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ABSTRACT

During Ocean Drilling Program Leg 180, a north-south transect of
sites was drilled in the western Woodlark Basin, a region of active conti-
nental extension. This transect is perpendicular to the Moresby detach-
ment system. Moresby Seamount is characterized by the presence of a
north-northeast-dipping detachment fault zone on its northern flank.
Site 1114 is located near the top of Moresby Seamount in the footwall
fault block of the detachment zone. This site is characterized by the
presence of an antithetical southwest-dipping normal fault zone put-
ting into contact synrift sediment and highly altered metadolerite.

The Formation MicroScanner (FMS) logging tool provides oriented
microresistivity images of the borehole wall. In Hole 1114A, FMS data
were recorded from 105 to 297 meters below seafloor (mbsf) through
the Pliocene sediment and the sediment/basement contact. The struc-
tural analysis of FMS images yields the dips and dip directions of beds
and fractures and their density distribution vs. depth.

Three fracture zones (FZs) were determined from FMS images analy-
sis: FZ1 (105-140 mbsf), FZ2 (180-215 mbsf), and FZ3 (270-285 mbsf
just above the sediment/basement contact). The fracture zones are char-
acterized by a wide range of fracture dips (10°-80°) and dip directions,
but a majority of fractures dip northward and north-northwestward.
Within the upper section of FZ2 between 180 and 200 mbsf, fractures
clearly dip northward. In this zone, beds are also very well organized
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with a northwest dip direction. At 200 mbsf, there is a sharp change of
bedding dip direction from northwest above to southwest below. Other-
wise, the bedding dip direction is mainly northwest with a west to
north distribution. These observations indicate a differential rotation of
strata within fault-bounded compartments.

The sediment/basement contact consists of a several-meters-thick
tectonic breccia. The contact occurs along a sharp surface dipping at 60°
to the southwest.

The presence of strike-slip and oblique faults observed in cores and of
reverse faults observed in both cores and FMS images are indicative of
an oblique extensional system on Moresby Seamount.

INTRODUCTION

The Woodlark Basin (in Papua New Guinea) is a region where sea-
floor spreading occurs in its eastern part and active continental rifting
in its western part. It is characterized by a westward-propagating rift
axis whose current spreading tip is located on the eastern flank of Mo-
resby Seamount, a continental crustal block (Fig. F1). The seafloor mag-
netic anomalies indicate that seafloor spreading started at 6 Ma at the
east of the basin. The western Woodlark Basin provides a good opportu-
nity to study active continental rifting. The seismic profiles indicate the
presence of an active low-angle normal detachment fault gently dip-
ping (25°-30°) toward the north-northeast and emerging on the north-
ern flank of Moresby Seamount, the Moresby detachment. Seismic
profiles also show the presence of normal faults on the southern flank
of Moresby Seamount antithetical to the major low-angle normal fault
to the north (Shipboard Scientific Party, 1999a).

The main objective of Ocean Drilling Program (ODP) Leg 180 was to
study a region of active continental rifting prior to spreading initiation
by drilling the active low-angle Moresby detachment and its subsiding
sedimentary hanging wall (Taylor, Huchon, Klaus, et al., 1999). A
north-south transect was drilled just ahead of the spreading tip in the
rift basin of the northern margin above the low-angle normal fault zone
and in the footwall fault block of the Moresby Seamount (Fig. F2). Site
1114, located just north of the crest of Moresby Seamount, is the only
site that was logged in the footwall block. Seismic reflection data indi-
cate that sediments are separated from basement by a south-southwest—
dipping normal fault at this location.

The objective of this paper is to present the results of the structural
analysis of the Formation MicroScanner (FMS) electrical images that
were recorded in the footwall of the Moresby detachment in Hole
1114A. A companion paper presents a similar analysis in the northern
margin of this detachment, which consists of a large down-flexed sedi-
mentary basin with less deformed prerift/synrift sediments (Célérier et
al., this volume). We will first recall the main results of the shipboard
core analysis, then show the FMS images and how they relate to the
core-defined lithologic units, then discuss the method and results of
the structural analysis of these electrical images in the context of the
Moresby detachment kinematics.

F1. Leg 180 sites, p. 12.

F2. Cross-section of Leg 180 sites,
p- 13.
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CORE DATA

About 286 m of Pliocene-Pleistocene sediments separated from the
metadolerite basement by a 6-m-thick tectonic breccia were drilled in
Hole 1114A (Fig. F3). Seven lithologic units were identified within the
rift-related, mostly volcaniclastic turbidite sediments (see fig. F1 in
Shipboard Scientific Party, 1999c).

Despite the very poor core recovery at Site 1114, structural analysis
on cores from the sedimentary section reveals different features of the
deformation (Shipboard Scientific Party, 1999¢). Deformation is charac-
terized by highly inclined bedding, the presence of faults, and scaly fab-
rics that increase with depth (Fig. F3).

Bedding measurements show a wide range of dips, from horizontal
to 80°, with a majority of dips at 15°. Even if some of the inclined strata
may be linked to early soft-sediment deformation, their consistent de-
velopment throughout the recovered section favors their tectonic ori-
gin deformation (Shipboard Scientific Party, 1999c¢). The increase of the
bedding dips with depth is mainly marked from ~110 m deep down-
ward, at the top of the FMS data interval.

Fractures are present all along the cored interval (Fig. F3). Dips range
from 0° to 90°, with an average of 30°-40°. Most are dip-slip faults (nor-
mal and locally reverse), but oblique and strike-slip faults are also
present in the sedimentary section. One of the most characteristic fea-
tures of the sediments from 64.6 meters below seafloor (mbsf) down-
ward is the presence of scaly fabrics involving fine-grained clay-rich
material of various thicknesses. The intensity of fabric development in-
creases with depth. Their origin maybe tectonic or coring induced, but
they were interpreted to result mainly from tectonic deformation (Ship-
board Scientific Party, 1999¢).

However, this core analysis is limited by the poor recovery (~12%)
and by the fact that the dip direction of the observed bedding and
faults cannot be determined because the cores are not oriented.

FMS DATA

The FMS logging tool applies four pads, each with an array of elec-
trodes, against the formation to produce a continuous oriented map of
the electrical microconductivity of the borehole wall (Pezard et al.,
1990; Shipboard Scientific Party, 1999b). The FMS calipers indicate the
values of two perpendicular diameters of the borehole. The maximum
extension of the FMS pads is 15 in, and, if the borehole diameter is
larger, the pad contact is poor and the image quality drops.

Two passes of the FMS tool were run in Hole 1114A in an attempt to
provide greater coverage of the borehole wall. However, the two images
overlie each other over much of the logged interval, as is often the case
in noncircular holes. As a consequence, only the second pass, which
logged a longer interval, is presented here.

Two types of images were constructed: a dynamic image, where the
color equalization is done on a moving 2-m-long window, and a static
image, where the color equalization is done for the whole borehole.
The FMS images are presented at three different scales, together with
the tadpole representation of the structural measurements. First, a syn-
thetic view is provided by whole borehole images at 1/1000 vertical
scale (Fig. F4). Only the static image is shown because the 2-m equaliza-
tion window makes the dynamic images uniform at this scale. The resis-

F3. Core structural features, p. 14.

F4. Composite log, p. 15.
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tivity variations in this static image are related to the lithologic
variations. Second, full borehole images at the scale of 1/200 are given
in the “Appendix,” p. 11, for more detailed analysis because this scale
is sufficiently small for the borehole image to be limited to a few pages
and sufficiently large for the dynamic image to start displaying some
character; the color equalization window of 2 m is represented by 1 cm.
Finally, close ups of selected intervals at 1/60 to 1/5 scales, which are
closer to the typical 1/20 to 1/10 interpretation scales, will illustrate the :
discussion. The full set of available images and corresponding depth in- | T1. Interpreted FMS images, p. 39.
tervals and lithologic units is summarized in Table T1.

The structure of both the sedimentary sequence and the underlying | p5. FMS image, 109-119 mbsf,
tectonic breccia is almost continuously imaged through a 200-m-long | p. 16.
vertical section (105-297 mbsf), with the exception of two large wash-
out zones at 223-234 and 241-247 mbsf (Fig. F4).

The FMS data interval (105-297 mbsf) corresponds, from top to bot-
tom, to lithologic Units III-VII and logging Units L1-L5. Characteristic
images facies corresponding to these various units are illustrated. Resis-
tive beds with sharp boundaries are seen within logging Unit L1 (80-
126 mbsf) in the upper part of lithologic Unit III (intercalated sand-
stone, siltstone, and claystone; 55-238 mbsf) (Fig. F5). The increased
carbonate content suggested by the higher photoelectric effect of log-
ging Unit L2 (126-146 mbsf) and observed in the calcareous sandstone Flae
of Subunit IIIA (123-142 mbsf) corresponds to a zone of higher resistiv- ,;ai
ity in the static image (Fig. F6). A resistive layer with an intricate struc- 1l
ture best seen on the static image at 178-180 mbsf (Fig. F7) corresponds b
to the conglomerate of Subunit IIIB (180-181 mbsf). The lower part
(146-238 mbsf) of Unit III shows well-contrasted resistive beds within a | F6. FMS image, 129-139 mbsf,
more conductive background (Fig. F8). p. 17.

Within lithologic Unit IV (sandstones; 238-276 mbsf), resistivity is
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lower than in carbonates and no bedding structure is apparent (Fig. F9). BIEEE 7
Unit V (silty claystone; 276-286 mbsf), Unit VI (tectonic breccia; 286- TN | ?; g é i i
287 mbsf), and Unit VII (metadolerite; 287-353 mbsf) FMS facies are il f ; é : \)f ‘\‘
shown on Fig. F10, which are degraded by a large washout at 287-292 SIERIE &8 B N i |
mbsf. ,%?_Ef‘,?‘ﬂf
.J: i & ! § 5 A ?‘1‘

AP EED BB

FMS STRUCTURAL ANALYSIS ‘1 ! iii! ik

TR R R Bl

The analysis of FMS images complement the observations made of RER ! g i ‘\\
cores. This analysis yields the dip direction of structural events and is : 5 * 8 i ¢ ‘;‘{j‘

not dependent on core recovery. However, it is limited to the depth =l
range outside the two washout zones at 223-234 and 241-247 mbsf.
Planar structures correspond to sinusoids on the images that were | F7. FMS image, 172-182 mbsf,
mapped with the Schlumberger Geoframe software. They were inter- | p.18.
preted either as beds, broken into two categories (bed 1 for best deter-
minations and bed 2 for poorer determinations), fractures (frac 2 for the
few faults with reverse offset and frac 1 for the others), or undetermined
features (labeled unkn) (Fig. F4). The analysis is usually done on the dy-
namic image where the corresponding sinusoids are shown (Figs. AF1,
F5, F6, F7, F8, F9, F10). The tadpole plot indicates their dip and dip di-
rection. As this hole presents a high density of events, only clearly visi-
ble features have been mapped. Several hundreds of unclear features
(maybe not planar or present on only one or two pads or impossible to
classify in any of the groups, for example) are also present but have not
been selected for this study.
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This analysis has led to the determination of 121 fractures (frac 1), | F8. FMS image, 205-215 mbsf,
three reverse faults (frac 2), 447 beds of good quality (bed 1), 41 beds of | p. 19.
poorer quality (bed 2), and three clear but unclassified events (unkn).

The depth dependence of the structural measurements is represented BB (=
on the tadpole plot of the whole borehole images (Fig. F4). The orienta- £ L
tion of these measurements is displayed on stereographic projection é H 5% j
and on strike and dip histograms (Figs. F11, F12, F13). " 174 ; i 7 }\, 2
hife § 1%

£ 3% w0
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The fractures determined from the Hole 1114A FMS images corre- i I ‘;;

spond to either conductive or resistive features, depending on their fill-
ing material or on the surrounding formation.

Three major fracture zones (FZs) have been determined from the FMS | g9_ FMS image, 265-275 mbs,

images analysis: FZ1 (105-140 mbsf), FZ2 (180-215 mbsf), and FZ3 | p. 20.
(270-285 mbsf). These fracture zones are clearly expressed on the frac- ‘
tures density (number of fractures per meter) vs. depth plot (Fig. F14).
The three fracture zones are composed of structures displaying a wide
range of dips, from ~10° to 80°. The orientations shown on stereonets &3 \ A
for each fracture zone (Figs. F15, F16, F17) show a wide range of dip di-
rections of random strike. However, the dip direction vs. depth plot of
Figure F14 shows a change at 200 mbsf that suggests subdivision of FZ2
into an upper (FZ2a; 180-200 mbsf) (Fig. F18) and lower (FZ2b; 200-
215 mbsf) (Fig. F19) section. In the upper section (FZ2a), orientations
are concentrated around a 55° dip toward north (Fig. F18).

Between FZ1 and FZ2, no fractures were observed; there are only reg-
ular westward to northwestward dipping beds (Figs. F7, AF1), as de- i
scribed below in “Bedding,” p.6. Between FZ2 and FZ3, the two
washout zones do not present reliable FMS data. Below the washout
zones, no structures, neither bed nor fracture, are observed because of | F10. FMS image, 282-296 mbsf,
the presence of a massive sandstone (Fig. F9). p. 21.

Generally, fracture offsets are not visible in Hole 1114A FMS images.
However, in three cases small reverse offsets can be observed. The corre-
sponding faults define the set frac 2. Their orientation is shown on the
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ters (Fig. F20). At the same depth, an array of reverse microfaults was
observed on the recovered sandstones with a similar offset. In FZ2, the
observed reverse faults are located at 194.5 and 196.8 mbsf in the upper
section FZ2a (180-200 mbsf), where almost all the fractures dip north-
ward (Fig. F18). The reverse faults are conductive and crosscut and shift
thicker resistive beds (10-25 cm thick) with an offset of ~20-40 cm (Fig.
F21). These zones of reverse faults are locally highly fractured within ~1
m around each reverse fault. Most of the observed events cannot be fit-
ted by sinusoids either because they are not planar or because they are
not visible on at least three pads.

Between these two short intervals there is no evidence of offset beds
or fractures. It seems that within FZ2a the observed reverse faults are lo-
cated in short (~1 m long), highly fractured sections and that the inter-

JHIEGT
stereonets (Figs. F15, F16). These three reverse faults are located (tad- slHHE RN e \
pole plot of Fig. AF1) within FZ1 at 131.5 mbsf and FZ2 at 194.5 and ‘5' ! E § I \\)\
196.8 mbsf along steep (70° in FZ1 and 42° and 60° in FZ2) northerly }E} ’_’? :1‘, N
dipping fault planes that postdate earlier fault structures. The reverse - ' Hil ’ ; ] ‘
fault observed in FZ1 at 131.5 mbsf is conductive and crosscuts earlier || l I ! § i i j
resistive faults on three FMS pads with a reverse offset of a few millime- "t g g Bl fj
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vals between them correspond to ~1.5-m-thick fault-bounded blocks
with many fewer fractures. Between 198 and 199.5 mbsf, three north-
ward dipping, very resistive thin beds seem to be also offset with a re-
verse offset of ~20 cm. However, no associated reverse fault is observed
on the FMS images. This succession of short, highly fractured and less
fractured intervals can also be observed on the fractures density plot
(Fig. F14) with a varying number of fractures with depth within FZ2.

FZ3 corresponds to the zone just above the sediment/tectonic breccia
contact and is described below.

Bedding

In the analyzed FMS section, bedding dips between 7° and 65° (Fig.
F11). There is no evidence for a general either dip or dip direction vs.
depth gradient (Fig. F22). However, the bedding dip direction is mainly
northwest over all the logged interval except within FZ2 and suggests
the definition of four intervals (B1, B2, B3, and B4) (Fig. F22) to present
bed orientation on stereonets (Figs. F23, F24, F25, F26).

In the upper interval (B1; 100-180 mbsf), the bedding dip direction
is globally northwest with two principal modes: N285° and N325°,
though a wide spectrum of direction is in the northwest quarter (Fig.
F23). The dips also present two modes: 15° and 35°. The widest range of
dips and dip directions in this zone is located from the top of the FMS
record down to ~140 mbsf, which corresponds to the location of FZ1.

The next interval (B2; 180-200 mbsf) is shorter and corresponds ex-
actly to FZ2a. The bed orientations are more concentrated than in the
previous interval around a 25° dip toward the northwest at N325° (Fig.
F24). Even if this interval is highly fractured, it is very well organized,
with a general northward dip direction for the fractures and a general
northwestward dip direction for the beds.

Below (B3; 200-225 mbsf), the predominant bedding dip direction
changes toward the southwest in the majority, with some beds having a
westward dip direction (Fig. F25). The change of dip direction between
B2 and B3 at 200 mbsf is very clear and sharp (Fig. F22). The west and
southwest dip directions are present throughout the B3 interval except
for two very local sets of beds dipping northward at ~205 mbsf and
northwestward at 210 mbsf.

The lowest interval (B4; 225-300 mbsf) has ~20 m of washouts with
no FMS data (Fig. F22). The beds average dip (45°) is the highest of the
four intervals (Fig. F26). The dip direction is northwest in the majority,
but a few beds that are parallel to the sediment/basement contact below
dip southwestward.

Generally in the depth interval with FMS data, beds are well orga-
nized. Their dip direction is mainly northwest, except between 200 and
225 mbsf, where beds mainly dip southwestward. The ditferent bed ori-
entations and their variations seem to be clearly linked to the presence
of fracture zones. In FZ1, fractures have an apparent random distribu-
tion of dip directions and beds have a wide range of dip and dip direc-
tions. In FZ2a, the upper section of FZ2, fractures and beds have a
constant orientation. This implies that if the sediments have been ro-
tated or tilted in this zone, this displacement was global. At the bottom
of this section (200 mbsf), beds show a sharp change of dip direction
that may be due to a stronger tilt of a sedimentary interval linked to
this highly fractured 180- to 200-mbsf zone. Below the washout zone,
beds recover the general orientation observed above 200 mbsf, with
dips increasing with depth.

6

F11. Global bed orientations, p. 22.

p- 23.

F13. Global unknown planar
structure orientations, p. 24.
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Sediment/Basement Contact

The sediment/basement contact observed on the FMS images at 291
mbsf corresponds to the sediment/tectonic breccia contact which, in
turn, corresponds to a south-southwest-dipping fault zone observed on
seismic sections and antithetical to the major Moresby detachment.
The contact is seen very clearly on the statically normalized FMS image,
with a strong resistivity contrast (Fig. F4). Indeed, the recovered breccia
consists of highly brecciated metadoleritic basement rocks that form a
steeply dipping extensional fault zone. These rocks are much more re-
sistive than the overlying sediment. The dynamically normalized image
shows that the tectonic breccia seems to have a centimeter-scale texture
similar to the overlying sandstone. The sediment/breccia contact is
present within or at the bottom of a washout zone (287-291 mbsf). The
orientation of the washout zone boundaries very likely reflects the con-
tact dip direction. The sediment/breccia contact is present along a sur-
face dipping at 60° to the southwest, antithetical to the Moresby
detachment. A few planar events (23) have been selected in the tectonic
breccia on the FMS images. They have a wide range of dip and dip di-
rections, but the majority of structures dip southwestward, which is
consistent with the sediment/breccia contact orientation. This confirms
the south-southwest dip direction of the whole fault zone.

The brecciated fault zone thickness is between 5 and 16.5 m from the
combination of core and FMS results. The uncertainty is due to the low
core recovery and to the washout zones and nearness to the bottom of
the record for FMS data. The top of the fault zone may be located be-
tween 286 and 294.1 mbsf from cores and between 287 and 291.5 mbsf
from FMS data. The bottom may be located between 287.35 and 303.54
mbsf from cores and at least at 296.5 mbsf from FMS data (bottom of
the record).

CONCLUSIONS

Any comparison between core and FMS structural analysis results is
made difficult by the very poor core recovery in Hole 1114A, the short
FMS record interval, and the washout zones in the FMS data. Three frac-
ture zones are clearly determined from FMS images analysis, whereas
the distribution of fractures observed on cores shows a nearly constant
density of fractures. Between FZ1 and FZ2 determined from FMS im-
ages, there is almost no core recovery, so no comparison is possible. Un-
fortunately, in the interval with significant shear zones evident in cores,
there are no reliable FMS data because of washout zones. As for the bed-
ding, dip is much greater below ~100 mbsf in cores, whereas there are
no FMS data above. However, the FMS data analysis confirms the pres-
ence of bedding dips between ~10° and 60° as observed in cores.

Both cores and FMS data reveal the presence of highly deformed in-
tervals with the presence of shear zones and fracture zones. Reverse
faults have also been observed in both sets of data. Thus, although cores
and FMS images are not directly comparable, the results of the struc-
tural analysis performed on both data are somewhat consistent. An in-
terpretative structural log can be derived from cores and FMS analyses
(Fig. F27). It summarizes the evolution of bedding dips with depth from
cores and FMS measurements as well as the location of fracture zones
determined from FMS images. The wide range of bedding dips observed
in the logged sedimentary sequence as well as the sharp changes of bed-

F14. Fracture dip, dip direction,
and density vs. depth, p. 25.

Fractur

Depth (mbsf)

11168

F15. FZ1 fracture orientations,
p- 26.

p- 27.
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ding dip direction, associated with intense networks of steep faults,
may indicate differential rotation of strata within fault-bounded com-
partments.

The oriented FMS images permit the determination of bed and frac-
ture dip directions. This permits placement of the studied site in a more
regional context. Fractures mainly dip north-northwestward and clearly
northward in FZ2a. This may express the present north-south extension
of the western Woodlark Basin. The presence of strike-slip and oblique
faults observed in cores and reverse faults observed on FMS images are
indicative of an oblique extensional system on Moresby Seamount that
is characterized by the presence of a northeast-dipping detachment
zone on its northern flank and by the presence of southwest-dipping
antithetical normal faults on its southern flank.
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APPENDIX

Depth Correlation

The FMS data are processed separately from the conventional logs. In
particular, the depth computation includes a sticking detection proce-
dure that uses the tool accelerometer data to correct the winch cable
depth data when the tool gets stuck and the measurements conflict.
This correction is applied from the bottom of the hole, which is set to
be consistent with that of the other logs, and can accumulate signifi-
cant depth differences upward in some instances. As a consequence, the
caliper data that have been processed with the FMS are systematically
displayed here so as to correlate observations on the FMS images with
those classical logs that also display caliper data. This offset remains
small in this hole and can be estimated by comparing the caliper re-
cording shown on Fig. AF1 with that of the triple combination tool
string shown in fig. FS3A of Shipboard Scientific Party (1999c). The dis-
tinctive caliper variations at 107.6, 201.9, and 234.9 mbsf on Figure
AF1 are found within 10, 90, and 30 cm on figure 53A of Shipboard Sci-

entific Party (1999c¢).

FMS Images

This appendix provides a full-image coverage of the borehole at 1/
200 scale (Fig. AF1). This scale is sufficiently large for the dynamic im-
age to start displaying variations related to lithology (the sliding color
equalization window of 2 m is represented by 1 cm) and sufficiently
small for the borehole to be represented in a few pages. Structural mea-
surements and lithology with depth are also shown.

AF1. FMS image and analysis,
p. 40.

W

r ”
S

ISy s W gty

Lo # .@%@}?& fvg é %‘gﬁ%

13

o
—
SN

11



LOUVEL ET AL.
STRUCTURAL ANALYSIS OF THE FOOTWALL BLOCK

Figure F1. ODP Leg 180 drilled site location map in the Woodlark Basin (from Goodliffe et al., 1999).
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Figure F2. Schematic cross section of Leg 180 sites. Sites logged with the FMS are highlighted in bold. Only
Site 1115 reached prerift sediments (modified from Shipboard Scientific Party, 1999b; Taylor and Huchon,
this volume).
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Figure F3. Summary of the main structural features observed in cores at Site 1114. The depth interval
logged with the FMS is shown on the right (modified after Shipboard Scientific Party, 1999¢).
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Figure F4. Composite log of Hole 1114A. Vertical scale = 1/1000. From left: (1) core, (2) core recovery, (3)
depth, (4) static FMS image, (5) location of detailed FMS figures shown in this paper, (6) structural inter-
pretation tadpoles, (7) depth intervals of fracture zone stereonets shown in this paper, (8) lithologic units,
(9) logging units, (10) structural domains, and (11) caliper measurements. The thin vertical green line on
the FMS images indicates the orientation of pad1, which corresponds to the C1 caliper reading. The tadpole
position on the horizontal axis indicates the dip magnitude, and its tail points toward the dip direction.
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Figure F5. FMS image and analysis, 109-119 mbsf, Hole 1114A. Vertical scale = 1/40. From left: (1) depth,
(2) static FMS image, (3) dynamic FMS image with a 2-m color equalization sliding window with sinusoids
corresponding to the structural measurements, (4) structural interpretation tadpoles, and (5) caliper mea-
surements. The thin vertical green line on the FMS images indicates the orientation of pad 1, which corre-
sponds to the C1 caliper reading. The tadpole position on the horizontal axis indicates the dip magnitude,
and its tail points toward the dip direction.
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Figure F6. FMS image and analysis, 129-139 mbsf, Hole 1114A. Vertical scale = 1/40. From left: (1) depth,
(2) static FMS image, (3) dynamic FMS image with a 2-m color equalization sliding window with sinusoids
corresponding to the structural measurements, (4) structural interpretation tadpoles, and (5) caliper mea-
surements. The thin vertical green line on the FMS images indicates the orientation of pad 1, which corre-
sponds to the C1 caliper reading. The tadpole position on the horizontal axis indicates the dip magnitude,

and its tail points toward the dip direction.
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Figure F7. FMS image and analysis, 172-182 mbsf, Hole 1114A. Vertical scale = 1/40. From left: (1) depth,
(2) static FMS image, (3) dynamic FMS image with a 2-m color equalization sliding window with sinusoids
corresponding to the structural measurements, (4) structural interpretation tadpoles, and (5) caliper mea-
surements. The thin vertical green line on the FMS images indicates the orientation of pad 1, which corre-
sponds to the C1 caliper reading. The tadpole position on the horizontal axis indicates the dip magnitude,
and its tail points toward the dip direction.
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Figure F8. FMS image and analysis, 205-215 mbsf, Hole 1114A. Vertical scale = 1/40. From left: (1) depth,
(2) static FMS image, (3) dynamic FMS image with a 2-m color equalization sliding window with sinusoids
corresponding to the structural measurements, (4) structural interpretation tadpoles, and (5) caliper mea-
surements. The thin vertical green line on the FMS images indicates the orientation of pad 1, which corre-
sponds to the C1 caliper reading. The tadpole position on the horizontal axis indicates the dip magnitude,
and its tail points toward the dip direction.
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Figure F9. FMS image and analysis, 265-275 mbsf, Hole 1114A. Vertical scale = 1/40. From left: (1) depth,
(2) static FMS image, (3) dynamic FMS image with a 2-m color equalization sliding window with sinusoids
corresponding to the structural measurements, (4) structural interpretation tadpoles, and (5) caliper mea-
surements. The thin vertical green line on the FMS images indicates the orientation of pad 1, which corre-
sponds to the C1 caliper reading. The tadpole position on the horizontal axis indicates the dip magnitude,
and its tail points toward the dip direction.
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Figure F10. FMS image and analysis, 282-296 mbsf, Hole 1114A. Vertical scale = 1/40.From left: (1) depth,
(2) static FMS image, (3) dynamic FMS image with a 2-m color equalization sliding window with sinusoids
corresponding to the structural measurements, (4) structural interpretation tadpoles, and (5) caliper mea-
surements. The thin vertical green line on the FMS images indicates the orientation of pad 1, which corre-
sponds to the C1 caliper reading. The tadpole position on the horizontal axis indicates the dip magnitude,
and its tail points toward the dip direction. Note the sediment /tectonic breccia contact at 291 mbsf.
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Figure F11. Hole 1114A global bed orientations. Equal area stereographic projection, lower hemisphere.
Poles to bed 1 and bed 2 are shown as light green circles and darker green pentagons, respectively. Strike
and dip histograms use 5° bins. Strike is normalized so that the dip direction is 90° clockwise from strike.
Bed 1 and bed 2 histograms are stacked with the same color code as stereonet poles.
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Figure F12. Hole 1114A global fracture orientations. Equal area stereographic projection, lower hemi-
sphere. Poles to frac 1 and frac 2 are shown as pink and red squares, respectively. Strike and dip histograms
use 5° bins. Strike is normalized so that the dip direction is 90° clockwise from strike. Frac 1 and frac 2 his-
tograms are stacked with the same color code as stereonet poles.
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Figure F13. Hole 1114A global unknown planar structure orientations. Equal area stereographic projection,
lower hemisphere. Poles are shown as gray diamonds. Strike and dip histograms use 5° bins. Strike is nor-
malized so that the dip direction is 90° clockwise from strike.
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Figure F14. Fracture dip, dip direction, and density vs. depth (number of fractures per meter) from FMS
images analysis at Hole 1114A. Black squares = fractures, open diamonds = reverse faults. The line at 200
mbsf shows the sharp change of fracture dip direction within FZ2, which is therefore subdivided into FZ2a
and FZ2b.
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Figure F15. Hole 1114A FZ1 fracture orientations. Poles to frac 1 and frac 2 are shown as pink and red
squares, respectively. Strike and dip histograms use 5° bins. Strike is normalized so that the dip direction is
90° clockwise from strike. Frac 1 and frac 2 histograms are stacked with the same color code as stereonet
poles.
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Figure F16. Hole 1114A FZ2 fracture orientations. Poles to frac 1 and frac 2 are shown as pink and red
squares, respectively. Strike and dip histograms use 5° bins. Strike is normalized so that the dip direction is
90° clockwise from strike. Frac 1 and frac 2 histograms are stacked with the same color code as stereonet
poles.

North fracl N=50
frac2 N=2

East

FZ2 180-215 mbsf

0 90 180 270 360 0 30 60 90
Strike (°) Dip (°)



LOUVEL ET AL.
STRUCTURAL ANALYSIS OF THE FOOTWALL BLOCK 28

Figure F17. Hole 1114A FZ3 fracture orientations. Poles to frac 1 and frac 2 are shown as pink and red
squares, respectively. Strike and dip histograms use 5° bins. Strike is normalized so that the dip direction is
90° clockwise from strike. Frac 1 and frac 2 histograms are stacked with the same color code as stereonet
poles.
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Figure F18. Hole 1114A FZ2a fracture orientations. Poles to frac 1 and frac 2 are shown as pink and red
squares, respectively. Strike and dip histograms use 5° bins. Strike is normalized so that the dip direction is
90° clockwise from strike. Frac 1 and frac 2 histograms are stacked with the same color code as stereonet
poles.
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Figure F19. Hole 1114A FZ2b fracture orientations. Poles to frac 1 and frac 2 are shown as pink and red
squares, respectively. Strike and dip histograms use 5° bins. Strike is normalized so that the dip direction is
90° clockwise from strike. Frac 1 and frac 2 histograms are stacked with the same color code as stereonet
poles.
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Figure F20. Close up of a reverse fault (orange sinusoid) in FZ1. A small reverse offset of thin resistive layers
is observed on pads 1, 3, and 4, from left. An array of microreverse faults was also observed in a core at the
same depth (core photograph is from Shipboard Scientific Party, 1999¢).
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Figure F21. Close up of two reverse faults in FZ2. From left: (1) depth, (2) static FMS image, (3) dynamic
FMS image with a 2-m color equalization sliding window with sinusoids corresponding to the structural
measurements, (4) structural interpretation tadpoles, and (5) caliper measurements. The thin vertical green
line on the FMS images indicates the orientation of pad 1, which corresponds to the C1 caliper reading.
The tadpole position on the horizontal axis indicates the dip magnitude, and its tail points toward the dip
direction. A 10-cm-thick resistive bed is cut and shifted by the upper reverse fault.
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Figure F22. Bedding dip and dip direction vs. depth from FMS images analysis in Hole 1114A. Four intervals
(B1-B4) are defined. The 200-m-deep line shows the sharp change of bedding dip direction between B2 and

B3.
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Figure F23. Hole 1114A B1 bedding orientations. Poles to bed 1 and bed 2 are shown as light green circles
and darker green pentagons, respectively. Strike and dip histograms use 5° bins. Strike is normalized so that
the dip direction is 90° clockwise from strike. Bed 1 and bed 2 histograms are stacked with the same color
code as stereonet poles.
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Figure F24. Hole 1114A B2 bedding orientations. Poles to bed 1 and bed 2 are shown as light green circles
and darker green pentagons, respectively. Strike and dip histograms use 5° bins. Strike is normalized so that

the dip direction is 90° clockwise from strike. Bed 1 and bed 2 histograms are stacked with the same color
code as stereonet poles.
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Figure F25. Hole 1114A B3 bedding orientations. Poles to bed 1 and bed 2 are shown as light green circles
and darker green pentagons, respectively. Strike and dip histograms use 5° bins. Strike is normalized so that
the dip direction is 90° clockwise from strike. Bed 1 and bed 2 histograms are stacked with the same color
code as stereonet poles.
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Figure F26. Hole 1114A B4 bedding orientations. Poles to bed 1 and bed 2 are shown as light green circles
and darker green pentagons, respectively. Strike and dip histograms use 5° bins. Strike is normalized so that
the dip direction is 90° clockwise from strike. Bed 1 and bed 2 histograms are stacked with the same color
code as stereonet poles.
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Figure F27. Interpretative structural log for Site 1114 from core and FMS image analysis.
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Table T1. Hole 1114A interpreted FMS images.

Depth Depth Lithologic Logging

Figure (mbsf) scale unit unit Comments
F4,p. 15 100-300 1/1000 HI-VII L1-L5  Full hole view
AF1,p.40 100-150 1/200 1l L1-L3
AF1,p.40 150-200 1/200 1l L3-14
AF1,p.40  200-250 1/200 IlII-IV L4
AF1,p.40  250-300 1/200 IV-VII L4-L5
F5,p. 16 109-119  1/40 1] L1 Sharp resistive beds
F6,p. 17 129-139 1/40 HIA L2 Fracture zone
F7,p. 18 172-182  1/40 111, 1B L3 Conglomerate and sandstone
F21,p. 32 196.5-198.5 1/20 1] L3 Fracture zone 2
F8, p. 19 205-215 1/40 I L4 Fracture zone 2
F9, p. 20 265-275 1/40 \2 L4 Sandstone
F10, p. 21 281.5-296.5 1/60 VI, Vil L4, L5 Sediment/breccia contact

39



LOUVEL ET AL.

STRUCTURAL ANALYSIS OF THE FOOTWALL BLOCK 40

Figure AF1. FMS image and analysis, Hole 1114A. Vertical scale = 1/200. From left: (1) depth, (2) static FMS
image, (3) dynamic FMS image with a 2-m color equalization sliding window with sinusoids corresponding
to the structural measurements, (4) structural interpretation tadpoles, and (5) caliper measurements. The
thin vertical green line on the FMS images indicates the orientation of pad 1, which correspond to the C1
caliper reading. The tadpole position on the horizontal axis indicates the dip magnitude, and its tail points

toward the dip direction. (Continued on next three pages.)
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Figure AF1 (continued).
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Figure AF1 (continued).
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Figure AF1 (continued).
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