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Abstract - A suite of petrophysical properties - velocity, resistivity. bulk density, 
porosity. and matrix density - was measured o n  88 core plugs from the CRP-3 
drillhole. Core-plug bulk densities were used to recalibrate both whole-core and 
downhole bulk density logs.  Core-plug measurements of matrix density permit 
conversion of the whole-core and downhole bulk density logs to porosity. Both 
velocity and formation factor (a normalized measure of resistivity) are strongly 
correlated with porosity. The velocitylporosity pattern is similar to that for the 
lower part  of CRP-2A and is consis tent  with the empir ica l  re la t ionship  for  
sandstones .  Core -p lug  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 at in situ pressures and atmospl~eric pressures increases downliole 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. to in .'iitu velocities for depth-to-time conversion and associated comparison to the seismic profile 
across the drillsite. 

INTRODUCTION 

The  Cape Rober ts  Project  (CRP) is an 
international dr i l l ing project  whose a im is to 
reconstruct Neogene to Palaeogene palaeoclimate and 
the tectonic history of the Transantarctic Mountains 
a n d  West Antarctic r i f t  sys tem,  by obta ining 
continuous cores and well logs from a site near Cape 
Roberts, Antarctica. Offshore Cape Roberts, tilting 
and erosion of strata have brought Lower Miocene to 
Lower Oligocene sediments near the seafloor. The 
three CRP holes penetrate successively older portions 
of a 1600 m composite stratigraphic sequence. The 
third CRP drillhole, CRP-3, cored 821 m of Lower 
Oligocene and possibly Upper Eocene sedimentary 
rocks and 116 m of underlying Devonian sandstone 
(Cape Roberts Science Team, 2000). Average core 
recovery was 97%. The mid-Tertiary section consists 
primarily of sandstones and muddy sandstones; other 
lithologies include common thin conglomerate beds 
and less common sandy mudstones and diamictites 
(Cape Roberts Science Team, 2000). 

Seismic velocity,  density,  and porosity of 
sediments drilled by the CRP can be determined in 
three  ways: b y  whole -core  measurements ,  by 
downhole logging, or by lab measurements on core 
plugs. Continuous whole-core measurements of bulk 

density,  compress ional  wave velocity (V,,), and  
magnet ic  susceptibil i ty,  as  well as downhole  
measurements of density, neutron porosity, resistivity, 
V ,  magnet ic  susceptibil i ty,  and natural g a m m a  
radiation, were obtained at the rig site (Cape Roberts 
Science Team, 2000). 

This study provides the third, complementary, data 
se t :  laboratory measurements  of velocity versus  
pressure and of bulk density, porosity, matrix (or  
ga in )  density, and formation factor for 88 core plugs. 
Plug sampling, averaging 1 sample per 10 m, was 
intended to be representative of major lithologies, 
excep t  that  conglomerates  were  not sampled.  
Al though core-plug measurements  are  made  o n  
smaller samples with different methods from whole- 
core and well-logging data, they can address issues 
critical to the analysis and interpretation of the well- 
log and whole-core measurements. These issues are: 
(1 )  Core-plug measurements can be used to calibrate 

well logs and to confirm the calibration of whole- 
core measurements. 

(2) What  is  the  matrix densi ty  of the  CRP-3  
sedinients?  Matr ix  densi ty  is  needed for  
conversion of well-log and whole-core densities to 
porosities. 

(3) Measurements of velocity versus pressure provide 
a bridge between in  situ seismic velocities and 
laboratory-pressure whole-core measurements. 
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(4) The velocitylporosity relationship can indicate 
petrophysical  s ignatures  of d iageees is  and 
exhumation. 

METHODS 

In McMurdo Station, Antarctica, 97 cylindrical 
samples were drilled from the working halves of the 
CRP-3 cores; the circulating fluid used to remove 
cuttings was water. Sample diameters were 2 .5  cm. 
Volumcs of most samples were 6-13 cm3. Samples 
were sealed while saturated, to prevent dryingaand 
permit subsequent petrophysical m e a s u r c ~ ~ ~ e n t s  10 be 
undertaken on water-saturated specimens. This sample 
handl ing contras ts  with the  C R P - l  and CRP-2A 
procedure of a l lowing samples  to dry dur ing 
palaeomagnctic measurements prior to petrophysical 
analyses, and later saturating samples with kerosene 
to avoid clay swelling (Brink & Jarrard, 1998, 2000). 
By keeping the samples water-saturated, we avoided 
ambiguities encountered by Brink & Jarrarcl (1998, 
2000)  concerning use  of the  Gassmann (1951)  
equation for convening kerosene-saturated velocities 
to those of scawater-saturated sarnples. 

POROSITY AND DENSITY MEASUREMENTS 

Porosity, bulk density, and matrix density of the 
core plugs (Tab. l )  were determined using a simple 
weight-and-volume technique, as described by Brink 
& Jan-art) (1998)  and Br ink (1999) ,  with salt  
correction (Hamilton, 1971a). Resistivity (Tab, l )  was 
measured with a two-electrode technique and l-kHz, 
50-mV alternating current. as described by Jarrard & 
Schaar (1991). Several samples were unsuitable for 
some  types of measuremen t ,  due  to inadequate  
consolidation, cracks, or non-cylindrical shape. 

VELOCITY MEASUREMENTS 

Velocities of water-saturated samples (Tab. 2) were 
measured in a New England Research velocimeter, as 
descr ibed by Brink & Ja r ra rd  (1998)  and Brink 
(1999).  Pore pressures were kept atmospheric,  s o  
confining pressure was equal to differential pressure. 
Measurements of velocity at atmospheric pressure are 
usually not representative of i n  situ velocities for two 
m~sons :  reduced interparticle coupling and microcrack 
opening. These effects can be reversed by measuring 
the  samples  at i n  s i l u  pressures .  Modern i n  s i tu  
lithostatic pressures for these CRP-3 sediments range 
between 0.6 and 9.5 MPa. 

Because poorly lithified sediments may deform 
viscoelastically or  lo se  r igidity a t  fair ly modest  
pressures. Brink & Jarrard (1998) measured velocities 
of CRP-l  samples on both upgoing and ciowngoing 
pressure cycles.  CRP-2A and CRP-3 sedimentary 
rocks we  more litliificd Shan those from CRP-l. Brink 
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& Jarrard (2000) used a similar approach for four 
rcprescntative samples from CRP-?A. For six samples 
from CRP-3z we used the following pressure steps: 0- 
0.69, 1.7, 3.4, 5.2, 6.9. 10.3, 13.8, and 17.2 Ml'a, To 
d e t c r ~ i ~ i n e  the pressure dependence of  any rigidity 
loss. we alterii~itecl ex11 increased-pressure increment 
with a return to low pressure  ( 0 . 6 9  Ml'ii) fo r  
r emeasurcme~~t .  Whereas most CRP- l  samples had 
exhibited substantial rigidity loss and associated 5 -  
14% velocity reduciion at pressures of 10.3-17,2 MPa 
(Brink & Jarrard, 1998). only the shallowest of  the 
four CRP-2A samples ( f rom 115 nibsf. within the 
CRP-l  depth range) cxhibitcd this pattern (Brink & 
Jarrard, 2000). None of  the CRP-3 samples exhibits 
evidence of either rigidity loss or velocity increase 
(< 2% velocity change), even after exposure to high 

pressure (17.2 Ml'a). We conclude that inost CRP-2A 
samplcs  a n d  al l  C R P - 3  sainples are  suff ic ient ly  
consolidated to be free of rigidity loss. 

For these pilot CRP-3 samples, we found t11;it 10 
rni~iutes was enough time to allow the pressure witliin 
the samples to equilibrate: little or no velocity change 
was observed after ~ ~ l l o w i ~ ~ g t i n - i c s  from 20 minutes to 
24 hours 1 0  elapse between several of the consecutive 
measurements. Consequently, we waited a minimum 
of 10 minittes between velocity mcasuremcnis at 
d i f ferent  pressures  fo r  all siibsc(1uent CRP-3  
measurements. 

Based on these  resnlts .  rout ine  velocity 
~ i i easu re i~~cms  were made in 3-4 steps. Velocity was 
first measured at a differential pressure 7.6 MPa 
higher than present in situ diJ't'erential pressure, then 
at i f ;  'aai differenti~tl pressure (based on 10 MIWkm), 
The final pressure step was 0 N4Pa or - if ti-ii~isducer 
coupling was inadequate ;u this pressure - at 0 .69 
MPa. Occasionally. slightly higher pressures were 
needed to obtain sufficient transducer coupl ingfor  
accurate velocity measurement. Table 2 lists Vl> results 
of all samples that exhibited adequate coupling for 
useful measurements. Shear-wave mcasuremcms were 
also made at each V step, bin only a few of these 
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waveforms have been analyzed and presented in 
table 2.  Because the bottom half of  the hole was 
cored with smaller-diameter drill rod than ihe top 
hal f ,  core  p lugs  were  c o r r e s p o ~ ~ d i ~ ~ g l y  shor ter :  
gcnerttlly 16-20 mm for the deeper cores IY. 25-28 
m m  for the shal low cores .  We founcl that i t  was 
usually difficult to distinguish convened P-waves from 
S-waves in the shortest samples, and we suspect that 
a similar problem was present but not recognized in 
some of the CRP-2A V results of Brink & Jarrard 
(2000). 

POROSITY INFLUKNCK ON 
I'ICTItOPHYSICAI, PROPERTIES 

DENSITY 

Cont inuous  C R P - 3  logs of bulk densi ty  as  a 
function of depth are available from both whole-core 
i~~easuremei i t s  (Cape Roberts Science Team. 2000) 
ind  well logging (Cape Roberts Science Team, 2000; 
Biicker et al,. this volume). These density logs can be 
convened to porosity by assumingta constant matrix 
density and applying the relationship p ,  = <j)pi + (1- 
$ ) p a ,  where  p ,  is bulk densi ty ,  <j) is fractional  
porosity,. p,. is fluid density (1024 kg/m3), and p i ,  is 
matrix density. The 2648 kg/m3 mean matrix density 
for CRP-3 (Tab. 1) is nearly identical to the cxpcctcd 
value of  2650 for pure quartz. but significantly less 
than the means of 2720 kg/m3 for CRP-2A (Brink & 
Jan-ard. 2000) and 2700 kgI111~ for CRP-1 (Brink & 
Jarrarcl. 3998). Beacon sandstones, which contain a 
significant fraction of lower matrix-density feldspar, 



appear to have a slightly lower average matrix density 
of 2640  kg/m3. T h e  low standard deviation of 
measured matrix densities (40 kg/m3) indicates that 
the assumption of uniform matrix density introduces 
negligible errors into the conversion from density to 
porosity. 

RESISTIVITY AND FORMATION FACTOR 

The CRP-3 shallow-resistivity log contains the 
most detailed character of the three resistivity curves 
and demonstrates negligible influence from conductive 
borehole fluids. Shallow resistivity was converted to 
formation factor to eliminate the effect of pore water 
conductivity: FF = R 1 R V ,  where F F  is formation 
factor, R is formation resistivity, and R is resistivity 
of the pore fluid (100% water). Changes in pore-fluid 
resist ivity versus  depth  were  determined by 
calculating R ,  from a temperature log and seawater 
sa l in i ty .  S imi lar ly ,  core-plug resist ivit ies were  
conver ted  to f o r n ~ a t i o n  fac tors ,  us ing lab  
measurements of R (Tab. 1). A crossplot of porosity 
versus natural logarithm of formation factor for core- 
plug data (Fig. 1A) shows that formation factor is 
s t rongly  dependent  on  porosity (R= -0 .87) ,  a s  
expected for sandstones (Archie, 1942). For clean 
sandstones, the modified Archie equation is F F  = a/@"', 
where  a and m a r e  empir ica l ly  determined local  
constants .  Linear  regress ion (excluding the  two  
lowest-porosity points) provides estimates of a=1.8 
and  ~ 1 . 7  which c a n  be  used to convert  t he  
formation-factor log to a porosity log. Our estimated 
value of a is significantly higher than most results for 
sandstones ( e . g . ,  Keller, 1989) but similar to that 
obtained for Miocene sands by Porter & Corothers (1971). 

Devonian Beacon  sandstones  appear  to have 
significantly lower formation factors,  for  a given 
porosity, than the Tertiary sandstones (Fig. 1A), but 
too few Beacon points are available for determination 
of separa te  Beacon  and  Tertiary t rends .  T h i s  
difference in formation factors is also evident in a 
crossplot of formation factor vs. P-wave velocity (Fig. 
1B), where atmospheric-pressure velocities are used 
since formation factors are measured at atmospheric 
pressure .  In contras t ,  compar ison of Beacon and 
Tertiary responses on  a velocity/porosity crossplot 
(not shown) detects no differences. The distinction 
between Beacon and Tertiary responses is not simply 
a depth-varying effect, as the deepest and shallowest 
Tertiary samples exhibit similar petrophysical behavior 
(except  fo r  g radua l  pressure-dependent  ef fec ts  
d iscussed in  a la ter  sec t ion) .  Both  veloci ty  and  
formation factor respond to porosity and cementation. 
However, formation factor is more sensitive to pore 
geometry than is velocity. Apparently, pore geometry 
i s  more  open  a n d  con t inuous  in  the  Beacon  
sandstones than in the Tertiary sediments. Either pore- 
lining authigenic clays in the  Tertiary sandstones 
(Wise et al., this volume) or secondary porosity in the 
Beacon may be responsible for this difference. 
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Fig. 1 - A: Relationship between formation factor and porosity. B:  
Relationship between formation factor and velocity. Open circlch: 
Tertiary shelf samples: solid dots: Dcvonian Beacon samples. 

VELOCITY 

Velocity is strongly correlated with porosity for 
the CRP-3 sediments (Fig. 2). Such a relationship is 
expected from Gassmann's (195 1) theoretical model 
for the controls on velocity in porous rocks: porosity 
is explicitly included in this model, but it implicitly 
affects velocity also through its influence on frame 
bulk  modulus  (Hamilton,  1971b),  shear  modulus  
(Stol l ,  1989) ,  and  bulk  densi ty .  Consequen t ly ,  
siliciclastic rocks and sediments from all parts of the 
world exhibit a strong dependence of V on porosity 
(e.g., Wyllie et al., 1958; Erickson & Jarsard, 1998). 

T h e  second-order  control  on velocity i s  sha le  
percentage for siliciclastic sedimentary rocks with 
porosities of less than -30%, whereas consolidation 
state is more important in higher-porosity sediments 
(Erickson & Jarsard, 1998). Because CRP-3 porosities 
bracket the porosity range at which a transition of 
second-o rde r  controls  i s  expected,  bo th  sha le  
percentage and consolidation state may affect CRP-3 
velocities. CRP-2A data demonstrate the influence of 
consolidation state on the velocity/porosity pattern: 
plug results from the more cemented bottom half of 
the hole define a higher velocity/porosity trend than 
those from the top half, and local departures from the 
ave rage  veloci ty /poros i ty  re la t ionship  a re  wel l  
correlated with cementation (Jarrard et al., 2000). 



Figure 2 compares the vclocitylporosity pattern for 
CRP-3 samples to the deeper CRP-2A results (Brink 
a . 1 ,  '11 . I .. . nd ,  . 2000) and predicted empirical  trends 
(Erickson & J ,  ' ~ i i d i d ,  .., . 1998). T h e  CRP-2A 
measurements shown arc at in .Y//(/ pressures, and the 
CRP-3 data are at original, pre-exh~~mation pressures. 
CRP-.% velocities exhibit a vclocitylporosity pattern 
consistent with that for deep CRP-2A samples. The 
CRP-3 samples are nearly all sandstones or muddy 
sandstones, so we compare them to the sandstone and 
muddy sandstone (20% shale,  80% sandstone)  
empirical trends. Below a critical porosity (Nur et al., 
1991)  of about 31%, both CRP datasets  are  
compiitible with the expected empirical trend. Above 
31% porosity, deep CRP-2A results are systematically 
higher than predicted for the normal-consolidation 
mode! (F ig .  2 ) ,  because this interval is more 
cemented than is typical for such high-porosity 
sediments (Jarrard et al., 2000). 

PRESSURE INFLUENCE ON 
I'ETROPHYSICAL PROPERTIES 

REBOUND, MICROCRACKS, AND EXHUMATION 

Velocity at atmospheric pressure is usually lower 
than in s i tu  velocity for three reasons:  reduced 
interparticle coupling, rebound, and microcrack 
opening. Overburden pressure increases the number 
and area of interparticle contacts, thereby increasing 
shear modulus and frame bulk modulus; this increased 
fran~ework stiffness increases velocity (Stoll, 1989). 
Rebound is the expansion that unconsolidated 
sediments  undergo when removed f rom in situ 
pressures  (Hamilton, 1976).  For  uncemented 
tei-rigenous sediments, porosity rebound commonly 
increases from near-zero for sea-floor sediments to 
-4-6% at 500-600 mbsf (Hamilton, 1976). Below this 
depth. rebound often decreases because of incipient 
cementation. Velocity rebound is larger than porosity 
rebound, because of reduced sediment strength, so 
rebound lowers the entire pattern of velocity depend- 
ence on porosity (Jassard et al., 1989; Erickson & 
Jan-ard, 1998). 

Brink & Jarrard (2000) concluded that CRP-2A 
petrophysical responses indicate much less rebound 
than is typical of normally compacted, unconsolidated 
sediments. Porosity rebound at CRP-2A is negligible, 
based on agreement of both core-plug and whole-core 
densit ies with in  situ densities (Brink & Jarrard, 
2000; Bucker et al., 2000). Their measurements of 
velocity vs. pressure demonstra te  that  velocity 
rebound is surprisingly low, averaging only 1-2%. 
They  suggested that rebound is suppressed by the 
extensive cementation at CRP-2A. 

Another factor that can affect  pet rophysical  
responses  is  the opening of microcracks  by 
exhumation, the removal of overburden. Most rocks 
exhibit  patterns of increasing V with increasing 
pressure, attributable to closing of microcracks ( e . g . ,  

Fi,i;. 2 - CRl' veloci~y-porosity relationship based o n  core plugs. 
Open  c i r c l e s :  C R P - 3  da ta  o f  Tab les  1 & 2,  at  o r ig ina l  (p re -  
exhumation) pressures; open triangles: CRP-2A data I'roin deeper 
than 325 nibsf, at i n  sirn pressures. Also s h o w n  (solid lines) arc  
empirical relationships (Brickson & Jarrard. 1998) for normally 
compacted sandstone and muddy sandstone. 

Nur, 197 1 : Bourbik et al.. 1987). Initial microcrack 
porosities of <0.5% are sufficient to cause pressure- 
dependent velocity variations of 5-SO%, indicating 
that the primary effect of pressure on velocity i s  
through its impact on frame bulk modulus, not on 
porosity or density (Walsh, 1965; Nur & Murphy, 
198 1 ; Bourbik et al., 1987). CRP-3 velocities increase 
with increasing pressure (Fig. 3A) in a manner typical 
of micsocracked rocks (e .g . ,  Bourbik et al., 1987). 
This  pattern contrasts with the nearly flat  
velocitylpressure behavior,  inconsistent with 
microcracking, observed for samples from CRP- 1 and 
CRP-2A (Brink & Jassard, 1998, 2000). 

Compaction patterns at CRP-2A indicate only 
about 250 m of exhumation (Brink & Jarrard, 2000), 
and stratigraphic correlation between CRP-2A and 
CRP-l indicates even less exhumation at CRP-l .  In 
contrast, stratigraphic correlation between CRP-2A 
and CRP-3 (Cape Roberts Science Team, 2000),  
adjusted for lateral thinning of sequences, indicates 
ca. 750 In of exhumation at CRP-3. Consequently, the 
pressure responses for CRP-3 may contrast with those 
for CRP-2A. 

Exhumation-induced microcracking may account 
for the much greater velocity response at CRP-3 than 
at CRP-2A. Stress relief at CRP-3 may also account 
for differences in modern stress magnitudes at the 
two sites (Jarrard et al., this volume). Within CRP-3, 
the sensitivity of velocity to  pressure increases 
downcore (Fig. 3A). Figure 3B plots the percentage 
difference between in s i tu  measurements and 
atmospheric-pressure measurements versus depth. In 
situ velocities are systematically higher than those 
measured at atmospheric pressure, with a difference 
that rises from 0% at 0 mbsf to 9% at the bottom of 
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Fig.3 - Effects of burial pressure on CRP-3 petrophysical responses. 
A: measurements of velocity as a function of pressure. for 6 pilot 
samples. Note the increased sensitivity of velocity to pressure for 
samples from greater depth. B :  percentage difference between 
velocities measured at atmospheric and i n  s i t u  pressures. as a 
function of depth. The discrepancy increases with depth as shown 
by the linear fit. C: percentage difference between atmospheric- 
pressure core-plug measurements and in situ well-log measurements 
of formation factor. 

t he  hole .  Th i s  pat tern  i s  compa t ib le  wi th  e i the r  
rebound or  a depth-dependent  inc rease  in  
n~icrocracking. 

If the downhole increase of pressure-dependent 
velocity behavior is caused by rebound, then porosity 
rebound should also be present. Porosity rebound is 
potentially detectable by comparing atmospheric-  
pressure measurements of either density or formation 

';ictor to in ,sit11 meiisurc~iie~its. Unforlu~ialt.-ly, one  
cannot test lbr rehoiiiicl by comparing the density wrll 
log to the whole-core density log, hecause the  l'ornicr 
is ciilihstited to the latter (Biicker et al., this voliimr), 
I t  is possible,  however,  to test for r ebound  by 
c o i i i p i i r i n ~ o r e - p l u g  measurements ol' formtitiori 
i ic tor  to the formation-factor well log (Fig. X ' ) ,  
Variance is high, clue to stratigraphic lietei.oyi.-r~*i~y 
and the diff'erencc i n  sampling volumes, but a w e a k  
dependence o f  formation-factor rebound o n  drpth i s  

apparently detectable. At 800 mbsf, in xitu f~ormatiori 
' ac tors  arc -50% higher than those at laboratory 
pressure, a difference that implies -4 porosity units of' 

rebound, based o n  the relationship between form;~tion 
factor a n d  porosity in f igure 1. The r e l a t io~ i sh ip  
between velocity and porosity (Fig. 2) suggests t l i i i l  a 
4 porosity-unit  increase  implies - 7 - 8 %  vclocily 
decrease ,  s imi lar  to that  observed at 8 0 0  mlisl' 
(Fig. 3 B ) .  Thus i t  appears that rebound is gem~riilly 
compat ib le  with al l  of the press~irc-depei i i lc i i~  
petropliysical responses of figure 3. 

IMPLICATIONS FOR IN SITU VELOCITIES 

Core-plug velocities measured at atmospheric 
pressure can provide an independent confirni:itioii ol' 
the reliability of whole-core measurements. I t  does 
not follow, however, that whole-core measureinents 
can be used directly for  linking CRP-3 dep ths  to 
seismic lime. Our measurements of velocity versus 
pressure provide an indication of the likely differences 
between in xitu velocities and those measured o n  
cont inuous  cores  a t  labora tory  pressure .  F o r  
estimation of seismic reflector depths based on whole-. 
core velocities (Cape Roberts Science Team, 2000: 
Henrys et al., this volume), these velocities should he 
increased by the depth-dependent function shown i n  
f igure  3 B .  Henrys  e t  a l .  ( this  volume)  f ind  that 
variations in ~~iicorrected CRP-3 wliole-core velocities 
are similar in character to those of interval velocities 
from a vertical se ismic  profi le,  but the la t ter  are 
subtly faster in the bottom half of the hole. 

CORE-PLUG CALIBRATION OF WHOLE-CORE 
AND WELL-LOG DATA 

COMPARISON TO WHOLE-CORE DATA 

Figure 4 compares  core-plug measurements of 
velocity and density to the whole-core results of Cape 
Roberts Science Team (2000). Most of the whole-core 
spikes to high velocity and density are conglomerates, 
not sampled for  core-plug measurements because 
heterogeneity i s  t o o  high fo r  p lugs  to be 
representative. Because whole-core measurements 
were made at  atmospheric pressure,  atmospheric- 
pressure core-plug velocities are displayed. 

Agreement between whole-core and plug velocities 
is generally excellent; this agreement is more obvious 
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on plots of short depth intervals than on the 
composite plot of figure 4. The only exception to this 
generalization is that the five Beacon plug results 
(deepest points on figure 4) may be systematically 
slightly faster than whole-core velocities, but too few 
points are available to be certain. 

Whole-core and plug densities, in contrast, do not 
agree. Whole-core densities are systematically higher, 
by 2-8%, than plug densities (Fig. 4A). We cannot 
account for this small but significant discrepancy. 
Both measurement techniques used standards as a 
confirmation of reliability. A further confirmation of 
the plug densities is the very tight clustering of plug 
matrix densities at a value appropriate to quartz. 
Porosity/velocity patterns can be used to demonstrate 
that the discrepancy results from depth-dependent 
biases within the whole-core dataset. As previously 
discussed, core-plug data from all depths define a 
single porosity/velocity trend that is consistent with 
empirical relationships (Fig. 2). In contrast, when 
whole-core densities are converted to porosities and 
plotted vs. velocity, sudden offsets of the entire 
porosity/velocity trend are evident at 120, 345, 503, 
and 833 mbsf, and all five porosity/velocity trends are 
inconsistent with empirical relationships. By 
comparing e a c h o f  these trends to the core-plug 

relationship, the whole-core density biases can b e  
estimated: 120 kg/m3 for < l20  mbsf, 60 kg/m3 for 
120-345 mbsf, 220 kg/m3 for 345-503 mbsf, 110 
kg/m3 for 503-833 mbsf, and 170 kg/m3 for >833 
mbsf, We recalibrated the whole-core density record 
by removing these biases (Fig. 5B). 

CORE-PLUG RECALIBRATION OF THE DENSITY 
WELL LOG 

The density well-logging tool, which determines 
bulk density by measuring gamma-ray attenuation, 
was calibrated initially by comparison to whole-core 
densities (Cape Roberts Science Team, 2000; Bucker 
et al., this volume). Because plug densities indicate 
bias in the original whole-core densities, a 
recalibration of the density log is warranted. This 
recalibration does not affect the multivariate statistical 
analyses of Bucker et al. (this volume), because those 
analyses use standardized logs. 

Figure 5 illustrates the effects of recalibrating the 
whole-core and downhole density logs, concentrating 
on a relatively short 200 m interval to permit a more 
detailed comparison than is possible from 
simultaneous examination of the entire record (e.g. ,  
Fig. 4). Before recalibration, the whole-core and well- 
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Fig. 4 - Density and velocity records obtained by whole-core 
measurements (Cape Roberts Science Team, 2000), compared to 
core-plug data (solid dots) of this study. Both plug and whole-core 
velocities are measured at atmospheric pressure. Note the systematic 
discrepa~cies for density, in contrast to good agreement for velocity. 
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Fig. 5 - Comparison of three suites of bulk density measurements: 
whole-core (Cape Roberts Science Team, 2000), well logs 
calibrated to whole-core data (Biicker et al., this volume), and core 
plugs of this study. Top: before recalibration to core plugs; bottom: 
after recalibration. For clarity, only a 200-m interval of the 939-m 
CRP-3 drillhole is shown. 



log densities generally agree, as expected because the 
a l ter  was calibrated with the former. However, well- 
log data are systematically higher than whole-core 
data below -500 mbsf, and this pattern is reversed 
above -500 mbsf. In addition, well-log peak-to-trough 
timplitudes are smaller than those for whole core.  
Recalibration to core-plug data not only gives an 
excellent match of both well-log and whole-core data 
to the plug results, but also significantly improves the 
m:itch between well-log and whole-core data. 
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