap-shot camera (digital video
still camera) which records images on 2"x2" disk and was able to be
replayed immediately on surfacing. These data plus hand-held video
images taken with a Sony Hi-8, 8mm video camera permitted detailed
documentation of specific features and provided important near- real-
time data that was very useful during debriefing.

The ALVIN datalogger functioned very well and all dives except one
have continuous digitally logged data at 1 minute intervals consisting
primarily of: dive number, date, time, gyro heading, aititude, depth,
temperature and, when in the ALNAV network, x/y and geographic
coordinates. Datalogger files were imported into an Apple Macintosh
environment via 3.5:" diskettes and the Apple File Exchange utility. Data
have been stored on 3.5" diskettes in both raw (DOS format) and Macintosh
Excel formats, as well as edited files that were used to plot different
dive variables against one another. Data were then edited and graphically
manipulated using primarily Excel and Kaliedagraph software. Final
navigation data were exported back to the URI VAX for plotting as overlays
on SeaBeam depth contours.

During this cruise we tested a pair of “Maxi-Lasers” fabricated by
the Harbor Branch Oceanographic Institute (HBOI) (Mr. Bob Tusting was
project manager) which were mounted on ALVIN for the purpose of
providing an accurate scale measu.=ient in the 35mm bow-camera
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frames and the video images. The lasers were tested during 43 dives
(including previous Adventure dive program) to a maximum depth of 3920
m without any problems. The lasers produce two small red “dots” of light
which, based on the geometry of the mounting bracket on the sub., are
spaced 52 cm apart. Repeated tests showed that the dots were most
visible when the subject matter in the frame was less than 3.56 m away
from the lens while the maximum useable distance was calculated at 5.72
m. (D. Foster, pers. commun., 1991). The dots were visible in the SIT video
at equivalent distances to those for the 35 mm camera and in the color
video when it was pointed at the dots and the distance between image and
lens was less than 3 m. We consider the test of the HBOI lasers to be an
unqualified success and have strongly recommended to the ALVIN Group
that they purchase a set as part of the standard equipment on the sub.
These devices provide an unequivocal and accurate scale measurement in
real-time permitting the divers to quantitatively measure geologic and
biologic features. The laser dots also permit one to estimate, in a non-
intrusive manner, fluid flux from hydrothermal vents by measuring
elapsed time for particles exiting orifices of known dimensions to cross
measured distances.

Navigation

The transponder navigation worked well in the net we established in
spreading center B. There were some problems with the in-sub. navigation
due to shadowing by the peaks along the axis of B; however the placement
allowed us to dive off axis to the west (2375) on the A-B fault (2379) and
on the axis of B and in the eastern trough using a combination of sub nav
and ship-to-sub nav.

Trackpoint (short-baseline) navigation was quite good and when
coupled with the SeaBeam maps left little doubt where the dive track
went to, with only a 100-200 m uncertainty (we plotted at 480 inches
per degree on the working-scale dive maps). Furthermore, a comparison
between Trackpoint navigation and ship-sub transponder navigation
carried out during dive 2380 confirmed that the Trackpoint navigation was
accurate to within a few hundred meters when positioning the ship with
GPS, which we had had on a 24 hour basis in undithered mode.

Dive tracks were plotted using edited navigation, either from
ALNAV datalogger input (when in the transponder network), or smoothed
navigation compiled based on Trackpoint, GPS and correlation between
ALVIN pressure depth and SeaBeam depth contours on the survey maps (n.b.

SeaBeam depths were generally 15-20 m shallower than ALVIN depths).

-3-
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Data were output on the URI Calcomp plotter as overlays on the SeaBeam
contours at a scale of 480 inches per degree. These maps served as the
base maps for shipboard annotation of the geology along the dive tracks.

Atlantis-11

A-ll operations were normal throughout the field program. We
utilized the dredge winch heavily during the night-time sampling
operations and the hydro-winch during several rock core stations.
Dredging was conducted from the SeaBeam (gravity lab) after the winch
controls were re-routed. All winch controls and tensiometers worked
very well; no problems were encountered. Up to 3 dredges per night were
possible with wire speeds of 70-80 m/min during ascent and 50-60
m/min during descent and short bottom dragging times. All dredging was
conducted using SeaBeam and short wire scope (generally 300-400 m).
Pingers were utilized during the first few dredges but poor pinger
performance at depth rendered them ineffective in aiding to constrain the
dredge depth.

GPS receivers worked well except for 2 instances of receiver
problems which were traced to human error. Down time was less than 8
hours for the entire cruise. :

Ship speed during SeaBeam surveys and transits usually varied
between 10-12.5 knots depending on currents and winds. . In general
weather conditions were excellent (Seastate 1-2) throughout the cruise
with maximum winds of 20 knots during sporadic squalls.

SCIENCE SUMMARY

Intra-Transform Spreading Centers

Observations made during the dives, shipboard analysis of the data
collected and dredging confirm that three spreading centers (A, B-and C,
Figure 1) within the Siqueiros transform domain are actively accreting
oceanic crust. Glassy, well-developed pillowed flows dominate the
constructional volcanic terrain at each spreading axis, but sheet flows are
common in flatter areas of rifting between volcanic highs. Volcanism at
each axis is largely manifested in steep-sided pillow walls and coalesced
edifices with both faulted and constructional slopes between 40-70°. The
erupted lavas from the spreading centers fall into three broad categories
based on hand-specimen description: aphyric basalt, plagioclase phyric
basalt, and plagioclase/olivine phyric basalt; all with a significant degree
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of vesicularity (suggesting possibly different volatile contents than those
of MORBs from the adjacent EPR. Based on the relative freshness of
glassy crusts and Mn and sediment cover on voicanic fiows, there appears
to be a fairly systematic aging of the seafioor across the axis and flanks
of each spreading center. The relative ages of volcanic flows along each
spreading axis, however, do not show any overall aging pattern but there
are areas of apparently younger and older flows along each axis. No areas
of active hydrothermal activity were observed aithough there is some
evidence of low-temperature alteration of lavas in the most recently
rifted areas.
TABLE 1

DIVE #  GENERAL LOCATION

2375 2nd abyssal hill west of B axis
2376 southern portion of B axis
2377 northern portion of B axis
2378 southern crescent ridge at C and central graben
2379 north wall of A-B fault just west of B intersection
2380 southern RTI hole at B and trough east of B axis
2381 southern wall of transform connecting B and C
2382 southern wall west of C and plateau south of transform
2383 spreading center A, southern ridge
2384 young cones in axis of A-B transform trough
2385 northern RTI hole and central rift of C axis
2386 trough and northern peak of D
2387 cones in axis of B-C fault near C intersection
2388 A-B fault, cone on south side of axis and
traverse up the north wall
2389 northern ridge in A
2390 western RTI, small ridge that connects EPR to
south wall of A-B fault
2391 small cone built against south wall of

A-B fault west of southern A ridge

2392 revisit to the BBQ Pit area on the EPR crest at 9° 50.6'N
for time-series observations of a very young
lava flow and sulfide sediment deposit
which were discovered during the Adventure
Cruise) Leg A-11/125-24
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Spreading center A consists of two ridges (north and south) located
near the west and east margins respectively of a deep pull-apart basin. At
spreading center A, the lavas on the northern ridge were investigated
during dive 2389 and are older to the north, towards the intersection with
the fault that leads to the northern EPR axis. Well-formed, glassy pillows
are present in the deep hole (3750 m} adjacent to the southern portion of
the northern ridge and continue up the flank and on to the crest. The
structures observed in the hole consist of E-W (transform parallei), and to
a lesser extent NW-SE (ridge parallel) trending elongate constructional
pillow ridges. These features suggest that transform tectonics are
strongly influencing the loci of accretionary volcanism in this intra-
transform spreading center. At the southern A ridge, along the eastern
margin of the puli-apart basin, the pillow lava flows along the southern
segment of this ridge also appear younger than those on the northern
crest. At this locale the northern crest and eastern flank of the A
spreading ridge are faulted and fissured indicating a tectonic overprinting
on the volicanic terrrain. The terrain east of the southern A axial ridge was
traversed during dive 2383 and found to be a much older volcanic terrain
based on extensive weathering of the basalts and heavy Mn coating on the
rocks.

Dive 2390 ,west of spreading center A (Figure 2, and Annex 1), was
selected to investigate the intersection of the EPR axis with the
westward termination of the A-B fault. We discovered that the ridge-
transform intersection (RTI) is characterized by a distinct fault boundary
which separates well-formed pillowed ridges and haystacks to the north
from a faulted and tectonized escarpment to the south. Lavas appear to
increase in age to the north, toward the EPR, and constructional ridges
there are more faulted.

At spreading center B the volcanic terrain along the crest of the
ridge consists largely of bulbous pillow walls, and constructional pillow
escarpments. The terrain in the northern portion of B is tentatively
considered to be slightly younger based on the fresher appearance of the
samples returned from dive 2377 versus dive 2376 which traversed the
southern B axial ridge (Figure 2). However, a small 100 m high cone just
east of the central portion of the axis is believed to be the youngest
volcanic center along this accretionary zone based on the extreme
freshness of the lavas and delicate glassy character of the exterior
crusts. The seafloor in the RTI hole at the northern end of B consists of a
fresh, untectonized volcanic terrain with small haystacks of pillows and
tubes up to 10 m high scattered in the bottom of the bathymetric
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depression. The southern RTI at B was investigated during dives 2376 and
2380 where the southern margin of the RTI was found to consist of a
rather uniform talus slope cut by transform parallel (070-080°) faults
that create smail backslopes 1-3 m deep which are separated from the
upward continuation of the slope by 5-15 m. Throughout the transform
domain, on both the spreading axes as well as the strike-slip faults that
link them, fault scarps that cut through expansive scree slopes have a
similar morphologic expression. Faults are expressed as knife-edge
ridges that cut across-slope, paralleled by relatively shallow linear
depressions (3-15 m deep) that are, inturn, bordered by the upslope
continuation of the talus covered slope. Throughout Siqueiros we observed
many instances of talus slopes that are nearly free of sediment cover
suggesting recent tectonic activity.

Spreading center C (Figure 1) consists of a narrow (~200 m wide),
shallow (8 m-30 m deep) graben-like valiey that runs between two
shallow peaks with summit depths of 2220-2230 m. During dives 2378
and 2385 observations were made along the length of the graben as well
as on the flanking peaks and the northern RTI hole where C intersects the
B-C strike-slip fault (Figure 1). Young, glassy volcanic fiows are

restricted to the floor and occasionally are found draping the walls of the

graben, possibly indicative of syntectonic volcanism. Many of the lavas
that floor the graben are sheet flows cut by numerous gjas and deep
fissures. Although hydrothermal staining on the surfaces of lavas was
evident, no hydrothermal venting or deposits were found. The graben
walls are formed by en echelon steps interpreted to be fault scarps that
cut the northeast and southwest slopes of the flanking peaks. Faults and
fissures within the graben and along the walls are rift parallel whereas
those approaching the RTIs become more transform parallel. Samples
collected at the northern RTI of C include a plagioclase porphyritic lava
with thin glassy margins similar to plagioclase porphyries recovered from
small volcanic edifices within deep areas of the B-C fault.

- The trough picked as the developing spreading axis at D by Fornari et
al. (1989) (Figure 1)was found to consist of older volcanic terrain that has
been strongly tectonized. Only one well-developed lava flow with some
glassy crust remaining was recognized in the trough separating the two
flanking peaks; the other samples recovered are largely older, Mn covered
basalts. A dredge (D44) subsequently taken in the trough immediately
north of D (Figure 2), recovered much fresher, glassy basalt suggesting
that any incipient spreading occurring at D is probably focussing along a
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transform-parailel lineament. These data further confirm the unstable
and disorganized nature of accretion at D.

Strike-Slip Faults

Within the Siqueiros transform domain, six individual stike-slip
faults have previously been suggested to link intra-transform spreading
centers and the EPR (Figure 1). Prior mapping using Sea MARC |l data
indicated that fauits in the western portion of Siqueiros are well-defined
(where the intra-transform spreading centers appear best organized), but
are poorly-defined, morphologically, in the region from the south end of
spreading center C to the southern EPR axis.

Fault offsets between intra-transform spreading centers within
Siqueiros vary in length (N.EPR-A = 20 km, A-B = 35 km, B-C =18 km, and
C - S. EPR = 39 km). Two of the linking faults between spreading centers
A and B and spreading centers B and C were chosen for detailed studies
using ALVIN and the rock dredge. These faults were chosen because: 1)
they link the most morphologically distinct and best organized
(tectonically) intra-transform spreading centers, 2) they represent very
clear relay zones between spreading centers, 3) relief is between ~1000
m and ~1500 m, facilitating dredge transects and exposing a maximum
amount of the oceanic crustal section, and 4) transform axial deeps and
RTI nodal deeps are well-defined in both faults. Both faults also exhibit
morphologic linearity (azimuths 078° [A-B], and 075° [B-C]} that is
slightly oblique to, but in the approximate relative motion direction
between the Pacific and Cocos plates (082°). Both are throughgoing
bathymetric structures uninterrupted by morphological highs or deviations
in linearity. The trend, continuity, and distinctive topographic expression
along these two transforms suggest that they are the locus of recent
strike-slip deformation and serve to define the present plate
configuration within the Siqueiros transform domain. The fault linking
spreading center A and the northern EPR axis is also well-defined
(azimuth 082°) but relief is not as well-developed and the fault trough
axis is broader suggesting a more diffuse zone of deformation.  For this
reason, this transform was not selected for dive studies.

The faults linking C with the southern EPR (Figures 1 and 2} crest
are less well-defined morphologically and the linearity of fault strands
may_not be continuous to the southern EPR.  The several linear troughs
which cut through the shallow topography at the eastern end of Siqueiros
are also slightly more oblique (073 -075°) to the O82° relative motion
direction, have slightly different azimuths, and are interrupted by
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morphologic highs (e.g., in the vicinity of D ; Figure 1) suggesting that the
locus of transform deformation has been unstable in this region. These
facts, and in particular the lack of lateral morphologic continuity and
well-defined spreading centers made it difficult to target these features
for Alvin dives; however we did sample several of them with the dredge.

Three dives were located in the A-B fault (2379, 2384, and 2388).
One dive investigated the western aseismic extension of the A-B fault
and south wall of the A-B fracture zone west of the A RTI (2391) (Figure
2). Two dives were placed in the B-C transform (2381- south wall of the
B-C transform; and 2387 -north wall of the B-C transform). In addition,
many of the dives along the ridge axes recovered samples from nodal
deeps at ridge-transform intersections.

The overall objectives of these dives were: 1] to locate regions of
active strike-slip faulting between spreading centers, 2] to examine
whether intrusive rocks are exposed along the transform walls, 3] to
extensively and systematically sample the transforms because of the
known compositional diversity in the region, and 4] to examine the
possibility that the faults may contain discrete loci of extension and
volcanism which would support the model of “leaky” transforms. Data
concerning the latter observation would have important implications for
the tectonic configuration and evolution of the Siqueiros transform
domain.

One of the most remarkable results of the field program was the
recovery of young glassy picritic basalts through dredging operations
along the walls of the A-B fault, approximately 7 km west of spreading
center B (Figures 1 and 2). During dive 2384, in the same area (Figure 2),
we recovered similar young olivine-phyric basalts . We documented that
these young lavas floor parts of the transform valley axis and that
distinct and very young volcanic centers are nested along the lower parts
of the south and north walls of the transform. These basalts are glassy,
devoid of pelagic sediments, have hand-specimen aspects similar to Age-1
lavas recovered on the northern EPR near 9° 40-54’'N, and are thus
considered to be very young. They overlie and are sharply contrasted with
a much older highly-sedimented terrain consisting of talus and pelagic
sediment on the north wall of the transform and older manganese
encfusted basalt, talus and pelagic sediment on the south wall. The older
terrain exhibits extensive evidence of prolonged tectonic activity
including older degraded transform-parallel fault scarps as well as fresh
fault scarps that have offset bedrock and previously-deposited breccias

-9-
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and pebbly mudstones. The young volcanics, on the other hand, show no
indication of recent faulting even along the transform axis and are
considered post-kinematic with respect to structures observed along
strike in the older terrane.

These results, to our knowledge, represent the first definitive
documentation of young volcanic activity within an active transform far
from an RTI. These lavas have important implications for the generation
of MORBs because of their inferred, chemically primitive nature and
unusual tectonic setting The transform tectonic setting in which these
lavas were erupted may have allowed the parental magmas to by-pass the
more usual fractionation and mixing processes believed to be common in
longer-lived, open-system sub-axial magma chambers at MOR spreading
centers and consequently the chemistry of the samples will bear directly
on the generation of primary melts in the mantle. These picritic basaits
also have implications for plate kinematics as transform faults are
usually amagmatic. They suggest that faults within Siqueiros may be in a
general state of tension and leaking along their length.

Other dives in the A-B fault did not encounter very young basalts,
but did document extensive areas of recent faulting and exposure of both
older volcanic and plutonic rocks. Dive 2379 and dredge 17D were
conducted on the north wall of the A-B transform (4.5 km west of the B
RTI, Figure 2). Both recovered microgabbroic and gabbroic rocks, as well
as basaltic rocks with gabbroic xenoliths. With the exception of dive
2384, each of the dives along the A-B fault and its aseismic extension to
the west, recovered fine-grained gabbroic rocks and/or basalts with
gabbroic xenoliths indicating that samples of plutonic rocks are
frequently exposed along the walls of this fault. Some of the xenoliths
in these samples indicate that the rocks have been subjected to high
temperature deformation and metamorphism prior to their inclusion in the
basalt. One of the gabbroic samples from this fault shows cumulate
layering. Much of the recent deformation along the A-B fault appears to
be concentrated near the valley-axis and along the lower walls where
recent faults scarps and features with short wavelength relietf are
present. Scarps along the higher parts of the wall are quite steep (40°-
60°) but morphologically much older, more eroded, and incised in
comparison.

rDives conducted on the B-C transform primarily recovered basalt
samples. Dive 2387 (Figure 2), however, recovered a gabbroic sample
from high on the north wall along a narrow transform-parallel ridge. The
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lack of extensive plutonic samples from this transform may reflect its
shorter offset length and the less significant relief within the B-C fault.
Zones of young strike-slip deformation appear to be more restricted to the
north wall of the B-C fault where recent fault scarps and significant fine-
scale (5-20 m) relief was encountered. The south wall was
characterized by more significant talus cover and more continuous slopes
inclined generally toward the transform axis.

Hydrothermal Activity and Deep Sea Biology

Despite the abundance of glassy, young lava flows suggesting recent
eruptive activity no active hydrothermal venting or extinct chimney
deposits were encountered. Some lavas recovered by the dredge and by
ALVIN were stained with yellow to reddish-orange, low-temperature
alteration products and in very few cases smali veins of pyrite were found
in dredged lava samples.

A low concentration of Galatheid crabs wwas sometimes observed
near areas of fresh lava and deep sea shrimp were also in evidence.
Otherwise the usual cast of deep sea benthic characters was present (e.g.
brittle stars, holothurians, and gorgonians [especially in shallow areas
and along steep cliffs where current activity may be more pronounced).
Water clarity at the bottom-water interface was very clear due to the
scarcity of particulate matter.

It is unrealistic to assume that because we did not see any
hydrothermal activity that none exists. Rather we interpret the paucity of
hydrothermal evidence to refiect the general lack of sustained magmatic
activity (simiiar to that seen on the adjacent EPR crest) that could supply
the heat energy needed to drive a hydrothermal system within the
Siqueiros transform domain.

SEABEAM DATA

Acquistion, General Operations and Shipboard Analysis

In order to map as much area as possible within the transform
domain as well as add to the prior SeaBeam and Sea MARC |l survey data
along the southern EPR, 11 SeaBeam surveys were conducted during the
course of the cruise. The total amount of survey time equaled
approximately 8.5 days; an additional 5 days of transit data were
collected from Acapulco, Mexico to the field area and from there to San
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Diego. All data were collected outside the 200 n.m. territorial limit of
Mexico.

Navigation merged with the SeaBeam data consisted of undithered
GPS data from the Magnavox 1107 reciever. Navigation data are of
excellent quality, however a consistent 90 m offset in the direction of
ship movement was observed and attributed to time-stamping of the data
which is done during the return of the signal. This error was corrected
using the URI NAVOFFSET program which applies a constant shift to the
data. Corrected data produced negligible crossover errors which were
usually less than 50 m horizontal. Reproducibility of absolute depth
contour data during different tracks at different angles to the seafloor
terrain was also found to be excellent.  Additional information concerning
SeaBeam operations may be found in the SeaBeam summary report for this
cruise compiled by E. Haiter and J. Miller of URI.

SeaBeam mapping of each intra-transform spreading center in
Siqueiros was carried out prior to diving on each axis. We mapped a 6000
km2, nearly rectangular area over the Siqueiros transform domain
covering all the intra-transform spreading centers and adjacent EPR axes.
The coverage is nearly 100% with only small, narrow gaps in the
shallowest regions of the survey area. In addition, we have collected tie
lines oriented parallel to each of the four spreading center axes.

While the previously collected Sea MARC |l data allowed us to map
Siqueiros at a 50 m (working-scale) contour interval, the newly collected
SeaBeam survey data permits us to distinguish small-scale (10-50 m)
morphological features that have important implications for interpreting
transform and ridge structures, and the evolution of swaths of seafloor in
and around the transform domain. Features such as the small (400-600 m
diameter, 80-100 m high) young volcanic cones in the A-B and B-C fauit
axes had previously been undetected. The recovery of exiremely fresh and
glassy pillow basalts from these edifices indicates that accretion is
taking place within the linking faults in Siqueiros as well as at the intra-
transform spreading center axes.

Variable Depths of the Intra-Transform Spreading Centers

Minimum depths for the EPR axes at either end of Siqueiros are 2510
m (northern EPR crest) and 2720 m. (southern EPR crest). Interestingly,
the 2510 m minimum depth for the northern EPR crest occurs within 6 km
of the western RT! and is as shallow as the ridge crest near 9° 45-50'N
where recent volcanic activity has been documented during the Adventure
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cruise (All-125-24). In contrast, the axes at spreading centers A and B are
at 3600 m and 3100 m depth, respectively. Spreading center C and the
area around D are shallower than the EPR axes having respective depths of
2400 m and 2100 m. The shoaling of the intra-transform spreading
centers from west to east suggests a complex thermal regime and
isostatic history for the seafloor within and adjacent to the transform
domain.

Symmeltry of Morphological Features about the Spreading Centers

Based on the mapping we find a remarkable symmetry of highs and
lows on either side of spreading centers B and C, and the area around D,
which was hinted at in the Sea MARCII data but is now well-documented.
For example, to the south and west of spreading center B there are a
series of three arcuate highs the summits of which decrease in depth from
3000 m to 2600 m to 2400 m away from the B axis. These three features
have morphological counterparts with similar summit depths located
north and east of spreading center B (Figure 2). Transform-parallel ridges
that are shallower than 2100 m are adjacent to the outermost arcuate
highs bounding B (Figure 2)

There are several aspects of this morphological symmetry that
shouid be emphasized. First, the symmetry extends 30-40 km from
spreading center B, 20 km from spreading center C and only 10 km from D.
Second, there is a rotation of features within the swaths of symmetry.
Shallow features that are located close to intra-transform spreading
center B strike parallel to the ridge, while features that are further away
become progressively more transform-parallel. At spreading center C and
at D the symmetric features nearest to the ridge axes do not attain ridge-
parallel orientations; we interpret this as evidence that spreading center
B has been active longer than the two spreading centers to the east. Third,
despite the correlation of features about the individual intra-transform
spreading centers, in general the length of the eastern swaths of
symmetric terrain are longer than the lengths of the western swaths of
symmetric terrain. This suggests either that seafloor spreading may have
been asymmetric at each intra transform spreading center or that volcanic
overprinting consistently obscures some of the early-formed terrain that
spreads to the east from each axis. Finally, it is important to note that
the symmetry of seafloor fabric (i.e. packets of structures that strike at
high. angles to the transform trend) is only seen on the east side of
spreading center A. It is possible that the morphological analogs of the
structures observed east of A did exist to the west but have since been
either volcanically overprinted by the EPR axis, located to the west of A,
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or disrupted by puli-apart tectonics associated with the most recent
phase of opening at A.

East Pacific Rise Crest

The northern EPR crest has been mapped using SeaBeam by Macdonald
et al (1984) with partial coverage in the western Siqueiros RTI. North of
the western RT| the ridge crest has a triangular cross-section and a
minimum depth of 2510 m. That crestal depth is about 200 m shallower
than the minimum depth of the southern EPR (minimum depth mapped is
2720 m). Further mapping of the northern EPR-Siqueiros RTI shows that
the ridge crest in the RTl is characterized by a wide (2-3.5 km) crestal
area, dotted with small closed-contour peaks and cones, and that it bends
eastward into the transform domain, gradually tapering into a narrow, low
ridge that intersects the western tip of the A-B fault. The terrain at the
EPR- A/B fault intersection was traversed during dive 2390, where steep-
sided, well-formed, pillow-wall ridges and haystacks were observed to
dominate the constructional volcanic terrain. The lava flows appear older
to the north (heavier sediment cover and Mn coating) and somewhat
younger (glassier pillow rinds) proximai to the south wall of the A-B
fault. At the end of the dive the terrain was found to be dissected by
transform sub-parallel (SW-NE) scarps that cut through the volcanic
terrain as well as similarly oriented constructional flow fronts with
steep (60°) faces composed of intact tubes and pillows.

With the additional survey time we were able to map a large area
across the southern EPR crest out to 44 km on either side of the axis
(equivalent to an age of ~700,000 years at 12 cm/yr, full-rate). Those
data indicate that the southern EPR crest is triangular in cross-section
and narrows from a 600 m wide axial block to a 200 m wide low ridge at
approximately 3-4 km from where the ridge tip curves dramatically to the
west and trends 270-275° into the eastern transform domain. Just prior
to curving into the RTl the ridge axis bifurcates into a short (2.5 km long)
double crested peak which is flanked to the east by three small cones (50-
110 m high, 200-600 m diameter). ¥ The RTI hole which flanks the ridge
tip is actually a double basin with two closed contour lows at 3970 and
3530 m depth, with the deeper basin being the farther west.

Wavelengths of EPR Parallel Features

.. .The distance between morphological highs adjacent to the EPR axes
is, on average, ~1.5 km. In contrast, the spacing of features bounding the
intra-transform spreading centers is less than 1.0 km, especially where
the intra-transform axes are believed to be better developed (e.g., at
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spreading center B). Continued analysis of the SeaBeam, Sea MARC Il and
geochemical data will permit us to better understand whether this
difference results from a fundamental change in the crustal structure at
the intra-transform spreading centers versus that at the EPR axis, or
whether the frequency and/or nature of volcanism within Siqueiros
differs from magmatic and volcanic processes at the rise axis.

DREDGING AND ROCK CORING

A total of 39 dredges and 5 rock cores were completed during the
cruise (Figure 2 and Annex 2). Rock coring in the transform domain was
limited because sediment and Mn cover on the rocks in older terrains made
recovery of glass difficult. Rock cores 40, 41 and 42 were taken on the
axis of the southern EPR just south of and within the RTI (Figure 2). We
did not get recovery in 6 of the dredges in the older areas because thick
sediment coupled with Mn pavement made it difficult for the dredge to dig
in. The poor performance of the pingers onboard forced us to use a scope of
wire between 300-400 m (greater than bottom depth) to insure that the
dredge would be on the bottom. We also put a cylindrical, lead depressor
weight 100 m up the wire from the dredge mouth. S.1.O.-type dredges
(loaned to us from the Scripps Marine Tech. Group) were used and
consisted of a 50 cm x 1 m mouth frame, 2 m chain bag with fishnet liner,
and chain harness, with a 15,000 Ib weaklink system.

The attempt to recover rocks from fault scarps and abyssal hills on
the flanks of the intra-transform spreading centers, meant that at times
we were dredging constructional slopes with little vertical relief. In
addition the generally westerly current-set meant that we were
principally restricted to dredging west- and north facing slopes, although
other dredge traverses were tried with varying success.

Most of the dredges recovered a substantial amount of what
appeared to be talus but also a few larger fragments of basalt that had
obviously been broken off of outcrops. Younger areas provided better
targets for obtaining in situ samples. in most dredge hauls, the samples
were relatively homogeneous populations and we separated them into
petrographically different rock types, based on hand specimen description,
for later chemical analysis. Most of the rocks recovered within the
transform domain were fine-grained plagioclase + olivine phyric basaits
that ‘appear to have been parts of pillows. Many of these sampies have a
greater degree of vesicularity than typical EPR basalts; in a few samples
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vesicles make up to 5% by volume of the lavas and in some cases are
present as prominent pipe vesicles.

in a general way, we have been able to estimate the age of ridge-
parallel features using the amount of sediment and Mn-coating on samples
and the extents to which the lavas have been weathered. There is a clear
progression in the "relative age” of the basalts away from the central axes
of spreading centers A, B, and C. A dredge up the southern wall of the A-B
transform (RD 20, Fig 2) recovered a variety of fresh, glassy picritic
basalts; many containing greater than 10 vol% olivine phenocrysts with
spinel and melt(?) inclusions. These pillow basalts are remarkably fresh
and many have thick glass selvages. As a result of that dredge, another 4
dredges in the same general area were carried out. They were taken in the
deep areas of the A-B fault, on small, closed-contour peaks (up to 100m
high) and saddles in the axis of the trough. These dredges recovered
remarkably young-looking volcanic glasses having a spectrum of
compositions from picritic-basalt through olivine basalt to olivine
plagioclase basalt.

The primitive nature of the samples is quite distinct from other
samples recovered during the cruise and clearly different from volcanics
recovered at the EPR. The position of the dredges and the nature of the
volcanics are consistent with recent volcanism within the A/B and B/C
faults in the transform domain. We believe we have discovered a
petrogenetically important group of lavas that may have profound
implications for the nature of primitive melts ascending from the mantle.
We also have unequivocally documented a transform fault that has leaked
within the very recent past based upon the freshness of the lavas. The
eruption of these lavas at 3800 m depth is also likely to be the deepest
know recently erupted lavas from a plate boundary. The dredge data, and
the important implications that this suite of rocks has for MOR
magmagenesis and mantle petrochemistry resulted in our decision to
locate dive 2384 in the axis of the A-B fault trough. At this dive :location
additional samples of the picritic and plagioclase phyric lavas were
recovered and we substantiated the youthfulness of the volcanic terrain.

SAMPLE PREPARATION
.. .A great deal of time and effort was expended during the cruise in
preparing glass and whole-rock samples for land-based analyses. All

individual Alvin samples were petrographically described and cataloged
(see Annex 2). Representative dredge samples were selected after
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inspection of all of the rocks recovered and these were slabbed with a
rock saw for thin-section chips and in order to remove surface alteration .
On all samples with glass rinds or crusts, the glass was separated and
picked for further cleaning. The glass (and whole-rocks when no glass was
present) was crushed in a hardened steel mortar and then sequentially
cleaned in acetone, 2N HCI, and distilled water in a heated ultrasonic bath.
After chemical treatment, each sample was inspected under a binocular
microscope, "dirty” fragments were discarded and a decision was made
whether or not a sample should be cleaned again before being powdered.
Generally, most samples were free of alteration and weathering after
picking and two cleanings but heavily Mn-encrusted glasses were difficult
to completely clean. These were futher processed but labeled as "dirty"
samples.

After cleaning, 7-10 grams of glass or rock chips were ground to
fine powder in either Alumina-Ceramic or Agate vials in a SPEX shaker
mill. The remainder of the clean sample was saved for a variety of other
analyses that require high purity natural glass fragments. Over 150
samples were processed at sea and are currently being analyzed by
electron microprobe , XRF and ICP for major and trace elements.

DIVE SUMMARIES

Dive 2375

We looked at narrow ridge to the west of the inferred B axis to
determine the relative age of lavas with respect to B axis. The lavas are
heavily Mn coated and definitely older than samples recovered from B axis
on subsequent dives (2376-2377). The seafloor is primarily pillowed
constructional terrain and lavas are generally phyric with small
laths/microphenocrysts of plagioclase. Definite N-S trending tectonic
scarps (east facing) are present along the southern end of the ridge on
east flank creating a very rubbly/tectonized area at southermost
extension of this off-axis ridge

Dive 2376

This dive looked at the ridge axis of B from approximately the mid-
point down to the southern end. The terrain is dominanted by large, well-
developed pillows forming a young constructional terrain. There is a fresh
appearance to lavas. Tectonic fissures several meters wide are common in
the south. Basalt lavas range from aphyric to plag/olivine phyric. Some are
strongly plag. phyric with large plag. phenocrysts. Flow forms along the
ridge are fresh looking with good crusts but lavas sampled on the east
flank in the southern portion of the ridge are the freshest. These are
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present either as lobate flows or pillowed flows.The terrain is definitely
younger than that traversed on dive 2375.

Dive 2377

We investigated the spreading center B ridge axis on this dive from
the ridge-transform intersection (RTI) hole at the north end of B down to
the mid-point of the ridge, ending at the small cone that lies just east of
the main B ridge. Terrain in the hole is fresh constructional terrain with
5-10 m relief made up of small pillow mounds and haystacks. There is a
dusting of sediment on the forms but samples show abundant glass. No
tectonic features were observed in hole, either transform or ridge
parallel. The south slope of hole going up to ridge axis of B is a series of
constructional escarpments forming 40-50° slopes with very little talus
and almost no sediment in the interstices between lava forms. The lavas
that form this slope are plag. phyric, somewhat vesicular (5%), and
generally fine-grained.

The terrain along the B axis, noted while traversing from peak to
peak along B, is dominantly pillows ranging in size from 0.5-1.5 meters. It
is largely a young constructional terrain comprised of 350 deg trending
pillow ridges. Some ridge parallel fissures (0.5-2 m wide) are present and
cut through the terrain but one fissure seems to have uncut buds sticking
out into the fissure; this may be the trace of an eruptive fissure. As young
as the terrain looks on the northern portion of the ridge (it appears to be
younger than the southern portion and the lavas seem fresher- they have
more glass and are better preserved), the small cone just east of the axis
has the youngest looking, and freshest lavas anywhere on B. The flows are
largely budded pillows and larger bolster-shaped forms with small tubes
snaking in between. These features form a purely constructional slope of
30-40 degrees that continues up to the summit. The lavas from this cone
are all heavily plag. phyric (large glomerocrysts) basaits with 10-15%
plag and up to 5% vesicles (one clear difference between these lavas and
the lavas sampled on the Adventure cruise from the EPR at 9deg 30'-50' N
is that these lavas are definitely vesicular, we are unsure if this is
because of higher gas content of lavas or greater viscosity, the planned
chemical analyses should answer this question).

Dive 2378
. We investigated the southwestern crescent-shaped peak of

spreéding center C on this dive, starting from the SE slope of the ridge and
traversing up the ridge to the crest and then down to the NE ending up in
the narrow, sigmoid-shaped trough that runs between the two crescent
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peaks. The slope of the peak is mainly comprised of pillow talus that
seems relatively old and has moderate amounts of sediment cover, Mn-
coating and only small amounts of fresh glass. The top of the peak is made
of mostly intact pillows but with some talus present. The crest of the
peak also appears to be an older area with pillows generally <1 m in
diameter. Some of the flatter areas or saddles on the crest had more
lobate or jumbled sheet flows with noticeably more sediment cover
presumably due to the flatter relief. Samples from these largely
constructional areas confirm that lavas are older and more weathered
than the youngest rocks we have recovered from spreading center B.

The end of the dive proceeded on a northeastward traverse along
east side of the peak, north of the summit, and found a series of large
east-and-west facing scarps that drop down to the east {relief of 10-15
m on each scarp except for one with 37m of relief), ending in a narrow
(100 m wide) scarp-bounded graben. This low relief area is the trough
which separates the two crescent peaks. The floor of graben has ropy to
jumbled sheet flows and lobate flows that are much fresher (and younger)
in appearance than lavas on ridge. In a few exposures in the walls of the
graben a more massive (possibly ponded) sheet flow underlies the ropy
sheets. The graben trends 330-350 deg ., with well-defined gja fissures
(1-2 m across and 2-3 m deep) cutting the lavas in the floor of the graben.
Samples recovered from the floor have abundant glass with only a thin Mn
coating and confirm the younger nature of these lavas compared to those
recovered from the SW peak. Most of the lavas from this dive are fine-
grained and either sparsely phyric or aphyric. Based on our observations on
this dive it appears that the most recent volcanic and tectonic activity in
C has taken place in the graben between the cresent-shaped peaks that
form the shallow relief at this intra-transform spreading center.

Dive 2379

This dive traversed the north wall of the A-B strike-slip fauit about
9 km west of the northern B axis RTIl. The dive was somewhat shortened
due to the penetrator repair on Alvin the previous day and the long descent
time to reach 3800 meters which was the starting depth. The floor of
trough is sediment covered with no structures. Talus starts at about the
3650 m contour level and then the slope continues up in a series of 080
deg trending vertical to near-vertical fault faces with talus benches
separating the vertical sections. The benches are very steep talus slopes
(40-60 deg.). Only two samples were recovered as the hydraulic lines to
the manipulators ruptured, thereby preventing sampling. The recovered
samples are from talus at base of the slope between 3650-3550 m. They
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are intrusive rocks (diabase to micro-gabbro). We confirmed that intrusive
rocks are the major rock types along the north wall of this section of the
A-B strike slip fault with dredge A25-17D which sampled up the dive
traverse and recovered a wide range of plutonic rocks.

Dive 2380 ¢l Toc iy

This dive traversed the trough east of the B ridge axis, from the RTI
hole at the south end of B to approximately the mid-point of the ridge, to
look for transform parallel structures in the RTlI and to see whether the
small constructional ridges in the trough are older or younger than the B
axis terrain. The dive started in the center of the RTI hole in the eastern
closed contour low. We traversed up to the south to see whether transform
parallel structures exist and found 070-080 trending ridges in a steep 60
deg talus slope with occasional outcrops. The percentage of talus is about
98%. Only the tops of the fault scarps are exposed along narrow ridges in
the talus. The ridges have well-defined backslopes that have 2-3 m of
relief and are separated from the southern continuation of the siope by
10-20 m horizontal distance separating the crest in the talus from the
slope. As we proceeded south, the next talus ramp would start and the
sequence would continue. We presume that the faults are active otherwise
we would not see the small backslopes as the rate of mass wasting
appears to be high and would quickly cover up the trace of the fault.
Rocks from this slope are fine grained, aphanitic to sparsely phyric (plag.
and minor olivine) basalits.

We then traversed over to the western margin of the RTI hole and
traveled up slope heading 045. Here we crossed over a series of
constructional volcanic slopes cut by N-S trending fissures and cracks.
The low ridges in the trough are characterized by older constructional
pillow lava slopes. Although the forms are well preserved they do not
appear very glassy. The samples confirm that while there is some glass on
these lavas it has largely been spalied- off and weathered. After
completing the traverse up the ridge within the trough and sampling the
small peaks, we decided that the terrain was much older than what we had
observed on the crest of B and especially on the small cone to the east of
B axis. As we were at the same latitude as the cone we decided to head
270 deg. and go to the base of the cone and traverse up it to again confirm
its relative age compared to the terrain in the trough. We landed at the
base of the cone and found the terrain to be very young pillow- and tube-
fed flows; some with buds clearly younger than any flow we had seen in
the trough. There were also some more lobate lava flows as we continued
up the slope. These flows appear to form on the small benches in the slope
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and may be more related to slope angle than to differences in lava type,
but we sampled both to be sure. The samples collected on this dive from
the cone are equivalent to those sampled from the NE side of the cone
during dive 2377 and are plag. phyric with many buds and pristine glassy
surfaces.

Dive 2381

This dive was located on the south wail of the transform connecting
spreading centers B and C. The purpose of the dive was to document rock
types exposed along the transform wall and to identify the PTDZ and
associated strike-slip structures. The dive started in the axis of the
transform valley at a depth of 3380m and extended up the southwall to a
depth of 2570m. In the transform valley axis and on the lower part of the
south wall large blocks, boulders, and cobbles of basalt pillow fragments
and more massive blocks that may be diabasic were observed.  Nearly
continuous talus fields were found on steep slopes all the way to the
middle of the wall where the first outcrops of pillow basalt were
encountered along a degraded and older scarp. The talus on the slopes
below was continuous and young as the interstitial areas between blocks
lacked sediment ponds and there was only a thin dusting of pelagic
sediment over the blocks and talus. At higher elevations on the scarp,
few basaltic outcrops were encountered and more, young talus-covered
slopes were found. As found along the lower part of the wall, the higher
elevations are not characterized by extensive areas of smooth pelagic
cover and the steep slopes are covered with talus blocks of basalt dusted
with pelagic sediment.  This terrain continues unti! the uppermost part of
the wall (~2500m) where another extensive scarp of pillow lava is
exposed. This scarp is also highly degraded by mass wasting and incised by
erosional channels or chutes that cut through the outcrop, along which
both fine and course talus was passing downslope.

At the top of the slope where relief is lower, more continuous
pelagic sediment cover was encountered and only small islands of ‘basaltic
pilow outcrop are present. There is a distinct absence of fresh tectonic
scarps in the axis of the transform valley and along the southern wall.
This suggests that at the present time much of the strike-slip
deformation may be taken up on the northern wall of the transform or on
the northern boundary of the transform's bathymetric axis. This is very
different from the situation on the northern wall dive (2379) on the A-B
transform, where fresh tectonic scarps were encountered continuously
throughout the dive. 15 samples were collected on the dive and ali
appeared to be basaltic or diabasic. They are older and somewhat
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weathered when compared to fresh material sampled at spreading center
B. No plutonic rocks were sampied in contrast to Dive 2379 on the A-B
transform where deep-crustal level rocks were collected.

DIVE 2382

This dive traversed the area south and west of spreading center "B"
starting in the deep section just west of the dive 2375 track. The traverse
started up a north facing wall to a high on the border of the spreading
terrain and then south onto the plateau which is dotted with small
seamounts. After traversing the boundary zone at the edge of the
transform extension we headed south towards a group of seamounts that
we had attempted to dredge during the previous nights (dredge recovered
mostly Mn crusts and very small fragment of weathered pillow rind). The
transform/plateau boundary is characterized by very fractured, faulted
and steep talus covered walls that have dips from 15 to 90 deg but mostly
in the 35 to 65 deg range. These walls were largely mass wasted with a
modest amount of sediment cover; individual pillow fragments did not
have much sediment. Near the top of each "step" there are exposures of
fractured pillows and more massive and thicker (>1m) lobate or sheet
flows with well developed columnar jointing. Over each major step in the
wall (there are at least 5) there is a small bench (back-tilted block?) that
is partially filled with talus and sediment. These appear to be inward
facing scarps with only a few meters relief. At the very top of the wall
there are some volcanic constructional features but most of the
morphology seems more related to tectonism than volcanism. Pillows are
truncated along the north-facing slope. All of the basalts are
petrographically similar; slightly vesicular, aphyric, holocrystalline with
thin glassy top surfaces coated with a thin Mn- crust. They are slightly
weathered.

To the south, there is little evidence of tectonism aside from a few
EPR parallel faults/ low ridges that are expressed in the sediment as
offsets in basalt rubbie. The morphology is flat to rolling and only a few
pillow tops are exposed through the thick sedimentary cover. The
sediments here appear to be much thicker and more pelagic and
bioturbated; noticeably lacking the darker areas of volcanic debris that
characterize the sediment in the transform/spreading center areas. In
addition, the Mn-coatings on rock surfaces are thicker in this southern
area. .

" The seamount flanks rise quite abruptly and the slopes are primarily
covered with sediment and basalt talus. This talus is covered with more
sediment than the talus on the wall of the transform area to the north. The
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thick sedimentary cover continues to the top of the seamount. The
sediment is very bioturbated and there is a significant amount of life
infon it. The basalts have a very thick Mn-crust (~1cm) which has a
botrioidal texture. The basalts are vesicular with plagioclase +
clinopyroxene phenocrysts and rare olivine; similar to alkali olivine
basalts from eastern Pacific seamounts. In general the two small
seamounts investigated during this dive appear to be more related to EPR
or off-ridge processes and crust than to anything happening in the
transform domain. The transition from the tectonized region along the
south wall of the transform to the clearly older and less fractured area to
the south is striking.

Dive 2383

This dive traversed the terrain on the western margin of the RTI
hole to the south and up along the ridge crest in the southern portion of
spreading center A. The western margin of the RTl hole is a steep 40-50
deg talus slope with only a dusting of sediment. Well-formed, budded
pillow flows form the steep eastern siope. In addition, the top of the ridge
is largely unfissured in the south and heavily fissured in the mid-north
portion. Large 2-3 m wide gja fissures are present on top in the mid-north
portion. The last part of the dive traversed the seafloor to the east of
the ridge to investigate the "nose" feature that protrudes into the pull-
apart basin from the eastern margin wall. This feature is definitely older.
The slope is all talus with abundant sediment cover and with only very
occasional outcrops of older, Mn-coated pillows. At the summit there are
ponds of sediment that have nearly covered the few outcrops of pillows. A
pillow bud recovered from the top is heavily Mn coated, again attesting to
the relative older age of this feature.

The samples from the RTI and main ridge.consist of very fresh
pillow buds and fragments with thick glassy crusts which are slightly
vesicular and plagioclase phyric. Samples from the eastern margin are
slightly weathered with thin to moderate Mn coatings and contain.scarce
plag microphenocrysts.The freshness of the basalts from top of the ridge
also confirmed that the southern A ridge is a young constructional
volcanic feature and a recently active spreading locus within Siqueiros.

Dive 2384
. This dive was carried out in order to investigate a deep section of

the A-B transform where we recovered very mafic and fresh lavas
(including picrites) by dredging, and to document more fully the tectonic
and age relationships of these fresh-looking basaltic rocks. The dive began
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along the axis of the transform in a roughly circular depression at a .
maximum depth of 3850 m. Unlike most axial deeps along transform axes,
this depression is devoid of pelagic sediment and oniy fresh glassy pillow
lavas and some fresh basalt talus are exposed. There is virtually no
sediment cover on the basalts and they appear to be remarkably young.
There is no evidence of cross-cutting fauits in the transform axis where
these fresh basalts are exposed. All structures are volcanic and
constructional in origin. These facts suggest that the basalts here are
very young and have not yet been exposed to strike-slip tectonics.
Recovered samples are similar to primitive olivine phyric glassy basalts
coliected in the dredge hauls. The dive continued up the south wall of the
transform where a steep flow front with fresh glassy basalt talus at the
base is present at 3830m. The top of this feature is a roughly flat
circular plateau less than 200 meters across (i.e., haystack structure)
with steep (up to 70°) slopes on all sides. Elongate pillows characterize
the steep flow fronts and bulbous and collapsed pillows dominate the top
of the haystack. Prominant white to yellow staining that may be of
hydrothermal origin is present along fractures in the basalts. Highly
olivine phyric basalts with thick glass rinds were also sampled here.

At a depth of ~3730 m on the south wall, an older terrain was
encountered which consists of alternating areas of smooth pelagic muddy
bottom and slopes with talus blocks with a thick partial cover of pelagic
sediment and sediment ponding between blocks. Degraded or active strike-
slip fault scarps are also exposed in this terrain and indicate prolonged
and recent tectonic activity. The transect turned westward within this
older highly sedimented terrain along the wall parallel to the transform
and then north to cross the transform axis in a different area. The
transform was crossed at a saddle point (~3615 m) between two adjacent
lows and was within the older highly sedimented terrain. This area is
characterized by steep and very fresh strike-slip tectonic scarps, one
uplifting older partially consolidated pebbly sediments (5 meters of
vertical offset). All samples collected from talus in this older terrain are
heavily manganese encrusted and the basalts are plagioclase + olivine
phyric lavas, more typical of the surrounding ridge terrain.

The dive transect continued up the north wall of the transform and a
sharp flow-front boundary was crossed at a depth of ~ 3650 m where
young lavas with only a thin dustmg of pelagic sediments (or none at all)
were again encountered. There is no evidence of recent strike-slip
faulting crosscutting this very young volcanic constructional terrain.
Within this flow area there are a number of haystack-type volcanic
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constructional features up to 10 m high, superimposed on a platform of
young glassy pillow lavas. These features are randomly distributed and
characterized by the same steep slopes and flat tops as previously
recognized in the first volcanic edifice we traversed. Three of these
roughly circular features were investigated and all are comprised of
glassy olivine phyric basalts and picritic basalts similar to those
recovered in the nearby dredge hauls. These haystacks are apparently
roughly circular point sources (possibly primary conduits) of recent
volcanics erupted on the lower walls and floor of the transform valley. At
shaliower depths (~3570m) on the north wall, older, highly sedimented
terrain was again encountered and basaltic samples collected there are
plagioclase phyric and heavily manganese encrusted.

The dive demonstrates that the concept of a leaky transform origin
for these young primitive basalts is very likely as they appear to be
significantly younger than basalts identified on both the north and south
walls of the transform, are virtually sediment free, and are not cut by
very young strike-slip scarps identified along strike within the older
terrain. The volcanics are thus post-kinematic with respect to the
youngest tectonic activity along the transform and this constrains the
eruptive position to be within the transform at a significant distance
from either RTI. Because it is unlikely that large magma chambers exist
in this relatively cold environment, the timing of eruptive sequences here
also suggests that it is possible that the picritic liquid may be little
modified by magma chamber processes before eruption. It may represent
more closely the parental melts being tapped from the mantle in ridge
environments prior to their modification by crustal mixing and
fractionation processes. Thus the dredge and ALVIN collections from this
area represent a very important suite of samples in terms of deciphering
the petrogenesis of MORB in general.

Dive 2385

On this dive we continued our exploration of the graben at spreading
center C (see Dive 2378). The dive started in the western extension of the
B-C transform where it intersects the northernmost extension of the
graben. The RTI is characterized by constructional pillows that have
flowed down slope into the depression. The pillows have remarkably little
sediment cover and ponding of sediment between pillows is minimal. Some
small .fractures heading ~ 200 -240°and another set at ~ 120° cut this
terrain. The lavas did not appear particularly glassy and this was
substantiated with the recovered sample which is extremely plagioclase
porphrytic with only thin glassy margins. This rock type has only been
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recovered in two other dredges during this leg proximal to the eastern end
of the B-C fault, and is quite unusual relative to typical EPR basalts.

Traversing upslope out of the RTIl to the southeast, we started to
encounter areas of sheet flows bounded by steep pillowed wails that trend
subparallel to the graben (120-150°). Continuing in a eastward direction
we began to intersect steeply dipping walis of rubble and pillows (some
lobate). These slopes face WSW (strike ~155-175°) and are arranged in a
step-like fashion with relatively narrow (8-25 m) benches at the top of
each wall (~10-30 m high). Most of the steps are backfaulted at low
angles with narrow troughs at the base of the next slope. In at least one
case, there is a small rift between two of the walls. In a few places there
appears to be younger pillow mounds/flows coming down slope. We
followed one of these flows upsiope but it terminates at a fault that
bounded the steep slope it flowed on. Lobate pillows dominate the upper
parts of the NE high. The series of 3-5 steps/walls that we traversed
were clearly delineated by the CTFM sonar as we headed back to the graben
to the SW. The NE-facing walls on the other side of the graben were also
imaged as a series of en echelon NW-SE trending reflectors on the CTFM.

On the floor of the graben we again found a variety of sheet flows
(ropy,jumbled,hackly flat), the most massive of which seemed to form the
floor. A small constructional pillow mound (haystack?) exists in one area
The walls of the graben are characterized by slopes of rubble that overly
the sheets,but in one place some relatively young looking pillows descend
the slope onto the floor and are possible indicators of fault-related
volcanism. The trough is fairly narrow (40-60 m wide) at the northern and
southern ends and widens to ~150 m in the central part. Prominent
fissures or gjas following a SSE(~165°-175°) trend cut through the
sheets; most are 1-3 m wide and a few meters deep and filed with talus.
Individual fissures may be as long as 100m but many are much shorter and
step southwestward in an en echelon fashion. Near the southern end of the
central trough we flew west and encountered steep talus covered walls
(trending ~150-170°) that stepped up the hill in a manner similar to that
noted on our earlier dive (2378) to the north, along the NW slope across
the trough. Another constructional pillow mound exists along one of the
steps on this NE-facing slope. There is a massive sheet flow in the graben
as it narrows to the south. Here the fissure gets quite irregular and deep
(5-6..m) exposing 3-5 m of the massive sheet flow. Low power and a
ground prevented us from continuing our dive at this point.
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Dive 2386

This dive traversed the northern portion of the trough which
separates the two shallow peaks which were inferred to be the nascent
spreading axis at spreading center D. Based on the similar morphology to
spreading center C and the presence of the youngest volcanics at C in the
central graben between the two crescent peaks we decided to concentrate
our traverse in the trough. The dive traversed the northern trough from the
RTI to the midpoint, finding only old pillow and lobate lava terrain with
considerable sediment and a marked lack of glassy crusts. The only young-
looking flow was a very small hackly lava flow of restricted areal extent
(<500 m2) which was, on sampling, determined to be glassy, but
nonetheless covered with a heavy Mn coating. The dive concluded with a
traverse up the southwest facing slop of the NE peak at D and found only
old outcrops of pillow and lobate lava on a mostly talus covered siope. The
slope of the peak is heavily tectonized by 130-140 trending faults that
cut through the talus forming razorback ridges in the talus with
backslopes facing to the NE. The relief of the backslopes varies from 2-3
m to 20 m for one scarp, with the distance on between the razorback crest
and the next slope up being on the order of 20-560 m. The summit of the
peak is completely covered by 0.25-0.5 m sized, angular basaitic talus, no
outcrops are present.

We therefore consider that while D has had volcanic activity this
area of D has not been recently active, despite its extremely shallow
depth (2000-2100 m) when compared to the axes of: A (3600-3700 m); B
(2000 m); or C (2200-2300). It is likely that spreading center D is now
experiencing a tectonic phase, possibly associated with the propagation of
the C-D fault through D in an attempt to connect to the southern EPR axis
along a trend that is closer to the 080 deg azimuth of the other strike-
slip fauits. In light of the relatively fresh, glassy lava recovered in D44
in the trough north of the northern peak investigated during this dive we
suspect that a younger volcanic zone may lie north of this peak.

DIVE 2387

This was a PIT dive that traversed and climbed the inner deep and
north wall of the eastern section of the B-C transform fault in an area
where we see two small, closed-contour highs built against the north wall
just above the axis of the trough. The dive started in the deep hole
between the north and south walls and headed east, upsiope toward a
relatively high area that protruded into the transform. This feature is
similar to those we dredged and dived on in the A-B transform where
young mafic lavas were recovered. This dive was largely to see if the
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smalil cones and protrusions that exist deep along the N wall are recent
volcanic constructs.

The deepest part of the transform was sediment filled but upslope
became covered with heterogeneous mixtures of basalt talus and pelagic
sediment. The western cone (it ‘is really more like a delta) is definitely a
volcanic construct although somewhat old in appearance and the lavas,
while still glassy, are Mn covered. The north slope of the trough was
traversed between the two cones and was found to be largely covered by
talus with variable sediment cover. In some places along steep walls, it
appeared that shearing and transform parallel faulting had occured within
semiconsolidated slope deposits (breccias). Similar features were noted
by Casey on earlier transform dives. The more easterly second cone is
definitely older and appears constructional near the north wall but is
extremely tectonized as you move towards the axis of the trough. it is
fairly linear ridge and has more of a N-S linear fabric than cone-shaps.
The north slope of the trough was traversed up to the top of the valley at
2900 m and is largely talus covered with some large blocks near the base
of the siope (possible intrusive rocks) and considerable sediment cover.
The south-facing walls are steep and have shallow back-faults and
benches toward the top. The top of the ridge is characterized by extensive
sediment cover and only a few exposures of slabby-looking basalit.

The samples from the volcanic features in the trough are plag. rich
lavas (similar in general to some of the other plag rich lavas from the
spreading centers and the cones in the A-B fault). Samples from the walls
of the transform (mostly talus but possibly some exposed outcrop) are
fine-grained pillow basalts. The slabby rock collected from the 2800 m
peak on the north wall is an olivine micro-gabbro.

The dive results provide further evidence for volcanic construction
within the deep axes of the strike-slip faults in Siqueiros. It is
interesting to note that the lavas here are definitely older than those
recovered from the cones in the middle of the A-B fault. Also interesting
is the fact that plag rich lavas have now been recovered in varying
quantities from the axis at A, B and C and in the A-B and B-C fault. The
magmatic and petrologic significance of this lava type and the
microgabbro are likely to be important to our understanding of the
evolution of Siqueiros.
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Dive 2388

One purpose of this dive was to examine a small circular cone-
shaped feature on the south wall of the A-B Transform to determine if it
was a young volcano akin to the young voicanics along the transform axis
located on dive 2384. The second purpose was to conduct a traverse and
sample along the north wail of the transform The dive began at the
cone-shaped feature on the south wall and it became clear the feature was
old as it was partially covered with pelagic sediment and composed of
massive and orthogonally-jointed outcrop that looked plutonic in
character. A sample of medium-grained gabbro was taken from the top of
the feature. Another sample from the south wall consisted of medium-
grained and weathered plagioclase-phyric basalit.

The dive transect then proceeded to the axis of the transform at a
depth of 3910 m where two blocks of plagioclase phyric basalt were
sampled both from talus along a highly sedimented valley floor and the
lowest part of the north wall. The valley floor and north wall were
characterized by a series of transform-parallel ridges several meters
high thate were covered with talus and pelagic sediment and troughs with
extensive pelagic sediment fill. The lower part of the north wall
consisted of a series of step-like scarps (50° to 90° slopes) with massive
outcrop of basalts, gabbro, and cataclastic breccias) and terraces (15° to
40°) with slopes covered with talus and pelagic sediment. In general
slopes steepened near the top of the wall and more massive outcrop of
pillow basalt and microgabbro was encountered. Gabbros and
micrograbbros were collected both high (3008 m) and low (3608m) on the
north wall and alternated with plagioclase-phyric to aphyric basaltic
outcrop suggesting fault bounded contacts between plutonic and basaltic
rocks exist at all levels on the wall. There were abundant transform-
parallel scarps along the wall. The lowest scarps appeared fresh with
smooth planar faces that were not incised significantly and were probably
due to recent faulting. Scarps often exposed what appeared to be fault
gouge and cataclasites. A fault-related rather than sedimentary origin for
the recovered breccias is tenatively inferred because the matrix of these
poorly consolidated breccias is devoid of pelagic carbonate-rich material,
and is more likely to consist of rock flour created by cataclasis along
faults. Further detailed SEM, XRD and petrographic work is required to
verify this. In the upper portion of the wall, steep scarps tended to be
deeply incised by talus-laden gullies and channels that degraded scarps at
frequent intervals along strike.  These features were often steep-sided,
up to several tens of meters wide and several meters deep.
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- The overall conclusions from the dive were that 1) there is no young
volcanism attributable to leaky transform phenomenon in the areas
traversed, 2) conical morphologies along the transform axis cannot
necessarily be attributed to young volcanism, 3) medium-grained gabbroic
rocks can be sampled along both on the south and north walls of the
transform and appear to outcrop between basalt exposures aiong the wails
suggesting exposure due to extensive fauiting along the walls, 4) plutonic
rocks have now been sampled in two localities along the north wall of
transform A-B, 5) fresh tectonic scarps were generaily restricted to the
lower walls and axis of the transform, 6) steep but highly incised scarps
characterize the higher parts of the northern transform wall.

Dive 2389

The NW part of spreading center "A" has a series of NW-SE trending
ridges lying between prominent lows. The overall morphologic similarity
to the environment of Dive 2383, prompted a visit to this area.

The dive began in a well developed low area to the SE and
encountered very fresh pillow lavas at approx. 3750 m. ,based upon the
presence of abundant surface glass and light covering of pelagic sediment.

Similar lavas covered the northern wali of the depression but it was not

determined if these were pillows draped across a pre-existing structure
or a true constructional feature. However, the north wall of the depression
is formed by a series of ridges trending E-W, as well as NW-SE,
suggesting that the constructional features here have been strongly
influenced by transform-parallel structures and spreading ridge-paraliel
structures. Similar fresh pillow lavas were encountered on a traverse to
the north, west and north-east and sampled at 5 sample stations. To the
north and west of the depression the pillows occur as a series of
hummocky, lozange-shaped constructional mounds up to 60 m high
arranged in linear NW-SE sets. The lavas are characteristically feldspar-

- phyric with very large feldspars being visible on fresh surfaces from the

Alvin. A white alteration product also coats fracture surfaces when
exposed on talus slopes.

Further traverses to the NE, to the top of a prominent NE-SW ridge,
northwestward to another ridge, and then on a more northerly course
toward the northern wall of the transform revealed more NW trending
constructional pillow mounds. These .mounds lacked lustrous surface
glass, pillow buds were less common, sediment cover was thicker, and
talus more abundant. We consider this terrain to be older than that to the

south.

-30-



e TR TeE hiniinas ol

¥ T

Feino

Siqueiros Transform ALVIN Diving
Finai Report Ali-125-25
7/19/91

At the northernmost extremity of the traverse, continuous ridges
with a pronounced E-W eiongation were observed on the CTFM implying the
influence of the northern transform on the topography. The transform wall
was not reached during the dive.

Dive 2390

This dive was planned to examine the western RT! where the
eastward curving portion of the western EPR appears to intersect the
western extension of the A-B transform. At this point the transform is
expressed as a steep northward-facing ridge that terminates at the
juncture with a small closed contour high that appears to be either the
southernmost extension of the EPR (propagating tip?) or another
transform-related volcanic construct.

The dive began in a deep (3100 m) slightly east of the high and to the
north of the transform wall. The slopes of the hole consist of
constructional pillow lavas and tubes that are elongate in a down-slope
direction. They are covered with a moderate amount of sediment and MnO
and have a significant amount of sediment accumulated in the interstices
between pillows; however, they have very weli defined structures and
show no expression of fracturing or faulting. This constructional terrain
continues on to the flanks of the high to the SW where some haystack
cones and fields of lobate flows exist. In one locale, the lobate flows and
tubes are in contact with and overlain by a contorted and folded sheet
flow. The sheetflow seem to merge with more lobates toward the
transform wall and are covered by sediment and talus at the boundary of
the wall and the smalil volcanic high. Climbing up ( 20-30° ) along the wall
we saw nothing but well-sorted talus (mostly cobble-sized fragments of
pillows) mixed with pelagic sediment. There were no visible faults or
fractures save for the major expression of the north-facing wall itself.

Traversing to the north and west, we continued to see well-formed
pillows, lobes, tubes and the occasional or haystack. The moderate
sediment cover and Mn coating on the lavas suggests the terrain is
relatively "old". Even the deeper areas off the high to the N consist of
constructional pillows that are intact and show no evidence of fracturing
or faulting. The NNW-trending ridge is also constructional and has more
pillow. haystacks and lobate flows (often with meter deep collapse)
covering the upper portions of numerous small (10-15 m relief) highs The
most elevated portions of this ridge towards the NW are markedly
different in that they are covered with rubble and talus and even areas
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with exposed outcrops appear to have been tectonized. The crest of the
ridge is a series of knife-edge ridges and shallow sediment-filled valleys
that parallel the ridge direction. Further north, the fractured terrain gives
way to one of steep SW-facing constructional pillowed walls with slopes
up to 60° and fantastic pillow tube forms. In general the lavas appear to
be somewhat older than those to the south based on the amounts of
sediment cover. Continuing N, the ridge steps down to a well sedimented
saddle area and then changes it's trend to NE (30-40°) with SE-facing
walls composed of even older-looking basalts that are significantly more
fractured but still coherent enough to recognize as constructional flows.

Pillow lavas from the southern portion of the ridge have thick glassy
crusts and significant MnO oxide coatings (up to 0.5 cm ). These basalts
are somewhat vesicular with substantial amounts of plagioclase
microphenocrysts in the glass. The pillow basalts to the north have thick
(furry, sooty and botryoidal) MnO coatings, are more weathered, less
phyric and have thinner glass crusts than the lavas in-the south. The
southern lavas have the characteristics of some of the transform lavas
recovered further to the east but it is difficult to say if they (or the lavas
to the north) have more affinities with those in the transform or the EPR
at this point. Perhaps the most significant aspects of this dive were the
documentation of constuctional volcanism at the RTI and the apparent age
progression to the north.

Dive 2391

The purposes of this dive were: 1) to assess whether the presumed
aseismic extension of the A-B Transform has in the recent past undergone
linking of Spreading Center B directly with the East Pacific Rise when the
ridge tip periodically propagated to the south, 2) to examine the rock
types and structures exposed within the axis and on the south wall of
fracture zone, 3) to evaluate whether a circular peak nested on the south
wall near the axis of the fracture zone is a young volcanic feature
associated with leaky transform activity, and 4) to determine if the crust
in the A swath is characterized by diffuse extension and volcanism or if it
is highly organized to the east along an axis of recent volcanism
documented on Dive 2383. The dive began in a fossil RTl nodal deep to
the west of the present RTI between Spreading Center A and the A-B
Transform. The dive then progressed up the south wall with the circular
peak as a target along the way. The nodal depression was characterized by
a pelagic sediment cover with isolated exposures of pillow basalt and
some talus. There was little evidence of recent tectonic activity. There
did not appear to be any fresh talus. Blocks to cobble size fragments on
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slopes have a thick coating of sediment or in some cases are almost
completely buried. As we progressed up the south wall there was a
considerable amount of talus on the slopes and a series of linear ridges
striking 110° with 20 to 50 meter deeps separating them. These may
have been old fault bounded ridges, but slopes were covered in talus and
pelagic sediment and this was difficult to evaluate. Collections made
along these ridges where there was exposure recovered mostly basalt, but
also one microgabbro.  The microgabbro suggests that uplift of plutonic
levels along faults probably occurred in this region of the lower part of
the south wall. The circular peak and a ridge extending east from it were
composed of infrequent pillow basalt exposures that appeared old on the
basis of heavy manganese coatings, as well as almost complete pelagic
sediment cover.

The outcrops encountered during this dive do not seem to provide
evidence for either a leaky transform volcanic episode or young volcanism
in this region. Further up on the south wali, sedimented slopes with small
pebble-size fragments predominated the slopes with some isolated areas
where larger boulder-sized fragments to large blocks of talus lay upon the
sedimented siopes. Some areas of continuous pelagic sediment cover,
without talus blocks, were also present. All talus had a thick sediment
coating and none of the talus looked young. No young fault scarps were
found and little sign of any recent tectonic activity was obvious. Three
samples of talus taken from these slopes included two microgabbros and
one basalt. This suggests that a significant part of the south wall may be
underlain by plutonic levels of the crust exposed during its transit along
the A-B Transform. Based on the results presented above, it would appear
that there is no evidence of very recent tectonic or volcanic activity in
the region of the dive and it is probable that the extension of the A-B
Fracture Zone past the A RTIl has been aseismic in the recent past and is
not now linked to the western EPR segment. It would also suggest that
spreading within the A segment is now organized to the east of the dive
traverse and not diffuse within the A swath of crust. -

Dive 2392

The purpose of this dive was to revisit the axial summit caldera
(ASC) on the EPR crest near 9° 50.6'N where an area of recent volcanism
and a curious deposit of sulfide sediment were discovered during several
dives carried out during the Adventure Program (A-11125-24) . The dive
took place 35 days after the last visit to this site (D2372). The digital
data collection during the dive was hindered by a major ground in the sub's
main power system which required shutdown of all systems in order to
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trace it. After determining that the ground was related to moisture in the
bottom window sensor and powering up the sub., the in-ball data-logging
computer would not log altimeter, time, depth and heading data, nor would
it display video data . We were finally able to turn the video camera on but
without overlays, however, the 35 mm bow camera only operated at a
default rate of 8 seconds so it had to be manually turned on and off during
the dive. The 35 mm data frame was functional (based on a test strip
developed on board) so some data will be recovered post cruise.
Navigation for the dive was based on iterative ranging on a transponder
placed in the ASC just 80 m south of the marker position at the BBQ Pit
(GPS surveyed position was 9° 50.559'N; 104° 17.541'W; depth= 24952 m
with a tether of 25 m). At one point during the dive we encountered the
tether wire along a pillar and verified the xponder position with respect
to the ASC walls (it was in the middle) and the sub. position.

Despite these setbacks were were able to make significant
observations regarding the geology and biology around the several areas
visited during the dive, to record rudimentary video and 35 mm data to
document the traverse, and to collect rock, sediment and biological
samples.

We commenced the traverse by landing approximately 150-200
meters outside the eastern wall of the ASC near 9° 50. The bottom
approach was made on an extensive sheet flow with prominent striations
in the lava surface that trended NW-SE caused by narrow bands (20-40
cm) of ropy/curtain folded lava. The texture is likely to be flow induced
and oriented generally paraliel to the direction of flow. The flow is glassy
beneath a dusting of sediment and abundant brittle stars are present on
the surface. We headed west from the landing site and within about 50
meters encountered a flow contact between a younger (little sediment
dusting, more obvious glass reflections) lobate lava flow that overlies the
sheet flow. Samples were taken from each unit. We then continued east
and after traversing about 100 m more we came upon collapse terrain that
heralded the approach of the ASC. However, within the collapse area we
noted a prominent fissure about 2-7 m wide and 4-5 m deep and an area of
approximately 20x30 m where a dense biological community of principally
mussels, and lesser amounts of barnacles, serpulids, Galatheid crabs, and
mostly dead clams was present. No tube worms were apparent. A 4-5 m
high..inactive sulfide chimney lies directly in the fissure and a sample of
one of the spires was recovered (#3). It is primarily composed of oxidized
suifides and sphalerite but the innermost portions are comprised of pyrite
and chalcopyrite. The chimney had a central spire about 0.5 m in diameter
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with two smaller spires on either flank and a small (1-2 m diameter)
mound at the base. This fissure lies approximately 10-20 meters from the
eastern rim of the ASC. The depth level of the ASC rim at this latitude is
2514-15 meters.

After descending into the coliapse terrain of the ASC we traversed
to the west wall and then came back to the approximate middie and
traversed to the north to try to find Pat's "Hole to Hell"; a large collapse
pit in the ASC that was found on the last leg to be vigorously venting
fluids and bacterial mat material, and rimmed by high-temperature black
smokers. The central floor of the ASC here is covered by a hackly sheet
flow that appears to fracture and drop down into a deep linear collapse pit
on the east. We were not able to locate the marker left by Pat Shanks on
his last dive due to poor visibility caused by the large volume of cloudy
warm water emanating from this hole. We did however, measure a
temperature of 343°C at a small, 0.5 m high smoker that lies on fractured
basalt on a small peninsula of the western collapse margin of the hole at
2521 m depth. The "smoke” was dark grey to translucent, and the highest
temperature measured was in an orifice that was venting the clearest
fiuid. We left a marker (#7) at this site.

We proceeded northward through heavily collapsed terrain along the
ASC and noted the abundance of bacterial mats and vents along the walls.
Approximately 600 meters to the north we climbed up the eastern wall
(similar to the traverse taken by Perfit and Edmond on Dive 2351) until we
arrived at a distinctive community of serpulid worms and mussels in age
2 lobate flows with a characteristic "sooty” appearance. In the ARGO sonar
data, the eastern margin of the ASC has several linear reentrants and we
suspect that in traversing up the ASC floor we mistook one of these for a
pillar/archway and ascended it not realizing that we were exiting the ASC
untii we noted the distinctive age-2 lobate terrain of the seafloor outside
the ASC. Haymon previously noted on dive 2372 that this area was directly
east of the BBQ site. On finding this "biological signpost” we dropped into
the ASC, descending the 4-5 m high wall and across a large fissure, and
almost immediately located the round plastic marker labelled #1 left on
dive 2372, at a depth of 2525 meters. We then proceeded to carry out a
series of east-west and north-south traverses across and along,
respectively, the ASC floor to study: 1) the distribution of the sulfide
sediment, 2) the contact relationships between the sulfide sediment and
the new lava flow that floors part of the ASC in this area, 3) whether any
discernable changes (geological or biological or both) had taken place
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since dive 2372, and 4) the geological features that comprise the ASC in
this area.

One of the principal observations we made is that the ASC comprises
at least two principal collapse levels and possibly a third as recorded in
the west rim of the ASC. The collapse levels represent the trace of the
shallowest depth that each of the most recent lava flooding events
reached. We noted that one level lies at a depth of between 2520-2522 m
and a second principal level lies between 2524-2526 m. These depth
levels appear to correlate welli across the ASC in the BBQ Pit area. The
east wall of the ASC appears sharper and steeper than the western wall.
And just 1-2 m below the rim of the western wall we sometimes saw a
small bench suggestive of possibly a 3rd collapse level from a flooding
event that did not succeed in overflowing the ASC in this area. Abundant
collapse talus is present at the base of both ASC walls.

The sulfide sediment covers an area of approximately 2400 square
meters (80x30 m) and clearly lies on the lava surfaces and on the tube-
worm and clam/mussel debris that is incorporated in the new flow. The
biological material is distributed over an area that is somewhat smaller
than the area covered by the sulfide sediment (~40x30 m); and the
tubeworm and shell debris is strewn on the surface of the flow as well as
along the taius covered wails of the second level of drainback. Many of the
tubeworms are shredded and the shells of mussels are broken into small
angular fragments. Only a few tube worms appeared to be alive (just two
observed during the entire dive to have the red tip of the worm sticking
out of the sheath). We had a general sense that most of the dead
tubeworms and clam/mussel shells lie on the flow rather than in it.
However, there are also examples of lava encasing tubeworm and
clam/mussel shells and evidence of blackening of the flesh and shells
presumably by high temperature. We collected a number of decaying
tubeworms and mussels from two separate areas within the flow and
some pieces of lava in contact with them. A few of the tubeworms seem
to have scorched outer surfaces and firm "cooked" innards. Another
striking feature of the area is the abundance of Galatheid crabs which we
estimate to be as great as one crab every 50 cm. A more precise count of
crabs needs to be carried out using the bow camera film and should be
compared with the previous dives to see if there has been any change in
the resident crab popluation during the 35 days since the last visit.

The ASC in this area is 50-60 m wide (based on the ARGO sonar data
and confirmation using the Alvin's CTFM sonar) and the sulfide sediment
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was found to cover an area from about 3-7 m from the east wall across
the middle of the ASC to about 20 m from the west wall. There may be a
dusting of sediment on the talus of the eastern wall in some areas near
the Pit, however, given the chaotic nature of the collapse surface we
found it difficult to determine whether a fine dusting of the sulfide
sediment is present. in other areas the sediment forms a characteristic
dull grey-colored deposit that sparkels under the sub's lights due to
reflections off individual mineral grains. The sediment lies on the
collapse talus and lavas of the 1st and 2nd coliapse levels. There was no
evidence of sediment or bacterial mats on the marker. We found the
sediment to thin noticeably at about 30 m north of the marker and about
40-60 meters south of the marker although we had difficulty in tracing
the limit of the deposit to the south possibly due to the chaotic nature of
the collapsed terrain and -the difficulty in navigating the sub. through the
many lava pillars and archways that are found in the ASC floor. There
appears to be a great deal of variation in the thickness of the deposit
south of the marker perhaps as a consequence of local relief and
accumulation at the base of steep walls. The sediment does appear to have
collected in some of the low-points in the collapse terrain, ponding in
some of the smoother and less-hackly areas a few meters to as much as 5
m across. It was obvious that the sulfide sediment had also been deposited
along the base of the eastern and to a much lesser extent western walls
but not within the deep, narrow fissure that runs along the E wall between
3-10 m from the base. This fissure was followed for at least 100 m
south of the marker until it narrowed at a bridging obstruction. Our
observations suggest that this feature may mark a surface fissure or
collapse channel over a primary drainback zone, now modified through
collapse, that must have opened following the eruption that produced the
new lava flow in the BBQ Pit site. Extensive bacterial mat growth is
present to the south of the Pit area on the east side of this fissure
especially where it grades into the east wall of the 2nd coilapse level.

In determining the sequence of events that resulted in the deposition
of the sulfide sediment it will be important to account for the following
geological observations:

1] The area has undergone at least 2 and possibly three caldera flooding
events, each of which has failed to breach the present caldera walls in the

area_surveyed.

2] The new lava flow that floors the ASC in this area has been cut by a
deep fissure and there is very little apparent sulfide sediment either on
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the steep walls or in the floor of the fissure where we were able to make
observations.

3] There is a biological community comprising principally mussels, and
serpulid worms in a 10-20 m swath adjacent to the east rim of the ASC
proximal to the area covered by the sulfide sediment. Dead tubeworms and
shell debris were observed on the talus at the base and along the face of
the eastern wall of the ASC.

4] The sulfide sediment is sand- to fine-sand-sized and no large
fragments were observed. It appears to have draped both the new flow and
the tubeworm bodies as if it was a deposit that came out of suspension.
The shell debris is rather finely fragmented and widely dispersed through
the collapse talus and present along with intact shells that have been
blackened.

5] It will be important to compare the geochemical analyses of rocks
from the new flow described during dive 2372 around the BBQ Pit area to
lavas north and south of the Pit. If the flow is chemically distinct it will
help to establish that the flow is indeed a different and possibly younger
eruptive unit than the flows surrounding it. If the chemistry is
indistinguishable from the more extensive flows that floor the ASC in this
region then it is possible that the latest eruption was of higher volume
than previously suspected. The timing of the deposition of the sulfide
sediment must have post-dated the implacement of the young flow,
however, at this time it is difficult to place any meaningful constraints
on the possible causal associations between these events.

6] Microbiological analyses and examinations of the burned tissues of
vent animals should be carried out to try to determine if the burning agent
was hot water or hot lava. This would help to constrain the relationship
between the sulfide sediment deposition, and the disruption of the
biological community.

7]  Further analysis of the ARGO sonar and photographic data from this

-area will help to establish the relationships of the old versus the new

features we have observed. However, it is imperative that during the next
visit with Alvin to this site that a wide area electronic still imaging
system be mounted on the sub so that a detailed digital photomosaic can
be made of the BBQ Site and surrounding seafloor to establish the baseline
morphology of the area for future studies so that changes can be
accurately documented.
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ANNEX 1

DIVE TRACKS ON 10 M SEABEAM CONTOURS
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SAMPLE INVENTORY SHEETS
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P Lot

Al 125/LBG 25 ALVIN SANPLE PROCESSING: SAMPFLE DISTRIBUTION:
SAMPLE # BULK GLASS GL CLEANED PROBE CHFS _ GL POWDER WR POWDER COMMENTS U. F. U B LDGO

Mﬂrﬂwﬂﬂ&@.ﬁ-gnﬂﬂEgﬁﬂmﬂgﬂggﬁﬁﬁgﬂhﬁggﬁggn&b
%n&w&g.gn—g%gwm&.g&&ﬂnnﬂ}. etc.
uonqﬁwgw-um!«%nwumﬂduﬂ. R=Ian Ridiey (has glasy samplex anly).

2375-1 X x probe anly X X
23752 X XX X XXA altered glass, slightly "dirty” X X
23754 X X XX XX extra X X
23755 X X X
856 X h: 9.4 X XX extra, <7g powder X X
8757 X XX XX(R) XX(IC) e X X
23758 X altered glass X X p:4
0759 X X XX(WR) XX(IC) exma, 10 glass left on sample X X
23752 WR XX thin section biock X X
3758 WR XX
23761 X XX XX XA exira sample not clesned X X
23762 X XX XX XA extra X X
23763 X XX XX(R) XX(IC) ot X X
23764 X p-:4 XX XX A extra X X
23765 X XX XX XX extra X X
2376-6A X XX XX XX A extra X
237%6-6B X XX XX XX exn X X
23767 X XX XX(R) XXA(IC) e X X
23768 X XX p.5.4 XXAC) extra X X
23769 X XX p. .4 XX A X X X
237610 X XX X XX X X
237611 X XX XX XX am X(70%) X (30%)
2376-12 X XX XX XX extra, slightly dirty X(0%) X {30%)
23771 X XX XX(IR) XX A extra glzss X X
23772 X XX XX XX A extra glass, has plag X (wrapped) X X
23773 X XX XX@) XXAQFC) extra glnss, hasplag X X
23774 X X XX dirty, cleaned 2X in HC1 X X
23775 X XX X iX A dirty, cleaned 2X in HCl X X
2377-6 X b.9:4 XX XX A small smoors extra, X X
23777 X XX X XX A exirs plass X (wrapped) X
23778 X XX xx XX A X X
2779 X XX XX XX A small amount glass X(WR) X(WR)
2377110 X XX XX XX A extra glass X (wrapped)
2377-11 X XX XX([R) XXAC) 3 whirlpacks extra gisss! X X
23781 X XX X XX A small amount extrs. X X
23782 X XX XX(@R) XXAC) e X X
2378-3 X XX XX AL A extra X X
23784 WR XA no glass X X
23785 XX very amall amt glass X X
23786 X XX XX(IR) XXAGC) exira glass (2 splits), vecy dirty X X
23787 X XX XX(R) XX(IC) extra, sightly dirty (Mn), washed 2x X X



All 125/LBG 25 ALVIN SAMPLE FPROCHSSING: SAMPLE PISTRIBUTION:
SAMPLE#  BULK GLASS GLCLEANED PROBECHIPS GLPOWDER _ WRPOWDER COMMENTS U.F. U.H___LDGO

X=checked on criginal procesting form; XX=verified during transit to Satt Diego; A=powdered in agate ball mill (ctherwise done in aluming bali mill).
glass clenned=there s cloaned, unpowdered glass; probe cirips=there is dirty, unpowdered glass for probe, etc.
JC=Jack Casey has part of the powder. IR=Isn Ridley (has gisss samples anly).

23788 4 XX XX XX A washed 2X HCI, white cost & Ma cost X X
23789 m XX XX XX e X X
237810 XX XX XX A extra, washed 2X X X
237811 X XX X XX A exre X X
23792 WR XX(C)  noglam
B3 WR XX noglass
23802 XX small amt, notclesned 0.5kg
2380-3 X XX XX XX ol, plag; cleaned 30min 1kg
23804 X XX(IR, all) (IR, Al XXALKC) splitis mostiy rock, powder is mix of gl+rock 0.5kg
23805 X m XX XX 0.1kg
23806 X clesped 30min; not encogh to powder
2380-7 X XX X XX powderis mix of gisss+rock v o.p%«ww e e
2330-3 X XX oot enough to powder kg
2380-9 X mm x m
2380-10 X dirty ssmple, cleaned 30min; alsoplag phiyric 10
238011 X XX XX@R) XX(IC) plag, spase ol Fiag o.w_www %g kg
2380-12 X XX XX XX rare ol; cleaned 30min 0.1kg
23812 WR XX X X
2381 3AWR IO X X
2381-10B X XX X XX X x
2381-11 X XX XX(R) XAGC) X
2381-11 WR XX %
2331-14A NNAHV mﬂso BHW X
2381-14B X probe oty X %
2301 X XX X
N2 X XX ﬁ X ﬁ
2324 X XX XX thin section block 0.5kg X 1kg
28305 X XX 0.5kg X
2382-7 X X XXAR) XX30) washed 2x 0.3kg X
2389 XX thin ssction block
23%-10 XXIO)
23811 XX
2383 thin section biock, no ssmpie processed 0. X
83R6 10 samgple processed W‘Wﬁ He
23831 X XX XX XX sparse plag phenocrysty 0
7852 X XX(R) X(®) XX(C) iy A4
23834 X XX X XX picked for powder but sl dirty, plag pheno. g 1kg
2835 X XX XX XX boid 0.50g
23835 X xx A(R) ZXIC) 1.5kg 0.5kg
2383-7 XR) very small amt, for probe g
2383-8 X XX XX XX heavy Mn, white costing, Washed 2x 0.2kg




Ta

All 125/L8G 25 ALVIN SAMPLE FROCESSING:
SAMPLE#  BULK GLASS GL CLEANED _PROBECHIPS GLPOWDER __ WRPOWDER COMMENTS

X—checked an criginal processing form; XX~verified during transit to San Diego; A=pawdered in agate ball mill (otherwise done in atunio bali zill).
glass cleaned—there is cleanied, unpowdered giass; probe chips=there is dicry, unpowdered glass for probe, etc.
JC=Jack Casey has part of the powder, IR=Ian Ridley (has glass smmples anty).

2383k

Lot

SAMPFLE DISTRIBUTION:

U. H.

0.5kg

2384-1 X XX XX(R) XXIC) X X
23842 X XX XX{IR) XX X X
23584-3 X XX XX[IR) XX picked clean & free of ol phenocrysts X X
23544 0.5kg to USGS kg 1k 0.5kg
23845 breccia 2Zkg 2kg 2%kg
2384-6 X XX XX XX 2y 2%z
2384-7A X XX XX XX top glass flow X
2384-7B X XX XX XX bottom gixss flow X
2388 X XX XX XX glass picked free of dl.; 0.5kg o USGS 3ky 5kg
23045 X XX XX{R) XN X X
2384-10 X 3 XX XX Skg 2kg
2384-11 X XX XXAR) XXXy 0.5kg to USGS 2kg 2%g
2384-12 X XX probe caly 1kg 1kg 0.5kg
238413 WR chipcut kg &z g
2384-14 WRchipox 8z Skg Sk
2385-1 X XX XX XX 1 0.3t
23852 X XX XX(R) XXG0) &b b 0.51b
2385-3A X XX X(IR) X b 03  03mb
23853B X XX X XX 4h 0.3l ih
23854 X XX XX XX 10tb 2 b
23855 X XX XX XX X gass 3D
2385-6T X XX XX(R) XX(¥C) T=top 151 b

- 238568 X XX XX XX B=bottom » u
238574 X XX XX XX X glass
2385-7B X XX XX XX X
23858 X XX 0.5 0.2
23859 X p:9: XX XX 1.5l 05 0.6l
23861 XX sot enough g 0.
23862 XX 0t enough 0.7%g o.Wm
23863 XX XX licg 0.5kg
2864 XX 1rg ikg
23865 X XX XX@R) XXJC) more glass on sample 2%
23366 XX XX 1kg 0.3kg
2867 X XX XAR) XX WR w0, thin section block kg 0.25xg
23858 XX g 0.251g
2387-1 X XX XAdR) XX(IC) 110 glass (77 written oo arig. sheet) 0.5kg 0.5kg  0.5kg
23872 X XX very ditty, probe caly 2%kg 2kg kg
23873 80 glass, sammple bagged for WR Skg
23874 oo glass, sample bagged for WR Skg
23875 X XX XX XX 2y %g kg
22876 X XX XX@R) IXIC) dirty glasy, cieaned 30min 0.5kg 0.5kg 1kg
ze nogies &g g 6
2387-8A microgabbro, no glass ts chip X
23878B . no wg MKN




Al 125/LBG 25 ALVIN SAMYLE PROCHSSING:
SAMPLE # BULK GLASS GLCLEANED PROBECHIPS GLPOWDER _ WR POWDER

Pua.

COMMENTS

Xe=checked on original processing form; XX=verified during transit to San Disgo; A=powdered in agate ball mill (ccherwise done in abosmina ball mill).

glass clesned=there iy clenned, unpowdered glas; probe chipa-there is dirty, uapowdered glass for peobe, ete.
JC=Jack Casey has part of the powder. IR=Ian Ridley (hay gixss mmples only).

SAMPFLE DISTRIBUTION:
U.H___LDGO

U. F.

23879 10 glass Skg

2881 10 glass, WR chips

23882 X XX XX

238834 XX(R) 3A=glassfrom rock; plsg piyric

238838 XX 3B=giamn from beeccia on sorface

23384 noglss

23885 XX thin, devinified glas, WR chip

2886 10 glass .

23887 0o gixss, WR chip

23888 breccia

138898 hom_l.ﬂ Q.M.RN Q.Nkﬁ

2388-10 X b:¢: XX(R) XX exma bag of glass 1.5kg Lkg

2388-11 noghs

238812 noglas

2389-1 X XX XX(R) XXIC) X

23892 X XX XX XX X

23893 X p-9-¢ XX XX sparse ol X

23894 X XX XX XX ¥

2389-5 X XX XX XX X

23895 X XX X XX mix of giass & mesocryxtalline seoff X

2389-7 X XX XX XX pillowtbe Zg Zg  20kg
23898 X XX p..9 XX Hsbby lave; 1kg to USGS, 1kgto R Schuster Ay lkg

2390-1 X XX XXaR) XX@C) n.wrﬂ__a plagiocinse all

2902 o

2390-3A X XX XX ﬁ o._uwmm *
2390-3B X m m ww X X

23904 X

23905 X XX X XX giass fall of small plag N._nm i =
2390-6 X p:4:4 X verylie glass 2kg Lkg Skg
1390-7 X X XX il disty, do on probe 2kg 1kg 4kg
23508 X XX XX lots of plag, small amt oi; cleaned 30min alt Ckg)

2390-9 X XX XX(IR) XXJC) extra glass g  0.5kg

23911 X XX XX(R) XX

23912 X X XX 5.5 of glasy clesed m M Hwﬂw
23513 X XX XX XX 2%z ikg

23914 thin section chip 1.5kg 0.5kg

23915 thin secrion chip Skg Skg

23916 24z 2%g

23917 thin section chip 2% 25kg  10kg
23918 Sxg 3kg

2915 4kg kg 0.2kg
2391-10 Skg 15kg g
2391-11 kg 8kg



All 125/1L. 3G 25 ALVIN SAMPLE FROCESSING: SAMPFLE DISTRIBUTION:
SAMPLE # BULX GLASS GLCLEANED PROBECHIPS GLPOWDER  WRPOWDER COMMENTS u.

F. U . H_ LDGO
X=checked cn criginal processing form: X=verified during tramsit to San Diego; A=powdered in agate ball mill (ctherwise done in afuemina bafl mill).
glass cleaned-=thece is cleaned, unpowdered glass: probe chips=there is dirty, unpowdered glas for probe, ez
JC=Jack Casey has purt of the powder. IR=Isn Ridley (s glass sapies caly).
2392-1A x XX
23922 ) sulfide split between Suzanoe Paradis and
23924 b XX XX
23929 XX XX
2352-10

bag of 0.5kg of
XX XX XX % A03kg ofglas



SIQUEIROS DREDGE SAMPLES

Lat
Sample *  Lithology Glass wt €. 5. HMineralegy Y Am Ma We Alteratison Sed, Remarks
A2501=1 Basalt Yes 9 F.B 2phyric <% Mo thin  mild  eint Qlscal. no plilow, joints, 1arge pipe vesc
ADSD1-2 Basalt Yes 45 F.6. aphyric <% No  thin mild joint discel. o plilow, thick Mn crust
A25D1-3  Basalt Yes 7 FG. 2phyric <I% No  thin  milg  Joint discol. no piilow, joints, pipe vesc.
A25D1-4 Basalt Yes S35 FG aphyric 3% No trace mild  joint discol. no pillow Trag.
AZSDI-5 Basait Yes 20 FG. ahyric IR Mo thin - mild  Joint discol. no pillow, pipe vesicules
AZED1-6 Basalt Yes 4 F6G, pltag. microphyric IR Ne no mild  joint discol. no pillow, glass rust weathering
AZSDI-7  Besalt Yes & F.G. piag. phyric % No  thin  mild  joint giscol. ) pillow, tude vesicules
AZ30D1-8 Basait Yes 2 F6. aphyric [31. 2. "] thin  miid  joint discol. no fresh giass, rust weathering, siltow
A23D1-9 fasait Yes 15 FG aphyric G% N oMo mild  joint discol. n fresh giass, minor weathering, piliow
AZ501-1¢  Basalt Yes 1.3 F.6. aphyric ~1% No ne ne Joint discol, e fresh glass, minor weathering, plilow
AZ5D1-11 Basalt Yes 1S F.G aphyric, plag <1% No trace mild  joint discol. no fresh glassg, plllow
AZSDI-12  Basalt Yes 15 F.G aphyric <R Mo thin  mild partially palag ne fresh glass, pltlow
AZ5D1-13 Basalt Yes 156 aphyric IR Mo o mild  partially palag no thick Hm of fresh glass, pillow
AZSDI-14  Basalt Yes 1F6 plag. phyric <% No no v. mild partially palag. ne fresh glass, pillow
AZ5D1-15  Basalt Yes 1 F6 aphyric <I% hNo ] mild  thick rusty patag. rim no fresh glass, pillow
A25D1-16  Basalt Yes 1FB aphyric 3 no v. mild }oint discol. no fresh glass, pillow
AZ5D01-17  Basalt Yes 075 FG aphyric <R No ™ v, mild no fresh glass, pttlow
AZ501-18  Basalt Yes 0S5 FG aphyric <I1R No m v. miid ne rresh glass, prilow
AZ5D1-19  Basalt Yes 05 FG. aphyric <1% No no v. mitd no thick rim of fresh glass, plllow
AZ2501-21  plllow basalt Senm 3 aphyric <1%plag. Yes e trace ™ Hgnt no pillow frag pg pheno
AZ5D1-22  plllow basalt 4amm 10 mhyric trace ptag Yes no trace Jight light palagn. ne pillow frag pg phenc
A25D1-23  plllow basalt & mm 15 2phyric trace plag Yes no  trace light lightpalag no pillow frag pg pheno
AZ3D1-24  plllow basalt 3 rmm 2 aphyric trace plag Yes no trace light  lght palag no pillow frag. pg pheno
A25D1-25  pillow basalt 2mm t aohwric trace piag Yes no trace Tight Light ne Pillow frag. pg phenc
AZID1-26  pillow basalt 10mm 8 aphyric trace plag Yes no mm Hght  Hgat no plllow frag. pg pheno
A25D1-27  pillow basailt Zmm 2 aphyric trace plag Yes ne trace lght Tight trace pillew frag pg pheno
AZSD1-28  plllow basalt Smm 0.5 aphyric 1% plag. Yes ne  trace light light - no pillow frag pg pheno
A25D1-28  plllow basalt no 05 aphyric 1% plag. Yes o m Hght  Hgnt ne 1110w Intertor
A2501-30  pillow basalt Bmm 2 apryric 1% plag. Yes ne  trace Hght  light no pillow frag. pg pheno
A25D1-31 piliow basalt Smm 0.5 2phyric 1% plag. Yes m no light Tight trace ne plllew frag pg pheno
ASD1-32  plilow basalt 4mm 0.8 aphyric 1% plag. Yes no trace lght light ne oillow frag. pg pheno
AZ501-33  plilow basait 3 mm | aphyric trace plag. Yes o trace Hght light ne pillew frag, pg phene
A25D1-34  pillow basalt 6 mm 0.2 aphyric trace plag Yes o trace lght Yes oillew frag pg pheno
A28D1-35  pillow basalt S mm 3 aphyric Yes ™ Yes  yes n
AZSDI-36  plilow basalt 25 mm 3 aphyric plag. Yes m™ Yes  yes ne
AZ5D1-37  pillow basalt Smin 3 aphyric plag. Yes o Yes  yes n
A25D1-38  pillow basalt 5 mm 2 aphyric plag. pheno, to 3 mm Yes ™ Yes  yes yes
AZ5D1-39  pillow basait 3 mm 2 aphyric plag. pheno. to 3 mm Yes m Yes  yes yes
AZSDI-40  pillow basalt 2 mm 1.5 aphyric plag. pheno. to 4 mm Yes ™ Yes  yes ne
A25D1-41  plllew dasalt Smm 2 »hyric plag. pheno, to 3 mm Yes m Yes  yes no
AZ5D1-42  pillew basalt 3 mm 05 aphyric plag. phenc. to 3 mm Yes no no yes na
AZSD1-43  pillow basalt 2 mm 03 2phyric Yes no Yes  yes n Internal glass layer?
A2501-44  pillow pasalt 2 mm 0.3 aphyric plag. pheno, to 3 mm Yes ™ n yes no
AZ5D1-45  plllow basalt 10 rom 05 aphyric plag pheno. to 3 mm Yes minor yes no
AZ501-46  plllow pasalt 1G mm 3 aphyric plag. preno, to 3 mm Yes m Yes yes no
AZS01-47  pillow basait 5 mm 2 aphyric Yes m Yes  yes V)
AZS01-48  piliow basait 2 mm 0.5 aohyric plag. m no yes yes palag.
Sample *  Lithology Glass wt 6. 5. Mineralogy Ye A Mnhn We Alteration Sed. Remarks
AZ502-1 basalt ™ JFG plag. <IR  No no miner  along cracks no massive vesicular
A25D2-2 basalt o 03 M-F plag, 2R No Mo mild  rind some massive vesicular
A2S02-3 basalt some 05 F-F plag+px 2% No o mild  rindscracks some massive veslcylar
AZBDE4 pasalt no 05 M-F piag. QR No no mild  ring=cracks some massive vesicular
A2502-5 vasalt no 1 M-F plag.+px 2% No no mild  ringdscracks some  massive vesicular
A2SD2-6  basalt no 05 F 20hyric @R yes ™ mild  irregquiar some  welrd plpe vestcules clastic morphology”?
A25D2-7 basalt yes aF aphyric 18 No no some  sit discol some pillow, thin glass
AZSD2-8 Basalt rot much aF aphyric 1R No by some  discol. some pillow
A2502-9 basalt yes 1F plag. 1BNo 1o mild sl discol some  pillow, thin glass
AZ502-10 basalt yes Q5 F apmyric 18 No n some  sit discol. some pillow, thin giass
AZ502-1t  baszlt yes 2F | zphyric RN no mild  part palag some  pillow, thin glass, not tog fresh
AZS02-12  basalt ¥eS OSF plag<IR 1% No no some st giscol, some pillow, thin glass
AZ302-13  basalt yes 05 F plag<1Rk 1N o some  sIt discol. slight  pitiow
AZSD2-14  pesalt yes 1F plag.<1Rk 1RNe  no mild  sit ¢lscol. some v thinglass
AZSD2-15  basalt yes Q2SF plag.ai® 18 No sitight milg  Fe oxide? some v, thin glass
A5D2-16  basant yes Q25 F plag<i® 1% Ne ne mild  slt giscel, some
AZSD2-17  basalt v. smatl 025 F plag.¢!1® 1% No ne mild  blue some




SIQUEIROS DREDGE SAMPLES

L
Sample *  Lithology Glass wt G. 5  PMewrxiegy Ye Am Mnan We Altsratisn Sed, Remarks
AZSD2-18  basalt yes Q25 F WWTIC 1% No no sorme  sit discol alignt  pifiow, thin glass
AZSD2-18 basalt yes 025 F plagi® 1R No ne some  Dlue siight
A25D2-20  basalt v little 025 F aphyric 1% No no some  Dblue slignt v, little glass
AZSDR-21  pasalt F 1% No o
A25D2-22  basalt v, l1ttle C2SF pleg<1® IR No no slight Fe staining slight
A25D2-23  2small frag :o Q1 F plag, px, minar o, 1% No no minoe  minor 70 unusual-may be fractionated
AZSD2-24 1 small diabase Q.1 pl+ px. No 1.4} minge  minoe e clabase
on?... small pleces divided avenly among UF, Ui, LDEO
™
Sample *  Lithelegy Glass wt G. 5. Mineralogy Ve Am Mn We  Alteration Sed, Remarks
AZS-3RC rock-core sm, amt of &mw M <lg
Sample *  Lithology Glass Wi 6. 5. HMineralogy ¥Ye Am Mn We Alteration Sed. Remarks
A25Da~1 bagalt yes 8F aphyric SR no yeés  yes Fe & Mnooxides no
A25D4-2 basait yes O1F phyric/glass noono nc no some ¢lay for probe
A2504-3 pasalt yes 05 F 2phyric/glass nm no ne yes fine dust of Fe-oxides o glass
AZ5D4-4 Angesitic pasait yes 15F aphyric 1R no ne yes Fe-oxides & clay [40] white coatinglclays?)
A25D4-5 casalt no 3 aphyric few ™ yes Fe-oxives & clay no whole rock anatysis
AZ5D4-6 basalt yes S5F phyric yes yes yes  yes Fe-gxide ]
AZSDS-T basalt 1mm BF aphyric o T minor yes Fe-oxide m
A25D4-8 basalt yes 3 VF omyric SR ho yes Fe-oxide na
AZSD4A-S basalt yes 1.5 2phyric 3R Mo yes no
AZ504-10 basalt (1] 1 aphyric few no yes yes Fe-oxige ] whele rock analysts
A25D4-11 pasalt yes 1VF aphyric Moo yes  yes m whitish coattng
A2SD4-12  basalt yes LF plag. 3% no Fe-oxide no
Sample * Lithology Glass wt 6. 5. HMineralogy Ye Am Mn We  Alteration Sed, Remarks
AZ305-1 basalt Yes 10 kg F ? no trace milg ptllow frag.
AZS05-2 bagalt Yes 10kg F 1% no trace mild  Fe-oxides clays along cracks
A2505-3 basalt Yes 7Kg F rare nQ trace ralld  Fe-oxides n
A2505-4  basalt Yes 7kg F centerno mild  Fe-oxides no flow banding
AZ305-5  basalt Yes 7Kg d gentetno  trace mild  Fe-oxides m fow banding
Sample * Lithology Glass wt 6. S. Mineralogy Ye Am Mn We  Alteration Sed. Remarks
AZSD6=1 basaitic glass yes 2 grans G ? e m M on t s1ight aclays & SmmMn crust  yes sed in fractures, fresh glass
AZSDE-2 basait yes S1b F e no yes slight aih and Fe oxides and clays
Sample *  Lithology Glass wt 6. 5. HMineralogy Ye Am Mn We Alteration Sed, Remarks
AZSD7-1 gtass bud Yes 1Sgrams G glass n M yes 73R of the glass 15 2lteno S*25%2cm
ARSD7-2 glass yes 2 gans G glass M yes some glass altered minos clz Tat crust I#3%1 o
A2507-3 glass yes 30 gams G qlass e ves some glass altered minor clz ropy crust 4*3%] cm
Sample *  Lithology Blass wt G. 5. Mineralogy Ve Am Mn We Alteration Sed. Remarks
AZ5D8-1 basalt very thin __1%g [ 2phyric no___no heavy heavy along fracture old pillew frag
A2509 no recovery
ASD10 No recovery
Sample *  Lithology Glass wt 6. 5. Mineralogy ve Am Mn We  Alteration Sed, Remarks
A25-11RC  rock-core Mn crusts and biogenic poze, and one small plece of glass
A25D12 o recovery
Sample * _._2539. Glass wt B, 5. Mineralogy Ve Am Mn We  Alteration Sed. Remarks
i cbasalt  slight 20 grams _qlassy  piaq +0laspl w o heavy some sHght oxidation Sit, unusual texture and mineralogy
Sample *  Lithology Glass wt 6. 5. Mineralogy Ve Am Mn We  Alteration Sed. Remarks
AZSD14~1  plag. phyric basait no F plag.sol e ne heavy
AZ5D14-2  plag, phyric basait ne F plag.zol n heavy
A25014-3  plag. phyric basalt n F .- plag.zel e no heavy
AZ5D14-4  plag phyrc basalt m F plageo} oo heavy
AZ5014~5  plag, phyric basalt m F less plag momw neavy
A25D14-5  plag. phyric basalt no F less plag no_ heavy




SIQUEIROS DREDGE SAMPLES

L
Sample *  Lithology Glass wt 6. 5. HMimralegy Ye Am Ha We Alteration Sed. Remarks
AZ5D1%-1  plag. ol glass matrix 8) grams G plag.+ ¢l In glass "o 20w Qlass slight altered same sort as D13 and similar sample but D15 has glass matrix
assorted fragments of single rock recovered angd Mn crusts
Sample *  Lithology Glass wt 6. 5. Mineralogy Ye Am Mn We  Alteration Sed. Remarks
A25D16 NG recavery
Sample *  Lithology Blass w1 G. 5. Mineralogy Ye Am Mn We Alteration Sed. Remarks
AZ5D17-13  layered gabbro o 601 ™ plag.-cpx gab/epx e no ne moderate no sample shows layering
AZ5D17-14  basalt/diabase o 61 M plag.~cpx/aptyric e <1 no moders zeolite/chiorite no no chilled surface or glass
A23D17-15  basalt/dizbase no 9 M plag.-cpx/aphyric o <% no ne zealite/chiorite no no chilled surface or glass
AZSD17-16  Dbasalt no 61 F plag.~ol phyricor aphyric <i% no no atong fr minor no Xenogabbro co/gadhro
AZSDI7-17  microgabore no 10 1b M plag.~cpx vugs no no modera alony fracture no
AZ3D17-18  microgaboro no 15 M plag.~cpx m o no modera chigrite o thick weathering rind
AZSDI7-19  microgabbro ) 21b M plag.-cpx oo o maodera 2mphibolite no
AZSDI7-20 basalt no 8F plag~ol phyric <% no no no in xenoiths no xerliths of gabbrosampnibelite
AZ5017-21  glass breccia m
AZSONIT7-22  glass breccla no
A25D17-23  micregabbro 1.
Sample * Lithology Glass wt 6. S. Mineralogy ¥Ye Am Mn We  Alteration Sed. Remarks
AZSDIB-1  basalt
A25018-2  glass
A25D18+3  basalt
AZSDI8-4  flat glass roppy flow, Mn coated
AZSDIB-5  glass roppy flow
A25D38-6  glass
Sampie #  Lithology Blass wt 6. 5. Mineralogy Ve Am Mn We Alteration Sed. Remarks
A2SD16~1  giass
AZSDIG-2  Dasall Yes F 2ptyric glassy fragrment
A2S01G-3  pasalt yes F aphyric thin pillow frag.
AZ5D19=-4  Ddasalt no F aphyric yes Fn coating on 211 surfaces. pillow frag.
A25D19-3  pasalt palag, F phyric yes I coating on top. weathered 2ones In (nteriar. bottom 15 $1ight vesicuar.
AZSDIS-6  basalt Yes Skg F 2phyric yes 500ty Mn coating. pillow frag. weathering halos.
A25D1S~7  pasalt thin 7 kg F aphyric 1 man plllow frag Mn coating on ail surfaces
AZS015-8  pasalt palag Sk F aphyric 2mm pillow frag. Mn coating on top.
A25D16-9  pasalt <trm 7kg F ohyric tmm plllow rrag.
A25019-10  pumice Trag. rounded, girty lignht brown color.
Sample =  Lithology Glass wt 6. 5. Mineralogy Ve Am Mn We Alteration Sed. Remarks
AZ5020-%  picrite yes Ik F &K 01, 1% plag yes no m o no " plilow bud
AZS020-2 picrite yes 3 F 8ROI, IR plag M e yes yes no no pillow frag. Mn & white mat,
AXS0D20-3  plerite yes 81 F R 01, IR plag Mmoo ro ho no no plllow frag,
AZSD20-4  picrite yes 51b F 8R 01, 1R plag m ne no no no no plllow frag,
AZSD20-5  plcrite yes Slb F 8RO, IR plag M ne Mo no no no ptilow frag,
AZSD20-5  plorite yes Sb F SX 01, 1% plag Mmoo ¥es  yes no m plllow frag. MnO, Fe0, & white mat.
ASD20-7  plerite yes 316 F 3801, 1R plag Mmoo no no no ptllow frag.
ADSD20-8  plicrite yes 3 F 5% 01, 18 plag o no ne m 1] péllow frag.
AZSD20-9  plcrite nc 2 F micro-plag. Mo yes  yes no " o pillow frag. MnG, Fed staining
A23020-10  plcrite ne 81 F micro-plag m o m yes  yes no 2] Gypsum, oxiges on fracture
AZ5020-11  plerite ne 41b F micro-plag. DM yes  yes no no oid pillew frag. Mnd coating
AZ5D20-12  plcrite girty gqlass 1S1b b micro-plag m yes  yes no no old pillow fraq.
Sample * Lithology Blass wt 6. 5. HMineralogy Ve Am Mn We  Alteration Sed. Remarks
A25021-1  Alvin ski gredge
Sample * Lithology Glass wt 6. 5. Mineralogy ¥Ye Am Mn We  Alteration Sed. Remarks
AZS022-1  baselt 15mm 20kg F ol. plag. 1% 1o n light no brn very fresh , 14ttle sediment cover.
AZSD22-2  basalt 8mm 13 kg F ols piag. pipe o no slight no no
AZSD22-3  basalt 4mm 1 kg F .. ol.plag pipe maybe no slight no no
AZSDZ2-4  basalt thin 25kg F o, plag yes no n some  no no
AZSDIS-5  pasalt 3 mm 25 kg F ol+plag, pipe no no some  no no
Sample *  Lithology Glass wt 6. 5. HMineralegy Ye Am Mn WwWe Alteration Sed. Remarks
AZSD23-1  basalt yes 70kg F 2% Ol &rare plag. yes N0 no yes  no o mllow frag big pipe vesicules,
AZSD23~2  basalt yes 1kg F 3% ol yes N0 no yes  ne 1o plllow fragment.




SIQUEIROS DREDGE SAMPLES

Pt
Sample =  Lithology Glass wt 6. 5. Trheerwepy Ye Am Ma Wa ARerstion Sed. Remarks

A25024-1  glass yes 1 glass %ol yes NO no o o ] pige vesicule glass flow

AZSD24-2  basalt yes S F iR 0l o NO 1] no "o no plilow buds

AZS024-3  basalt no S lul aphyric SN0  yes vyes mo no old pillow Tragment

Sample *  Lithology Glass wt 6. 5. Mineralogy Ve Am Mn We  Alteration Sed. Remarks

A25D25-1  basalt ] Skg F plag. » o} yes yes

AZ3D25-2  pasalt ] 10kg F trace plag yes? thick Mn coating

AZSD25-Y  pasalt »one 2kg F trace plag. yes thick

AZ3D25-4  basalt " no 7Kg F yes thick weathering rind

AZS025-5  basailt ;o Skg F plag. yes yes? old pillow mare vesicular than others
A25025-6  glass yes & yes

AZSD25-7  glass ¥es 6

Sample *  Lithology Glass wt 6. 5. Mineralogy Ye Am Mn We  Alteration Sed. Remarks

AZSD26~1 pasalt yes F phyric ne o yes yes ™ no old ol-ghyric frag

AZSD26-2

ARSD26-3

AZ5D26-4  Dasalt yes S5 F aphyric yes 7 no yes " no relatively fresh

A25D26-5  basalt yes S F phyric " N0 yes  yes o no pillow frag

AZSD26-6  basait yes 81 F 20nyric oo m yes  yes Mo no piliow frag

AZSD26~7  pasalt 1] b F aphyric yes no yes  yes no yes microvesicules 5-10%

A2SD26~8  basalt yes E-R ) F aphyric 2 ] yes  yes n yes glassy pillow frag. “breccla”
AZSD26-9  basalt yes 8l F 2phyric Mmoo yes  yes o yes plllow Trag

A25D26A23D: basalt ) 31b b aohyric N yes  yes no no

Sample *  Lithology Glass wt 6. 5. Mineralogy Ye Am Mn  We Alteration Sed. Remarks

AZSD27-1  besalt v. thin F aphyric thin Mn coating on 211 surfaces

AZSO27-2  Dasalt F aphyric thin Mn coating on 2l surfaces

AZ5027-3  pasalt F 2phyric thin Mn coating on all surraces

AZSD27-4  basalt F aphysic yes thin Mn coating on 211 surfaces, vesicular,
AZSD27-5  qlass glassy thin

Sample #  Lithology Glass wt 6. S. Mineralogy Ye Am Mn We Alteration Sed. Remarks

AZSD28-1  pg phyric basalt thin plag. 13%, ol <1R thin - mild pgup to 8 mm,

A25D28-2  pg -0l phyricbesalt o 15Rplag, <1%o) yes mild pEup 205 mm, 61 0.5 mm

A25028-3  pg ol phyric basalt S mm plag. IOR, ol (IR S8 yes  yes pg Zoned,

AZSD28-4  pg ol phyric Dasalt v, little plag. 108, ol IR yes yes yes relatively fresh, All surface 1S weathered.
A25028-5  pgolphyricbasalt  thin plag 10-15S8, 01 <I% yes  yes paup te 8 mm, of up te 1.5 mm,
Sample *  Lithology Glass wt 6. 5. HMineralogy Ye Am Mn WwWe Ajteration Sed. Remarks

A25029-1 g phyric basalt walmt s1zF 5% plag, <1% o 2R yes ves total sample is walnut size.

Sample *  Lithology Glass wt 6. 5. Mineralogy ¥e Am Mn We  Alteration Sed. Remarks

A25D30-1  pgeol pryric basalt few mm F+1 plag. AR, oi<iR no heavy yes plllow Trag all surfaces are weathered. pg & ol pheno. < 1 mm,
AZS03C-2 ol phyric basalt yes F ol4IR no Hght yes plllow Trag fresh glasses(several mm thick)
AZ5D30~3 ol & pg phyric basalt Ft+1 <18 ol, <18 plag. yes  yes piilow frag ol & pgpheno < | mm,
AZSD30-4  pasalt no F 2hyric m yes  yes

AZSDIO-5  basalt yes F aohyric w Heavily Mn coated pillow frag.
AZ5D30-6  besalt thin FM sparse 01 &plag yes pitlow frag.

AZS030~7  basalt thin F-M <iRplag yes yes piTlaw frag.

A25D30-8  basalt F sparse plag. m heavy

Sample = Lithology Glass wt 6, 5. Mineralogy Ve Am Mn We Alteration Sed, Remarks

AZ5D31-1_ hasalt yes F plag. <1% heavy yes  discol pillow frag.

Sample *  Lithology Glass wt 6. S. Mineralogy Ve Am Mn We Alteration Sed. Remarks

AZ5D32-1  besalt yes Skg F aphyric plpe pillaw frag.

A25032-2  basalt yes F aphyric heavy heavy pillow frag Platy Mn coating
AZSD32-3  besalt yes F aphyric heavy Some pg-microlites

AZSD32-4  besalt yes - aphyric piMew frag completely coated with Mn,
AZSD32-5  basalt yes 2phyric pillow fraq.

A2SD3I2-6  Dbaszlt thin FM some plag. large pitlow frag.

Sample *  Lithology Glass wt G. 3. HMineralogy Ye Am Mn We Alteration Sed.  Remarks

AZ5033-1  basalt tin F aphyric ptilow frag. Mn coating on all surfaces
AZS0D33-2  basalt no F-1 seme plag. (cpx?) 2R heavy heavy large p!llow frag.



SIQUEIROS DREDGE SAMPLES

Wt
Sample * Lithology Glass wt 6. S Mineralogy Ye Am Ma We Alteration Sed. Ramarks
AZSD33-3  basalt thin F rare phag Ry heavy O33-45 simtlar samples takenas extras for University of Florida.
AZSD33-4  basalt
A25D33-5  basalt
Sample *  Lithology Glass wt 6. 5.  Mineralogy Ve Am Mn We Alteration Sed.  Remarks
AZ5034~1  basalt thin 10kg F plag. 1% ne yes  yes nc no
AZSD34-2  basalt thin 15xg F plag. IR no yes  yes ne no
A25034-3  pasalt 3 N 1.5%g F plag. IR o yes  yes Mo no
A25DI4-4  pasalt YT enin 2xg F aphyric RNe  yes yes o n giass surface brecciated.
AZ5034-5  pasalt *_ thin F aphyric IRno  yes  yes no
Samnple *  Lithology 6lass wt 6. 5. Mineralogy Ve Am HMn We Alteration Sed. Remacks
AZSD35-1  pg phyric basait yes 1.51b F=4 plag.<2% 4% thin  yes pillow frag.
AZSD33-2 basalt yes 15kg M <% yes yes ™n ceating on all surfaces, pillow frag.
AZ5035-3  basalt yes 30kg M scarce ol and some piag. few ves  yes pillow frag.
AZSDT5-4  ol-pgphyricbasz2it  yes 20kg FM ol 1%, plag. 108 28 yes  yes pillow frag. Mn coating on 211 surfaces
A25D35~5  pgphyric basait yes I F plag. 2% 4% smali pillow frag. same as sample 1.
A25D35-6  basalt Imm S5kg F-+ aphyric SR yes oid piliow Trag.
A25D35-7  basalt 1) M <1%plag, some px and 017 3% heavy oid pitlow frag.
Sample *  Lithology 6lass wt 6. 5. Mineralogy Ye Am Mn We Alteration Sed. Remarks
AZSD36~1  Mnplates and | Tragment composed of agglomeration of Mn pebbles and pelagic sediments between the pebbles,
A23036-2  basalt yes F 7 frag. of pitlow bud Mn coated
AZSD36-3  cnips of glass
AZ5036-4  chips of glass
A2SD36-5  chips of glass
A25036-5  pg phyricbasalt thin F <1% plag 5% yes  yes old piliow frag.
A25036~7  pgphyric same as sample *&
A25036~8  basait w M apmric heavy old pitiow frag.
A2SD36-9  basalt some piaq. 4R heavy oid pitiow frag. All surfaces are Mn coated.
Sample *  Lithology Glass wt G. 5. Mineralogy Ve Am Mn  We  Alteration Sed Remarks
A23037~1  basalt w0 Skg F aphyric rare o thin  yes palag. no
A25D37-2  glass yes fewgr  glassy n ™ thick no n no giass budlet
AZSD37-3  basalt o fewar —med — plag ™ be  thick yes  palag no medium graines
Sample *  Lithoiogy Glass wt G. 5. Mineralogy Ve Am Mn We  Alteration Sed, Remarks
AZ3038-1  basalt thin Sky? F ayric? yes  yes old pitiow frag,
A25D38-2  basalt 1 mm plag. <zR yes  yes pillow frag
Mwwwxu basalt w_._.__._._ o“moﬂ SR _%am—mmm micrg- yes  yes pillow frag. pg < 1 mm
=4  basalt mm 01 +plag. < Yes yes es es <5 R in glass, .
poreiniianay ver " Dlag 28 1 rock, S8 i Qlacs Y ¥ __w_m__oi F.mma“wm Pillow frag. mare vestcular, weathered and sedimented.
Sample *  Lithology Glass wt 6. 5. Mineralogy Ve Am Mn We Alteration Sed.  Remarks
A2503%-1  Dbasalt yes aphyric mo heavy Mn coated pillow bud
AZ303%~2  basalt 3% plag. rare
AZ5039-3  basalt nolocrystalline o 1% mtcropheng
AZSD39-4  similar basalt gees to Unlv, Houston
Sample *= Lithology Glass wt 6. S. HMineralogy Ve Am Mn We Alteration Sed. Remarks
Sample *  Lithology Glass wL B. 5. Minerzlogy ¥Ye Am Hn WwWe Alteration Sed. Remarks
rock-core smatl pleces of
Sample # Lithology Glass wt 6. S. Mineralogy Ye Am Mn WwWe Alteration Sed, Remarks
A2SRC42 rock-core smaii pleces of glass, sorme Mn and sediments.
Sample *  Lithology Glass wt 6. 5. Mineralogy Ye Am Mn We Alteration Sed. Remarks
AZSDA3-1  basalt no heavy yes small pillow frag,
A25D43-2  Mn-coated glass yes 45 grems glassy thin T1at piece
ASD43-3  Mn-coated glass yes 25 grams -~ thin fiat ptece
A25D43-4  Mn-coated glass yes 1.0 grams thin fiat plece
A25D43-5  Mn-coated glass yes 8.5 grams basalt &glass, bud-shaped plece
Sample =  Lithology Glass wt 6. 5. Hineralogy Ve Am Mn We Alteration Sed. Remarks
AZ5D441 basalt yes 20kg F aphyric - 5% v light heavy large plece of plilow frag. 1% xen
2250442 basalt ves 4k r aphyric % ves.  yes u___,mos rac <18 xmsoo.{mﬂm " Mm.o_:s severely weathered




AH 125/1.5G 25 DREDGH SAMPLE PROCESSING:
SAMPLE#  HULK GLASS GL CLEANED PROBECHIPS GLPOWDER WER POWDER COMMENTS

-

SAMPLE DISTRIBUTION
U.F. U.H __LDGO

Y=checked on original processing form; Z0{=verified during transit to Sen Diego; A=powdered in agate ball mill (ccherwise done in alumins bal mill)

glam clesned=there is cleaned, unpowdered glass; probe chips=there is dirty, wnpowdered gisss for probe, etc. [((MP) = Mike Perfic has all samples and powders.

(IC) = Jack Casey has part of the pawder. (IR) = Ian Ridley bas part of the glass. )

D11 * XX X XX A some to Floyd McCoy
D12 X XX X XX m
D13 X XX X(IR) XX A 3.5kg
D14 X XX X XX 2.5kg
D15 X )94 X(R) XX (IC) 8z
D1 bulk ssmples extra bulk samples 06-19 21-34 3548
D23 X X X X
D23 WR X
D26 X
D27 X b 9:4 X X
28 X XX X X
D2-8WR XX -
D29 X Xx X x
D210 X XX X X
D211 X X X X
D212 X XX X X
D2-14 X XX X dropped during cleaning X
D215 X XX X X
D216 X XX X dropped - thrown swey
D217 X X X small amount X
D2-18 X XX X X
D2-19 X XX X
D220 X XX X X
D22 X dropped/discarded
2-n X XX X 'Y
RC3 X XX b'e
D4-1 X XX X XX
D42 X X XX IR) small amt, ot powdered
D43 X 9.4 44 XA
D44 X XX (IR) X(R) smuall amt, not powdered; mesocrysalline
D45 WR XX A
D46 X X X ®) XX A
D47 X XX X small snt, not powdered
D48 X XX XX XX A
D49 X XX X small amt, oot powdered
D410 WR b4 4
D4-11 X XX X small st not powderes
Da-12 X XX XX XX
D&+
D52 X XX X small amt, not powdered
D53 X XX X Enﬂﬂﬂnﬁ&
D54 X ). 9:4 X XX
Dss X XX X XX A



ATl 12S/1LHG 25 DREDGE SAMPLE PROCESSING:

SAMPLE #

ko

BULK GLASS GLCLEANED PROBECHIPS GLPOWDER WRPFOWDER COMMENTS

U.F___U.R

Pt

SAMPFPLE DISTRIBUTION
LDGO

Y=chacked on criginal processing foem; XX=verified during transit to San Diego; A=powdered in agate ball mill (atherwise done in ainmina ball mill)

ginss clesned=there is cleaned, unpowdered giass; probe chips=there is dirty, unpowdered giass for probe, etc. [(MP) = Mike Pecfit has sll samples and powders,

(IC) = Jack Casey has pact of the powder. (TR) = Ian Ridley haspart of the ginss.]

D61 X XX X(R) XX {JC)

D62 X XX X (IR) small amt, not pewdered

D71 X X XX XX A

D72 X X X small sent, not powdered

D73 X X XX XX =irs

D&-1 WR XX (JC)  WRoaaly, thin section chip

D131 XX (IR) Mn, Fe geined, gl ightly altered; all to USGS

Di4-1 XX (W) Mn, Fe sained, gl slightty altered; all to USGS

D142 XX M, Fe stained, gt slightly altered; all to USGS

Di4-3 XX (R) M, Fe xsined, gl slightty altered; all to USGS

Did4 XX Mn, Fe tained, gl dightly alvered; ail to USGS

Di4$ XX Mn, Fe wxined, gl slightly altered; afl to USGS

D146 XX Mz, Fe ssined, g1 sightly altered: all to USGS

D14 sssorted M, Fe stained, pl slightly aitered: ail to USGS
D151 XX (R) M, Fe stained, gl sfightly altered; to USGS
D15 bulk sampley XX amall Mn coated pebbles: all o USGS
DI7-1 WR XX JC) 0.5kg 3kg 10kg

D172 0.5k 0.2kg
D173 2y 0.5kg
Di74 X XX X not eaocughto powder 0.25kg

D175 X XX ot encugh to powder 0.1kg  0.2%g
D176 X b:0:4 X not engugh to powder 0.5kg  0.5kg
Di17-7 X XX ot encugh to powder chip chip
D178 X XX XX very dirty glass & WR 0.2kg O.lkg
D119 X b.#:4 XX cleaned 30min 0.2kg
D17-10 XX (IR) ik
D17-11 XX (IR) kg  0.5kg
Di7-12 0.4kg
D17-13
D17-14 0.5kg
D17-15 kg  0.5kg
D1?7-16 0.5kg  0.5kg
D17-17 0.5kg X
D17-18 0. X
D17-19 mew X
D17-20 X X
D171 XX glasss breccis; some to TUSGS kg
D172 XX small plass breecis; to USGS




Fann

~AM,, 54 Sot Smmeooxd 11 58peap TS, D xx XX -12d
XX X 0b-02d
XX X £6-00d
XX X 18-02a
() xx X ot-0ua
X X X s XX X 12020
X X X sund XX X oz0zd
X X X aypoud XX X 61020
X X X o XX X 81-02d
X X X o XX X L1-07a
X X X apd XX X 91-07a
X X X amonl Ooxx ) xx XX X S1-0zZq
X X X aod XX X X ¥1-02d
b4 X X aqond XX X £1-07d
sx1@ 4np epanod o1 gnows 100 momd pro XX X -0z

ol p XX M 11020
aord pro 01-0Za
aodpp XX 602d
X X X aod X X 80
X X X ol XX X 2-07a
X X X o XX X oz
X X X syl b:6 ¢ X soza
X X X sl XX X ozd
X X X o XX X £0zd
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4100 oqaad 'sse1® qreug oy £3aa XX 2561d
= aqoad 1L s *xz pagera, *Lp L1aa. XX X b4 610
woqoxd AT TR Xz pageea, A {394 XX X 961Q

XX M s61d

M F6Ia
Ayoo aqoxd ‘seyd ap Lma XX £61q
XZpoUwp Lp O xx (I x I xx X 76id
Xz pUsap ‘Ap O xx x XX X 61d
2Q0 30] MR ST (Ba] S AFad XX X 981d
XX XX XX X $81a
3o aq 3vam ‘pasy sepd Jo noy XX o X XY X ¥81d
TR PRI XX D xx XX X £81d
XX XX XX X raitid
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[mse12 oq 30 3red swq Lpprg wey = (1) “Topaiod 3 3o 11ed e £a6w0) 3owr = ()
- spaod prs sy 1 £9g 35%ad oxan = ()] 0% ‘aq0ad 307 v passpaodun L stasp=sdup sqoxd me78 papaodin ‘RIS STARTIRTRID SIS
(TTeec 17eq WOTCONIE BT 90D S6AAIE0) TTRD e a7eSe UF pasopmod="7 laSau] tg o1 750w Surep pogmas=yy ‘wo} Suteood restino o paxseg=x

ool BN A A SINHMROD THGMOJ ¥A IR0 Sdiio AH08d  @NVED 15 S5V Ying & T1aRvs
NOLILOATISY] BLANVS DMISSEHDONI FLINVS BOAHEA ST OSUSTI IV



T -h)l- .

ATl 125/1.8G 25 DREDGE SAMPLE FROCESSING: SAMFLE DISTRIBUTION
SAMPLE # BULK GLASS _GI.CLEANED PFROBE CHIPS GLPOWDER WR POWDER COMMENTS U. F. U.H LDGO

X=checked on criginal processing form; XX--verified during transit to San Diego; A=powdered it agate ball mill (otherwise done in atumine ball mill)
glass cleaned-there is cleaned, unpowdersd glass, probe chips=there is ditty, unpowdered gisss for probe, etc, [(MF) = Mike Perfit has il samples and powders.
(JC) = Jack Casey has part of the powder. (IR) = InaRidiey bas part of the glass. ]

D24 X XX W@ XXEO) . x x X
D222 X XX (IR) dirty - probe only
D223 X X XX {IR) p.6.44.8)] .
D24 XX {R) probe chips anly
D22-s XX (IR) probe chips caly
D22 bulk XX 3 smajl bags X
D231 X XX XX XX hugepiece of piliow X 25kg  45kg
D232 X XX X ar) XX (JC) X
D241 X XX XX XX U.F. sample wrapped 2 samp.
D242 X XX X Xx 0.3kg
D243 WR in XX vial notIsbeled "WR", but notey say WR; s chip | 0.5kg
D24 bulk EEB-&WEESWE kg 1ks
D251 X X X
D252 X X X
D253 p.0.¢ probe caly X X
D254 X X
D255 X
D256 X b:6-4 XX (IR) XX (JC) GLASSONLY; dirty; cleaned 2x X
D257 XX (IR) probe only X
D258 P XX X XX
D261 X XX from sysorted glass bag
D262 X XX dirty glass, probe anly
D263 relxtively young basalt, westhered, no glass
D254 X XX (R) ditty, small, probe caly
D265 X X dirty giass, very little, probe caly
D26§ X XX X {IR) XX dirty glass, nct completely clean when powdered
D267 noglass
D268 X XX dirty, probe oaly
D265 wg
D26-10
D272-1 1o glass, ald, Mn coated basalt
m7r2 o glass; old, Min coated basalt
D273 no giass, ald, Mn coated basalt
D274 : 1o glass: old, M coated basalt
7S X XX XX (IR) XX (J0
D2g-1 noglass; old, Mn-coated basaly 3
2 S i -
X Ix small ame of glass,
D233 WR x £x XX QWEEB&B.&H..BG i
D234 liule plass, probe
D285 X XX Nrﬂnﬂﬁg% NNM
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Al 125/1.0G 25 DREDGH SAMPLE PROCESSING: SAMPLE DISTRIBUTION
SAMPLE # BULK GLASS GL CLEANED PROBECHIPS GLPOWDER WRPOWDER COMMENIS U.F U.H 1LDGO

X=checked on criginal processing form: XX-—verified during transit to San Diego; A=powdered in agate ball mill (otherwise done in atnaine ball mill)
glass cieaned—there is cieaned, unpowdered glass. probe chips=there is dirty, unpowdered glass foc probe, ete. {(MF) = Mike Pecfit has all samples and powders.
(JC) = Jack Casey bas past of the powder. (IR) = Ian Ridley has part of the glass.]

v

D231 WR - XX

D20-1 X XX XX IR XX (IO)

D302 X b:9:4 p-9.4 XX extra glass
D303

D304

D305 XX

D306

D20-7

D308

b4 b o

D31-1

L LR

D321
D222
D223
D224
D225
D26
D2 R Misc, glass

ﬁ%ﬂ XX JC) clesned 40emin
XX (JC) cleaned 30min
XX

ool
»
C
E 2¥

oo

D331
D332
D333
D334
D335

"
b
b
B

XX (IC)

»
kek | ke

probe caly

- dod

D34t
D342
D343
D344
DAMS5

=]

XX (IC) . cleaned 2x
geobe only; dirty dirty; cleaned 2x
probe aaty

jels

=]

D351
D352
D353
D354
Dis-Ss

bd
bd

XX dirty; cleaned 2x
XX dirty; cleaned 2x

XX (IR} XX3C) disty; powdered sayway

DB b bE B {54 bd e Be b
B b4 4 4 > FE 5&
7

EELE
[l
3
:

D361
D362
D363
Dac+4
D3&5 X

Mocrus

¥

all) XX JC)
verylittle glasy
XX verylitdz glass

MK

D3&?
D368
D3gs

Db b B4 DA b DA BB [0 54 b 3 b ﬁ&g&ﬁ gﬁﬁﬁg §§§§§§ b4 154 ba ba b b b b B
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ANl 125/LBG 25 DREDGE SAMPLE FPROCESSING: SAMPLE DISTRIBUTION
SAMPLE# BULK GLASS GL CLEANED _PROBE CHIPS _GLPOWDER WR POWDER COMMENTS U.¥. U.H LDGO

X=checked on criginal processing form; XX=verified during transit to San Diego; A~powdered in agate ball mill (otherwise done in alumins batl mill)
glass cleansd=there is cleaned, unpowdered glass; probe chips-there s dirty, unpowdered glass foe probe, etc. [(MF) = Mike Pecfit hay all samples aad powders.
(3C) = Jack Casey bas part of the powder. (IR) = Ina Ridiey has part of the glaes |

D3§bulk & ) Skg Skg
D372 x XX (R) peobe caly
D373 XX
D3s1 X X XX (IR) XX
D382 X XX XX (R) XX @0
D383 X XX small, dirty; probe caly
D384 X XX amall, dirty; probe coly
D38§ X XX amall, dirty; probe ooly
D38 bulk, old XX 5 samples mixed together (old pillow type)
D38bulk, fresh gl XX 150g fresh glasy, separate sample type, for probe
D251 X (20g) b:#:4 XX (R) clesned 38min, seeds majoc picking job
D252 X found in dredge Inter
D33 bulk(Msc.) X XX (IR) Mn comted: for probe anty
RC40 X XX XX . appeox. 2.5¢
RC41 X XX
RC42 X XX
D431 WR clesned WR only
D432 X XX dirty dirty dirty, cieaned 30min, not powdered
D433 X XX (IR) probe caty
D434 X XX frobe anly
D435 X XX probe caly
D41 X b:0:4 XX (IR) XX (JC) microphencryss
D#2 X b4 XX XX P w pu_mm m%
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(meters)

Depth

2950

3000

3050

3100

3150

e et

ALVIN Dive 2376, Spreading Center B

-_n-__.._—____——u___-_-—‘_____-_——-___u-____n-_______m—F-——_—_____u_._
H —— SUB. DEPTH H
1 No AHRimeter 1
1 d 1
" T ..
-+ On * 9 11 12 -+

Bottom A
1 ; 1
- . 10 -
1 * Sample Stations 1
-u-_.u_-u-___:___nnn-u—-_-u—-_-m_____m-m-___u_m_u-_--—_u_—-n.__—_
9:00 ) 11:00 13:00 15:00

Time



DIVE 2377 - SPREADING CENTER "B" AXIS NORTH
2900

2950

3000

(M)

3050

DEPTH

3100

—— SUB. DEPTH
3150 TOTAL DEPTH

B SAMPLE NUMBER
3200 .

10:00  11:00 12:00  13:00  14:00 15:00  16:00
TIME



(meters)

Depth

2100
2150
2200
2250
2300

2350

2400

9:00 10:0011:0012:0013:0014:0015:0016:00

ALVIN Dive 2378, Southern Crescent mEmmf:

at Spreading Center C and Central Graben

LI I |

rv1r111 T ET U rrTrri1i T 1T 1i1

— SUB.

TOTAL DEPTH

DEPTH

LI BLIL)

LI BLIL

Lt I 1 1

L.l 1l 1.1 Ll 1 1}

Time

_ |




‘Depth (meters)

ALVIN 2379, north wall of A-B Transform

west of intersection w/spreading center B

quc ___nu_u____—______w_-u—_-_—_

— SUB. DEPTH

2800

TOTAL DEPTH

3000

3200

3400

3600

3800

LR LR
L1 il

hOQQ .__...-_.__.__..____._.__—._.u_

11:00 12:00 13:00 14:00 15:00 16:00
TIME



(meters)

Depth

ALVIN Dive 2380, Southern RTI of Spreading

Center B and trough east of B axis.
Wooo | ] _-—_u ___-q-—-m_u—__-a_‘___ I
© }{———SUB. DEPTH
- | =— TOTAL DEPTH
3100
3200
3300
Whoo _____u ________._n___-_n_—___ 1
10:00 11:00 12:00 13:00 14:00 15:00

Time

16:00



DIVE 2383 - SPREADING ‘CENTER "A" SOUTH RIDGE

—-.--—.—j

— SUB. DEPTH
TOTAL DEPTH
®  SAMPLE STA

4
~J
o
o

DEPTH

Y-/ﬂ-—“—m_—‘

| I R
270° | 270°  [30092707 330°| }¥ 270°| 045° | 330°
#OOO -un-.h_—---—-.--—-- —--.-—-nnn-..

1000:00 1100:00 1200:00 1300:00 1400:00 1500:00 1600:00
TIME

WV.
I




(meters)

Depth

3300
3400
3500
3600

3700
3800

3900

ALVIN Dive 2384,
Wall of Transform A-B

A,

Axis and South

LD LR L LU IR 5 N 0 I O O N A R

North Wall

FTUET 17118

LR RARE!

South Wall, L

0 14

— SUB. DEPTH

———— TOTAL DEPTH

Transform Axis

LE 1.1

V= Young Volcanics

I |

LLiil 11111

O = Older Volcanics,
Talus and Pelagic sed.

LLLLL 11111

10:30 11:30  12:30

T

|

13:30
ime

_
14:30

|

|
15:30
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—~ 2250 i
» i ]
p . = -
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D 2300
& . i
g’ - -
£ 2350 -
o - ]
) - i
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2400 H — SUB. DEPTH

- TOTAL DEPTH -

2450 m._..____ﬂ_____.._,._.__n.,_.______
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TIME



Depth (meters)

ALVIN Dive 2387,

2800

2900

3000

3100

w
N
Qo
o

3300

3400

10:00 11:00 12:00 13:00 14:00 15:00 16:00

_ | | | |

et

B -~ C Transform

1P 1711 TP 1 11 L I B I B | LD B L

P PP 1T ra

——— SUB. DEPTH
——— TOTAL DEPTH

LI | L]

Lil.l

Time




(meters)

Depth

ALVIN Dive 2388, Transform A-B axis and south wall

2800 [

~
I

LR L LI R L] LI L

14

— SUB. DEPTH

3000

T3

= TOTAL DEPTH

3200

3400
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3800

4000

10:00

11:00 12:00 13:00 14:00 15:00

Time

16:00
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ALVIN Dive 2383, Northern Ridge
Segment of Spreading Center A

|

1 L L..

L L.l

—— TOTAL DEPTH

— SUB. DEPTH

L L. L. 1

Lt 1 1
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Depth

ALVIN

2800
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|

Dive 2390, Southern Extension of the EPR to the A-B fault
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- | —— Sub. Depth

[ | =Total Depth
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Dive 2391,

A-B Fault, West of The Spreading Center A RTI

3000 | _ L _ _ o —
d o ﬂ d N

——— SUB. Depth ]

3200 Total Depth -
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[ N S |

h o o Q 1 1 1 1 I _ I 1 1 & 1 ‘ 1 1 1 11 — P ) 1 § 1 — 1 1 1 11 — 1 1 I — ]
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