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Abstract - Bedding dips in the CRP-3 drillhole were determined in three ways: P
analysis of a dipmeter log, (2) identification of bed boundaries on boreh| R
televiewer log images, and (3) identification of bed boundaries on digital image|/ 1, { ”}
the outer surfaces of oriented cores. All three methods determine both| 5} EAST =
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magnitude and downdip azimuth of bedding. Dipmeter results document variat WASSL IcE )
in bedding dip throughout the logged interval (20-902 mbsf), whereas core SHEET
televiewer results are available at present only for selected depth intervals. Dipr a;‘J
data indicate that structural dip is remarkably constant, at 21° dip to azimuth
throughout the Tertiary shelf section, except for the top 100 m where dips appear 0
be 5-10° shallower. This pattern, in conjunction with the systematically increasing dips throughout CRP-2A,
suggests that the growth faulting active during CRP-2A deposition began during the final period of
deposition at CRP-3. Normal faults at 260 and 539 mbsf in CRP-3 exhibit neither drag (localized dip
steepening) nor significant changes in structural dip across them. Oriented core and televiewer analyses,
covering a total of 200 m in the interval 400-900 mbsf, indicate bedding patterns that confirm the dipmeter
results. The doleritic breccia at the base of the Tertiary section has steeper dips than overlying structural
dips, possibly indicating a sedimentary dip to ENE in these fan sediments. Dip directions in the underlying
Devonian Beacon sandstone are surprisingly similar to those in the overlying Tertiary section. Superimposed
on the average Beacon dip of 22° to the ENE are localized tilts of up to 20°, probably caused by Tertiary
fracturing and brecciation rather than original sedimentary dip variations.
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INTRODUCTION mudstones and diamictites (Cape Roberts Science
Team, 2000). Between the Tertiary shelf sediments
The Cape Roberts Project (CRP) is amnd the Beacon sandstone is 34 m of doleritic
international drilling project whose aim is tobreccia, mid-Tertiary in age.
reconstruct Neogene to Palaeogene palaeoclimate andThijs study determines bedding dips in the CRP-3
the tectonic history of the Transantarctic Mountaingrillhole with three data sources: dipmeter logs,
and West Antarctic rift system, by obtainingwhole-core images, and borehole televiewer (BHTV)
continuous cores and well logs from a site near Caﬁ’ﬁlages. The main goal of this dip analysis is
Roberts, Antarctica. Offshore Cape Roberts, tiltingatermination of structural dips, to identify tilting

and erosion of strata have brought Lower Miocene té’pisodes and subtle angular unconformities. These

Lower Oligocene sediments near .the seafloor. T firee datasets are also used in several companion
three CRP holes penetrate successively older port'ontsudies. Digital whole-core images were obtained at

of a 1600 m composite stratigraphic sequence. CR n-e drill site (Cape Roberts Science Team, 2000),

2/2A depths can be converted to composite depth. . :
P P P imarily for structural analyses (Wilson & Paulsen,

(CRP-1 standard) by adding 40 m, and CRP-3 depﬂ%

can be converted by adding 680 m (Cape Rober@is volume). Jarrard, Paulsen & Wilson (this volume)

Science Team, 2000). CRP-3 cored 821 m of Low&PMpare whole-core and BHTV images to orient

Oligocene and possibly Upper Eocene sedimentafPes: The BHTV data are also used for stress
rocks and 116 m of underlying Beacon sandstone @palysis (Jarrard, Moos et al., this volume). Dipmeter
Devonian age (Cape Roberts Science Team, zoogpd BHTV logs are two of several kinds of downhole

Average core recovery was 97%. The mid-Tertiarjogs run at CRP-3 (Cape Roberts Science Team,
section consists primarily of shelf sandstones andP00); analyses of the other logs are presented by
muddy sandstones; other lithologies include commadgucker, Jarrard et al. (this volume) and by Bucker,

thin conglomerate beds and less common sandyonik & Jarrard (this volume).
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DATA PROCESSING similar to those empied for CRP-2A and described

by Jarrard et al. (2000).hin conglomerates, which

LOGGING OPERAIONS AND ORIENTATION are relatvely alundant, were deleted before dip
analysis.

CRP-3 vas logged in three phases: the open-hole Lonestones are much lessuadant at CRP-3 than
interval 346-20 mbsf ws logged at the conclusion ofat CRP-2A, so their associated resigyi spikes are
drilling with HQ drillrod (96 mm hole diamete6l less of a problemTo minimize the effects of
mm core diameter), the inteal770-346 mbsf @s lonestones and patghcements on our dipmeter
logged during drilling with NQ drillrod (76 mm hole analyses, we empjed two methods of spi& remeal.
diameter 45 mm core diameter), and the in@r®02- We subjectiely edited all rav microresiswity traces,
765 mbsf vas logged at the conclusion of drilling.deleting high-resistiity spikes.We also used the
Two intervals were not logged because hol@bjective spile detection algorithm of Jarrard et al.
conditions were too unstable to risk losing the tool§2000).We found that the subjeutly edited dataset
the upper dult zone (256-272 mbsf), and the bottongave a stabler more consistent suite of dip
part of the hole (902-939 mbsf), whichaw/blocled determinations abwe 550 mbsf, whereas the
by swelling clays in an altered intrusion. objectively edited dataset as superior belw 550

The dipmeter and BHTV tools record azimuth anenbsf. For determination of bedding dips from the
angle of borehole deation. CRP-3 vas nearly despiled dipmeter data, we used the program E&dip
vertical: hole deiation was to the southwest, with aResults depend on aaviety of userdetermined
deviation angle of 1.8-2.5° from vertical in the top processing parametersoiFthe Tertiary sediments
350 mbsf, and about 1°5n the lover portion of the above 790 mbsf, we achied the best signal-to-noise
hole (Cape Roberts ScienGeam, 2000)Although ratio with a windav length of 0.25 m, a step
this deviation is minoy dipmeter dips are correctedincrement of 0.12 m, and a correlation angle of O-
from borehole tdn situ coordinates. Core and BHTV 55°,
dips, in contrast, are not corrected. Except for occasional conglomerates, fregtiary

The Antare® dipmeter and BHTV include three shelf sedimentary emronment (0-789 mbsf) is
perpendicular magnetometers, for tool orientatiorgenerally &vorable for dipmetebased determination
Two horizontal magnetometers pide a continuous of bedding dips. In contrast, the underlying doleritic
record of orientation of each tool with respect tireccia and Beacon sandstone are challenging for
magnetic north, so that all data can beveoted from dipmeter analysis, because mgatprrelations among
tool coordinates to magnetic norte cowverted the the four resistiity pads are attritable not to bedding
data from magnetic north to true north coordinategut to brecciation or fracturing. Furthermore, the
using measurements of localwvi@tion based on an doleritic breccia has correlations from dolerite clasts
on-ice reference magnetometdihe CRP-3 site is and much of the unit isxéensively faulted (Cape
actually at a higher latitude than the South MagnetRoberts Scienc&eam, 2000Wilson & Paulsen, this
Pole, and it is so close to the magnetic pole that walume). These problems can be reduced by
considered it necessary to test the 148l&al processing changes such as increasing the windo
deviation based on the International Geomagnetiength substantiallyassuming that only bedding will
Reference Field (IGRF)An additional concern at exhibit a parallel &bric over a wide interual.
very high latitudes is that magnetic storms can causgvertheless, spurious picks and unintentional picking
sudden, lage swings in local deation. Consequently on fracture sets are uwmaidable. Our most rakbst
the reference magnetometer recorded 3-componeddiution in the breccia used a winddength of 2 m,
magnetic feld direction throughout dipmeter andstep length of 1 m, and scan angle of°8We
BHTV logging. Fortunately magnetic storm astity processed the Beacon intatwvith both a restrictie
was lav during logging, causing declinatiomnations parameter set (0.5 m, 0.25 m,°5@nd an inclusie
of <3°. Our measurements with the referencene (0.25 m, 0.12 m, 8D
magnetometer were consistent with the IGRifue:

147-148. Local deviation was also measured with
GPS sureys in August and October 1999hese COREAND BOREHOLE TELEVIEWER
measurements, 148.and 147.8, are nearly identical

to the IGRF prediction. As part of the core processing Woat Cape
Roberts Drillsite, both whole cores and split cores
DIPMETER were routinely digitally imaged with a DMT

Corescam® color scanner (Cape Roberts Science
CRP-3 was logged with arAntare® 4-pad, Team, 2000). Prior to core splitting, the outer acek
slimhole dipmeterThis tool measures resigily at of most cores were imagedxaptions were cores
each pad at a 5-mmevtical spacing. Dipmeter with too little strength to be rotated on the scanner
processing steps, includingaign adjustment, sp&k without breaking up. In mancases, it is possible to
removal, pad equalization, and depth shifting, areletermine relatie orientation among successicore



Bedding Dips from the CRP-3 Drillhol&ictoria Land BasinAntarctica 169

pieces and among successicore images, by Bedding dips were pidd on both oriented-core
matching and ifting together the bro&n core and BHTV images byitting sinusoids along obsesd
surfaces.This process can be undertakwith the bedding planesThe core picks are sensiti to color
whole-core images in a process referred to ashanges, associated with mineralogi@riations,
“stitching”. Each interal of stitched-together imageswhereas BHTV character is most sensitto porosity

is a continuous composite with correct rel@ti and therefore to grain siz&he core bedding picks
orientations among successipieces. Senteen are the most reliable of our three techniques, with
intervals, totaling 231 m (25% of the cored int@lly minimal ambiguity about beddings. fractures.
were stitchedThese stitched inteals were then BHTV-based bedding analysis could be undentakn
oriented with respect to a geographic (NESWa much lager percentage of the hole than that with
coordinate system, by comparing them to orientedriented core, bt we hae confned our BHTV
BHTV images and rotating them to match orientationanalyses to the same intafs as for oriented core.
of fractures, bedding, and clasts (JarrardulBen & The core and BHTV picks were undertak in
Wilson, this wlume). Jarrard, &ilsen &Wilson (this parallel, using side-by-side images to increase
volume) subjectiely estimate the accurgcof confdence in bedding idenitfations.

orientation ast15° for most stitched-core inteals

and £25° for individual features (such as beds) within

each interal. Almost all of these stitched-core BEDDING DIP RESULTS
intenvals were included in our studies of bedding dips.
“Bedding” is here deéhed as a change in grayéd, A common approach to dipmeter analysis is to

sinusoidal in shape on unwrapped 36fbre or examine patterns within so-called “tadpole plots”, dip
BHTV images, interpreted to be caused by a changs. depth plots in which dip azimuth is indicated by a
in lithology or porosity Fractures are readily short line sgment on each data pointof~each of the
distinguished from bedding within these images, anthree CRP-3 bedding datasets (dipmeteiented-core,
we e&clude fractures from our analyses. and BHTV), we hae examined both tadpole plots
Core image processing and analysis techniquasnd stereographic plots of poles to bedding, to
were generally similar to those described by Jarrard ietentify intenals with uniform bedding bekior. The
al. (2000), &cept that Corelo® processing softare selection of interals and their boundaries is based
was replaced with moreevsatileWellCAD®. Because primarily on identifcation of sudden changes in
our focus is on delineation of primary and structuradverage dip direction (dip magnitude or azimuth) on
dips, we eclude olvious soft-sediment deformationthe tadpole and stereographic plots. Noise is
and lonestone sag and drape from our bedding picksubsequently minimized by considering intatv
However, both can occur at a scaledarenough to means, with associated 95% cdehce limits, rather
be unrecognized in the core images. than indvidual data points. Inteal means are
The BHTV is an acoustic instrument that yides calculated by applying Fisher statistics, applicable to
an image of sudice reflectiity of the wall of a fluid- dispersion on a sphere, to the poles of beddiings
filled hole (Zemanek et al., 1970As the tool is method preides an unbiased mean dip direction,
pulled up the hole, a rotating transducer obtainshereas separate arithmetiovemaging of dip
continuous 360 images of both amplitude anddirections and dip azimuths yields a biased mean dip
traveltime. CRP-3 amplitude images were most usefdirection, particularly for small dips.
for identification of geologic features such as Table 1 lists the abndances of bedding dip
fractures, bedding, and clasts. Reflection amplitudéeterminations, for the three stratigraphic zones
depends mainly on refleeity and roughness of the (Tertiary shelf, dolerite breccia, and Beacon
borehole vall. Vertical resolution is 3 mm, and sandstone) and three methods (dipmeigented-core,
horizontal resolution is 2°50r 5°, depending on data and BHTV). Our initial dataset of bedding
acquisition parameters. Hole sizeasvquite uniform, orientations consists of 4286 dipmeter beds, 877
based on dipmeter measurements (Cape Robedsented-core beds, and 821 BHTV beds. During the
ScienceTeam, 2000)The CRP-3 BHTV logs, lik process of interal identification, some data were
other CRP-3 well logs, initiallyxibited up to 2.5 m omitted because tlyefell between interals of
of depth shift compared to coring depths, causedhiform dip behsior. In addition, a f& points were
mainly by stretch of the logging cablafter depth deleted from within some groups because their
shifting (Jarrard, Moos et al., thiohume), residual directions were dramatically dérent from those of
depth shifts areverywhere less than 10 cm. BHTV the overall population. Percentages of deleted data
log quality \aried from poor toxcellent, generally and fnal data abndances are also listed in table 1.
improving with increasing depth. Much of the top Table 2 shws the dipmeter data inteals and
half of the BHTV log preided only rare returns from interval-average bedding orientation&lso shavn for
the borehole wall, possibly because of mudeakOur each mean are the precision parameiétarger
bedding analyses are therefore @oedl to the bottom values indicate higher precision) and the radius (in
half of the borehole. degrees) of the 95% coidience circle.Table 3 shas
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Tab. 1 - Abundances of bedding picks.

Initial % deleted: % deleted: Final
Zone Method # points between groups within groups # points
Tertiary shelf dipmeter 3772 2.6 2.0 3600
oriented core 550 5.1 1.1 516
BHTV 601 4.2 1.3 568
dolerite breccia dipmeter 15 0 0 15
oriented core 26 4 0 25
BHTV 16 6 0 15
Beacon dipmeter 499 0 1.2 493
oriented core 301 7.3 3.3 274
BHTV 204 0 6.9 185

corresponding results for oriented-core and BHTV dip Tables 2 and 3 flag inteals that hae skewed
orientations. Comparison of dip magnitudes fodistributions, &cessve scatter K<10), or anomalous
oriented-core and BHTV results for the same irderv directions, along with those that sweithese three
suggests that oriented-core dips are systematicallgjection criteria. Half of the 58 dipmetbased dip
about 3 steeper than BHTV dips; we cannot accoundirections forTertiary shelf sediments are useful
for this discrepanc Unlike oriented-core and BHTV indicators of structural dip; only 3 of the 30 rejected
results, adjacent dipmetbased dip determinations areintervals are &cluded solely on the basis of
not independent, because Ez®ipises an arti€ial anomalous directions. Similarlyhalf of the 40
intelligence algorithm to suppress inconsistent resultsiented-core and BHTV dip directions fdertiary
(Kerzner 1983, 1986, 1988) and because the steghelf sediments werexeluded, almost alays because
increment is shorter than the windolength. strong skwing indicates that these generally short (2-
Therefore, conflence limits are optimistic for 10 m) intenals are dominated by sedimentary dips.
internval-averaged dipmeter results. Only 1 of these rejected inteahs is ecluded solely
All of the intenal bedding orientations of tables 2based on an anomalous directidrhe same criteria
and 3 include structural dip,ub mary may also used to eliminate inteals with sedimentary dip are
include a component of sedimentary dip, eithealso useful in reducing dipmeter bias associated with
depositional €.g., cross bedding) or post-depositionalfracturing and brecciation in thewer part of the
(e.g., soft-sediment deformation). In order to isolatarillhole. Of the 11 breccia and Beacon intelv
structural dip, we applied threex@dusion criteria (including two suites of Beacon results with feifent
aimed at identifying interals with detectable processing parameters), only 3 sueviour &clusion
sedimentary dip éécts. First and most important iscriteria. Recognizing the superiority of oriented-core
recognition of a skwed distritution, either on a and BHTV oser dipmeter for identi€ation of bedding
stereographic projection of bedding perpendiculars on the breccia and Beacon, we concentrated our
on a tadpole plot. On a stereographic projectiororiented-core and BHTV analyses there. Of the 14
parallel bedding generates a disturtton that is core and BHTV interal means from the breccia and
approximately circulari(e., no dependence of Beacon, only 4 were rejected.
standard deiation on azimuth), whereas cross The methods of inted identification and
bedding and soft-sediment deformation generatd o averaging emplged here are identical to those used
distributions that are strongly eked (higher standard for CRP-2A dipmeter analysis (Jarrard et al., 2000).
deviation) in the plane of cross bedding or softThe criteria for isolating structural dips byatuding
sediment meement. On a tadpole plot, sedimentarysedimentary dips are fi#rent, hovever. Jarrard et al.
dips often generate a pattern of systematicall§2000) identifed five short interals, of 31 total, as
increasing or decreasing dipgeo a ~2-20 m inteml. having anomalous directions when compared to
Second, some inteals exhibited high data dispersion, adjacent interals. Consequentlythey excluded those
usually due to sedimentary dips or — for dipmeteintervals from their interpretations of structural dip
data — lev coherence among traceéd/e exclude the variations. If, instead, one applies the three CRP-3
highest-dispersion inteals, using an arbitrary exclusion criteria, then 5 inteals (their interals C,
threshold of=10 for the precision parameté&r G, H, J, and O) arexeluded because of skwed
Finally, some interals hae mean bedding directions distributions, in addition to the 5 primusly excluded
that are anomalous in comparison with other medrecause of anomalous directions.
results from the same broad portion of CRPF&e Figure 1 shws mean dip directions for those
most likely reason for these anomalous directions iSertiary shelf interals that appear to be reliable
either depositional or post-depositional sedimentaiydicators of structural dip @bs. 1 & 2).All dip
dip. In either case, these anomalous irdenare not directions for 113-789 mbsf are consistent in
representatie of regional structural dip. indicating a uniform dip direction, with what appears
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Tah 2 - Intenal-mean bedding directions based on dipmeter analyses.

Start depth End depth Zone OK skewed  scatter N azi dip k 95%
20.8 231 shdf X X 9 52.6 129 7.6 18.7
24.3 34.0 shdf X 6 5 72.2 231 17.9 4.3
34.2 39.6 shef X 35 244.0 175 13.7 6.8
40.0 53.3 shdf X 7 3 124.3 7.6 11.7 51
534 585 shdf X 33 2754 26.0 15.1 6.7
61.0 76.5 shdf X 9 2 1286 7.9 105 4.8
771 83.2 shdf X 5 2 71.8 111 140.1 17
86.0 93.9 shdf X 29 253.8 30.0 207 6.0
94.3 1123 shdf X 57 34.1 131 7.3 75
113.3 127.6 shef X 7 1 70.2 19.8 16.3 4.3
1287 1445 shdf X 59 91.5 17.0 9.2 6.4
152.8 163.5 shdf X 6 6 45.3 24.0 16.1 45
170.7 181.1 shdf X 6 5 76.6 17.6 104 5.7
181.5 2112 shdf X 133 19.1 119 9.4 42
214.3 234.8 shdf X 9 59.4 236 13.2 4.6
239.3 255.1 shdf X 6 6 70.3 19.3 15.3 4.6
2723 285.1 shdf X 6 9 76.2 18.7 12.0 52
285.3 287.2 shdf X 10 2101 16.4 26.6 9.0
287.5 293.0 shdf X 2 4 704 209 15.3 7.8
303.4 317.6 shdf X 75 85.3 14.0 86 59
318.8 325.1 shdf X X 15 318.6 13.9 7.7 14.1
325.2 3379 shdlf X 8 8 52.7 194 13.2 4.3
338.2 347.9 shdf X 46 319.3 14.3 85 7.7
3483 366.2 shdf X 1 10 83.9 22.2 109 4.3
367.2 389.6 shdf X 83 62.8 11.8 7.6 6.0
390.0 394.2 shdf 27 340.1 24.8 115 8.6
394.3 405.0 shdf X 4 70.7 131 104 7.0
405.1 414.3 shdf X X 44 184.6 34 7.4 85
415.8 4245 shdf X 5 2 79.2 229 21.2 44
424.7 460.1 shdf X 1 64 66.9 14.8 13.6 31
460.6 463.4 shdf X 33 267.9 195 14.9 6.7
463.6 476.9 shdf X 1 09 426 214 101 45
481.3 4883 shdf X 5 5 47.7 25.0 24.2 4.0
489.0 5185 shdf X 126 58.3 13.8 9.9 4.2
518.6 525.2 shdf X 46 3.0 215 17.7 51
525.2 5285 shelf X X 20 3384 8.7 8.0 123
5286 554.8 shdf X 1 28 64.3 224 12.7 36
5552 560.3 shdf X 7 819 183 34.6 3.6
563.7 574.5 shdf X 54 169.2 55 8.7 7.0
579.1 588.1 shdf X X 30 67.9 23.7 85 9.6
5883 5920 shdf X 2 6 71.9 24.3 285 54
593.3 5%.4 shdf X 13 266.1 6.3 106 12.8
597.6 604.0 shdf X 4 1 74.1 18.2 14.3 6.1
605.4 624.0 shdf X 87 26.0 5.0 7.2 6.1
624.3 634.0 shdf X 6 8 44.6 22.0 21.8 38
634.6 639.8 shdf X 0 103.6 15.6 224 4.4
643.1 660.6 shdf X 1 10 42.0 19.1 227 29
660.7 671.0 shdf X 1 03 71.6 274 224 30
671.2 686.0 shef X 1 19 71.3 239 14.2 3.6
689.4 7021 shdf X 5 6 774 13.9 117 5.8
703.4 725.6 shef X 1 01 51.1 175 20.8 32
729.3 750.2 shdf X 1 50 554 22.0 29.7 21
750.3 7526 shdf 21 3281 29.9 45.7 4.8
753.0 763.4 shdf X 7 53.8 19.9 15.7 4.9
764.4 765.6 shdf X 11 329.6 106 189 10.3
765.7 769.7 shdf X 6 4 885 235 234 37
7709 7717 shdf 10 3329 201 86.9 4.9
7779 791.2 shef X 4 9 63.4 24.0 15.2 5.4
793.6 8226 brecca X 5 43.1 224 15.8 9.6
827.7 838.2 Beaconl X 11 167.3 4.3 85 15.8
838.4 847.4 Beaconl X 6 36.2 19.9 54.3 51
847.9 872.7 Beaconl X 5 1 17.4 114 48.6 29
874.1 900.1 Beaconl X 0 79.6 4.1 122 55
825.9 8314 Beacon2 X 29 315.9 16.2 19.0 6.3
8324 841.3 Beacon2 X 9 9.5 3.6 14.1 6.3
841.6 849.8 Beacon2 X 3 8 32.8 185 23.7 4.9
850.1 8556 Beacon2 18 303.8 183 24.8 7.1
856.1 8713 Beacon2 X 7 6 344 9.9 27.0 32
8715 900.1 Beacon2 X 55 63.2 3.6 13.3 3.2
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Tab. 3 - Intenval-mean bedding directions based on core-scan and borehoieweledata.
core
zone | startdepth end depth| OK skewed scatter anomalous N azi dip k 95%
shelf 404.3 408.8 X X X 21 2288 31.1 4.0 18.2
shelf 410.3 413.5 X 26 79.6 23.8 44.1 4.3
shelf 451.6 452.8 X X 7 3186 308 131 16.0
shelf 4554 460.1 X 44 78.7 18.9 51.1 3.0
shelf 460.2 463.2 X X 14 263.9 17.3 14.7 10.3
shelf 541.2 548.5 X 9 72.7 22.6 56.5 6.5
shelf 555.8 561.6 X 50 108.1 17.9 25.8 4.0
shelf 574.8 578.1 X 26 53.4 26.4 10.5 9.2
shelf 578.0 587.2 X 42 66.0 25.3 53.3 3.0
shelf 616.2 620.2 X 12 50.0 22.1 18.8 9.8
shelf 624.1 634.1 X 54 66.6 255 18.9 4.6
shelf 642.1 657.2 X 38 96.8 24.2 10.9 7.4
shelf 658.3 660.6 X 18 106.4 14.9 89.9 3.7
shelf 661.0 666.5 X 43 78.3 24.5 34.8 3.7
shelf 693.4 697.6 X 26 83.4 27.0 81.0 3.2
shelf 697.6 698.6 X 21 34.1 24.2 135.0 2.7
shelf 701.4 704.7 X 5 78.4 23.2 34.9 11.7
shelf 704.8 713.1 X X 33 8.0 7.3 6.2 11.0
shelf 714.0 720.2 X 16 75.5 22.1 25.9 7.4
shelf 722.2 723.7 X 11 101.6 19.1 16.4 11.0
shelf 750.2 768.9
breccia 787.2 794.4 X 20 68.6 30.8 43.2 5.0
breccia 807.0 810.3 X 5 52.9 43.8 23.7 14.3
Beacon 823.1 829.4 X 103 57.0 23.3 111.2 1.3
Beacon 864.3 875.0 X 85 50.0 19.2 79.9 1.7
Beacon 875.0 881.2 X 27 79.3 29.1 48.6 4.0
Beacon 881.2 895.2 X 3 95.5 215 80.4 11.3
Beacon 895.2 904.2 X 56 108.2 23.6 114.7 1.8
BHTV
zone | startdepth enddepth| OK skewed scatter anomaloug N azi dip [ 95%
shelf 404.3 408.8 X X X 24 267.6 17.2 4.9 14.9
shelf 410.3 4135 X 27 62.1 18.6 36.8 4.6
shelf 451.6 452.8
shelf 4554 460.1 X 34 70.8 16.5 73.5 29
shelf 460.2 463.2 X 11 2454 16.7 15.8 11.3
shelf 541.2 548.5 X 12 80.2 15.9 58.6 55
shelf 555.8 561.6 X 36 99.6 17.3 27.2 4.7
shelf 574.8 578.1 X 22 39.0 22.2 11.8 9.4
shelf 578.0 587.2 X 29 57.5 19.6 83.1 3.0
shelf 616.2 620.2 X 12 775 211 33.3 7.3
shelf 624.1 634.1 X 45 73.1 215 21.4 4.7
shelf 642.1 657.2 X 47 83.4 17.2 16.1 53
shelf 658.3 660.6 X 17 100.4 14.6 67.0 4.4
shelf 661.0 666.5 X 59 75.6 22.2 55.1 25
shelf 693.4 697.6 X 28 70.5 211 54.3 3.7
shelf 697.6 698.6 X 22 25.6 21.2 133.9 2.7
shelf 701.4 704.7 X 23 53.6 23.6 38.8 4.9
shelf 704.8 713.1 X X 42 17.3 8.9 12.6 6.5
shelf 714.0 720.2 X 23 61.7 17.0 56.1 4.1
shelf 722.2 723.7 X X 15 134.8 3.2 13.1 10.6
shelf 750.2 768.9 X 40 91.4 13.1 24.4 4.7
breccia 787.2 794.4 X 10 77.7 29.9 35.0 7.8
breccia 807.0 810.3 X 5 48.7 38.8 18.0 16.5
Beacon 823.1 829.4 X 54 57.5 23.6 132.1 1.7
Beacon 864.3 875.0 X 51 61.6 15.9 134.6 1.7
Beacon 875.0 881.2 X 24 77.1 26.5 120.0 2.7
Beacon 881.2 895.2 X 34 78.7 18.9 97.5 2.5
Beacon 895.2 904.2 X 22 102.9 23.9 76.0 3.6

to be random dispersion of <1@bout the werage (dip 23.2, azimuth 71.6, dy

direction. Based on the 24 dipmetfeased results, 18 &, azimuth 65.8, Oy
with unit weight to each inteal average, the erall

=4.1°) and BHTV (dip
4 1°) (Fig. 1). Data from
shallover than ~100 m>ehibit dip directions that
mean d|p direction for 113-789 mbsf is a d|p of 20.5appear to be a e d@rees Sha”wer' on aerage,
toward azimuth 64.8 (95% confdence radius than the mean for 113-789 mbsfjthoo fev intenals
0,.=2.2°). This result is confmed by oriented cores gre aailable to quantify this shalldng.
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Fig. 1 - Interval mean dip directions foFertiary shelf sediments of CRP-3, based on dipmeter (solid dots), core images (open diamonds),
and borehole telegewer (solid diamonds). Results are listed in tables 1 &l8 shavn are the mean structural dips for thevéo portion

of CRP-2A (Jarrard et al., 2000) and for most of CRP-3. In these zoomed polar projections, dip magnitude increases frahezero at
center to 30 at the outer circle of each plot.

Figure 2 shws intenal-mean bedding directions sediments and underlying Beacomt ldips are about
for the Beacon sandstone, based on oriented-core driif steeperWe consider the most kfty explanation
BHTV bedding picks. Dipmeter resultsgfi 1), not of this dip steepening to be sedimentary dip,
showvn here because tkieare probably biased by associated with interpreted (Cape Roberts Science
fractures and brecciation, are generally shedloand Team, 2000) deposition on a subaeriahfThis
more northerly Oriented-core and BHTV results forbedding direction is approximately parallel to a
the same intead, connected by a line gment in faulting fabric identifed in this portion of the
figure 2, are consistentlyevy similar Dispersion doleritic breccia (Wson & Paulsen, this elume).
among interals is up to 20 The overall arerage of Although we can readily distinguish between bedding
these Beacon results is compatible with the shelénd open fractures in the core and BHTV images, it
sediment mean for theverlying interval 113- is concevable that some or msnof our “bedding”
789 mbsf. picks are actually calcitelied fractures.

Figure 2 also shes individual bedding directions
from within the doleritic brecciaThese data are
based only on oriented-core and BHTV picks, whichMPLICA TIONS FOR STRUCTURAL HIST ORY
are much more reliable than dipmetmsed results
from this intenal. Contamination of the dipmeter  This portion of theVictoria Land basin is
result by aulting gives it a skwed distrilution and a extensiely faulted: three dults cut CRP-3 (Cape
mean dip magnitude @ 1) much shallwer than the Roberts Sciencdeam, 2000Wilson & Paulsen, this
oriented-core and BHTV result¥he doleritic breccia volume), and at least twfault fabrics are @dent on
has an werage dip azimuth that is similar to theseismic reflection prifs (Hamilton et al., 1998) and
structural dip azimuths of theverlying shelf at nearby Cape Roberts (Mbn, 1995).The CRP-3
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Although depth-dependengariations in dip can be

dolerite breccia
0 identified in the polar plots for CRP-3 (Figs. 1 and 2)

>0 and CRP-2A (Jarrard et al., 2000), a plot of d&
40 depth may be more useful for this purposer F
o 30 structural interpretation, total dip is less xelet than
5 dip in the plane of structural tilting. Consequentty
20 each CRP-3 intea mean from tables 2 and 3
10 identified as being representati of structural dip, we
calculated the component of dip within a structural
0 tilt plane with azimuth 65 Oriented-core and BHTV
tilts, which are paired for the same intatvwere
averaged. Figure 3 s these dipmetdrased and
core/BHT\tbased estimates of tilts. composite
240 120 stratigraphic depthwe use composite stratigraphic
& core depth to permit inclusion of data from both CRP-2A
‘ Y 00790 m o and CRP-3. CRP-2A resultsx@uding lov-reliability
intervals identifed aboe) emply a slightly diferent
180 Beacon structural tilt azimuth of 75(Jarrard et al., 2000).
30 Positve values indicate “eastavd” (actually tevards
o5 65° or 75°) tilt, and neative values indicate
“westward” tilt.

Q_ZO Superimposed on our bedding results igufe 3
515 are the dips of seismic reflectors that intersect the
10 drill sites (Henrys et al., thisolume). The seismic
5 profile is migrated to minimize dip arétts (Henrys
0 et al., this wlume). The seismic and dipmeter tilt

patterns are consistent at CRP-2A (Jarrard et al.,

2000), lut seismic tilts at CRP-3 are *=6ess than
dipmeter and core/BHTYV tilts. Seismic prles
underestimate true dip unless yhgarallel devn-dip

240 20 direction, lut this correction is ngigible at CRP-2

% gﬂ% and only 0.25 at CRP-3 Although the reason for this

‘ Mean: 100-790 m 150 discrepang is not knovn, we suspect that all datasets
180 are correct and that the discrepgnmay be

attributable to the dct that CRP-3 does not ligaetly

Fig. 2 - Polar projections of dip data for a dolerite breccia at 789- iarmin |
823 m (top) and underlying Denian Beacon sandstone (bottom),On the seismic line. . . .
compared to the mean result foredying Tertiary shelf sediments. The overall structural dip history of CRP (Fig. 3)

Dolerite breccia results for indidual beds are systematically is a pattern of structural stability during most of
steeper than adjacent zones, probably because of sedimen_tgry dPRP-3 time (Early Oligocene), foled by rapid
Beacon mean resull lové interals detect no systematic 109 eastvard tilting during CRP-2/2A time (Early
Oligocene to Early Miocenepll data types agree
that ~0-3 of tilting occurred within CRP-3 time and
a further ~10-15 of tilting occurred within CRP-2A
time. The episode of accelerated tilting is probably
interval 113-789 mbsf is sk as three po]ar p|ots in attributable to actjity on an ofshore grwth fault, as
figure 1, separated by depths alifts recognized at NO other subsidence mechanism can account for such
260 mbsf and 540 mbsf. No change in structural dip rapid lateraldnning of seismic reflectors. Seismic
is detectable across thesaults. Furthermore, neither reflection profling does detect a wesewd-dipping
interval means nor indidual bedding dips adjacent to normal fault just east of CRP-1 (Hamilton et al.,
the faults ehibit the characteristic signature 0f1998).
normal-fault drag: systematically increasing dips as Although the tvo shallavest dipmeter results from
the fault is approached from either afeoor belov. CRP-2A indicate dips of seral dgrees to the
Faulting does not appear to Ve imparted northwest, both seismicvilence and correlations
nonrepresentate local dips at CRP: the 88lown-dip between CRP-1 and CRP-2/2A (Cape Roberts Science
azimuth of CRP-3 and 7?5azimuth of CRP-2A are Team, 2000) indicate an eastw dip of ~38 for this
compatible with 71 and 79 dip azimuths for the portion of CRP-2A.Therefore, these uncanfmed
bases olv4 andV3 seismic reflectors, respeegly, dipmeter results should be treated with caution.
based on mgional structure contour maps (Henrys et A gradual devnhole increase in dip throughout
al., 1998). CRP-2A is demonstrated by both dipmeter and
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R e o section of fgure 3. Structural dips from dipmeter
50 ° BHTV, core images, and seismic reflection yide
200k o © 4 evidence concerning which, if gnof these are
® o angular unconformities.
400k ¢ o Jarrard et al. (2000) conclude that CRP-2A
oe o dipmeter data are compatible with interpretation of
o the 130 mbsf unconformity as an angular
unconformity but the results are not compellinghe
& ° ¢ major unconformity at about 306 mbsf is neident
soor ° o O o 1 as an angular unconformity in the dipmeter dats, b
° o core dips may indicate a sudden dip increase at
297 mbsf. Dipmeter data indicate a steepening of dip
— o 70 within the 435-481 mbsf inteal bracleting the
CRP-2 dipmeter . o 1 443 mbsf unconformity but core dips do not coinfn
Ty R this obseration.
L0 shel ° o <§><°‘> ° The 823 mbsf CRP-3 uncpnformity separgti_n_g the
mm — . E_a_rly OI|g_ocene an_d D@man marl_<s th_e_|n|t|al
S MRNATIRAATIRTI ST S rifting of this part ofVictoria Land basin. Rifting has
S heewane 0 ® ¥ dropped these D®nian Beacon sandstones about
Fig. 3 - Mean dip directions for CRP-2A (Jarrard et al 2000)3 k-m belav their lateral equialents (Cape Roberts
CI%F’-S (Bbs. 1 8?2), and a seismic reflection pi@facross"these ScienceTeam, 2000)' mOStIy accommo_dated S
sites (Henrys et al., thisolume), displayed as a plot of “easna” ~POUNdary &ult 8 km west of CRP-3 (Hamilton et al.,
tilt versus composite stratigraphic depth. Each tilt is the dig998; Henrys et al., 1998). lga-ofset normal &ults
component within the structural dip plane. are usually not planabut concae and often listric.
Therefore, theTertiary/Devonian boundary at CRP-3
is expected to be an angular unconformityith
o ) . shallover dips for the Deonian than for wgerlying
seismic results (Fig. 3) and camfied by whole-core e tiary shelf sedimentshe three Beacon dipmeter
imaging (Jarrard et al., 2000). In contrast to thﬁata do suggest this pattern (Fig. 3\t bhe much
substantial local dip ariations implied by CRP-2A /.o (aliable oriented-core and BHTV dip data

_dipmeter dzta, EeilsmichQipxél_ift;it a smooth, gradubal demonstrate that no sigidént angular unconformity
increase dwnhole. This difference cannot be ;o ,eqent (Figs. 2 & 3). Because the Beacon

attributed to dipmeter picking erroras dip  gangstone is intenselpdited and brecciated at CRP-
inhomogeneity is confmed by core imagesihe 5 '\,o cannot xclude the fpothesis that CRP-3 is

large aeraging vlume of.se-|sm|c prdfng.m|mm|z.es nonrepresentate of widerscale Beacon structural
effects of sedimentary dip inhomogeneipermitting dips

structural dip to dominate. CRP-2A dipmeter data
below 480 mbsf pruide an aerage dip estimate of
15+2°,

Tilt is nearly constant at 20-22possibly with a ACKNOWLEDGEMENTS -This research as supported
downhole increase of ~°2 throughout all bt the by the National Scienceoendation (OPP-9527319 and
topmost portion of the CRP-3 shelf sedimerfthe OPP-9517394)We thankAlex Pyne for optimizing logging
depth of transition from 15to 21° dips is only conditions.
approximately determined.he intenals abee ~100
mbsf at CRP-3 hee an intermediatev&rage dip
(Fig. 1), hut dispersion is high, and tooweintervals
are ailable for discriminationAt CRP-2A, core dips
increase to 20-30at the \ery bottom of the hole
(605-625 mbsf), bt this intenal is short, soft-
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