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40. STRUCTURAL EVIDENCE FOR THE NATURE OF HIATAL GAPSIN THE UPPER CRETACEQOUS
TO HOLOCENE SUCCESSION RECOVERED FROM THE ERATOSTHENES SEAMOUNT?

Rachel Flecker,?2 Achim Kopf,® and Maria José Jurado-Rodrigtiez

ABSTRACT

Three sites (Sites 965, 966, 967) drilled into the Eratosthenes Seamount during Ocean Drilling Program Leg 160 recovered
a Cretaceous to Pleistocene succession in which several stratigraphic gaps were identified. Some of these are associated with
changes in depositional environment, whereas others have apparently identical lithofacies on either side of the hiatus. Four
independent structural data sets were generated to ascertain the tectonic characteristics of each hiatal gap. These are bedding
and fracture measurements on downhole formation microscanner data; bedding and fracture measurements on recovered core;
strain data collected from individual marker particles in thin section; and axial ratio measurements of cross sections through
burrows exposed on the split-core face. These data, in combination with lithostratigraphic and biostratigraphic information,
indicate that, whereas most of the hiatuses were generated by tectonic events, some were generated by a combination of slow
sedimentation, reworking, and possibly sediment bypassing. Furthermore, each drill site appears to be located on a different
structural block that was affected by differential movement at least as far back as middle Eocene time.

INTRODUCTION

The Eratosthenes Seamount is a prominent bathymetric feature
(Limonov et al., 1994) located south of Cyprusin the Eastern Medi-
terranean (Fig. 1). It has been interpreted as a rifted fragment of
Gondwana (Kempler, 1993) that now, driven by incipient collision
with Eurasia (Robertson, 1990; Woodside, 1991; Kempler, 1993), is
in the process of breaking up along a subduction zone south of Cy-
prus (Woodside, 1977; Le Pichon and Angelier, 1979; Rotstein and
Kafka, 1982). One of the mgjor objectives of Ocean Drilling Program
(ODP) Leg 160 was to test this hypothesis by drilling a transect of
holes acrossthe structure (Fig. 1), permitting itstectonic history to be
reconstructed.

Thethree siteslocated on the Eratosthenes Seamount were drilled
into the plateau (Site 966), slope (Site 965), and foot (Site 967) of the
edifice (Fig. 1). The sediments recovered ranged in age from Pleis-
tocene to Cretaceous (Emeis, Robertson, Richter, et al., 1996), and a
summary of thelithological (Emeis, Robertson, Richter, et al., 1996)
and biostratigraphic (Emeis, Robertson, Richter, et al., 1996; Spezza-
ferri et a., Chap. 2, this volume; Premoli-Silva et a., Chap. 30, this
volume) resultsis presented in Figure 2.

None of the successionsdrilled provide afull, unbroken, sedimen-
tary record, first, because of poor recovery during drilling, and sec-
ond, because each succession is interrupted by one or more strati-
graphic hiatuses. The most profound of these hiatuses are between
the upper Aptian and Cenomanian in Hole 967E (agap of ~15m.y.;
Fig. 2), the Maastrichtian and Oligocene in Hole 967E (comprising
~34.5 m.y.), and beneath the Miocene extending to the Oligocene in
Hole 967E and middle Eocene in Hole 966F (where in both cases at
least 17 m.y. of stratigraphy is missing; Fig. 2). Other hiatuses with
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shorter durations are located at the Miocene/Pliocene boundary in
Holes 965A, 966F, and 967E, and within the Cenomanian to lower
Turonian sedimentsin Hole 967E (Fig. 2).

Some of these stratigraphic gaps occur between contrasting lithol -
ogies (e.g., upper Aptian shallow-water carbonates overlain by Cen-
omanian abyssal sediments; Oligocene deep-water sediments over-
lain by neritic carbonates of Miocene age, which are in turn overlain
by Pliocene deep-water marls and turbidites; Fig. 2; Emeis, Robert-
son, Richter, et al., 1996). These hiatuses were tentatively related to
tectonic events (e.g., post-rift subsidence after the late Aptian; pre-
collision shortening, uplift, and erosion caused by the onset of north-
ward subduction in the Miocene; and subsidence caused by initial
collision at the Miocene/Pliocene boundary; Robertson et al., 1996a).
In other cases where little or no lithological change is visible across
a stratigraphic gap (e.g., sSimilar abyssal sediments occur on either
side of the Maastrichtian-Oligocene hiatus in Hole 967E; Fig. 2), a
period of nondeposition (Robertson et al., 19964), or slow sedimen-
tation combined with sediment reworking, has been envisaged (Pre-
moli-Silvaet al., Chap. 30, this volume).

All theseinterpretations are based exclusively on faunal and litho-
logical information. The purpose of this paper isto compile, examine,
and integrate the structural data obtained from the rocks bounded by
these hiatuses as ameans of elucidating the cause of each stratigraph-
ic gap and hence the tectonic evolution of Eratosthenes. In particular,
we wished to test the hypothesis that the three distinct blocks on
which the different sites are located are bordered by faults that were
reactivated throughout the history of the seamount. To this end, four
independent structural data sets were generated. These are (1) bed-
ding and fracture measurements on downhole formation microscan-
ner (FMS) data; (2) bedding and fracture measurements on recovered
core; (3) strain estimated from individual marker particle distribu-
tions in thin section; and (4) axial ratio measurements of cross sec-
tions through burrows exposed on the split-core face.

METHODS
For mation MicroScanner

Formation MicroScanner (FMS) images are computer created,
based on a dense matrix of electrical resistivity measurements of the
borehole wall. During Leg 160, the slimhole FMS tool was used at
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Figure 1. Map showing the location of the Eratosthenes Seamount and Sites 965, 966, and 967. The cross section illustrates the present-day bathymetric dispo-

sition of the seamount.

each of the Eratosthenes sites (Holes 965A, 966F, and 967E), provid-
ing a complete record of the borehole wall from between 60 and 70
m below seafloor (mbsf) to the base of each hole. The FM Stool mea-
sures microresistivity on four pads, generally providing up to 20%
coverage of the borehole wall depending on hole geometry (Emels,
Robertson, Richter, et a., 1996). Electrical image processing was
carried out on the data set (Harker et al., 1990; Ekstrom et al., 1987),
and both static and dynamic normalization were applied to enhance
images (Emei's, Robertson, Richter, et al., 1996; Jurado and Brudy,
Chap. 41, this volume; Major et al., Chap. 38, this volume).

Interpretation of FM Simages allowed the measurement of planar
features crosscutting the borehole. Horizontal features appear flat on
FMS images, whereas dipping planes plot as sine curves, the ampli-
tude of which gives the dip angle. The azimuth of the plane is calcu-
lated at the low point of the sine curve and related to geographical co-
ordinates using a fluxgate magnetometer. A detailed description of
FMS methodology can be found in Jurado and Brudy (Chap. 41, this
volume) and Major et al. (Chap. 38, this volume). These structural
data were subdivided into bedding data (Table 1) and fracture data
(Teble2).

A structural data set generated from FM S data has an inherent ad-
vantage over direct measurement of structural features on core,
whichisthat FM S coverage is independent of the amount of core re-
covered (see below). However, not all structural features are equally
visible in FMS data. Low-dipping surfaces and sealed fractures are
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particularly difficult to identify. Thisleads to a measurement bias to-
ward open fractures and steeply dipping surfaces.

Strain Analysis Techniqueson Thin Sections

Thin sections (oriented with the short axis of the section parallel
to the core axis, and the long axis of the section randomly oriented
with respect to geographic coordinates) were made of 59 carbonate
samples of different age and depositional environment. Vertical
shortening was estimated using three techniques: Fry; PODI; and
Surfor; the choice of technique was dependent on the availability of
suitable marker particles. For both Fry and PODI, suitable detrital
marker particles included organic matter, foraminiferal tests, and
opague minerals. The distribution of these particlesin relation to each
other is used to describe and quantify the sedimentary fabric in the
two dimensions of the thin section.

The graphical method of Fry (1979; see Ramsay and Huber, 1983,
for detailed description) is based on the length of vectors from the
center of the marker particle to the centers of the 18 nearest-neighbor
particles, assuming an initially statistically homogeneous particle
distribution (e.g., Poisson distribution). A Fry diagram of the distri-
bution of the neighboring particleswith respect to the marker particle
that is placed in the center as a reference point, is constructed. As-
suming that the sample had an initial Poisson distribution, a marker-
free areaaround the central particleispredicted for astrained sample.
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Table 1. Oriented bedding data derived from FMS data sets for Holes the core face were also measured. Burrows occur in the middle

965A, 966F, and 967E. Eocene, Oligocene, Miocene, and Pliocene successions on Era-
tosthenes (Emeis, Robertson, Richter, et al., 1996), and often appear
to have been flattened. Because the pre-Pliocene carbonates were
drilled using rotary (RCB) and extended (XCB) coring techniques,

Thisisasample of the table that appearson the volume CD-ROM.

Hole (?neﬁég Azimuth  Dip the orientation of the cut surface of each core with respect to geo-
graphic coordinates was not known, and was therefore assumed to

igg;gggﬁ 28-2‘2‘ 5‘7‘-g Z;'f; have been randomly oriented. Similarly, the orientation of the bur-
160-965A 81.08 3254 73 rows with respect to the core face is assumed to be random. The ori-
160-965A 81.17 2986 6.7 entation of the long and short axes of the strain ellipse for an individ-
iggjgggﬁ 33-98 1%3 }4315 ual burrow were estimated visually, and the length of the burrow
160-965A 8307 177 155 along each axis measured using a ruler. The axial RJiavés then
oo B9 121 132 calculated. The medR for each core was used in Equation 1 to cal-
160-965A 8321 288  14.8 culate vertical shorteninggj). The strain estimated from burrows,

like that deduced from thin section, is conservative because there is
no constraint on the orientation of maximum strain.

Table 2. Oriented fracture data derived from FMS data sets for Holes

965A, 966F, and 967E. Core-Based Structures
Thisisasample of thetable that appears on the volume CD-ROM. The structural data set from Sites 965, 966, and 967 is taken di-
Depth rectly from Emeis, Robertson, Richter, et al. (1996). Deformation
Hole (mbsf)  Azimuth  Dip data include measurements of faults, fractures, and veins, reported as
dip angle and dip direction in core reference frame coordinates (see
oo rpiss A a4 Emeis, Robertson, Richter, et al., 1996). Bedding information was
160-965A  79.4047 1202  79.8 also obtained from core, and occasionally indicated that tilting had
160-965A  87.8312 1776 853 occurred. Such intervals were checked against equivalent depth FMS
160-965A  89.1894 2215 777 . . .
160-965A 898005 1832 734 data that generally corroborated and provided an orientation of the
160-965A  95.78 1927 83 tilting. Because of the inability to reorient RCB and XCB core to geo-
%jgggﬁ 18%52 %g:f ;i:é graphical coordinates without paleomagnetic information, these data
160-965A 101.812 1002 749 were excluded from the initial shipboard interpretation of the evolu-

tion of the Eratosthenes Seamount (Robertson et al., 1996a). A post-
cruise paleomagnetic study on pre-Pliocene material was considered
The shape of this marker-free areaisthe strain ellipse, and from it the unfeasible because of the scale required to cope with the fragmentary
axial ratio (R) can be calculated. nature of the recovered core. .

The PODI technique is based on measuring the frequency of _ Although struct_ural feat_ures of core _recovered durlng_ Leg 160 are
marker particles at 10mtervals over the entire sample (Unzog, without ge_ographlc coordinates (Emelsz Rc_)bertson_, Richter, et al.,
1990). Once again, the assumption is that the particles were initially?96). their occurrence and nature provide information complemen-
homogeneously distributed. For a fabric dominated by uniaxial shorfa"y to the FMS structural data set. The frequency of deformational
ening, a sine function with maximum marker particle abundance pefeatures in the cores can be used as a measure of the intensity of
pendicular to the core axis is the predicted result of PODI analysis. finall-scale deformation by relating the abundance of features to the
reality, this is rarely achieved, and a best-fit sine function is deriveguantity of recovered rock (i.e., [faults + fractures]/centimeters).
from the population of marker particle spacings. From the amplitudgh‘?se values retain an inherent measurement bias that is based on
of this sine function, the strain ellipse and its axial ra®&) ¢an be variable core recovery because it is presumed that the most |n§ensely
calculated. fractured rock was not recovered (MacLeod et al., 1994). For this rea-

The Surfor technique was used for larger marker particles, such 89N, the percentage of core recovery is plotted alongside the frequen-
foraminifer tests. This method involves defining the shape of a partfY histogram on a core-by-core basis.
cle with polygonal tangents. The particle is then rotated, and the tan-
gents are projected at 10° intervals onto a reference line (see Panozzo,

1984, for a detailed description). The total length recorded on the ref- DEFINITION OF STRATIGRAPHIC UNITS

erence line (i.e., the sum of the projected tangents) for each interval
is plotted vs. the number of degrees rotated and results in a sine curve. . . .
The ratio between the maximum and minimum total projected Poor recovery and the absence of age-diagnostic fossils make the

: o ; L precise location of some stratigraphic boundaries difficult. A com-
Li?g;hzlfﬁ)rsz_pamde rotated by 3607 is the axial r&jpdf the finite parison of the units defined by lithostratigraphy (Emeis, Robertson,

. : . Richter, et al., 1996), biostratigraphy (Emeis, Robertson, Richter, et
th:&;"g%?'?;FOSV‘V;%r.tlcal shortenirg)(can be calculated from al., 1996; Premoli-Silva et al., Chap. 30, this volume; Spezzaferri et
' ' al., Chap. 2, this volume), and logging data (e.g., FMS, geological
e, = (1/R) -1[1] 1) high-sensitivity magnetic tool, geochemical logging tool, and stan-
dard Quad combination logging tools employed by ODP; Emeis,
. . . . . Rabertson, Richter, et al., 1996) illustrates that in general, the depths
These estimates of strain are conservative because thin SeCt'Or}gunit boundaries concur within a few meters. Small discrepancies

. . . . . . [0)
greorr]: ggetﬁzizaégaogreenltggs'rt]ht:r?g'{%cnon of maximum stress. TQean be accounted for by the prerequisite comparison of a 100% log
T record with partial core recovery. Because this paper is primarily
Strain Analysis Techniques on Burrows concerned with biostratigraphic gaps in the recovered succession, the
biostratigraphic units were used wherever possible. Where the ab-
In addition to the strain estimates of marker particles in thin secsence of age-diagnostic fossils precluded biostratigraphic designa-
tion, axial ratios [) of cross sections through burrows exposed ortion, FMS-defined boundaries have been used.
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STRUCTURAL EVIDENCE FOR THE NATURE OF HIATAL GAPS

RESULTS Structural Data from Split Cores
Formation Microscanner The paucity of fractures identified in the FMS images of the Oli-
gocene strata at Site 967 (Fig. 5) is mirrored by the low frequency of
faults and fractures observed in the core, as well as by the relatively
high (33.9%57.4%) recovery. The graph of fault, fracture, and vein
abundance measured in the recovered core suggests that fault and
fracture deformation at Site 967 generally affected sediments older
than Maastrichtian (Fig. 5). The apparent abundance of veins in the
upper Aptian sediments may well be exaggerated by low recovery.
More abundant microfaults, fractures, and veins were observed in the
middle Eocene sediments of Hole 966F (Fig. 4), in contrast to the ap-
parently fractureless overlying Miocene carbonates.

Interpretation of FM S data from Holes 965A, 966F, and 967E re-
sulted in the compilation of extensive bedding and fracture data sets.
Table 1 liststhe bedding dataderived from apreliminary examination
of the FM S datafrom Holes 965A, 966F, and 967E. Moredetailed in-
terpretation of a screened bedding data set is given in Jurado and
Brudy (Chap. 41, this volume). Rose diagrams of bedding dip direc-
tion indicate that the Miocene strata in Hole 965A dip toward the
northwest (Fig. 3) in contrast to the Miocene bedding recorded at Site
966, which indicate a predominantly northeast direction of dip (Fig.
4). These distributions are not observed in the data generated by Ma-
jor et a. (Chap. 38, this volume). Mid-Eocene sediments in Hole
966F dip toward the northwest (Fig. 4). The Oligocene sediments of
\t'vﬁlaer 23?57 Egz\ﬁgdgr&agé él)éri]:\gdrilé 25&:2?3#:2fféﬁr'&%'B%éZLgéf%iea_Th_e uniaxial short_ening, calc_ulated by using Fry/PODI and Sur_for
ceous (upper Turonian to Maastrichtian) show no clear single dip dﬂ% chniques for the Miocene sediments of Hole 965A, show a relative-

Strain Estimations

o o Ao . .
rection (Fig. 5). In contrast, the upper Aptian sediments in Hole 967 constant range of valuesi(5% t0-45%, Table 3) irrespective of

X : 3 epth (i.e., down to 225 mbsf, Fig. 3). In Hole 967E a similar con-
dip unequivocally toward the south—southeast (Fig. 5). The few be ; . . k
ding planes measured from the Cenomanian-Turonian successi tancy of vertical shortening can be seen in the Oligocene and Upper

. . astrichtian sediments (e.g., betwe@®% and-40% over the in-
suggest that these sediments are also predominantly south-southegsi— o X s
dipping (Fig. 5). The basal sediments (FMS Unit 6) of Hole 967 Rfval from 150 to 200 mbsf; Fig. 5, Table 3). However, in the under

show a broad north-northwest-south-southeast bimodal distributioy 2 se_dlments (C_ampanlan and older), vertllca_l shortening shows an
(Fig. 5) overall increase with depth (below 225 mbsf; Fig. 5) across the vari-

. . us hiatuses in the lower part of the succession (Fig. 2). The excep-
Lower hemisphere stereographic plots of poles to fractures fro . ; :

this preliminary FMS data set (Table 2) for each unit can be seenrﬁ]%ri‘cﬁ)ggggrriz%gsl;wngleertm:f :#gﬁr:riﬂt 6\1};&? /a,sgi of 5|_)|21|(r51d967E’
Figures 3, 4, and 5. Where data are sufficient, they have been can- 9 0. Fg.

: g IS regarded as an outlier.
toured to illustrate fracture distribution. . . . . .
East-west-striking fractures in Miocene sediments were identi; The values of vertical shortening for middle Eocene sediments in

fied at both Sites 966 (Fig. 4) and 965 (Fig. 3). The more abunda)();fle 966F (Fig. 4; Table 4) and Oligocene sediments in Hole 967E

. ) L~ ig. 5; Table 5) that were derived from the measurement of burrows,
fracture data available for Hole 965A (Fig. 3) indicates that anothe . . .
set of broadly north—south-striking fractures also exists. Minimaf* < significantly higher than those derived from PODI and Surfor

data are available both for the middle Eocene sediments of Hole 96§|1‘._r|a|n t]?Chﬂ'ql'd/le.S (see ?'ﬁcnggngelow)' Howekxer, ”Le ax:al rat'k?
(Fig. 4) and the Oligocene sediments of Hole 967E (Fig. 5). Howev.o 1S or the Miocene of Hole are comparable to the vajues ob-

S . . tained from PODI and Surfor data for sediments drilled at Holes
er, the distribution of numerous fractures in upper Turonian to Maa%-

trichtian sediments of Hole 967E (Fig. 5) suggest they were affecteé}g?ﬁ]gpedagzﬁ ?rf es 'Q:ﬁ;gfggg?téﬂ; (?;?]Sgé Fslégrr]]e;nggfﬁ aSIiItr:e_s 966
by two orientations c_)f fractures: one striking northeast—south\_m_asénd 967 in the burrow data. In Hole 966F, the degree of flattening in-
and dipping predominantly to the southeast, and another strlkln%

northwest—southeast and dipping predominately to the northeasfS2S€S from Pliocene sediments through the Miocene to Eocene sed-

; P . ents across the hiatus at the base of the Miocene. The wide range
}I'/Err();nfi?avr\: E"r:?gtuSr)es were identified in sediments older than the Iat%f strain values for burrows in Pliocene sediments from Site 967 may

indicate slumping.
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Figure 3. Lithological column for Hole 965A showing the strain (PODI and Surfor) data plotted vs. depth, arose diagram of bedding dip direction derived from
FMS data, and a contoured plot of polesto fractures also derived from FM S data.
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Figure 4. Lithological column for Site 966 showing the strain (PODI and Surfor) data plotted vs. depth, aplot of the frequency of structural features measured in
core recovered from Hole 966F, a histogram of the percentage of core recovered from this hole, rose diagrams of bedding dip direction derived from FM S data
in Hole 966F, and contoured plots of polesto fractures also derived from FMS data.

The results of the different strain estimates indicate that the over- orientation of bedding dips contrasts with the poorly defined bedding
al vertical shortening behavior of the Miocene to Cretaceous carbon- in the overlying Cretaceous units (Fig. 5). Podi and Surfor data in-
ate sediments can be described by an approximately linear relation- crease slightly across the hiatus. The combination of the structural
ship with depth. The gradient of thisline varies considerably (i.e., al- and lithological data suggests that this stratigraphic gap is likely to
most no shortening with depth at Site 965, Fig. 3, but approximately have been generated tectonically and to have occurred at the same
8%-10% per 100 m for Hole 967E, Fig. 5, and ~32% per 100 m at time as the carbonate platform foundered (Fig. 6; Robertson et al.,

Site 966, Fig. 4) and appears to depend on the technique used. 1996b). A certain amount of reworking does seem to have character-
Shortly after the geometry of burrows was first used to study de- ized this boundary leading to the occurrence of upper Aptian neritic
formation (Crimes, 1975), the different response of carbonate sedi- limestone clasts in deep-water oozes (I. Premoli-Silva, pers comm.,

ments to stress was demonstrated (Byers and Stasko, 1978). Grain 1997).
size and carbonate content have also been shown to have a profound
effect on shortening behavior (e.g., Gaillard and Jautée, 1987; Audet, Intra-Turonian Hiatus
1995). At Eratosthenes, both the carbonate and organic contents
change significantly from burrow fill to surrounding material. Fur-  This hiatus (Fig. 2), only visible in Hole 967E, may span <1 m.y.,
thermore, the Miocene limestones have a coarser grain size thand is not marked by any significant lithological change. Sparse FMS
Eocene bituminous chalks. These differences help to explain the elledding data and negligible fracture data for the Cenomanian to low-
treme flattening observed in the middle Eocene burrows at the base Turonian sediments make any comparison of these structures on
of Hole 966F (Fig. 4), and the difference between these estimates either side of the hiatus difficult and tentative. The abrupt increase in
vertical shortening and those derived from PODI and Surfor data forein frequency below 400 mbsf (Fig. 5) is probably at least partially
a similar interval (Fig. 4). a result of low recovery. The Podi and Surfor data show little varia-
Given the overall linear increase in shortening, a linear porosityion across this boundary. It is possible that recognition of this small
decrease with depth might have been expected. An approximatdiyatus results, in part, from low recovery. Reworking of the sediment
linear decrease in thermal neutron porosity was recorded in Holmay also have been a causative factor.
965A (Emeis, Robertson, Richter, et al., 1996), but at Holes 966F and
967E a more complicated pattern with marked changes in porosity at Maastrichtian to Oligocene Hiatus
lithological boundaries can be seen. Broadly, this can be explained by
the differing response of chalk and limestone to chemical changes as- Hole 965A did not penetrate sediments sufficiently old to recover
sociated with burial (Goldhammer, 1997). the Maastrichtian to Oligocene hiatus documented in Hole 967E (Fig.
2). The stratigraphy at Site 966 where no Oligocene sediments were
DISCUSSION recov_ered,_ but middle Eo_cene chal_ks were observed, suggests that if
the hiatus itself is not entirely restricted to the area around Site 967,
Upper Aptian to Cenomanian Hiatus its duration varies over short distances.
The structural evidence supporting tectonic generation for this un-
This hiatus is only exposed in Hole 967E and is marked by aonformity is limited. It consists of an increase in the frequency of
change in facies from shallow-water limestones to calcareous nannfaults, fractures, and veins in recovered core, and the contrast be-
fossil oozes thought to have been deposited in abyssal-water deptiageen the bimodal north—south dip orientations of Oligocene sedi-
(Emeis, Robertson, Richter, et al., 1996). A coherent south—southeasents and the more complex distribution in sediments of late Turo-
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Figure 5. Lithological column for Site 967 showing the strain (PODI and Surfor) data plotted vs. depth, a plot of the frequency of faults and fractures measured
in core recovered from Hole 967E and another of the frequency of veins, a histogram of the percentage of core recovered from this hole, rose diagrams of bed-
ding dip direction derived from FMS datain Hole 967E, and contoured plots of poles to fractures also derived from FM S data.

Table 3. Strain data measured using PODI and Surfor techniques for Holes 965A, 966F, and 967E.

Thisisasample of the table that appear s on the volume CD-ROM.

Core, section, Depth O  Axial ratio,R; Vertical shorteninge, Axial ratio,R; Vertical shorteningg,
interval (cm) (mbsf)  Number  (°) (PODI) (PODI) (Surfor) (Surfor)
160-967E-
6R-2, 62-70 159.79 42 15.1 1.28 —0.21875 1.28 —0.21875
6R-3, 19-3 160.62 219 18.2 1.58 -0.367088608
7R-1, 47-54 167.77 117 155 131 —0.23664121
9R-1, 16-25 186.66 54 8.2 1.42 —0.295774648 142 —0.295774648
9R-1, 38-44 186.88 69 135 1.35 -0.259259259 1.35 —0.259259259
9R-1, 78-84 187.28 68 19.9 1.26 -0.206349206 1.26 —0.206349206
9R-1, 100-104 187.50 69 20.7 131 -0.236641221 131 -0.236641221
9R-3, 96-100 189.89 56 27.7 1.61 -0.378881988 1.61 -0.378881988
11R-1, 31-37 206.11 44 -125 1.09 -0.082568807 1.09 -0.082568807
11R-2, 33-38 207.16 90 28.4 121 —0.173553719 1.21 —0.173553719

nian to Maastrichtian age (Fig. 5). Strain data suggest that contrasts
within the Upper Cretaceous sediments are greater than those be-
tween sediments of Maastrichtian and Oligocene age. Thereisno ap-
parent change in depositional environment across this protracted
(~34.5 m.y.) hiatal gap. Figure 6 illustrates one possible explanation
for such alarge stratigraphic hiatus invoking slight topographic ele-
vation of Site 967, combined with slow sedimentation, reworking,
and possibly sediment bypassing.

ThePre-Miocene Hiatus

The pre-Miocene hiatus extends to Oligocene sediments in Hole
967E and to middle Eocene sedimentsin Hole 966F (Fig. 2). Because

the only indication of Miocene sediments at Site 967 was the identi-
fication of a narrow interval of evaporites beneath Pliocene sedi-
mentsby well logs (Emeis, Robertson, Richter, et al., 1996), no struc-
tural dataare available for comparison with the underlying Oligocene
succession. However, lithological contrasts at both Site 966 and 967
suggest that the pre-Miocene hiatus is marked by a transition from
relatively deep-water facies (chalks of middle Eocene age in Hole
966F and Oligocene agein Hole 967E; Emeis, Robertson, Richter, et
al., 1996) to a shallow marine or restricted hypersaline environment
(Miocene neritic limestone in Hole 966F, evaporites in Hole967E;
Fig. 6).

At Site 966, several structural parameters differ across the Mio-
cene/middle Eocene boundary. Bedding dip istoward the northeast in
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Table 4. Axial ratio measurements on burrows from Hole 966F and theresulting strain calculations.

Thisisa sample of the table that appears on the volume CD-ROM.

y (parallel to the x (perpendicular to

Top of core  Bottom of core Mean depth of core  core axis; the core axis;  Axial ratio Vertical shortening
Hole Core Section (mbsf) (mbsf) (mbsf) mm) mm) (Re = xty) MeanR¢ (en)
160-966F 11R 4 6 15
160-966F 11R 8 10 1.25
160-966F 11R 153.8 173.1 163.45 2.75 1.38 -0.27
160-966F 12R 4 5 1.25
160-966F 12R 8 10 1.25
160-966F 12R 163.5 173.1 168.3 25 1.25 -0.2
160-966F 18R 8 16 2
160-966F 18R 7 15 2.14
160-966F 18R 10 17 1.7
160-966F 18R 8 6 0.75

Note: See “Methods” section (this chapter) for more information.

Table 5. Axial ratio measurements on burrows from Holes 967A, 967B, and 967E and theresulting strain calculations.

Thisisa sample of the table that appearson the volume CD-ROM.

y (parallel to the

X (perpendicular to

Top of core Bottom of core Mean depth of core  core axis; the core axis; Axial ratio Vertical shortening
Hole Core  (mbsf) (mbsf) (mbsf) mm) mm) (Ri=xly)  MeanR¢ ()
160-967A 6H 6 18 3
160-967A 6H 9 14 1.56
160-967A 6H 5 17 34
160-967A 6H 6 16 2.67
160-967A 6H 12 22 1.83
160-967A 6H 7 20 2.86
160-967A 6H 53.3 54.8 54.05 2.55 -0.61
160-967A 9H 11 25 2.27
160-967A 9H 8 20 25
160-967A 9H 5 8 1.6

Note: See the “Methods” section (this chapter) for more information.

Miocene sediments, and toward the northwest in middle Eocene sed-
iments. The amount of shortening indicated by the axial ratios of bur-
rows is significantly higher in middle Eocene sediments than in the
overlying Miocene succession. Thefrequency of fractures, veins, and
faultsin recovered coreis also higher in middle Eocene sediments.

The combination of the structural data and the large changein pa-
leowater depth required by lithological contrasts therefore indicates
that the pre-Miocene hiatus was tectonically induced. It seems prob-
able that Oligocene sediments were deposited at Site 966 and subse-
quently removed (Fig. 6).

Mioceneto Pliocene Hiatus
This hiatus is observed in Holes 966F and 965A (Fig. 2). It occa

sions more notice than other packets of missing strata in the Era-
tosthenes record because of the link to the M essinian draw-down and

Hole 965A (“Site 965" chapter, Emeis, Robertson, Richter, et al.,
1996, fig. 8).

The differing stratigraphies at all three sites are another line of ev-
idence, which support the concept of persistent block faulting. The
absence of Miocene neritic carbonates at Site 967, although nearly
200 m was recovered at Sites 966 and 965 (Fig. 2) requires some ex-
planation. A period of nondeposition through the Miocene is difficult
to accept given the present relative bathymetries of the three sites
(Fig. 1). The alternatives: (1) deposition followed by subsequent ero-
sion, or (2) sediment bypassing, both necessitate differential move-
ment between Site 967, and the two other Eratosthenes sites, either
during, or before, the deposition of Pliocene sediments. Similarly, the
distribution of Oligocene and middle Eocene sediments in Holes
967E and 966F (Fig. 2) is difficult to explain unless at times these
sites were differentially prone to erosion and accumulation. It seems
fairly clear, therefore, that differential motion on individual blocks

evaporite deposition (Hsii et al., 1977). Evidence for the nature of thf¥filled at Sites 967 and 966 occurred as far back as the middle Mio-
boundary has been documented elsewhere (Robertson et al., 1998@7€- A schematic illustration of this is shown in Figure 6. _
Spezzaferri et al., Chap. 2, this volume) and a tectonically driven hi- On€ possible explanation for the numerous relatively small hia-
atus caused by subsidence and collapse as the seamount arrived af4fgs in the Cenomanian to Turonian sediments is that small-scale

Cyprus active margin seems unequivocal.

Evidence of Persistent Block Faulting

differential block movement generated relief for minor downslope
reworking and possibly permitted localized sediment bypassing or
contouring. Without recovery of sediments of comparable age else-
where, it is not possible to test this hypothesis.

The evidence for persistent independent behavior of the blocks

making up the Eratosthenes Seamount comes in various forms.

CONCLUSIONS

Where it is possible to compare units of similar age (i.e., the Miocene

neritic carbonates recovered at Sites 966 and 965), the FMS bedding Examination of lithological and structural data reveals that most
data indicate that the sediments dip consistently in different diressf the hiatal gaps identified in the successions recovered from three
tions at each site (e.g., toward the northeast and northwest respectigées on the Eratosthenes Seamount are likely to have been generated
ly; Figs. 3, 4). This may be the product of post-Miocene break up dectonically (i.e., Miocene-Pliocene hiatus, pre-Miocene hiatus, up-
the seamount as envisaged from the seismic lines generated to locaée Aptian to Cenomanian hiatus). The prolonged hiatus between the
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Figure 6. Schematic diagram illustrating the possible evolution of the Eratosthenes Seamount from Cretaceous to Holo@&eentiotes.is based on the
structural and stratigraphic information documented in the text for Sites 965, 966, and 967, and attempts to accoucnwdoizée héatuses. Most of the hia-
tuses are accompanied by significant change in facies indicating a tectonic element to the evolution (e.g., Oligocenégtrdate t® early Miocene
sketches). However the Oligocene, middle Eocene, and Paleocene to early Eocene sketches illustrate a scenario wherel@pkiatia desult of slow sedi-
mentation, reworking, and sediment bypassing. The model also illustrates persistent independent movement of the blockiseothreleidites are located to
account for differences in the recovered succession. Faded site numbers and drill locations indicate that drilling dichteos@eineents of this age.

Maastrichtian and Oligocene sedimentsin Hole 967E is an exception.
This hiatus may have been formed as aresult of slow sedimentation,
reworking, and possibly a component of sediment bypassing asare-
sult of dlight structural elevation. Several small hiatuses in Cenoma-
nian and Turonian sediments are probably the result of reworking, if
in fact they are not merely hiatuses simulated by low recovery.

The differing stratigraphic successions recovered from Era-
tosthenes, in combination with structural information and seismic da-
ta, suggest that each of the three sitesis located on a different struc-
tural block. These blocks have acted independently of one another
and undergone differential movement at least as far back as the mid-
dle Eocene.
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