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Abstract - A suite of petrophysical properties - velocity, resistivity, bulk densifT——"=""""=
porosity, and matrix density — was measured on 88 core plugs from the CH —
drillhole. Core-plug bulk densities were used to recalibrate both whole-core |/ ¢, { ”}
downhole bulk density logs. Core-plug measurements of matrix density pel } EAST =
. . J A AMTARCTIC
conversion of the whole-core and downhole bulk density logs to porosity. B WAISSY, o
velocity and formation factor (a normalized measure of resistivity) are stron )
correlated with porosity. The velocity/porosity pattern is similar to that for t s
lower part of CRP-2A and is consistent with the empirical relationship f{ Z
sandstones. Core-plug and whole-core measurements of P-wave velocity at
atmospheric pressure exhibit excellent agreement. Measurements of velocity as a function of pressure
indicate a significantly higher velocity sensitivity to pressure than has been observed at CRP-1 and CRP-2A;
rebound or presence of microcracks at CRP-3 may be responsible. The percentage difference between
velocities atin situ pressures and atmospheric pressures increases downhole from 0% at the seafloor to 9%
at the bottom. This pattern can be used to correct whole-core velocity data, measured at atmospheric
pressure, tan situ velocities for depth-to-time conversion and associated comparison to the seismic profile
across the drillsite.
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INTRODUCTION density, compressional wave velocity p()v and
magnetic susceptibility, as well as downhole
The Cape Roberts Project (CRP) is arneasurements of density, neutron porosity, resistivity,
international drilling project whose aim is toV, magnetic susceptibility, and natural gamma
reconstruct Neogene to Palaeogene palaeoclimate dadiation, were obtained at the rig site (Cape Roberts
the tectonic history of the Transantarctic Mountain§cience Team, 2000).
and West Antarctic rift system, by obtaining This study provides the third, complementary, data
continuous cores and well logs from a site near Ca§€t: |aboratory measurements of velocity versus
Roberts, Antarctica. Offshore Cape Roberts, tiltin§€Ssure and of bulk density, porosity, matrix (or
and erosion of strata have brought Lower Miocene @@n) density, and formation factor for 88 core plugs.
Lower Oligocene sediments near the seafloor. THe!U9 Sampling, averaging 1 sample per 10 m, was

three CRP holes penetrate successively older portioWéended to be representative of major lithologies,
except that conglomerates were not sampled.

of a 1600 m composite stratigraphic sequence. T%though core-plug measurements are made on
third CRP drillhole, CRP-3, cored 821 m of Lower

. . . smaller samples with different methods from whole-
Oligocene and possibly Upper Eocene sedlmenta%re and well-logging data, they can address issues

rocks and 116 m O,f underlying Devonian Sar]dsmn(,‘*n'ritical to the analysis and interpretation of the well-
(Cape Roberts Science Team, _2000)' Ayerage (_:Olrc?g and whole-core measurements. These issues are:
recovery was 97%. The mid-Tertiary section conswﬁ) Core-plug measurements can be used to calibrate
primarily of sandstones and muddy sandstones; other ¢ logs and to confirm the calibration of whole-
lithologies include common thin conglomerate beds e measurements.
and less common sandy mudstones and diamictit@ What is the matrix density of the CRP-3
(Cape Roberts Science Team, 2000). sediments? Matrix density is needed for
Seismic velocity, density, and porosity of  conversion of well-log and whole-core densities to
sediments drilled by the CRP can be determined in porosities.
three ways: by whole-core measurements, b@) Measurements of velocity versus pressure provide
downhole logging, or by lab measurements on core a bridge betweeimn situ seismic velocities and
plugs. Continuous whole-core measurements of bulk laboratory-pressure whole-core measurements.
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(4) The wlocity/porosity relationship can indicate Tab. 1 - Petroplysical measurements.

petroplysical signatures of diagenesis anc
exhumation.

METHODS

In McMurdo StationAntarctica, 97 glindrical
samples were drilled from theonking hales of the
CRP-3 cores; the circulating fluid used to remo
cuttings was water Sample diameters were 2.5 cm,
Volumes of most samples were 6-13°crBamples
were sealed while saturated, to yeat drying and
permit subsequent petroggical measurements to be
undertalen on vatersaturated specimenghis sample
handling contrasts with the CRP-1 and CRP-2;
procedure of allwing samples to dry during
palaeomagnetic measurements prior to petysiulal
analyses, and later saturating samples wélo&ene
to avoid clay swelling (Brink & Jarrard, 1998, 2000).
By keeping the samplesatersaturated, weeided
ambiguities encountered by Brink & Jarrard (1998
2000) concerning use of the Gassmann (195:
equation for cowerting kerosene-saturatecehcities
to those of sematersaturated samples.

POROSITY AND DENSITY MEASUREMENTS

Porosity bulk density and matrix density of the
core plugs (&b 1) were determined using a simple
weight-and-wlume technique, as described by Brink
& Jarrard (1998) and Brink (1999), with salt
correction (Hamilton, 1971a). Resisty (Tah 1) was
measured with a terelectrode technique and 1-kHz,
50-mV alternating current, as described by Jarrard
Schaar (1991). Seral samples were unsuitable for
some types of measurement, due to inadequa
consolidation, cracks, or nowdindrical shape.

VELOCITY MEASUREMENTS

Velocities of vatersaturated samples g 2) were
measured in a Ne England Researchelocimeter as
described by Brink & Jarrard (1998) and Brink
(1999). Pore pressures weret atmospheric, so
confining pressure was equal to diérential pressure.
Measurements ofelocity at atmospheric pressure are
usually not representaé of in situ velocities for tvo
reasons: reduced interparticle coupling and microcrau
opening.These dkcts can be rersed by measuring
the samples ain situ pressures. Moderin situ
lithostatic pressures for these CRP-3 sediments ran
between 0.6 and 9.5 MP

Because poorly lithied sediments may deform
viscoelastically or lose rigidity atafrly modest
pressures, Brink & Jarrard (1998) measurebbeities
of CRP-1 samples on both upgoing andvdgoing
pressure ycles. CRP-2A and CRP-3 sedimentary
rocks are more lithiéd than those from CRP-1. Brink

Depth  Bulk density Porcsity Matrix density  Residivity = Formation
(mbsf) (kg/m?3) (%) (kg/m?) (ohmem) factor
49.56 1959 415 2622 12 6.4
60.91 1981 412 2653 13 7.1
69.8 1990 413 2671 13 7.1
81.12 2122 35.1 2718 15 7.8
90.54 2221 28.3 2692 22 113
119.53 2245 26.2 2677 31 16.4
129.72 2153 284 2600 3.0 15.9
134.06 2205 283 2672 3.6 190
141.79 2222 26.2 2646 38 20.0
151.22 2425 16.3 2698

15503 20 103
165.74 2263 240 2654 4.6 24.4
16983 2404 16.0 2667 9.5 50.0
177.82 2291 21.6 2640 57 29.9
185.07 2350 190 2661 6.5 34.4
19482 2240 251 2647 7.1 37.2
207.52 2251 235 2628 7.3 385
213.10 2366 150 2603 114 60.0
22315 2462 117 2653 129 68.0
234.43 2201 272 2640 3.7 19.6
243.02 2224 24.5 2614 40 21.0
250.67 2296 225 2664 52 27.6
269.64 2274 24.4 2678 2.8 150
278.63 2276 222 2634 3.9 20.4
286.24 2128 29.7 2594 2.6 137
29585 2491 119 2689 12.8 67.1
31195 2269 23.6 2655 54 28.3
316.97 2372 16.0 2629 112 590
323.62 2341 190 2649 6.7 353
332.63 2136 30.0 2613 2.4 125
337.92 2414 132 2625 8.8 462
34404 31 16.1
35488 2167 283 2617 25 13.0
361.37 2291 217 2642 4.6 24.4
369.57 2496 9.1 2642 103 54.4
37419 2245 268 2693

399.65 35 18.6
409.87 2356 19.4 2675 6.1 319
427.59 21 109
437.61 2198 26.4 2618 3.9 20.7
457.78 2228 274 2682 34 17.7
463.85 2171 239 2531 3.7 19.4
470.86 2193 26.5 2614 25 13.0
476.71 2175 29.5 2655 23 12.3
489.24 2195 25.9 2603

491.88 2207 29.6 2703 2.4 129
513.53 2261 235 2640

520.36 2182 275 2620 34 17.8
533.88 2544 8.6 2687 134 70.3
541.79 2292 21.6 2641 5.5 28.9
54581 2290 23.6 2681 41 21.4
557.52 2256 231 2627 4.4 230
573.94 38 20.1
581.59 2301 20.1 2622 43 228
593.38 2222 25.4 2631 34 17.8
603.38 2248 248 2653 32 16.9
615.87 2120 29.6 3.9 20.3
627.77 2407 17.1 2693 110 58.1
636.06 2202 26.9 2635 33 17.1
645.90 2309 217 2664 4.6 24.4
649.51 2249 26.1 2682 38 19.9
66516 2253 235 2631 48 251
676.14 2304 223 2670 53 27.7
682.67 2236 274 2693 33 17.2
685.82 2207 24.9 2599 34 18.1
692.32 2216 26.1 2638 32 16.8
700.38 2253 24.5 2652 3.6 19.1
710.50 2429 158 2694 7.9 417
71483 2323 17.9 2606 58 30.3
721.29 2274 25.4 2701 4.1 21.4
728.36 2370 17.0 2645 8.3 43.5
73482 2364 18.4 2667 6.6 34.5
740.94 2296 239 2696 42 222
744.54 2194 26.4 2614 3.7 19.7
750.25 2277 275 2752 33 17.4
758.55 2314 19.9 2635 5.6 29.7
763.23 2296 19.9 2612 51 26.9
76625 2303 204 2630 5.6 29.6
778.52 2284 20.4 2607 4.6 242
786.41 2374 17.7 2665 6.8 35.9
828.22 2280 248 2695 4.6 24.4
844.95 2351 15.5 2594 57 30.0
86484 2348 158 2596 54 28.4
881.00 2418 12.8 2622 7.4 38.7
894.65 2264 21.6 2605 3.2 16.7
910.17 1990 450 2780 1.4 75
925.08 2285 19.5 2591 3.7 19.2
939.02 33 17.4
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Tab. 2 - CRP-3 \elocity measurements. pressure (17.2 M&). We conclude that most CRP-2A
Depth  Vatm Vin situ Voriginal  Patm Pin situ Poriginal Vp/Vsin Vin situ Voriginal/V Samplles and a” CRP_3 Samples arefmﬂéntly
siu - vatm - am consolidated to be free of rigidity loss.
(mbsf)  (m/s)  (m/s) (m/s) (MPa) (MPa) (MPa) % % .
6091 1008 1998 2227 060 069 83 1115 For these pilot CRP-3 samples, we found that 10
69.58 2024 2024 2197 0.69 0.69 8.3 108.5 R . s
8112 2165 2165 2445 086 086 84 173 1129 minutes vas enough time to allwthe pressure within
90.54 2470 2490 2713 0.69 0.86 8.4 100.8 109.8 . . R
11053 2822 2842 2937 069 12 838 1007 1040 the samples to equilibrate: little or nelocity change

129.72 2685 2709 2811  0.69 1.4 8.9 100.9 104.7 . . .
13406* 2916 2820 2954 0 17 103 176 967 1013 was obsered after allaving times from 20 minutes to

141.79 3080 3086 3110 0.69 14 8.9 100.2 101.0

155.03 2793 01 24 hours to elapse betweervel of the consecw
165.74 3266 3263 3256 0 1.7 9.3 99.9 99.7 . -

16983 3944 3962 3928 0 17 103 211 1004  99.6 measurements. Consequentlye waited a minimum
177.82 3396 3447 3495 0 19 9.5 101.5 102.9 . .

18507 3461 3562 3569 0 19 95 197 1029 1031 of 10 minutes betweeneVocity measurements at
194.82 3089 3159 3319 0 21 9.6 1.87 102.2 107.4 .

20752 3277 3343 3422 0 21 96 1020 1044 different pressures for all subsequent CRP-3
213.10 3900 4065 4094 0 22 9.8 104.2 105.0

22315 4412 4431 4595 069 22 9.8 1004 1041 measurements.

234.43 2761 2968 3039 0 2.4 10.0 107.5 110.1 . .
24302 3069 3075 3155 0 24 100 1002 1028 Based on these results, routineelecity
250.67 3290 3356 3457  0.69 2.6 10.1 102.0 105.1 . .

260.64 2743 2980 2971 0 28 103 1086 1083 measurements were made in 3-4 stéfisocity was
286.24 2910 2916 2982 0.69 2.9 10.5 100.2 102.5 . . .

29585 4249 4372 4383 0 31 107 1029 1032 first measured at a ddrential pressure 7.6 MP
311.95 3277 3287 3307 0.69 33 10.8 191 100.3 100.9 . - . . .

31697 3720 3871 3891 0 33 108 1041 1046 higher than presennh situ differential pressure, then
323.62 3439 3558 3602 0 3.4 11.0 1.98 103.5 104.7 B B B -

33263 2837 2853 34 110 at in situ differential pressure (based on 10 &lkn).
337.92 3685 3750 3798 0 3.4 11.0 101.8 103.1 .

31404 2604 2738 2813 069 34 110 1006 1044 The final pressure stepag 0 MR or — if transducer
354.88 3011 3066 3194 0 3.6 11.2 101.8 106.1 . : A

38137 3116 3387 3479 0 38 14 1087 1116 coupling was inadequate at this pressure — at 0.69
369.57 3834 4237 4388 0 3.8 11.4 110.5 114.4

409.87 3429 3494 3518 069 41 117 217 1019 1026 MPa. Occasionallyslightly higher pressures were

dsgs 008 e a2 ose 48 124 201 142 g0  needed to obtain sfiéient transducer coupling for

Tesy e ceer o ot 48 1oa oia et accurate glocity measurementfable 2 listsV_ results
52038 2722 98 el o060 53 129 1074 1113 of all samples thatxhibited adequate coupling for
533.88 4558 4795 4790  0.69 55 131 105.2 105.1

cai7o 352y 3631 3ess  o6e oo 131 1096 1045 useful measurements. Shegave measurements were
Ss752 o113 o6 % 0G0 57 132 wse 100e  also made at eacyt, step, ut only a fav of these
w3 a7 053 s 069 62 13s wss s  Waveforms hae been analyzed and presented in
615.87 2896 2943 6.4 139

e oo s SN e 1054 1065 table 2. Because the bottom half of the holasv
636.06 2939 3054 3101 0.69 6.5 14.1 2.02 103.9 105.5 1 1 1

S A 1 W 0 o o dro cored with smallediameter drill rod .than the top
66316 312 e 00 069 6o 144 s 15y  half, core plugs were correspondingly shorter:
b3 oo gow e 06 71 146 - 1re >  generally 16-20 mm for the deeper cones 25-28
71050 3843 4254 4345 0.69 7.2 14.8 110.7 1131 i

71483 3549 3825 3853 0.69 7.4 15.0 107.8 108.6 mm for the Sha”w ForQS.We found that It Vas
721.29 2953 3225 3262 0 7.4 15.0 109.2 110.4 -

72129 2063 3225 32 0 T4 150 1002 1104 usually d!f|cult to distinguish coverted P-vaves from
73482 3749 3847 3877 0.69 7.6 15.1 2.03 102.6 103.4 -

73482 3T49 347 3T 089 76 18l loze 1034 S waves in the shortest samples, and we sgspegt that
74454 2840 3072 3128  0.69 7.6 15.1 108.1 110.1

750.25 2871 3177 3243 0.69 7.7 15.3 110.6 112.9 a Slmllar prOblem \&s presentln nOt recognlzed n
75855 3318 3583 3635 069 7.7 153 1080  109.6 some of the CRP-2A/ results of Brink & Jarrard
763.23 3184 3425 3544 0.69 7.7 15.3 107.6 111.3 S

766.25 3456 3712 3747 069 7.9 155 107.4 1084 (2000) .

786.41 3828 3996 3917  0.69 8.1 15.7 104.4 102.3

828.22 3304 3408 3402  0.69 8.4 16.0 103.1 103.0

84495 3752 3788 3849 0.69 8.6 16.2 2.33 100.9 102.6

864.84* 3715 4108 4182 0 6.9 17.2 1.87 110.6 112.6

881.00 4177 4441 4450 0.69 9.1 16.7 1.92 106.3 106.5

894.65 3275 3526 3756 0.69 9.2 167 181 1077 1147 POROSITY INFLUENCE ON

925.08* 3581 3849 3932 0.69 9.5 17.1 1.95 107.5 109.8

PETROPHYSICAL PROPERTIES

*complete measurement series

DENSITY

& Jarrard (2000) used a similar approach for four Continuous CRP-3 logs ofuttk density as a
representatie samples from CRP-2A.0F six samples function of depth arevailable from both whole-core
from CRP-3, we used the folling pressure steps: 0, measurements (Cape Roberts Sciefieam, 2000)
0.69, 1.7, 3.4, 5.2, 6.9, 10.3, 13.8, and 17.2ame  and well logging (Cape Roberts Scient@am, 2000;
determine the pressure dependence of dgidity ~BUlcker et al., this @lume). These density logs can be
loss, we alternated each increased-pressure incremeé@gverted to porosity by assuming a constant matrix
with a return to lew pressure (0.69 M&) for density and applying the relationstpp, = ¢q + (1-
remeasurementWhereas most CRP-1 samples ha®)p,,, Wherep, is bulk density ¢ is fractional
exhibited substantial rigidity loss and associated Feorosity p; is fluid density (1024 kg/f), andp,,,is
14% \elocity reduction at pressures of 10.3-17.2aviPmatrix density The 2648 kg/rh mean matrix density
(Brink & Jarrard, 1998), only the shallest of the for CRP-3 (Bh 1) is nearly identical to thexpected
four CRP-2A samples (from 115 mbsf, within thevalue of 2650 for pure quartzubsignificantly less
CRP-1 depth range)xhibited this pattern (Brink & than the means of 2720 kgifor CRP-2A (Brink &
Jarrard, 2000). None of the CRP-3 sampleilgts Jarrard, 2000) and 2700 kgirfor CRP-1 (Brink &
evidence of either rigidity loss orelocity increase Jarrard, 1998). Beacon sandstones, which contain a
(< 2% welocity change), \wen after &posure to high significant fraction of laver matrix-density feldspar
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appear to hae a slightly lever average matrix density 100

of 2640 kg/mi. The low standard deiation of LA

measured matrix densities (40 kdjnindicates that I © o ®

the assumption of uniform matrix density introduce | © o ©
negligible errors into the comrsion from density to - Y o 0o
porosity ‘%@p

RESISTIVITY AND FORMATION FACTOR

Formation factor
® o
[} 0.9
@
O

The CRP-3 shallw-resistvity log contains the 0o®
most detailed character of the three regiisticurves 4, o
and demonstrates glggible influence from conduatée [
borehole fluids. Shalle resistvity was conerted to T | ,‘, )
formation fictor to eliminate the ffct of pore vater 0 10 2Borosity (9] 40 50
conductvity: FF = R/ R, where FF is formation 50
factor R is formation resistity, and R is resistvity [ B
of the pore fluid (100% water). Changes in pore-fluid i 00©
resistivity versus depth were determined b [ OoO
calculating R, from a temperature log and sester ©
salinity. Similarly, core-plug resistiities were
corverted to formation dctors, using lab
measurements of R(Tah 1). A crossplot of porosity
versus natural layithm of formation &ctor for core-

Formation factor
(e}
%O
o
[ o)

plug data (Fig. 1A) shmes that formation dctor is C)O &o

strongly dependent on porosity (R= -0.87), a 10 .
expected for sandstones (Archie, 1942pr FElean i ©°

sandstones, the moidifl Archie equation is=F = a/g™, O T T (s U s s OB = s UMy s O R T(uTs s 0N

wherea andm are empirically determined local Velocity (m/s), @ atmospheric P

constants. Linear gression (gcluding the tvo Fig. 1 - A: Relationship between formatiomdtor and porosityB:

lowest-porosity points) prodes estimates 0d=1.8 Relationship between formatioadtor and elocity. Open circles:

and m=1.7 which can be used to cwmart the Tertiary shelf samples; solid dots: @ian Beacon samples.

formation-factor log to a porosity log. Our estimated

value ofa is significantly higher than most results for

sandstonese(g., Keller, 1989) ut similar to that VELOCITY

obtained for Miocene sands by Porter & Corothers (1971).
Devonian Beacon sandstones appear toeha

significantly lower formation &ctors, for a gien

porosity than theTertiary sandstones (Fig. 1A)ub

too few Beacon points arevailable for determination

of separate Beacon antertiary trends.This

difference in formationdctors is alsoedent in a

Velocity is strongly correlated with porosity for
the CRP-3 sediments (Fig. 2). Such a relationship is
expected from Gassmarm{(1951) theoretical model
for the controls on elocity in porous rocks: porosity

is explicitly included in this model, &t it implicitly
affects \elocity also through its influence on frame

lot of f tionact P locity (Fi bulk modulus (Hamilton, 1971b), shear modulus
crossplot of formationattor vs. P-wave \elocity (Fig. (Stoll, 1989), and blk density Consequently

1B), where atmospheric-pressurelacities are used siliciclastic rocks and sediments from all parts of the

since formation dctors are measured at atmospheri\%orld exhibit a strong dependence VL on porosity

pressure. In contrast, com.parison _Of Beacon artg.g., Wyllie et al., 1958; Erickson & Jarrard, 1998).
Tertiary responses on a&bocity/porosity crossplot The second-order control orekocity is shale

(not shavn) detects no dierences.The distinction hercentage for siliciclastic sedimentary rocks with
between Beacon aritertiary responses is not simply porosities of less than ~30%, whereas consolidation
a depth-arying efect, as the deepest and sha#st siate is more important in highporosity sediments
Tertiary samplesénibit similar petrophisical behaior  (Erickson & Jarrard, 1998). Because CRP-3 porosities
(except for gradual pressure-dependenteefs praclet the porosity range at which a transition of
discussed in a later section). Botklucity and second-order controls isxpected, both shale
formation faictor respond to porosity and cementatiomercentage and consolidation state mdgcafCRP-3
However, formation fctor is more sensite to pore velocities. CRP-2A data demonstrate the influence of
geometry than iselocity. Apparently pore geometry consolidation state on theslocity/porosity pattern:

is more open and continuous in the Beacoplug results from the more cemented bottom half of
sandstones than in tiertiary sediments. Either pore-the hole dehe a higher ®locity/porosity trend than
lining authigenic clays in th&ertiary sandstones those from the top half, and local departures from the
(Wise et al., this ®@ume) or secondary porosity in theaverage elocity/porosity relationship are well
Beacon may be responsible for thisfeliénce. correlated with cementation (Jarrard et al., 2000).
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Figure 2 compares theslocity/porosity pattern for 5500 o0 -7+
CRP-3 samples to the deeper CRP-2A results (Brink ® sandstone
& Jarrard, 2000) and predicted empirical trends so00- g
(Erickson & Jarrard, 1998).The CRP-2A
measurements stivm are atin situ pressures, and the 4500 muddy g
CRP-3 data are at original, preheimation pressures. sandstone 9o
CRP-3 \elocities &hibit a welocity/porosity pattern  4oo0f-
consistent with that for deep CRP-2A samplése =
CRP-3 samples are nearly all sandstones or muddgsoo
sandstones, so we compare them to the sandstone and a
muddy sandstone (20% shale, 80% sandston€&)ooo
empirical trends. Belw a critical porosity (Nur et al., PN
1991) of about 31%, both CRP datasets arezsoo o 4 4
compatible with the xpected empirical trendAbove o . o
31% porosity deep CRP-2A results are systematically 2000} .
higher than predicted for the normal-consolidation
model (Fig. 2), because this intaivis more 1500 e

. . . . 0 10 20 30 40

cemented than is typical for such high-porosity Porosity ( %)
sediments (Jarrard et al., 2000).

/s)
©)

Fig. 2 - CRP \elocity-porosity relationship based on core plugs.
Open circles: CRP-3 data dlables 1 & 2, at original (pre-
exhumation) pressures; open triangles: CRP-2A data from deeper
PRESSURE INFLUENCE ON than 325 mbsf, ain situ pressuresAlso shavn (solid lines) are

PETROPHYSICAL PROPERTIES empirical relationships (Erickson & Jarrard, 1998) for normally
compacted sandstone and muddy sandstone.

REBOUND, MICROCRACKS, AND EXHUMATION

Velocity at atmospheric pressure is usuallwéo Nur, 1971; Bourbié et al., 1987). Initial microcrack
thanin situ velocity for three reasons: rEdUCdeorosities of <0.5% are didient to cause pressure-
interparticle coupling, rebound, and microcrackiependent elocity variations of 5-50%, indicating
opening. Oerburden pressure increases the numbepat the primary déct of pressure onelocity is
and area of interparticle contacts, thereby increasifBrough its impact on frameutk modulus, not on
shear modulus and frameilk modulus; this increased porosity or density (WIsh, 1965; Nur & Murpt,
framework stiffness increaseselocity (Stoll, 1989). 1981; Bourbié et al., 1987). CRP-8lgcities increase
Rebound is the »@ansion that unconsolidatedwith increasing pressure (Fig. 3A) in a manner typical
sediments undgo when remweed fromin situ of microcracled rocks €.g., Bourbié et al., 1987).
pressures (Hamilton, 1976).0oF uncemented This pattern contrasts with the nearly flat
terrigenous sediments, porosity rebound commonbkyelocity/pressure belvaor, inconsistent with
increases from nearero for sea-floor sediments tomicrocracking, obserd for samples from CRP-1 and
~4-6% at 500-600 mbsf (Hamilton, 1976). Belthis CRP-2A (Brink & Jarrard, 1998, 2000).
depth, rebound often decreases because of incipient Compaction patterns at CRP-2A indicate only
cementationVelocity rebound is layer than porosity about 250 m of xhumation (Brink & Jarrard, 2000),
rebound, because of reduced sediment strength, gad stratigraphic correlation between CRP-2A and
rebound lavers the entire pattern oflocity depend CRP-1 indicatesven less ghumation at CRP-1. In
ence on porosity (Jarrard et.,al989; Erickson & contrast, stratigraphic correlation between CRP-2A
Jarrard, 1998). and CRP-3 (Cape Roberts Scienteam, 2000),

Brink & Jarrard (2000) concluded that CRP-2Aadjusted for lateral thinning of sequences, indicates
petroplysical responses indicate much less rebourgh. 750 m of @humation at CRP-3. Consequentilge
than is typical of normally compacted, unconsolidategressure responses for CRP-3 may contrast with those
sediments. Porosity rebound at CRP-2A igligible, for CRP-2A.
based on agreement of both core-plug and whole-core Exhumation-induced microcracking may account
densities within situ densities (Brink & Jarrard, for the much greaterelocity response at CRP-3 than
2000; Biucler et al., 2000)Their measurements of at CRP-2A. Stress relief at CRP-3 may also account
velocity vs. pressure demonstrate thaelecity for differences in modern stress magnitudes at the
rebound is surprisingly e, averaging only 1-2%. two sites (Jarrard et al., thimlhame). Within CRP-3,
They suggested that rebound is suppressed by thiee sensitiity of velocity to pressure increases
extensve cementation at CRP-2A. downcore (Fig. 3A). Figure 3B plots the percentage

Another factor that can déct petroplysical difference betweenn situ measurements and
responses is the opening of microcracks bgtmospheric-pressure measuremergssus depthln
exhumation, the remal of overburden. Most rocks situ velocities are systematically higher than those
exhibit patterns of increasiny_ with increasing measured at atmospheric pressure, with gedifice
pressure, attriltable to closing of microcracke.§., that rises from 0% at 0 mbsf to 9% at the bottom of
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factor toin situ measurements. Unfortunatelgne
cannot test for rebound by comparing the density well
log to the whole-core density log, because the former
is calibrated to the latter (Buek et al., this @lume).

It is possible, hwever, to test for rebound by
comparing core-plug measurements of formation
factor to the formationdctor well log (Fig. 3C).
Variance is high, due to stratigraphic heterogeneity
and the diference in samplingolumes, it a weak
dependence of formatiom€tor rebound on depth is
apparently detectablét 800 mbsf,in situ formation
factors are ~50% higher than those at laboratory
pressure, a dérence that implies ~4 porosity units of
rebound, based on the relationship between formation
factor and porosity inifure 1.The relationship
between welocity and porosity (Fig. 2) suggests that a
4 porosity-unit increase implies ~7-8%locity
decrease, similar to that obsed at 800 mbsf
(Fig. 3B). Thus it appears that rebound is generally
compatible with all of the pressure-dependent
petroplysical responses ofgure 3.

IMPLICATIONS FOR IN SITUVELOCITIES

Core-plug elocities measured at atmospheric
pressure can pvide an independent cdmhation of
the reliability of whole-core measurements. It does
not follow, however, that whole-core measurements
can be used directly for linking CRP-3 depths to
seismic time. Our measurements @locity versus
pressure pndde an indication of the Iy differences
betweenin situ velocities and those measured on
continuous cores at laboratory pressurear F
estimation of seismic reflector depths based on whole-
core \elocities (Cape Roberts Scienteam, 2000;
Henrys et al., thisalume), these elocities should be
increased by the depth-dependent functionashm
figure 3B. Henrys et al. (thisolume) find that
variations in uncorrected CRP-3 whole-cordocities
are similar in character to those of int@rwelocities
from a \ertical seismic prdfe, but the latter are
subtly faster in the bottom half of the hole.

Fig.3 - Effects of lurial pressure on CRP-3 petrgsital responses.

A: measurements ofelocity as a function of pressure, for 6 pilot CORE-PLUG CALIBRA TION OF WHOLE-CORE
samples. Note the increased sengiti of velocity to pressure for AND WELL-LOG D ATA

samples from greater depth. B: percentagéedénce between
velocities measured at atmospheric andsitu pressures, as a
function of depthThe discrepancincreases with depth as shio  COMPARISON TO WHOLE-CORE DATA
by the linearit. C: percentage diérence between atmospheric-
pressure core-plug measurements enditu well-log measurements

of formation betor Figure 4 compares core-plug measurements of

velocity and density to the whole-core results of Cape

Roberts Sciencdeam (2000). Most of the whole-core
the hole.This pattern is compatible with eitherspikes to high elocity and density are conglomerates,
rebound or a depth-dependent increase imot sampled for core-plug measurements because
microcracking. heterogeneity is too high for plugs to be

If the downhole increase of pressure-dependenepresentatie. Because whole-core measurements

velocity behaior is caused by rebound, then porositywere made at atmospheric pressure, atmospheric-
rebound should also be present. Porosity rebound psessure core-plugelocities are displayed.
potentially detectable by comparing atmospheric- Agreement between whole-core and pljoeities
pressure measurements of either density or formatids generally gcellent; this agreement is morevidius



Petroplysics of Core Plugs from CRP-3 Drillhol€ictoria Land BasinAntarctica 149

on plots of short depth inteals than on the relationship, the whole-core density biases can be
composite plot ofifjure 4.The only &ception to this estimated: 120 kg/ffor <120 mbsf, 60 kg/ffor
generalization is that thévie Beacon plug results 120-345 mbsf, 220 kg/fnfor 345-503 mbsf, 110
(deepest points origure 4) may be systematically kg/m?® for 503-833 mbsf, and 170 kgfnfior >833
slightly faster than whole-coreelocities, lnt too fav  mbsf, We recalibrated the whole-core density record
points are wailable to be certain. by remaing these biases (Fig. 5B).

Whole-core and plug densities, in contrast, do not
agree.Whole-core densities are systematically highelCORE-PLUG RECALIBRAION OF THE DENSITY
by 2-8%, than plug densities (Fig. 4ANe cannot WELL LOG
account for this smallt significant discrepangc
Both measurement techniques used standards as aThe density well-logging tool, which determines
confirmation of reliability A further confrmation of bulk density by measuringagnma-ray attenuation,
the plug densities is theewy tight clustering of plug was calibrated initially by comparison to whole-core
matrix densities at aalue appropriate to quartz. densities (Cape Roberts Scienteam, 2000; Blakr
Porosity/\elocity patterns can be used to demonstratt al., this wlume). Because plug densities indicate
that the discrepancresults from depth-dependentbias in the original whole-core densities, a
biases within the whole-core datas@t previously recalibration of the density log isakranted.This
discussed, core-plug data from all depthsimefa recalibration does not faict the multvariate statistical
single porosity/elocity trend that is consistent with analyses of Bla et al. (this glume), because those
empirical relationships (Fig. 2). In contrast, wheranalyses use standardized logs.
whole-core densities are ogarted to porosities and Figure 5 illustrates the fefcts of recalibrating the
plotted vs. velocity, sudden dfsets of the entire whole-core and denhole density logs, concentrating
porosity/\elocity trend are vadent at 120, 345, 503, on a relatrely short 200 m intelal to permit a more
and 833 mbsf, and allve porosity/elocity trends are detailed comparison than is possible from
inconsistent with empirical relationships. Bysimultaneousamination of the entire recore.g.,
comparing each of these trends to the core-plugg. 4). Before recalibration, the whole-core and well-
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epth (mbsf) Fig. 5- Comparison of three suites ofilk density measurements:

Fig. 4 - Density and elocity records obtained by whole-corewhole-core (Cape Roberts ScienGeam, 2000), well logs
measurements (Cape Roberts Sciefieam, 2000), compared to calibrated to whole-core data (Biggket al., this ¥lume), and core
core-plug data (solid dots) of this studoth plug and whole-core plugs of this studyTop: before recalibration to core plugs; bottom:
velocities are measured at atmospheric pressure. Note the systenwftier recalibration. & clarity, only a 200-m interal of the 939-m
discrepancies for densjtin contrast to good agreement falacity =~ CRP-3 drillhole is shan.
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|og densities genera_lly agree, a@pected because the Erickson S.N. & Jarrard R.D., 1998elocity-porosity relationships

latter was calibrated with the formeHowever, well-

for watersaturated siliciclastic sediment®. Geophys. Res
103 30385-30406.

IOg data are SyStemat'Ca”y hlgher than WhOIe'Coréassmann F1951. Elastic wves through a packing of spheres.

data belov ~500 mbsf, and this pattern isvezsed

Geophysics16, 673-685.

abore ~500 mbsf. In addition, We||_|og peak_to_trougkﬁamilton E.L., 1971a. Prediction of in situ acoustic and elastic

amplitudes are smaller than those for whole core,

Recalibration to core-plug data not onlywgs an

properties of marine sedimentseophys. 36, 266-284.
milton E.L., 1971bElastic properties of marine sedimenis.
Geophys. Res76, 579-604.

excellent match of both well-log and whole-core dataamilton E.L., 1976Variations of density and porosity with depth

to the plug results, t also signitantly improses the
match between well-log and whole-core data.
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