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PRELIMINARY LIBEC/FAMOU‘S CRUISE RESULTS

The largest physiographic feature on earth, the undersea mid-ocean ridge system, is
cleaved by a discontinuous central depression or rift valley. According to the modern
concept of plate tectonics, the rift valley is the zone from which two rigid portions of the

earth’s crust spread apart. Project FAMOUS (French-American Mid-Ocean Undersea, mudy )
was an international effort aimed at a better understanding of the voleanic and tectonic .

processes associated with such a spreading center.

This report deals with photographic results from USNS Mizar cruise 73-11-10, one of
several surveys which preceded the Project’s culminating submersible investigations sched-
uled for the summer of 1974 [1]. During this October 1973 cruise, more than 5000
photographs were obtained with LIBEC (LIght BEhind Camera), a system which permits
photography of the ocean floor at greater ranges than were previously possible [2, 3].

Results were first presented to the FAMOUS divers at the Woods Hole Oceanographic
Institution in April 1974, Presentation of a lineations map based on unsmoothed naviga-
tion and early interpretations prompted a request that this be refined before the final dives
to the rift valley, The essential observations, illustrations, and maps were presented at the

second LIBEC/FAMOUS data review at NRL on June 13, 1974. A preliminary version of
this report [4] was made available to all divers before their departure to the dive site.

LOCATION AND PHYSIOGRAPHY

The primary FAMOUS area of interest was centered at 36°49'N, 33°16'W (Fig. 1),
about 340 kilometers southwest of Flores, the westernmost island of the Azores. With the
exception of one test lowering made in the vicinity of 36°44’ N, 33°16'W all LIBEC pho-
tographs were obtfained in the darkly stippled area shown in Flg 1. The location of useful
photographic information obtained within that area is along the composite camera tracks
illustrated in Fig. 2. The relative magnitude of the navigation error can be estimated from
15 track crossings which have been identified by matching the photographs of a pair of
tracks. If there were no navigation error, the matching photographs would be at the same
point on the smoothed navigation chart. The smooth navigation chart shows the matched
photographs to be located between 0 and 240 m apart with an average separation of 113 m.

The hachured areas delineate physiographic features of interest. The thin dashed lines

along tracks represent times of 00r na 1gat10nal control. Th ottOm characteristics
indicated by other track symbols will be discussed later.

The hachured zones along the west and east sides of Fig. 2 outline the respective
west and east walls of the median rift. The well-defined closely packed contours of the
west wall (inset map, Fig. 2) nicely define its boundaries. These same depth ranges were
then used to define the more gently sloping east wall by projecting them laterally, The
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local downward slope of the valley floor toward the north can be seen from the 1300-fathom
(2877-meter) contour, which migrates from the bottom to the top of the walls in a south-
to-north direction. The hachured areas in the center locate Mt. Venus to the north (depths
less than 2606 m) and Mt. Pluto to the south (depths less than 2560 m), the prime cites

of interest for the diving phase of the Project. The letters and numbers bordering Fig. 2

are the index to a master photomosaic map (scale 1:250) used for the initial data reviews
mentioned in the introduction. The scale size of each index square is 250 m.

‘4362 50'N

26°40'N

d KILOMETERS
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P i B . _
3P 20'W " 33°10'W

Fig. 1 — Outline (darkly stippled area) of a 5.25-by-5.50-km area in which the
LIBEC bottom photographs were obtained as related to the surrounding bathymetry
of the mid-Atlantic ridge. The lightly stippled area indicates depths in excess of
1300-fathoms (2377 meters), the contour which locally defines the extent of the
median rift valley [6].
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Fig. 2 — Tracks showing the continuous cverlapping coverage of LIBEC photographs projected on major
features (hachured areas) of local relief in the darkly stippled area of Fig. 1. Track symbols denote the
three predominant types of bottom. The inset chart, lower right, is from Ref. 5,

EQUIPMENT AND METHODS

The LIBEC system was deployed through MIZAR’s center well and towed by an
armored cable which also served as a telemetry link. Figure 3 depicts the submerged por-
tion of the system as it would appear at a bottom-to-camera distance of 10.3 meters, All
photographs were taken with a I'ype 103 Astro Nautical Research 70-mm camera having
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a seawater focal length of 40.4 mm. The camera was oriented so that the two straight
edges of the nicture area were normal to the towino directinn  Thaca adoae enannad a dic.
t=] I S A WY S MLARME VR VELSC VAL VY AAdpm WALA W UALILA. A RLLOV TR WRSALLLIVM @A WULo

tance of 57.3 mm, with an angular coverage of 70.6°. The useful crosspath (circular) image
spanned about 74 mm or 85°.

9 METERS

e

( CAMERA
SHADO
< *q} WS
AREA N\ //.‘\ —~ /‘_\
PHOTOGRAPHED 3\ s ~> /"7 DATA
ae @
AVERAGE PHOTO AREA, S

Fig. 3 — Spatial relationship of the deep-towed LIght BEhind Camera (LIBEC)
system. Electronic flash lamps (L) provide light which is directed via
blackened cones (D) to the outer edges of the field of view of the camera (C).
The camera ig suspended far heneath the region of intense backseatter that
reduces the range at which photographs may be taken (the square represents
the average photo taken with normal gear). Other elements in the system
during Mizar cruise 73-11-10 were a responder (R) for acoustic positioning, a
pinger (P) for acoustic altitude, a multiple water sampler (W), an NUS Model
1310 precision temperature sensor (T), and a vaned compass (V) suspended

from the camera,.

4
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The scale in each photograph can be measured, provided the height is known. The
camera height was recorded for camera lowerings (runs) 8 through 14 on a Precision

Graphic Recorder by means of acoustic signals. Since the signals originated _from a point
near the light source, an image of the camera was obtained on the record (Fig. 4).

fy

M
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b
H
I

Fig. 4 — Portion of continuously recorded acoustic (pinger) signals from which
the camera altitude above the bottom was derived. Small-amplitude changes in
the bottom record are artifacts of sea-surface-induced vertical motions of the
system.

Interpretation of the LIBEC photographs presents a challenge to those unfamiliar
with the geometry of the system. The orientation, relative location, and size of shadows
plays a role in determining relative displacement and steepness of surfaces. Figure b
illustrates graphically how one determines the size and spatial location of an object pho-
tographed in midwater. The shadow of the animal is displaced toward the center of the
photograph. The same holds true for ohjects with vertical relief on the sea floor. The
concentricity of shadows causes the illusion that surfaces on the periphery of a LIBEC
photograph are higher than those toward the center,

The data presented here are based on a study of 4882 readable* photographs (Table
1, camera runs 4 through 6 and 8 through 14). Contact-sized transparancies of each wide-
angle photo were studied over a diffuse light source using hand lenses of 5 and 10 power.
When viewed from a point well beyond the center of perspective, such wide-angle photo-
graphs exhibit a disproportionate magnification of the foreground. This will be particularly
bothersome in photographs of features having considerable relief relative to the altitude
of the camera. Since proper viewing is not always possible with normal vision, it is best
to follow the advice of Kingslake [6] and view the prints with “a magnifying lens having

*Both human error and system malfunctions resulted in occasional photographs or groups of photographs
which were toe close or too far from the target, blank, or overlapping, Al other photographs {approx-
imately 400 per lowering) were considered readable.

5
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a focal length approximately equal to the distance of the perspective center from the
print,” In this study, features of interest were viewed with hand lenses having l-inch focal
lengths {well within the ideal distance of 40.5 mm for these contact-sized prints)} folowed
by an unassisted examination at the “normal”” focal distance of 180 mm, thus spanning the
ideal viewing distance. The proper viewing distance for the majority of photographs pre-
sented im this report (Figs. 6-10 and 14-186) is 63 mm.

Table 1
Summary of LIBEC/FAMOUS Bottom Photography
Oct. Readable
Run | 1973 Photography Time (GMT + 1) Photo- Remarks
Date | Start |Finish| Data Gaps graphs
1 6 0006 | 0418 1 0219-0418 (intermittent) 359 Test run to south of
study area

2 7 0439 | 0455 — 4 Systern maifunction
3 7 - — — — Camera lost

4 8 1829 [ 2018 | Many short gaps 211 Some multiple exposures
5 2 0521 | 0840 | 0642-08256 289 Intermittant exposures

during gap

6 9 1841 | 2337 [ 2010-2020, 2156-2326 585 —

7 10 0516 | 0650 - 4 System matfunction
g | 10 1832 | 2158 — 469 —

9 1121311236 { 0012 — 606 —

10 | 13 G352 | 0826 | 0421-0510, 0524-0559, 448 Latter two gaps
0647-0826 intermit{ant

11 13 1240 | 1916 | 1341-1420, 1508-1811 424 Gaps intermittant
12 14 06227 | 0648 - 615 -
13 14 1235 | 2259 | 1255-1845, 2241-2257 621 -
14 15 0252 | 0712 — G614 -

LINEATION TERMINOLOGY

For this study a lineation was defined as a linelike feature having a length of at
least 15 m (the width of a typical LIBEC photograph). Sinuous or irreguiar features were
considered valid lineations if their fransverse dimension amouated to no more than a
quarter of their visible longitudinal extent. Lineations were divided into five categories
illustrated in Figs. 6 through 10 and defined as follows:

scarp (Fig. 6) — A lineation formed by a relatively abrupt change in slope such that
a lower surface is not visible due to a lack of light or, if visible, is not flat. Many non-
linear scarps were also noted in the photographs.
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Fig. 5 — Shadow geometry of the LIBEC system. Measuremenis of an animal (cirrate octopod) and its shadow in _the
LIBEC photograph at the right are transferred to a vertical plane at the left to graphically reconstruct location and size.
The scale was determined by an acoustic record of the altitude,
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front (Fig. 7) — A lineation formed by two relatively flat surfaces joined by a
third relatively steep surface. The term fronts was first chosen to refer to the fronts of
lava flows. As the study progressed, it became obvious that some “fronts’’ were of tectonic
origin. The term was retained however to avoid confusion. During a presentation of these
results in November 1974 [7] these features were called steps.

fissure (Fig. 8) — A lineation formed by two vertical or almost vertical surfaces with

a relatively small opening between. A bottom is usually not visible in the opening.

gully (Fig. 9) — A lineation having two relatively steep sides with a bottom visible
between at a vertical distance less than the horizontal separation between the sides. A few
fissures were observed to open into (become) gullies in the space of a few photographs.
Gullies were therefore later classed as open fissures [7].

train (Fig. 10) — A lineation formed by any two or three contrasting bottom-surface
types. Several unrelated linear features fell into this category. Many trains were distin-
guished as a line of pillow lavas denuded of pelagic sediment; these were concluded to
mark hairline fissures in which the opening is not discernable and were presented as
closed fissures in Ref. 7.

STRIKE MEASUREMENT

The horizontal frend or strike of each lineation was measured by aligning the compass

HIIagc alilUWw (Cig, J) wWiul Wi 1V-10 ¥W (iViaiuclillidulUll) LT Ull a dliTTu UL ualidiulcliv

polar coordinate paper and then noting the true strike of the linear feature in question.
Errors were minimized by avoiding measurements on obvious slopes or where a lineation
did not cross the middle portion of the photograph. Compass-measured lineations were
then plotted by time on the smoothed-camera-track chart using a two-armed protractor
with one arm aligned with true north. On photographs having an inoperative or missing

compass the lineation strike was measured with respect to the camera vane shadow (Fig.
‘-H under the assumntion that the shadow was aliened with the direction of tow and further

WRAAIANCA  VEANS TAVALLLLS VARSLA ViiIAY wials wesiAvaie TV LA AALApniatUNA T AVEL VALL AL AL US VRS Raalia A eaAvia

that the direction of tow was equivalent to the smoothed-camera-track orientation. These
latter lineations were plotted by aligning one arm of the protractor with the smoothed
towed-vehicle (fish) track at the time of the observation. The true strike of these relative
measurements were then measured with respect to north on the chart. Any near-bottom
water movements setting across the camera track would cause the camera vane to assume

a drift angle. Any such drift angle is added to errors in track orientation, making these
strike measurements much less accurate than those measured directly by compass. Additional
errors would also arise because of the several steps involved.

Each observed lineation as well as a few other physical features of special significance
are tabulated in Appendix A under column headings defined as follows.
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(a) No. 90 (b) No. 120

{c) No. 136 (d) Scarp from run 2

Fig. 6 — Examples of linear scarps (numbered as listed in Appendix A)
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{a) No. 9 (b} No., 46

{c} No. 44a {d} No. 83

Fig. 7 — Examples of linear fronts, or steps

10
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(a) No. 70 (b) No. 114

(c) No. 167¢ {d) No. 106

Fig. 8 — Examples of fissures

11
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{a) No. 28 (h) No. 18

{c} No. 34 {d) No. 182

Fig. 9 — Examples of gullies, or open fissures

12
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(a) No. 16 {pillows at the upper left to pelagic sedi- (b) No. 51 (closed fissures)
ment and dark fines at the right)

(¢) No. 66 {a closed fissure) (d) No. 77 (a linear swath of dark fines)

Fig. 10 — Examples of trains, a collective term for various linear boundaries between distinet bottom types

13
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Frame — The number appearing in the data frame at the left (refexring to the fish
heading) of each LIBEC photograph. The counter is labeled events.

Oct. 1973 Date/Time — Day (if it changes) followed by the time {{o the nearest min-
ute) as read on the clock in the data frame in each LIBEC photograph.

=3
=

Strike, True — Azimuth of lineation in degrees east or west of true north as measured
in photographs in which an operating vaned compass appears. If both this and the subse-
quent column are filled, the strike was measured after being mapped as noted previously.

Strike, Relative — Azimuth of lineation in degrees to port (P) or starboard (St) of the
forward heading of the fish as determined from the camera shadows {Fig. 3).

Est. Max Slope — Estimated maximum slope {0 degrees being horizontal) of the steep-
est part of each lineation having a discernable vertical relief in four degrees of steepness as
follows: <<30°, 1; 30° to 60°, 2; >60° to <C90°, 3; vertical or overhanging 4.

Est. Max Relief — Estimated maximum relief (in meters) of any lineation having a
discernable vertical reiief.

Down Side — True compass direction (N, S, E, W) toward the lower side or dropoff
of lineations having obvious relief. When no compass was in the view, the direction is
relative to the camera shadow as follows: forward, F; aft, A; to port, P; {o starboard, St.

Remarks — Descriptive comments on the character of the lineation or a cross refer-
ence if it is iliustrated in Figs. 6 through 10. Several prominent nonlinear features (mainly

S\‘:EI?)S) {l:nhu Ll.t ILAIPUJ.’Fn“I‘.t eneugh te reto“ni on "h.ﬂ "Ic‘l" ares +Emed !!‘l!!ﬂlld 'lﬂ'ldﬂ'l‘ fh‘q

column,

LINEATIONS HISTOGRAMS

All valid Lineations which had a measurable strike (198 lineations) were counted in 5°
increments and plotted as a histogram (bottom portion of Fig. 11). A strong mode occurs
at N-20°E, the local axial frend of the median rift valley The two upper histograms of Fig.

11 compare the compass and relative methods of measuring the strike mentioned earlier.
5

The absence of this mode and the wide spread of data evident in the upper histogram
compared with the center histogram is assumed fo refiect the greater error of the relative
method. In Fig. 12 the three histograms compare the strike by ¢ype of lineation. Only
those measurements made by compass were included. Scarps exhibit the least consistent
trends, since only short segments of these relatively large features were visible in single
LIBEC photographs.

i4
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Fig. 11 — A count of lineations versus strike using the suspended
compass method (center histogram), the relative method (upper
histogram), and both methods added (lower histogram)
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Fig. 12 — A count of lineations versus strike by the compeass
method comparing different classes of lineations
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Both steps (fronis) and fissures exhibit a tendency to cluster about the direction which
parallels the main rift valley axis of N-20°E. In the upper histogram, gullies were included
as open fissures, and those fraing which consisted of linear swaths of pillow lava denuded
of pelagic sediment were included ag closed fissures. A separate count was made of those
scarps and steps which faced easterly. - If .only those lineations are counted which fall
within a 45° arc west or east of north, then slightly less than haif (8 out of 19} of the
scarps face eastward and 87% (13 out of 15) of the steps face eastward.

LINEATION CHART

Figure 13 is a chart of all valid lineations listed in Appendix A by type with the
exception of those which are poorly located (those distinguished by a dagger in the listing).
A clustering of scarps is found in the vicinity of the central highs (Mt. Venus and Mt.
Pluto). Lineations characterized by less extreme changes in relief appear to be distributed
mainly on the relatively level valley floor to either side and between the central highs,

Of the several fissures (lineations 96-98) found on ihe one camera run which topped
the west wall (run 8) two which could be easily distinguished were nearly filied with
sediment. Those photographed on the valiey floor, on the other hand, were seidom found
to have sediment fillings near enough to the top to be illuminated by the LIBEC light source.

BOTTOM CHARACTERISTICS

A first look at the photographs revealed relaitionships between lineations and gross
physical character of the sea floor in the rift-valley study area. Three major botiom fypes
were predominant; these are illustrated in Figs. 14 through 186, charted in Fig. 2, and
defined as follows:

pillows (Fig. 14) — Pillow lava rock with its common dark globular shape and surfieial
cracks is easily recognized. Continuous lava tubes were relatively rare, but some up to 20 m
long were noted (Fig. 14¢). Collapsed pillows with broken rims (Fig. 14d) were sometimes
observed in isolated groups. Pillow lava was usually found in locally flat zenes on top of the
high topography in the center of the valley.

talus (Fig. 15y — Dark, generally angular rocks in the cobble to boulder size range
(Wentworth scaie) was mapped as talus. Talus was usuaily found at the base of scarps and
other steep slopes. '

pelagics (Fig. 16) —Light-colored surfaces were presumed to be accumulations of pelagic
ooze. Pelagic sediment covered more than 50% of the bottom in relatively flat parts of the
study area such as to either side of Mts. Venus and Pluto.

The three types of bottom were mapped along each camera track in Fig. 2. The cutoff
between types was set at 50%;that is, when more than half the photo area was filled with pil-
lows, talus, or pelagic sediment, the symbol for that particular bottom type is charted. If only
one or two photos out of a longer uniform series were found to change in type, these were
ignored. Instances in which all three bottom types were present without any single type
reaching b0% were rare.

18




NRL REPORT 7785

H R S T U vV W X

TTT] V//V/uw//%//{ A I

=

y

I b, y %
5: ” v /’_ ';1‘%.;, _\_:-" .ﬁ! / o /
Y RN %}9’% /

,,ﬁ

el
5 L
\‘ﬂ\ iy
LR

AN

)

-A/A""'/I!IIIJ\/%‘E’
77/ N R N R R R e A R B |

Fig. 13 — Distribution of lineations plotted by type, position, azimuth, and number (Appendix A). Hachured
areas are major relief features derived from the detailed bathymetrie chart [5] shown in the inset.

un,

D

17




BRUNDAGE AND CHERKIS

.

"

(a) Talus (center) and dark fines (b) Typical pillow lava
(upper left)

I T R N -
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e b e

(d) Collapsed pillows with broken rims

(c) Long continuous lava tube
(upper left)

Fig. 14 — Pillows as distinguished from other dark rocks

18
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(a) Admixed with pelagic sediment and dark fines (b) Admixed with & sharply defined tongue
of pelagic sediment

{(c) As a uniform cover almost devoid (d) Admixed with sharply defined tongues of
of sediment on the western slopes of pelagic sediment
Mt. Venus

Fig. 15 - Examples of talus or pillow-lava fragments

19
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-

(b) With a closed fissure:

(a) With isolated pillows, including a
lineation 46

split hollow pillow (upper center)
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(d) With a sediment-filled circular depression

(¢) With dark sea urchins and dark fines
lined with talus.

Fig. 16 — Examples of bottom areas partly covered by pelagic sediment
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The central high areas were found to be dominated by pillows and talus with relatively
flat parts of the valley to either side and between them characterized by pelagic sediment
cover. A notable zone of talus can be seen at and near the base of the west wall as well
as a zone of pelagic sediment along the flat area crossed at the top of the west wall on
run 8 (upper left in Fig. 2).

A typical boundary between pelagic sediment and pillow lava can be seen in Fig. 17.
The portion occupied by pillow lava is toward the right and bottom edges of the mosaic,
and a pelagic zone extends out from the center to the left. The upper edge of the montage
terminates at lineation 182, a gully or shallow figsure. Talus was most commonly found
on the base of steep slopes leading up to scarps.

In some photographs a strip of dark sediment smaller in particle size than talus was
noted. One of these can be seen as a vertical swath in Fig. 10d. This sediment is called
dark fines in this report. Apparently this fine sediment is easily transported, since it was
often found to form a current lineation or depositional pattern as in the center of Fig. 9a.
In that photograph and in many others the dark fines were seen to occupy a local low in
the topography. During run 1, to the south of the study area, dark fines were photographed
in a distinct ripplelike pattern. Such features were rarely noted in the photographs from
the study area however.

One photograph taken during run 11 near the crest of Mt. Venus exhibits a curious
set of dark features believed to be caused by an accidental collision of the towed vehicle
with the bottom. The photographic interpretation is shown in Fig. 18. 'The distance
between the scars is equivalent to the distance between the botiom edges of the LIBEC
light-source structure (Fig. 3). If the interpretation is correct, then at least locally there
appears to be a deposit of dark fine material which is less easily transported than the dark
fines previously mentioned. This material apparently fills the interstices between pillows
in some areas.

CONCLUSIONS

The following conclusions are limited to features observed in LIBEC photographs
and to their relationship with the local bathymetry. More meaningful conclusions await
the presentation of other data gathered for Project FAMOUS.

The predominant N-20°E strike of linear features is in close agreement with the strike
of the median rift valley, and the eastward-facing attitude of steps (fronts) reflacts the
overall valley assymetry. It is concluded therefore that the direction of (fectonic)
movements which shaped the major valley walls is the same as that which produced the
smaller linear features. This conclusion is not valid for those scarps located on Mt. Venus
and Mt. Pluto. Because of their close alignment with local isobaths, these scarps are
concluded to be a more detailed expression of the shape of the local bathymetry as
revealed (and smoothed) by the sonic measurements.
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Fig. 17 — A photographically matched crossing between runs 9 and 13
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INTERPRETATION

scarp 1
EDGE ~__~

PREVIOUS TRACK
PROJECTED ON

LIBEC FRAME 88

A A ey

i rhd AN N
NUN 1T VUL 7O

Fig. 18 — Dark markings at the top of a scarp which were probably made by the LIBEC instrument housing
on a previous run as shown at the top in the repeated print with interpretation
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The distribution of hottom fv‘r'\pe appears related to the maior T\afhvmai—nr with

‘
pL AR Awh T R Ewi® ] CLT HRIGLY ALK UL Y 4 TV AVAR

pitlow lava mantling the upper 5urfaces of the central highs, talus located along the basal
slopes, and pelagic sediment covering much of the relatively low and flat areas between.

The relatively clean rock surfaces noted at the edges of fissures {Fig. 8) suggest that
seismic activity detected in the area [8, 9] may reach intensities high enough to help
resuspend pelagic sediment. Obviously such edges are free to move at greater amplitudes
than the surrounding substrate, and the immediate presence of a sediment trap (the fisstire)
aids in keeping the surfaces clean. The usual other redistributing mechanisms (by currents

and 'Faﬂ“s}\ .rinnhi‘la.cn'lv n]qv a nart in the process ]r\.1!+ tha walativa 3 arianns nf aonh
ay a Dart In e process, Ul Wie reaguive imporiance o1 eacn 1s
unknown.

Mapping by means of strips of overlapping LIBEC photographs is valuable for showing
the relafionships of bottom-type distributions and features that are too large to be obsexrved
by conventional photography or by submersibles and yet are too smalil to be accurately
mapped by surface sohar.
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ographic Institution. J. Cathro and L. De Marr are thanked for their expert handling of
the on-board photographic processing. For the long hours flying the fish and for keeping
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R.A. Gallatin, H. Gibbs, R.G. Hughes, D.A. Milburn, and R.B. Patterson. For the shore-based
photographic assistance we acknowledge R.K, Sibley and his team of experts: in particular
J. Cathro, R. Pillard, J. Goff, G. Baker, and W, Farrell. We acknowiledge J.M. Brozena, Jr.,
for his assistance in mapping the lineations and bottom type. Grateful thanks are extended
to 8.B. Lasher for her efficient typing of the manuscript. Finally we thank R.R. Goodman,
Associate Director of NRL, for his ingpiration and encouragement before, during, and after
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APPENDIX A

LINEATIONS (The section ‘“Lineation Tabulation” defines the headings)

Strike Est. | Bat
No. Frame g::e f‘lrgi;?e Type Rela- Max | Max Dsci):;n Remarks
True ) Slope | Relief
tive
Run 4 (NRIL LiBEC lowering number)
I [4243 8/1839 | Scarp 15°E —- 3 — E -
2 [ 50-53 1840- | Gullies Irreg. - 3 2 - Invalid
1841

3 |58 1844 Front 20°E - 4 20 E -
4 [70-71 1848 | Gully 3$°E - 2 40 - -
5 182 1852 | Scarp S50°E | - 4 - W -
6 | 140 1911 | Scarp IPE | - 2 - E -~
7 | 166-167 1920 | Scarp 10°E - 4 - E Very ragged edge
8 §177-178 1923 | Scarp 20°E - 4 ~ W | Ragged edge
9 [ 213 1935 | Front 10°E — 4 3 SE | Like an inside corner;

9°E Fig. 7Ta

10 | 244 1945 | Front 3I5°E — i 2 E -~

11 1265 1952 | Scarp 20°E — 4 25 E —~

12 | 280 1957 [ Scarp 10°E | 9¢0° 4 30 A -~

13 [ 318-319 2013 | Scarp 20°E o 3 50 A Vertical surface smouoth

14 1320-321 2014 |} Fromt S50°E | 70°P 4 - A -

15 332 2018 Scarp N-§ 80°St 3 — A -

Run

16 17374 2/0528 | Trains 15°E — - - - Fig. 10

17 [ 1962-103 0530 | Scarp 25°E - - W -

18 133135 0541 Gully 15°W - - =1-2 - Fig. 9b

19 1139 0543 | Front i5°E - - 1 E -

20 | 140-141 0344 | Train 20°W - - - - -

21 [143-144 0544 | Front 5°E - - - W -

22 | 162 0342 | Scarp 40°E - 2 - SE -

23 ] 18%-190 0601 Scarp 60°E - 4 - N Irregular

24 | 211-212 0607 [ Train 5°E - - 1 — -

25 1218219 0609 | Train 5°W - - - - Dark fines

26 | 245 0618 | Front 5°W - 2 2 E -

27T 1256 0622 | Front 20°E - 2 4 E -

28 | 261 0623 | Gully I10°E — - 1-2 - Dask fines; Fig. 92

29 | 263-264 0624 | Train 10°E - - - - Dark fines

30 1269 0626 | Gully 15°W - — <1 - Dark fines

31 0627 | Scarp 40°E - 3 25 E -

32 | 31i-312 0640 | Train 10°E - - - - Piillow size decteases and
sediment increases
to west

33 | 1456 0701 Front 10°E - 2 34 E —

33z - - Fissure 20°E - - - - No data image

34 | 2611-2613 0831 Culty 50°W - - - - Fig. 9¢

35 2616 0833 Gually 15°W - - i -

36 | 26192621 0834 | Gully to fissure | 15°E - - - - -

37 12623-2627 0835 | Gully and front | I10°W - - 2 w Meandering

38 | 2639 0840 | Fissure N-§ - - - - -
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Oct. 1973 Sl Est. | Est. | 1y ovn Rematk
tive
Run 6
39 | 917920 9/1851 | Gully 15°E - - - Irregular edge
40 | 953 1902 | Train 20°E - - - - -
41 | 982933 1912 | Scarp 25°E - 3 — W - R
42 | 992.993 1915 - - - - - - Invalid; sediment tongue
43 | 1008-1009 1920 | Fissure 35°FE — - - - - k
44 | 1028 1926 | Fronts 30°E - 1 3 S C =
443 | 1052-1053 1935 Front 15°W — 2 10 E 'Fig. 7¢
45  1072-1074 1942 | Scarp 20°E - 4 >50 E -
46 | 1089 1948 | Front 25°E - 2 2-3 E Fig. 7b
47 11090 1948 | Fissure 60°E — - - - -
48 | 1091-1092 1948 | Fissure 50°E - - - - I
49 1094 1949 | Fissure 15°E — - - - Nearly closed
50 | 1095 1949 | Fissure 35°E - - - - Merges with No. 49
51 | 1096-1098 1950 | Triple train 30°E - - - - Fig. 10b (two visible) .
52 11 1955 | Front 25°E - 2 10 E ‘ -
53 | 1160 2010 Front 30°E - 3 >30 .E PDark fines and light
marks at base-
54 | 1212-1214 2028 | Train 50°E — - - - -
55 [ 1219 2030 | Train 45°W - - - - -
56 |[1220 2030 | Train 25°W - - - —_ - '
57 | 1227 2033 | Train 20°E - - - - =
58 {1228 2033 | Fissure 45°W - - - - -
59*%1 1255-1256 2043 | Trains 30°E | 70°P - e - -
60% | 1256-1257 2043 | Train 5°E | 85°8t- - - - -
61*%]1262-1263 2045 | Train 40°W | 40°St - —- - - .
62*% ) 1266 2046 | Front 30°E | 70°P 3 10 A - v
63% | 1284-1285 2052 | Scarp 20°E | 80°P 3 | >S50 A - E
64*( 1287-1288 2053 Fissure 20°W | 60°St - - - —
65% [ 1288-1289 2053 | Train 20°W | 60°St - - - -
66* ] 1289-1290 2054 [ Train N-§ | 60°St - - - -
67° | 1291-1293 2055 | Train 35°W | 45°St - - - Fig. 10c
68* | 1291-1292 2055 | Train N-S5 | 80°St - - - Fig. 10c; ends at No. 67 |
69* |11292-1293 2055 | Fissure 20°W | 60°5t - - - - g
69a* | 1295-12971 2056 | Fissure 40°W | 40°5t S - —  |Fig. 8a; Ends at No. 70
70* [ 1296-1297 | 2056 | Fissure S0°E [80°st | - | - — | Fig8a :
T1* [ 1297-1299 2057 | Fissures 40°W | 40°St - - - Fig.8a -
71a*] 1299-1301 2058 | Train 40°W | 40°5t - - - Ends at No. 72
72* | 1300-1301 2058 | Scarp 30°P to 2 >50 F Invalid
60°St
73*| 1327 2106 Fissure 10°w | 70°St - - - —
74* | 1345 2112 | Front 20°E | 80°P - — - -
75* | 1357 2116 | Fissure 5°W | 75°st - - - -
76* | 1367-1368 2120 | Front 20°E | 80°P — =] A -
77* | 1389 2127 | Train 10°E | 90° - - - Dark fines; Fig. 10d
78* | 1401-1402 2130 - Irreg. - - - Invalid: mound
79* | 1405 2132 § Train 20°W | 60°St - - - Dark fines
79a | 1423 2138 | Front -1 {90° - - - -
79b1 1433 2142 | Fissure -1 | 85°p - - - -
79¢c | 1459 2150 | Scarp -1 | 80°st 4 20 A -
79d | 1494 2331 | Fissure —T | 80°St - - - -
79 | 1513 2338 | Scarp -t | 90° 3 15 A Irregular
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Oct. 1973 i Est. | Bt pown
Na. Frame Date/Time Type Rela- Max Max Side Remarks
True N Slope | Relief
tive
Run 8
80 4849 10/1834 | Front 45°E [ 70°P 2 - F -
81 [83 1855 [ Front 40°E [ 60°P - 5 F Bark fines
82 [ 107 1904 | Fissure 18°E | 65°St - - - -
83 [1i5 1967 | Froat 10°E | 80°St 4 R A Fig. 71d
84 |124-127 1912 | Scarp —  llrreg. 3 - St invalid
84a 1 135 1916 - - - i 7 A Invalid; sediment tongue
85 |]147-158 1921- | Scarp — | Irreg, 3 - P Invalid
1925
86 | 164-166 192% | Scarp 35°W | 30°St 4 - St -
87 (173 1931 § Scarp - Irreg. 4 — F Invatid
88 189 1938 | Front 85°W 5 25°P 2 20 F -
89 [233-234 1957 § Trains T0°E [ 40°P — - - Pelagic to talus
S0 |241 200G | Scarp N-§ | 70°St 4 >30 A Fig. 6a
91 | 251-253 2008 | Trains 60°W | 10°8t - - — -
92 1293 2010 | Front 40°W [ 30°8t p) 20 St -
93 1299301 2025 | Scarp 45°E | %0° 3 - A -
94 [308 2028 | Scarp 25°W | 20°5t 4 - 5t -
95 [ 344 2043 | Trains 50°E | 40°St - - - -
96 |[371-372 2055 | Fissure 30°E le5°P 4 2 - Bottom visible; dark
sediment
97 1374 2056 | Fissure 30°E [ 65°P 4 - - Bottom visible, one end
98 | 378379 2058 | Fissure 20°E | 90° - - - Too high for detail
99 [384 2100 | Scarp 60°E | 60°P 4 - — | Very complex
160 1393 2104 | Scarp 10°W | 50°S¢ 4 - - Irregular
161 [ 428429 2118 | Train s0°wW | 0° - - - Dark fines
102 ;454 2129 | Train 5°E | 6075t - - - -
103 | 455 2130 | Fromt N-§ j50°S5t 4 56 - -
104 1454 2130 | Scatp N-§8 | 50°St 4 - - -
105 | 466467 2134 [ Train 5°F [ 50°8t - - - -
106 | 468 2135 | Fissure 5°E [ 50°8t 4 - - Fig. 8d
167 [ 469470 2135 | Fissure 5°E | 50°5t 4 - - -
108 471 2135 | Traing 5¥E | 50°8t - - - -
30°W | 25°8t
109 1482 2141 ! Scarp —  {lImeg. 4 - A Invalid
110 {484 2142 | Train 30°E | 80°P - - - —
i11 | 509510 2153 | Scarp so°w | 0° 3 - Si -
112 517 2155 | Scarp 20°E | 907 4 - A -
Run§
i13 115-18 12/1939 | Scarp S55°E | 20°St 4 - P [rregular edge
113a [ 47 1952 | Train -1t [60°St ~ - - Pelagic to talus
11365 60 1957 [ Front and fissure | —% | 2075t I 2 St Big collapse rings
-7 [30°St - - - {frames 61-6T)
ii3e | 73 2002 | Front ~t [30°st 3 15 8t -
1134 § 80 2005 | Train -t [1w0°p - - - Abrupt rock-size change
113e | 100-104 2017 | Scarp -3 lrreg. 4 - P Invalid
113f | 133 2029 | Pissure -t |1o°p - - — [ Meandering
113g 1 137-139 2030 | Scarp ~t [ TIrreg, - - - Invalid
113h | 146-148 2035 [ Train ~¥ o° - - - Dark fines; meandering
114 | 161-165 2041- [ Fissures ~1 lmreg. - - — Invalid double fissure;
i 2043 Fig. 8b
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Oct. 1973 i Est. & Bt 4 pown Remask

: - emarks

No. Frame Date/Time Type True R_ela— S}:I:;e Rh:]ﬁ:: ¢ Side ar
tive
Run 9 (continued)

115 | 197 12/2057 Scarp 40°W | 50°P 4 - - Jrregular
116 | 223 2107 | Scarp 65°W | 80°P 4 30 A .
117 | 229 2110 | Scarp 50°E | 40°8t 2 - P -
118 | 249 2121 | Train 45°W | 50°P - - - Pelagic to talus
119 | 303 2144 Scarp 50°W | 90° 2 - - -
120 1311 2148 | Scarp 5°F { 40°St - - - Fig. 6b
121 | 321-326 2152- | Scarp - Itreg. 4 — P Invalid

2154 :
122 | 338-339 2201 Scarp 75°E | 60°S 4 - ASt |, -
123 | 397405 2229- | Scarp — | Irreg. 4 - - Invalid

2233
124 | 501-505 2314- | Train 45°E | 10°8 - - - Cobbies and dark fines

2315 ,
125 | 508-509 2318 | Train 45°E | 10°8 - - - Cobbles and dark fines
126 | 511-513 2319 Front — Inreg. — 15 - -
126a | 541-542 2331 | Scarp 50°wW) o° 4 - P -
127 | 566-569 2342 | Scarp — | Trreg. - - - Invalid

2343 ‘ . :
128 | 625 13/0006 | Front 15°E! | 4g°8 2 5 ASt -
129 | 631 0008 | Front 20°E | 50°% 1 - ASt -
130 | 638 0011 | Scarp 5°W| 20°8 2 - St -

Run 10
131 | 69-71 13/0417 | Scarp - Irreg. 4 - P Invalid
132 | 1803 0521 | Scarp 75°W | 70°P 4 - A —
133 | 1815-1817 0527 Scarp 15°E | 10°St 4 - P —
134 | 1840 0535 | Front 10°w | 10°P - - - Pelagic to talus
135 | 1866 0543 ' | Scarp 20°W | 30°P 3 - ‘St | Irregular edge .
136 | 1878 0548 | Scarp 75°W | 80°P 4 - LA Irregular edge; Fig. 6¢
137 | 1883 0550 | Scamp 70°E | 60°St 4 - F Irregular edge ’
138 | 1921-1922 0605 | Scarp 25°E | 40°P 4 - A-P ’ -
139 | 1930 0609 | Fissure 15°W | 65°St - e - —
140 | 1938-1340 (613 | Scarp - irreg. 4 - - invaiid - -
141 | 1954-1955 0619 | Scarp - Itreg. 3 - - Invalid
142 | 1958-1960 0621 | Scarp — | Irreg. 3 - — | Invalid
143 | 1977-1978 0628 | Scarp 65°W | 45°P 3 - - —
144 | 2041 0653 { Train 70°W 1| 50°P — - - Irregular
145 | 2089-2090 0712 | Front — { Irreg. 1 - P Invalid
146 | 2094 0714 | Scarp 25°E | 25°St 3 - - Irregular
147 | 2108 0720 | Front 25°E | 25°5t 1 - St Irregular
148 | 2129-2130 0731 | Front 60°E | 20°8t 1 - St Irregular
149 | 2133 0732 | Front 15°E | 10°P 2 - St -
150 | 2169 (0741 | Train 0°W| 15°P - - - Dark fines
151 | 2213 0754 | Scarp 70°W | 50°P 4 | - 1 AP | lrregular edge
152 | 2232 0802 | Scarp 75°W | 80°St 3 - A ' -
153 | 2262 0813 | Scarp 30°W| 60°P 4 —- F-§t -
154 | 2298 0825 | Scarp — | Trreg. 4 - - Invalid
155 | 2300 0026 | Front 40°E | 0° 2 - P -
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oet. 1973 Strike Est st
No. Frame ct. . Type Ma:.( Ma); D?wn Remarks
Date/Time 3 True Rlela- Siope | Relief Side
: tive
Rum 11
156 [ 46 13/1241 | Scarp 40°W | 2078t 4 - A frregular edge
157 | 83-84 1257 | Fissure 60°W [ 50°St - - - -
158 | 86-88 1259 | Scarp 40°E [ 36°8t 3 20 ASt ~
159 [ 141-144 1322 | Scarps — Irzep. 1 — F-P [ Invalid
00 [ i53-134 1326 | Fromt 30°E 1 15°8t -~ 2 P Irregutar
i6i | 233 1349 | Train 10°E [ 2578t - - - Dark fines
i62 | 281 1406 | Scarp 25°W | 30°F 3 - - Irregular edge
163 | 334 1437 | Front 40°E | 30°8t 1 - P -
143a1 351-352 i433 Scarp -t [ 35°8t 3 - P -
163b( 377-378 1444 | Scarp -1 0° 2 - - Very irregular
i63c| 399 1452 | Scarp -1t 180°5t - - ~ Very irregular
163d| 425426 1502 | Train —f [ 40°P ~ — - -
163e | 498 1813 | Scarp —f 160°8¢ 4 20 A [rregular
163f | 501-5G2 i8i4 | Scarp - Irreg. 4 - F-P | Invaiid
16321 505 1815 f Scarp —f 1ap? 4 - A -
163h| 544-546 1829 | Scarp ~ | Irreg. 4 - F-P | Invalid
163i | 566 1836 | Scarp ~ [ frreg. 3 - St Invalid
163} § 609 1854 | Train -t | 10°st — - -~ -
163k | 613 1855 1 Scarp -1 [ 80°st 3 - A -
164 { 654 1912 | Fissure 40°E | 40°St - - - -
i63 [ 655 1912 | Train 40°E | 40°St — - - -
166 { 661 1914 L Fissure? 15°E | 1578t - -~ - -
167 { 663 1915 | Fissure? Z5°FE [ 25°St - - ~ -
Run 12
i6Taj 112 14/0303 | Scarp -1 [ 70°P 4 -~ A -
16767 171-172 0328 | Scarp -f | 65°P 3 - AP | Qutside cornex
25° St
167ci 198 0339 [ Fissute ~f [ 30°P - - - -
167d| 249-256 0400- | Pissures -1 | 60°St - - - -
0403 T0° St
70° 8t
55°8t
167! 269-272 0408- | Fissures ~1 og® - - - -
409
167 276-278 0411 | Pissures- —f { 55°p - - - -
65°P )
167g; 189291 0417 | Fissures -t | 86°P - - - Fig. 8¢
188 | 0317 (0428 1 Scarp 75°W| 50°St 2 - r —
169 | 325326 0431 | Guliy 1s°E | 25°P 2 - - -
170 | 365 0449 1 Fromt 5°W| T0°St 1 3 F Very itregular
171 | 403-404 0504 | Scarp S0°E | 70°P 3 1 - A | Trregular
172 | 404 0504 ! Fissure 50°E | 70°P - — - -
173 | 443 0521 | Front N-S | 50°8t 1 =10 A-St | Irregular
174 | 453 0525 | Scarp A°W] 70°St 3 - A -
175 [ 487 0539 | Train 15°E | 60°P - - - Dark fines
176 | 521522 0553 | Scarp 30°E | 50°P 3 - A -
177 | 524-52% 0555 [ Scarp - irreg. 4 - P Invalid
178 { 554 0607 | Scarp 40°W| 50°St 3 —- F-? -
179 | 582-583 0619 | Fissure 65°E ! 30°5t - - - -
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Strike
Est. Est.
Oct. 1973 Down
No, Frame Date/Time Type True R‘eIa- Sh;[:;(e &iaj);f Side Remarks
tive
Run 12 (continued)
180 | 622 14/0635 | Scarp 30°W | 30°St 4 - A-St -
181 | 636 0641 Scarp 20°E | 90° 4 - F ~
| Run 13
182 | 83-85 14/1853 | Gully 40°E - 3 20 E West wall high & steep;
Fig. 94
183 | 108 1900 | Front 35°E - 1 5 E -
184 1| 116-122 1904- | Fissures 20°E - - - - Double fissure
1907
185 | 144-145 1916 | Fissure 40°E - - - - -
186 | 149 1918 | Front 70°E - 4 <1 s -
187 | 248 1958 | Front 50°wW - 2 15 NE -
188 | 306 2023 | Scarp 0°W - 3 >30 w -
189 | 358 2045 | Fissure 80°W - 3 - - -
190 | 361 2046 | Scarp 80°w - 2 - N -
191 | 382-384 2055- | Scarp N-S - 3 >30 w -
2056
192 | 461462 2128 | Front 20°E - 3 8 E —
193 | 519-520 2152 | Fissure 25°E - - - - ' -
194 | 521-522 2153 | Fissures 20°E - - - — Triple fissure
195 | 522-523 2154 Fissure 20°E - - e - -
196 | 526-531 2155- | Front 20°E - 3 7 E Becomes scarplike.
2157
197 | 535-541 2158 | Train 20°E - - - - Becomes frontlike
{frames 540-541)
198 | 537 2159 | Train 35°W - - - - -
199 | 547-548 2204 | Train °w - - - - -
200 | 549-552 2205 | Fissure 20°E - - - - Curves more easterly
201 | 580 2217 | Scarp 45°E - 2 >20 NW -
202 | 583-584 221% | Fissure i15°E - - - — -
203 | 590 2221 | Scarp S0°E - 2 >30 NW -
204 | 598 2225 | Train 05°E - - - - -
Run 14
205 | 197-199 15/0405 | Scarp 25°E - 2 >20 E -
206 | 235 0422 | Train 10°E - - - - -
207 | 238 0423 | Train 60°E - - - - -
208 | 305 0450 | Fissure 20°E - - — - -
209 | 309 0453 | Train 20°E —_ - - - Talus to pelagic
210 | 359-360 0513 | Scarp 50°E - 2 >15 sSw? -
211 | 391-394 0530 | Fissure 20°E - - — - -
212 | 427429 0542 | Scarp Irreg. - 3 >20 | E & SE | Invalid
213 { 441-444 0548 | Fissure 20°W - - - - Crosses No, 214
214 | 442443 0548 | Fissure 20°E - - - - Crosses No, 213
215 | 471473 0613 | Scarp Irreg. - 2 >20 w Invalid
NW
216 | 603605 0655 | Fissure 30°E - - - - -
*Location ungeliable.
tLocation very unreliable, thus not charted.
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