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Continuous seismic reflexion profiles in the Red Seat

By J. D. PHILLIPS anp D. A. ROSS

Woods Hole Oceanographic Institution, Woods Hole,
Massachusetts 02543, U.S.A.
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[Plates 9 to 14]

Twenty continuous seismic reflexion profiles have been made across the main trough of the Red Sea north
of 17° N latitude. The main trough is characterized by mildly deformed sediment layers along the margins
with highly disturbed materials in the deeper axial trough. A strong seismic reflector is observed atdepths
up to 500 m beneath the main trough, but is not found in the axial trough. This reflector may represent
an unconformity of latc Miocene-Early Pliocene age (5 to 6 Ma ago). On the assumption that this
unconformity was once continuous across the main trough but has subsequently rifted apart as a result
of scafloor spreading in the axial trough, separation distances of 48 to 74 km across the trough imply
a minimum seafloor spreading rate of 0.4 to 0.7 cm a-1. This rate is lower than spreading rates inferred
from magnectic anomaly profiles in the Red Sea; however, if separation began as late as 2 to 3 Ma ago
which can be inferred from the seismic profiles, a rate of 1.4 to 0.9 cm a~! is indicated. This rate is in
good agrcement with those determined from magnetic profiles.
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The rift structure bencath the Red Sea has been recognized by many workers in recent years
(Swartz & Arden 1960; Drake & Girdler 1964 ; Girdler 1958, 1963, 1966, 1969). Drake & Girdler
(1964) proposed that crustal separation accompanied by the intrusion of dense basic rocks
beneath the axial trough is responsible for the formation of the rift. Girdler (1966), Laughton
(1966), Freund, Zak & Garfunkel (1968), Le Pichon & Heirtzler (1968) and McKenzie (this
volume, p. 393) demonstrated, on the basis of strike-slip fault displacements along the Aqaba-
Dead Sea rift and across the Gulf of Aden and Northwest Indian Ocean, that simple horizontal
motions of the Arabian and African blocks on the order of 60 to 250 km could account for the
opening of the Red Sea. Reconstructions by Abdel-Gawad (1969, and this volume, p. 23),
Beydoun (this volume, p. 267) and Quennell (1958) of displaced geological structures across the
region also support such inferred motions.

Reconnaissance seismic reflexion studies in the Red Sea led Knott, Bunce & Chase (1966) to
postulate that deformation of the axial trough may have begun as early as the beginning of
Pliocenc time. This deformation appears to have been preceded by a long period of sediment
deposition across the region.

Vine (1966) found the magnetic anomalies profiles over the southern Red Sea to be compatible
with simulated profiles generated by seafloor spreading models. He hypothesized that spreading
at a rate of about 1 cm a~1in a NE-SW direction has been active in the axial trough over the
last 2 to 3 Ma. From an examination of reconnaissance magnetic profiles across the axial trough
between 25 and 17° N latitude, Phillips (this volume, p. 205) and Phillips, Woodside &
Bowin (1969) deduced that seafloor spreading at a rate of 1.6 cm a-! in a north-northeast
direction could also explain the observed anomaly pattern and inferred crustal separation
distances. They suggested that multiple seafloor spreading axes, offset by en échelon transform
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faults, can account for the separation of Arabia and Africa. Sykes (1968) and Fairhead &
Girdler (this volume, p. 49) have recently observed earthquake motions with northeast—
southwesterly strike-slip motions at appropirate locations that are compatible with transform
faulting. More recently, the volcanic nature of the axial trough and its similarity to the mid-
oceanic ridges has been documented by several workers investigating the hot brine region in
the axial trough near 21° N latitude (see Degens & Ross 1969).

In view of the accumulated evidence there seems little doubt that the formation of the Red
Sea has resulted from the crustal separation of Africa and Arabia. However, the amount of
separation and whether this separation was produced by simple horizontal motion associated
with a single phase of rifting during the last few million years is not altogether clear.

The purpose of this paper is to present continuous seismic reflexion profiles (c.s.p.) obtained
during R.V. Chairn Cruise 61 in 1966, and examine these and previous profiles in an effort to
determine from sediment deformation the chronology of seafloor spreading in the Red Sea.
This information is the first direct evidence from the Red Sea itself that supports a spreading
origin for the axial trough. Although the origin of the main trough is probably related to that
of the axial trough, the information contained in our seismic profiles is not considered relevant
to this problem.

METHODS AND INSTRUMENTATION

In 1966 during Chain Cruise 61 east-west oriented profiles were made to supplement the
earlier coverage obtained during Ckain Cruise 43 in 1964 (figure 1). The seismic profiling instru-
mentation was essentially the same for both cruises (Knott et al. 1966). Line drawing interpreta-
tions of each original p.g.r. record were developed in the following manner: solid lines indicate
continuously received echoes of similar signal shape; broken lines indicate interrupted reflectors
or reflectors of doubtful correlation; broad lines indicate strong reflectors. Corrections have
been made for varying ship and recorder paper speeds to provide profiles of uniform horizontal
scale. These drawings and those presented by Knott et al. (1966) form the basis of the analyses
presented here.

REsuLTs

The location of continuous seismic reflexion profiles in the Red Sea is shown in figure 1
together with a generalized bathymetric contour chart modified from British Admiralty
Chart no. C 6359. The three physiographic provinces: coastal shelves, main trough, and deep
axial trough as recognized by Drake & Girdler (1964) and others, are roughly enclosed by the
shoreline and the 300- and 700-fathom contours (547 and 1280 m) respectively. The seismic
profiles are generally restricted to the region of the main and axial troughs. The main trough
is continuous from the Gulf of Agaba near 28° N latitude south to about 15° N latitude. A con-
tinuous axial trough is restricted to the region south of 24° N latitude. Between 28 and 24° N
only isolated deeps characteristic of the axial trough are found.

Photographs of the recorded seismic profiles made during Chain Cruise 61 together with their
line drawing interpretations are shown in figures 2 to 16, plates 9 to 13. The profiles across the
entire main trough north of 24° N (figures 2 to 8) and over its extreme east and west margins
between 18 and 25° N latitude (figures 9 to 16) show thick sequences of gently folded strata
(up to 1s penetration). These strata include a prominent strong reflector, termed S, at about
0.4s (330 m) below the seafloor. The detailed nature of this strong subbottom reflector is
shown in sections of certain Chain 43 profiles (figures 17 to 19, plates 13 and 14).
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Between 23 and 27° N latitude the dominant deformation of the layers in the central portion
of the main trough appears as minor offset of the reflector sequences and broad regional folds.
Local tightly folded sequences are contained within basin structures and the broader folds of
reflector S (figures 2 to 9). In only a few places is the characteristic reflector S entirely absent
(figure 9, and figures 10 and 12 in Knott et al. 1966). In the profiles north of 23° N latitude

36°E
- ~-30°N

Ficure 1. Index map of Red Sea showing location of continuous seismic reflexion profiles. Solid lines indicate
the Chain 61 profiles of figures 2 to 16. Chain 43 profiles previously reported by Knott et al. (1966) are shown
as dotted lines.

narrow crevasses about 100 m deep, above disturbed reflectors, are common across the centre
of the main trough. These features have been indicated by a cross above the profiles (figures
2 to 9). Similar crevasses are shown in the profiles of Knott ez al. (1966).

The uniform character of reflector S should be emphasized. It is generally a distinct multiple
echo sequence extending over a 0.1 to 0.2 s time interval, much like the sequence returning
from the seafloor (figures 17 and 18). The attitude of this reflector with respect to the layers
above and below should also be noted. In the flank regions of the main trough the reflecting
horizons beneath appear to parallel it in a continuous manner, while the reflecting sequences

11 Vol. 267. A.
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above, directly beneath the seafloor, are more flat lying. In some profiles a thin sequence above
reflector S seems to be folded conformably with reflector S (for example, figures 3, 4, 7, 8 and
14). Also, there is little correspondence between the configuration of reflector S and the seafloor
topography (figures 3 to 8 and 12 to 18). The average thickness of materials above reflector S
is relatively uniform across the flanks of the main trough.

In contrast to these marginal regions, the central portions of the profiles north of about 25° N
and those across the main/axial trough boundary show reflector S to shape the seafloor topo-
graphy (figures 5 to 9, 11 to 16 and 19), and the total thickness of the layers above reflector S
appears to decrease gradually toward the axial trough (figures 11 to 15). In addition, the thick-
layered sequence beneath reflector S abruptly disappears (figures 9 to 14 and 17). In several
places reflector S appears to onlap acoustically opaque material, eventually becoming indis-
tinguishable from this underlying opaque material (figures 7 to 9 and 17). In certain other
profiles it appears to crop out on the steep walls of the axial trough (figures 11 and 14).
Reflector S can usually be traced to within 5 to 10 km of the axial trough.

The thick-layered materials common to the main trough are virtually absent in the axial
trough (figures 10 to 16). However, isolated patches containing a thin sequence of reflectors
are found along the acoustically opaque walls of the axial trough (figures 10 and 12). Also,
small areas of material, acoustically transparent as compared to the reflecting sequences along
the margins of the main trough, are found in ponds of the axial trough and along its upper
slopes (figures 11 to 16). This transparent material appears to be a relatively continuous layer
along the slopes. Its upper surface, the seafloor, closely follows the configuration of the opaque
material beneath (figure 19). The transparent layer extends landward from the axial trough
and gradually merges with the typical layered sequences found above the reflector S on the
margins of the main trough (figures 11 to 16). Reflector S has not been observed in the axial
trough.

DiscussioN

The marked differences in the subbottom reflectors beneath the various parts of the Red Sea
bear strongly on ideas concerning the origin of the axial trough. The thick-layered sequence
along the margins provides evidence for a long history for the main trough. Information from
land outcrops, boreholes along the Egyptian and Arabian Coast, and from seismic refraction
(Brown, this volume, p. 75; Davies & Tramontini, p. 181; Frazier, p. 131; Said 1962, pp. 107-
119; and Drake & Girdler 1964) shows that a thick sequence of Upper Tertiary sediments extends
seaward beneath the coastal shelves and main trough of the entire Red Sea. It is generally
believed that strong tectonic activity at the end of Miocene time terminated the deposition of

DESCRIPTION OF PLATES 9 To 13

Ficures 2 to 16 (Plates 9 to 13). Continuous seismic reflexion profiles 1-13, L and R. The top portion of each
figure is a photograph of the original record; the bottom is a line drawing interpretation of the record.
Vertical scales are: (left hand) one-way travel time (seconds) of received signals and (right hand) depth
(kilometres) based on an assumed velocity of 1.5 km s~ for both water and subbottom materials. The
vertical exaggeration of the bathymetry is about 20:1; that of the subbottom layer configuration somewhat
less. The location of each profile can be seen in figure 1, p. 145. The letter symbols in each of the line drawings
refer to disturbed Pliocene layers (P) just above reflector S along the margins of the main trough: the thin
reflecting sequences R in the axial trough, the strong subbottom reflector S, the transparent materials T, and
the narrow crevasses X associated with disturbed subbottom features. The latter are believed to be sections
across strike-slip fault planes.
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Ficure 16 (after Ross et al. 1969). For legend see p. 146.
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Ficure 19. Photographs of selected Chain 43 seismic reflexion records across the transitional region between the
main trough and the axial trough near 24° N latitude (@) and 27° N latitude (b). The axial trough is toward
the right and left margins of the figure. Note that the configuration of reflector S appears to shape the
seafloor in the axial trough whereas in the main trough (centre of figure) the rugged nature of reflector S
is not seen in the seafloor topography. Also the lack of internal reflectors in the material above reflector S
near the axial trough demonstrates the relative transparency of this material as compared to that of the
adjacent layered sequences in the main trough.
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a succession of upper middle Miocene evaporites and limestone (Said 1962, pp. 118-119, 192—
194; Sestine 1965). Pliocene and Pleistocene material consisting of clastic sediments and reef
limestones overlie the evaporites. Recently Davies & Tramontini (this volume, p. 181) have
proposed that these evaporite layers probably extend to the coastal shelf off Arabia in the
central Red Sea and are underlain by a basaltic layer ‘similar to the oceanic basaltic layer’.

Knott ef al. (1966) first noted that the thickness of the post-Miocene sediments (ca. 400 m)
on the Egyptian margin of the Red Sea is similar to the thickness of the materials above the
strong reflector S and to that of the unconsolidated material observed in seismic refraction
profiles. The more recent borehole data and refraction information confirm this observation.
Knott ef al. postulated that reflector S represents a discontinuity, and in some places an angular
unconformity that has resulted from changes in the environment of sediment deposition at the
close of Miocene time. This hypothesis is most reasonable when the distribution of reflector S
(figure 21) is considered in terms of seafloor spreading in the Red Sea.

On the assumption that this reflector was both horizontal and continuous across the main
trough before the formation of the axial rift zone, and that its deformation resulted from the
initial phases of spreading, estimates of seafloor spreading rates can be made provided the
separation direction and initial time of separation are known. Comparison of these rates with
those determined from seafloor spreading magnetic models should allow an independent test
of this hypothesis. Unfortunately independent and unambiguous information about the direc-
tion and age of initial spreading are not available at this time. For example, Phillips (this
volume, p. 205) has shown from seafloor spreading interpretations of the magnetic anomalies in
the axial trough that separation directions of N 10° E or N 60° E are possible. Reconstructions
of the geologic structures across the Red Sea suggest a nearly N-S separation (Abdel-Gawad
1969 and this volume, p. 23; Girdler 1966). However, Girdler (1969) suggests that a NE-SW
separation is also reasonable for certain geologic reconstructions. First motion slip vector
directions for earthquakes in the axial trough near 21 and 17° N latitude support a N 40° E
to N 60° E separation direction (Fairhead & Girdler, this volume, p. 49; Sykes 1968). Clearly
more detailed study is required before a firm conclusion can be drawn as to the true spreading
direction.

Representative distances for a N 10° E separation direction are shown in figure 21 (block
numbers) for the purposes of illustration. The average distance is 74 km. The inferred minimum
spreading rate based on separation immediately after formation of the late Miocene discon-
formity (say 5 to 6 Ma ago) is 0.7 cm a~1. Alternatively, if the separation direction were in a
more NE direction (say N 60° E) as suggested by the magnetic trend and earthquake first
motion studies, a separation distance of 48 km would indicate a rate of 0.44 cm a=™.

Whether separation began in late Miocene time is problematic. The deformation of the
Miocene evaporites, concomitant with the initiation of spreading, clearly suggest at least a
post-Miocene age. How much younger is difficult to determine. The fact that not all the over-
lying Plio-Pleistocene clastics are deformed with the evaporites along the margins of the
main trough argues that initial separation may have begun after deposition of some of the
basal Pliocene sediments, but before the bulk of the post-Miocene sediments (those above
reflector S) were laid down. In the axial region all the post-Miocene sediments are deformed
because tectonism has probably been continuously active here since the initial rifting. A more
precise age other than Pliocene for the sediments immediately above the evaporites is not
available. In any event, a late Miocene—early Pliocene initiation time and a 74 km separation

I1-2
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distance provides a rate in good agreement with spreading rates along the Dead Sea rift
determined independently by Freund et al. (1968). From observations of a 40 to 45 km displace-
ment (inferred to be half the separation distance) of certain late Miocene-early Pliocene river
beds, sedimentary deposits, and volcanic bodies they calculated a minimum spreading rate of
0.35 cm a—1, based on a date of 12 Ma for the Miocene/Pliocene boundary. However, recent
work by Berggren (1969) has shown that the Plio-Miocene boundary is probably only about
6 Ma old. Thus the rate of Freund et al. would be about 0.7 cm a2,

Although this rate compares reasonably well with the 1.0 to 1.6 cm a~! rate inferred from
the magnetic profiles (Phillips, this volume, p. 205; Vine 1966) two further factors must be
considered before we can evaluate the apparent agreement of these values. First, it is not clear
if the 45 km displacement along the Dead Sea rift is exactly one half the separation distance
for the motion of the African and Arabian crustal plates. The fact that the rift does not extend
southward into Africa across the main trough of the Red Sea, presumably the axis of opening
(spreading), makes it likely that the displacement represents the total separation. Clearly,
north and south displacements of 45 km from a stationary axis would require motion of both
the African and Arabian plates relative to a third plate consisting of northernmost Egypt,
Sinai and Israel. There is little evidence for major horizontal displacements here. Alternatively,
the spreading axis could simply migrate northward away from an African plate which includes
Sinai and Israel. In this case the 45 km Dead Sea displacement would reflect the total opening
during the last 6 Ma. The latter explanation seems more reasonable. This suggests the rate of
Freund et al. should indeed be 0.35 cm a—1; they seem to have deduced the correct rate for the
wrong reasons. Secondly, if the pole of rotation for the separation of Arabia and Africa (Morgan
1968) is located north and west of the Red Sea-Dead Sea region as McKenzie (this volume,
p. 393). As Le Pichon & Heirtzler (1968) and Girdler (1966) propose, the spreading rate in the
southern Red Sea may be somewhat larger than in the Dead Sea region. Freund et al. recog-
nized this possibility and contended on the basis of Girdler’s (1966) proposed rotation scheme
that the rate in the Red Sea should be twice as high as along the Dead Sea rift. Since their
0.35 cm a~! rate is precisely half the 0.7 cm a—! rate estimated from the reflector S separation
distance, this estimate is considered reasonable for the minimum spreading rate in the southern
Red Sea.

It should be emphasized that seafloor spreading interpretations of magnetic anomaly profiles
across the axial trough (Phillips, this volume, p. 205; Girdler 1968; Vine 1966) imply that the
present phase of spreading has been active only for the last 3 Ma. Thus, since the anomaly
features characteristic of this time interval span the entire axial trough, it appears that the
trough cannot be much older than 3 Ma (Late Pliocene). If this is true the spreading rate
inferred from the Dead Sea rift displacement and reflector S separation distance across the
axial trough should be about 1.4 cm a—1. This rate is in close agreement with the 1.6 cm a-?!
rate inferred directly from the marine magnetic profiles for a N 10° E separation direction.
Further, a N 60° E separation direction provides a rate of about 0.9 cm a—*, This rate is in even
better agreement with the 1.0 cm a~! rate determined from the magnetic profiles commen-
surate with a N 60° E spreading direction (Phillips this volume, p. 205; Vine 1966). A late
Pliocene initiation of spreading in the axial trough is also supported by the reflexion information
which suggests that basal Pliocene sediments above reflector S were deformed with reflector S
at the initiation of spreading.

Another aspect of our seismic reflexion information relevant to a spreading hypothesis for
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the Red Sea axial trough concerns the thickness of the relatively transparent layer that extends
from the seaward margins of the main trough down the flanks of the axial trough. A gradual
increase in thickness of this layer outward from the centre of the axial trough is clearly shown
in figures 11 to 16. The layered sequences on the margins of the main trough appear essentially
uniform in thickness. To account for these differences in thickness it is reasonable to propose
that the transparent layer has been deposited on newly exposed materials brought to the
surface successively as spreading proceeded. Whether this material is older evaporites or new
oceanic type materials is unknown. The fact that the configuration of the transparent layer
reflects more faithfully the topography of the underlying material as the axial trough is ap-
proached further argues that the transparent layer and underlying opaque material were
formed more recently than the materials along the margins. Similar evidence showing a
progressive decrease in sediment thickness toward the Mid-Atlantic ridge has been cited by
Ewing & Ewing (1967) to support seafloor spreading in the Atlantic Ocean. Evidence from our
profiles could also be used to support seafloor spreading in the Red Sea axial trough. However,
in view of the large errors inherent in measuring the thin sediment cover and the short distance
from the locus of spreading, this apparent correlation is of limited value.

The local deformation of the sediment layers in the northern Red Sea may also be explained
by seafloor spreading. For example, the many disrupted sediment sequences and deep crevasses
north of 24° N latitude can be interpreted to represent sections across strike-slip fault planes.
The crevassed regions particularly suggest severe recent deformation involving the seafloor.
The close similarity in character of these disturbed sections is illustrated in figure 20. The loca-
tions of certain of these sections have been plotted in figure 21 and an attempt has been made
to correlate them across the region. Although other correlations are possible because of the
limited areal coverage, those shown by the connecting lines can be inferred to result from
motions parallel to many local strike-slip faults. These directions of motion appear to be
consistent with the direction of true spreading inferred from magnetic anomalies (Phillips, this
volume, p. 205) and the trend of the Dead Sea—Aqaba rift.

SUMMARY AND CONCLUSIONS

Continuous seismic profiles have been used to map the geographic distribution of the strong
subbottom reflector S and to infer the geologic history of the deformed layered materials
beneath the Red Sea. This information can be used to estimate the age for the initial formation
of the axial trough. Specifically, if reflector S represents a discontinuity after deposition of
Late Miocene evaporites and limestones and its deformation marks the initiation of seafloor
spreading in the axial trough, the following observations lead to the tentative conclusion that the
axial trough has formed since late Miocene time and in all probability within the last 2 to 3 Ma.

(1) The subbottom reflector S is not found in the axial trough or central part of the Red
Sea south of 25° N latitude. Where it is present along the margins, it is mildly folded and
faulted; the overlying Plio-Pleistocene layers are largely undeformed. This suggests that the
separation (spreading) started before deposition of the bulk of the overlying sediments.

(2) The approximate separation distance of reflector S across the axial trough in the range
of probable spreading directions (N 10° E to N 60° E) is 74 to 48 km. This requires a minimum
spreading rate of 0.4 to 0.7 cm a~%, assuming the initiation of spreading 5.5 Ma ago immediately
after the disconformity represented by reflector S developed.
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(3) However, the fact that not all the Plio-Pleistocene sediments above reflector S in the
margins of the main trough are undeformed implies initial rifting may have begun after
deposition of certain of these sediments. Also a seafloor spreading interpretation of the magnetic
anomalies which occupy the entire axial trough further suggests spreading has been active
here only during the last 2-3 Ma. Applying a 2.5 Ma age for the initiation of spreading to the
reflector S separation distances yields a spreading rate of 1.4 to 0.9 cm a~%. These values are in
better agreement with the spreading rates of 1.6 to 1.0 cm a—! inferred directly for the magnetic
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FiGure 20. Seismic profiles in the northern Red Sea. The general nature of deformed sediment layers beneath
the narrow crevassed regions of the seafloor is illustrated. The profiles have been alined so that the vertical
line connects that portion of the profiles showing striking similarities. However, it must be emphasized that
since the profiles have different horizontal scales, the particular feature denoted by the vertical line cannot
be interpreted to be continuous along a straight line. On the map of figure 21, this feature and certain others
appear to be alined along short offset line segments suggestive of en échelon strike-slip fault planes (see text).
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anomaly profiles. This closer correspondence between independently determined spreading
rates strongly supports the hypothesis that the axial trough began to form in Pliocene time
(2 to 3 Ma ago) rather than late Miocene. Not until more precise estimates of the age of the
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Ficure 21. Distribution of reflector S across the main trough of the Red Sca. The solid lines show the portions
of the Chain Cruises 43 and 61 profiles where reflector S is observed. The stippled arca encloses those portions
of the profiles where it is absent. Crosses show the location of strongly disturbed zones along each profile
believed to be sections across strike-slip fault planes. Lines conncecting the crosses show possible directions of
inferred motion. Block numbers indicate representative scparation distances of reflector S in kilometres
across the axial trough for a N 10° E separation. For a N 60° E separation direction the distances are 57,
39 and 49 km respectively.
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deformed basal Pliocene sediment above reflector S and the direction of true separation are
available will it be possible to determine the spreading rate more accurately by mapping re-
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flector S across the axial trough.
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O IGURE 19. Photographs of selected Chain 43 seismic reflexion records across the transitional region between the

main trough and the axial trough near 24" N latitude (a) and 27" N latitude (). The axial trough is toward
the right and left margins of the figure. Note that the configuration of reflector S appears to shape the
seafloor in the axial trough whereas in the main trough (centre of figure) the rugged nature of reflector S
1s not seen in the seafloor topography. Also the lack of internal reflectors in the material above reflector S
near the axial trough demonstrates the relative transparency of this material as compared to that of the
adjacent layered sequences in the main trough.
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Ficure 17. Western part of seismic profile 4 of Chain Cruise 43: (top) line drawing
interpretation; (middle) seismic reflexion record, recording bandwidth 37.5 to
300 Hz: (bottom) section of reflexion record, recording bandwidth 37.5 to 75 Hz.
(After Knott et al. 1966, figure 2.)
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FFicure 18. Photographs of selected Chain Cruise 43 reflexion records. (@) Western
margin of the main trough at 24° N latitude. The anticline appears to be bounded
by a steeply dipping fault along its north side (left) which does not involve the
layers above reflector S. (b) and (¢) show the western margin of the main trough
near 187 N latitude. Note that reflector S appears to be more strongly folded than
the sediment layers directly beneath the seafloor to profile 9. In each of these
profiles, reflector S, 0.25 to 0.50 s below the seafloor, is believed to be the Mio-
Pliocenc contact (after Knott ¢ al. 1966).
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