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Abstract - Cape Roberts drillhole CRP-3 in the northern part of McMurdo Sou 7=~ =
(Ross Sea, Antarctica) targeted the western margin of the Victoria Land bas

investigate Neogene to Palaeogene climatic and tectonic history by obtail/ 4 _

continuous core and downhole logs (Cape Roberts Science Team, 2000)| ° % f:f:RC;C
CRP-3 drillhole extended to 939.42 mbsf (meters below seafloor) at a water d v\msj“L ICE )
of 297 m. The first downhole measurements after drilling were the temperature mﬂmm SHEET

salinity logs. Both were measured at the beginning and at the end of each g """
three logging phases. Although an equilibrium temperature state may not have - RP
fully reached after drilling, the temperature and salinity profiles seem to be scarcely
disturbed. The average overall temperature gradient calculated from all temperature measurements is
28.5 K/km; remarkably lower than the temperature gradients found in other boreholes in the western Ross
Sea and the Transantarctic Mountains.

Anomalies in the salinity profiles at the beginning of each logging phase were no longer present at the end
of the corresponding logging phase. This pattern indicates that drilling mud invaded the formation during
drilling operations and flowed back into the borehole after drilling ceased. Thus, zones of temperature and
salinity anomalies identify permeable zones in the formation and may be pathways for fluid flow.

Radiogenic heat production, calculated from the radionuclide contents, is relatively low, with average values
between 0.5 and 1.0 pW?mThe highest values (up to 2 pWBnwere obtained for the lower part of the
Beacon Sandstone below 855 mbsf. The heat flow component due to radiogenic heat production integrated
over the entire borehole is 0.7 mWinThermal conductivities range from 1.3 to 3 W/mK with an average
value of 2.1 W/mK over the Tertiary section. Together with the average temperature gradient of 28.5 K/km
this yields an average heat flow value of 60 m#/m

INTRODUCTION sandstones, which are intercalated with conglomerate
beds and less common sandy mudstones and
The main aims of the Cape Roberts Project are thamictites (Cape Roberts Science Team, 2000).

document past variations in Antarctic ice cover and It is possible that anomalous thermal conditions
climate and to reconstruct the tectonic history of thare associated with the crustal thinning and
nearby Transantarctic Mountains (TAM). Asubsidence of the Ross Embayment and the Cenozoic
comprehensive overview of the project and a detailagpblift of the Transantarctic Mountains of up to
description of the geological setting have beeh5 m/Ma (Blackman et al., 1987). Temperature logs
published by the Cape Roberts Science Team (193ist for only a few drillholes in Antarctica, and all of
1999, 2000). A cumulative stratigraphic thickness dahe older measurements consist of discontinuous point
1500 m was drilled by the three CRP boreholesneasurements. An overview of existing downhole
CRP-3 cored 821 m of Lower Oligocene and possibliemperature data for this area of Antarctica is given in
Upper Eocene sedimentary rocks and 116 m of thable 1, the locations of the drillholes are shown in
underlying Devonian sandstone (Cape Roberts Scierftgure 1. The Dry Valley Drilling Project (DVDP)
Team, 2000). Drilling and coring was done in twdrillholes have been described by Bucher & Decker
phases: HQ-size 3” drill rod (6.1 cm core diameter{1976), Decker (1974, 1975), Decker et al. (1975),
was used for coring the interval from 3 to 346 mbsficGinnis et al. (1981), Mudrey et al. (1973), Pruss et
followed by NQ-size 2" coring (4.5 cm coreal. (1974), and Treves & McKelvey (1974).
diameter) of the interval from 346 to 939 mbsflnformation about the MSSTS (McMurdo Sound
Average core recovery was 95 %. The mid-Tertiarsediment and Tectonic Studies) drillhole (depth
section consists primarily of sandstones and mudd@20 mbsf) has been published by Sissons (1980), and
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Tab. 1 - Compilation of davnhole temperature measurement results inTta@santarctic Mountains andctoria Land Basin.

The most reliable determinations are whoin boldface type The temperature gradients of 24 and 2R/Em for the Cape Roberts
boreholes are lger than those for all the other borehol€ke highest temperature gradients were determined for W#i2PCboreholes 8,
10, 11 and 12, which are located in ffegylor Valley (see location map, Fig. Zfhe ofshore drillholes MSSTS-1, CIBS-1, and DDP-
15 at Nev Harbour she overall temperature gradients of about B&m. The third column (tempeature °C”) gives the temperature at
the depth gien in the second column. lgg n@ative gradients at Don Juan PondDP 13) and at North ¢tk (DVDP 14) are
interpreted as a result of fluid om@ction in the permafrost (Deek et al., 1975).

Location Depth Temperature  Gradient Depth range Lithology Reference

m(bsf) °C K/km m
DVDP-2, -3, McMurdo 30-33 40-180 volcanics, pyroclastics Decker, 1974
DVDP-2, -3, McMurdo 42 180-270 volcanics, pyroclastics Decker, 1974
DVDP-2, McMurdo 20 -16.1 volcanics, pyroclastics Decker, 1974
DVDP-2, McMurdo 135 -12.9 28 20-135 volcanics, pyroclastics Decker, 1974
DVDP-3, McMurdo 10 -16.9 volcanics, pyroclastics Decker, 1974; Pruss et al., 1974
DVDP-3, McMurdo 270 -7.3 volcanics, pyroclastics Decker, 1974; Pruss et al., 1974
DVDP-3, McMurdo 36.3 90-260 volcanics, pyroclastics Decker et al., 1975
DVDP-4, Lake Vanda 70 22.1 basement Decker, 1974; Pruss et al., 1974
DVDP-4, Lake Vanda 85 24 basement Decker, 1974; Pruss et al., 1974
DVDP-6, Lake Vida 10 -25 basement Decker, 1974; Pruss et al., 1974
DVDP-6, Lake Vida 305 -16 31 10-305 basement Decker, 1974; Pruss et al., 1974
DVDP-8, New Harbor 50-80 30-135 glacial & marine sediments Decker, 1974; Pruss et al., 1974
DVDP-8, New Harbor 10 -16.4 glacial & marine sediments Decker, 1974; Pruss et al., 1974
DVDP-8, New Harbor 135 -8.7 62 10-135 glacial & marine sediments Decker, 1974; Pruss et al., 1974
DVDP-8, New Harbor 63 30-135 glacial & marine sediments Decker et al., 1975
DVDP-10, New Harbor 10 -16.6 glacial & marine sediments Decker et al., 1975
DVDP-10, New Harbor 160 -6.9 76 10-160 glacial & marine sediments Decker et al., 1975
DVDP-11, Com. Glacier 10 -18.7 clastic sediments Decker et al., 1975
DVDP-11, Com. Glacier 300 -5.4 46 10-300 clastic sediments Decker et al., 1975
DVDP-11, Com. Glacier 47 60-300 clastic sediments Decker et al., 1975
DVDP-12, Lake Leon 10 -14.5 clastic sediments Decker et al., 1975
DVDP-12, Lake Leon 180 -5.6 52 10-180 clastic sediments Decker et al., 1975
DVDP-13, Don Juan Pond 10 -8.9 basement Decker et al., 1975
DVDP-13, Don Juan Pond 75 -13.5 -70 10-75 basement Decker et al., 1975
DVDP-14, North Fork 10 -9.6 basement Decker et al., 1975
DVDP-14, North Fork 80 -14.4 -69 10-80 basement Decker et al., 1975
DVDP-15, McMurdo Sound 35 10-60 glacigenic sediments Bucher & Decker, 1976
MSSTS-1, Butter Point 35 20-220 glacigenic sediments Sissons, 1980
CIROS-1, Butter Point 672 24 glacigenic sediments White, 1989
CIROS-1, Butter Point 35 150-600 glacigenic sediments White, 1989
CIROS-1, Butter Point 40 280-450 glacigenic sediments White, 1989
CRP-2/2A, Cape Roberts 624 17 24 20-620 glacigenic sediments Biicker et al., 2000
CRP-3, Cape Roberts 900 24 28.5 20-920 glacigenic sediments this paper

investigations on drillhole CIRS-1, which reached a respectiely. These data are in agreement with other

depth of 700mbsf, hae been described by Barrettstudies suggesting genally high heat flav in the

(1987) andwhite (1989). Western Ross Embayment because of crustal thinning
All temperature data besides the measurements daring Cenozoic rifting (Cooper & Day, 1985).

the Cape Roberts drillholes indicate temperature Our nav geothermal studies in the Cape Roberts

gradients greater than 30/km. In particular the drillholes presented here will be used t@mine the

downhole measurements in the drillholes of the Dryole of thermal conditions in determining the tectonic

Valley Drilling Project (D/DP) onshore and &fhore history of the Ross Embayment.

of the Transantarctic Mountains sWwotemperature

gradients up 8&/km for some depth inteals. Since

the Transantarctic Mountains are rehkaly young, MEASUREMENTS AND RESULTS

elevated temperature gradients and heawfialues

would be &pected. Blackman et al. (1987) foundDOWNHOLE TEMPERATURE AND MUD

“minimum possible” heat fl@ values in the western CONDUCTIVITY MEASUREMENTS

Ross Sea of 66 to 7@W/n?, which are signitantly

higher than the continental mean of BAWW/m? A detailed description of the @amhole logging

(Sclater et al., 1980). Othemales in the area are tools used in CRB is given in the Initial Reports

similar (.e. Della Vedova et al. 1992). Bucher and (Cape Roberts Sciencdeam, 1999, 2000).

Decker (1975) gve onshore heat flo values of 67 Temperature measurements were made with a

and 79mW/m? at Ross Island (near McMurdo combined salinity/temperature tool at a sampling rate

Station) and La& Vanda (Tansantarctic Mountains), of 0.1 m. The accurag of the temperature
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. . An example of a continuous dmhole temperature
measurements is about ®C (Cape Roberts SC|enceIPg talen at the end of the third logging phase after

Team, 1999)The same tool also records the electrica

conductvity (salinity) of the mud with tw adjacent two days of logging operations is st in figure 2.
electrodes. The temperature ranges from —1.96 at the sea

Downhole logs in CRFPB were recorded in three floor (freezing point of sea ater) to 23.7°C at the
phases of CRB drilling. Due to time and weather bottom of the .hoIeTI'he aerage temperature gradient
constraints, it \&s not possible to ait a reasonable OV€r the entire measured section from 250 to
time for temperature equilibrium after drilling 910 mbsf as calculated by linear geession is
operations, and measurements had to be made oAfy-> K/km; deviations from this aerage are ery
hours after drilling vas concluded. Because of theSMall as indicated by the 9% conidence interal
cold conditions and to pvent freezing, the drilling Shown in the fgure. Havever, these small deations
mud was heated to 20C in the circulation system rom the linear temperature gradient are eggalrin
before it wvas pumped den-hole (Bicler et al., the reduced temperature cer(right column in
2000). Davngoing temperature measurements wergig- 2), produced by subtracting the linear
made at the kginning and at the end of eachtemperature gradient from the measured temperature
downhole-logging phase, with about ¢wdays Curve. The anomalies in this reduced temperature
between each pair of temperature logese sets of curve (marked with Grg shading) occur at the same
temperature measurements\pde a unique chance to depths as anomalies in pieus logging runs, &t the
obsene transient gects in mud conductity and amplitudes are smaller than in those logsese
downhole temperatures. negative anomalies indicate an influx of cold fluids

Although the measured temperatures may namto the boreholeThey can be detected mainly in the
reflect undisturbed formation temperatures due to ti@nd-dominated section of the borehole belo
constraints mentioned aw®, temperature and salinity 500 mbsf and occur in conjunction with lonestones
changes measured shortly after drilling completioand/or conglomerated.he Tertiary section of the
may indicate fluid flev and thus permeable zonesborehole from 500 to 78fhbsf seems to be cooled,
(Rider, 2000; Serra, 1986). Since the circulating muthe reduced temperature carghavs mainly neative
presumably cooled the drillhole, the calculatedalues, in contrast to the section ed®m00mbsf. The
temperature gradients and heatwflealues must be dolerite thrust zone at about 8G0bsf and the
regarded as “possible minimunales”. underlying Beacon sandstone shmainly positve
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Fig. 2 - Example of a danhole temperature 0 19 — _ c:riginlal dlata —— B —
log down to 920mbsf from the end of the last i —T=-1.95 + 0.0285depth

logging phase on 21 Nember 1999, te days b — 95% conf. interval

after drilling was concluded and after all other 100_‘

downhole measurement3he average woerall

temperature gradient is 28Kkm; the 95%

confidential intenal is very small. The

anomalies (mar&kd by Grg shading) in the 200
reduced temperature cwe\(right part of the

figure) are at the same depths as in the

previous logs, bt with lower amplitudesAn

additional anomaly can be seen at 84bsf in 300+
the Beacon Sandston&he lover amplitudes i
in the temperature anomalies may be due to a

rebound dect of the formation. & lithology 400-]

(right column) see Barrett (thioume).

Depth (mbsf)
o
o
T

values for reduced temperature with one distind@00 mbsf. This anomaly has already been described
negative anomaly at 84@nbsf. by Blcler et al. (2000)The temperature anomalies at

together with the temperature log ¢éakin CRP2, are by anomalies in the mud condugty. But these mud
shawn in figure 3 in the middle columTemperature Conductvity anomalies (which can be verted to
variations @er the entire borehole are only minor and@linity anomalies) from ther§t measurements at the
occur in a narre band along the linear temperaturé?€ginning of the logging phases are no longer present
gradient. Only the temperature log from GRRhavs at the end of the corresponding logging phases.
a systematic dbet of about 1K to higher Unfortunately there vas no time to conduct &n
temperatures, possibly due to fdifent borehole active fluid flow measurements or to takfluid
conditions and a diérent time between the end ofsamples at depth.

drilling and the starting of logging operations. In A closer look at the temperature pfe$ and their
CRP-2, the temperature as logged ifst in the last variation with time shas that for each logging phase,
logging phase after drilling as concluded in the frst temperature log hasvier temperatures than
December 1998 and is skio for comparison with the the second temperature log, whiclaswun about ter
CRP-3 logs. The deiiations of the dwnhole days laterThe second temperature run isvays
temperatures from the linear temperature gradient at@rmer than theifst one, conifming the agument
enlaged in the reduced temperature @s\Fig. 3), that obsered gradients are minima and gadive
produced by subtracting theverage temperature thermal spiles are from mud influxThis occurs
gradient of 28.5K/km. All reduced temperature despite thedct that equilibrium temperatures for most
curves shaw negative anomalies, which indicate coldof the borehole are < 2C, indicating that mud
fluid inflow into the borehole. Enlged peaks can be passage through the 2@ water column cools it to
seen at depths of 26@mbsf, 535mbsf, 605mbsf, near freezing (after tvang been heated at the
750 mbsf, and at 840nbsf. In CRPR2, a lage surface).The diference between the temperature runs
negative anomaly can be seen between 520 ammtoves that equilibrium was not reached by thédt



Downhole Temperature, Radiogenic Heat Production, and Heat Flo 155

| litho 0O s=grisk5 Temp 26.10. 25-1 tempred 26.10. 1_cond 11.11.
5 Temn 2710 251 tempred 2710 14_cond 1311
5 Temp 11.11. 25-1 fempred 11.11. 1cond 1911 |
5 Temp 13.11 251 fempred 1344 li_cond2d i1 )
.5 Tempi1911 25:1 lempred 1911 _1
=1 Temp 2111 251
.2 25-1 1
by 4 B - B/
P >
7~ h)
\ h
100 \ % /
\\
\
200 \\ 7—
\ :J e
300 {
\
A 3
400 ! %
\!
\
500 “ —}
AAANN
600 \‘ ﬂ =X
[ \
A —
700 ek
ENSEEY
O L
i e
800 { {
>3
b B e
v
900 \u /-'/ ,l

Fig. 3 - Downhole temperatures and salinities. From left to rightlitfiplogy, (i) gamma ray (0 — 15@PI, see Biickr et al., this @l.),
(iii) temperatures measured on the indicated dateso(+25°C), (iv) reduced temperaturesl(to +1°C) calculated from temperature
curves with an eerage temperature gradient of 2&&m (the reduced temperature ceref borehole CRP-2/2A as calculated using the
thermal gradient of 24 K/km), and (wud conductiities (salinities) (50 — 15&S/cm).

All reduced temperature cues shav anomalies that indicate infloof cold fluid into the borehole. Distinct peaks can be seen a5,
530 mbsf, 610mbsf, 750mbsf, and at 84@nbsf. The temperature anomalies at 6@bsf and at 750nbsf are accompanied by anomalies
in the mud conductity. But these mud conduwtty (salinity) anomalies from theirkt measurements at thediening of the logging
phases are not present at the end of the corresponding logging phases.
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run, kut it may hae been reached by the second rummamount of heat produced by radioaetielements in
Obviously temperature equilibrium is aclkiedl mary the drilled sediments and is skin in figure 4.
times fster in small-diameter holes such as the Capetegrating the radiogenic heat productioneo depth
Roberts boreholes than in ¢m-diameter holesThe vyields a walue of 0.7mW/m?, which is about 26 of
maximum diference between tavcorresponding the measured swate heat flar (Bucher & Decler
temperature measurements is abow.1However, 1975; McGinnis et al., 1981 hus, the radioacte
since the approach to temperature equilibrium iseat production in the drilled sequences has no
nonlinear with decreasing temperature féifences significant influence on heat flo
with time, it cannot be »@ected that the true
formation temperature will be much higher than th@ HERMAL CONDUCTIVITY AND HEAT FLOW
logged temperature#\s a result, the temperature
curves and temperature gradients presented here mustThermal conductiity was measured on core
be considered as minimum possibkEues. By taking samples from th&ertiary section of drillhole CRB
into account the highest temperatures in ERRs with a high precision, noncontact method using an
recorded on 13 No 1999 (red curg in Fig. 3), a optical scanning déce (Pope, 1997).The theoretical
temperature gradient of ¥km can be estimated. model for this kind of measurement is based on
scanning a sample sade with a focused, mobile and
RADIOGENIC HEAT PRODUCTION continuously operated heat source in combination
with infrared temperature sensorsorFthese
Radiogenic heat production is controlled by theneasurements no polishing om8ag is necessary
decay of the radionuclides of potassium, thorium, amaind flat and glindrical surfaces of the cores are
uranium. It can be determined by awdifferent acceptableThe measurements were calibrate@iagt
methods.The first method uses the spectralngma standards; replicate measurements were made on all
ray measurements of the contents of potassiurmamplesThe relatve error in thermal conduwity is
thorium, and uranium (Blek et al., this slume). less than 15%.
Radiogenic heat production is then calculated using Thermal conductities range from 1.3 to 8//mK

the following formula (Rybach, 1986): with an aerage alue of 2.1W/mK over theTertiary
section of CRP3 (Fig. 4). In the upper part of the
A = 10%p-(9.52.¢ + 2.56-¢, + 3.48-¢), borehole, where the lithology consists of sandstones,

mudstones, diamictites, and conglomerates, a

WhereA is heat production imwW/m?, p is rock reasonable correlation between quartz content and
density in kg/m, and ¢, c;, and ¢ are the thermal conductiity can be seen (Fig. 4, SiO
radioactve element concentrations in ppm for thoriunmeasurements by Spmeri et al., this wlume). In the
and uranium, and in percent for potassium. lower part of the borehole belo500 mbsf, where
The second method simply uses the correlatiotlean sandstones dominate the litholptfyermal
between the measuredrgma ray alues and the heat conductvities shav an ecellent correlation with

production of Blckr & Rybach (1996): quartz content. Since quartz has a high thermal
conductvity of 7 W/mK, it is evident that quartz
A = 0.0158:(GR-0.8), controls the thermal condueiiy in this depth range.

The fev non-correlating data points, withery high
where GR is the gmma ray inAPIl units. thermal conductiities up to 3W/mK, can be
Although this formula \&s originally set up for hard attributed to high-density conglomerate sections.

rocks, it is also &lid for the sediments drilled in Despite these ¥ high \alues, thermal conduwtty is
CRP3 with considerable reliability generally lav below about 630mbsf. This is
Since radiogenic heat production si®ma close remarkable because the sandstonesvbelod abwe
correlation to @mma ray its depth pattern can be 630 mbsf shav distinctly different sediment
compared to theagnma ray curg shavn in figure 4. provenance (BlUckr et al., this @lume; Smellie, this
Overall, a bimodal distribtion of heat production volume).
values vas obsered with peaks at 0.5 and W@wvm?3. Heat flov was then calculated by multiplying the
These walues can be attriied to sandstones andaverage thermal gradient of 28K/km with the
mudstones, respeweily. Diamictites and con- results of thermal condugity measurements (Fig. 4).
glomerates shm intermediate heat productioralues. Because of the linear relationship, heatwflehavs
The highest heat productionaw calculated for the the same trend as thermal conduityi The aerage
lower part of the Beacon Sandstone bel®65 mbsf heat flov is 60 mW/m?, insignificantly higher than
with values greater than @Wm?, due to eleated the average continental heat fioof 57 mW/m?
thorium \alues (Buckr et al., this glume). (Sclater et al., 1980). Heever, two sections with
The depth intgrated heat production ratevgs the elevated heat flv values can be obsead. The frst is
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Fig. 4 - Thermal properties of the rocks in the GRRirillhole.
From left to right: (i)lithology, (i) gamma ray log (0 — 158PI),
(i) log of integrated radiogenic heat production (0 -nV/n?),

(iv) thermal conductity measured on core samples (dots) (scale

from 1 to 3W/mK, mean thermal conduetly is shavn as ‘ertical

grey line at 2.1W/mK) and SiQ content takn at 1m core

intenals (scale 60 — 10%, data from Spneri et al., this glume),

(v) heat flav (dots) (scale 30 — 6tW/m?) calculated from

thermal conductity and a constant thermal gradient of 28/%&m,
mean heat flo is shavn as ‘ertical Greg line at 60W/mK. The

integrated radiogenic heat productiorasvcalculated from the
uranium, thorium, and potassium conteni$ie highest heat
production alues were calculated for thewler part of the Beacon
sandstone belm 855 mbsf. The intgrated radiogenic heat
production is 0.7mW/m?, which is about 1% of the measured

surface heat flov (Bucher & Deckr 1975).
The mean heat fw for the CRP3 drillhole of 60mW/m? is
indicated as aertical gre line.

at about 130-250nbsf and the second is bel@bout
500 mbsf, with peak alues up to 9GmW/n?. These

DISCUSSION AND CONCLUSIONS

Downhole temperature logs were run during three
logging phases in drillhole CR® in order to obtain
reliable data about the true formation temperature and
temperature gradienéltogether six davnhole logs in
CRP-3 and one denhole log in CRP2 provide the
basis for the interpretation of the temperatueddfat
the Cape Roberts drill sites. Mever, due to
Antarctic constraints it ws not possible to ait for
temperature equilibrium after drilling ceased. Usually
the first log was run shortly after the drill bit as
taken out of the drillholeThe second temperature log
of one logging phase as talen at the end of the
phase, about twvdays laterThe adantage of hang
several davnhole temperature logs tak at diferent
times after drilling allows a diferentiated
interpretation of the logs and an estimate of transient
effects.

An example of a danhole temperature log on 21
November 1999 is gen in igure 2.Although the log
was talen only a fev hours after drilling \as stopped,
it showvs a \ery linear trend with depthlThe 95%
confidential intenal of the linear rgression is gry
small, indicating only small temperature fluctuations.
Anomalies from the linear geession can be seen in
the reduced temperature carin figure 2.The zones
of neggative values for reduced temperature nedkin
figure 2 indicate permeable zones from which cold
mud flowed back from the formation into the
borehole.All other dovnhole temperature logs shio
behasior similar to this one. Esn the temperature
anomalies, which are enlged in the reduced
temperature cums, occur at the same depth in each
temperature log.These ngative temperature
anomalies indicate infw of cold fluid into the
borehole and mark the locations of permeable zones.
However, on the basis of an imndidual temperature
curve it cannot be decided whether these anomalies
indicate an aquifer or if mud is simply flong back
from the formation into the borehole.

In general, the temperature carwn frst during a
logging phase shws about 1K lower temperatures
than the temperature cuevtaken at the end of a
logging phaseThis can be attrilted to a temperature
rebound eflect. The temperatureiéld, which was
disturbed by the drilling aactities, is rebounding to
the true undisturbed formation temperatufdis
temperature rebound is not a linear process. Most
temperature changes occur during a short time after
the disturbance of the temperaturelfl ceases.
Presumably there will be only minor temperature
changes after the second log run of one logging
phase.

The efects of the small diameter of the borehole
(3" in the lower part, see Cape Roberts Science
Team, 2000) are rapid formation rebound and rapid

peak \alues may be attriied to conglomerates andcooling of mud while traersing the water column.
maybe also &kcted by local corection efects.

However, due to the temperature reboundeefs, the
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temperature cums must be tadn as minimum temperature gradient and thusvideat flav values at
possible walues.The same is true for the calculatedhe Cape Roberts sites may be a result of ice that
temperature gradienté careful look at the reduced flowed through the Mckay Seé#alley during periods
temperature cuerin figure 3 shws that the gradient of more atensive glaciation. During the last glacial
also changes slightly with timél.he temperature maximum, the entire thermal gradienbwd have
curve logged on 13 Neember 1999 shws the been ofset to much lwer temperatures, and
highest temperature measured in CRPFig. 3) at subsequent arming acts lik a heat spi& propagting
that time.The temperature gradient calculated on thdownward from the seafloor and taking thousands of
basis of this temperature cenis 30K/km, which can years to reach 500-1000 m depiiine obsered linear
be estimated as an uppealwe for the temperature thermal gradient indicates that awequilibrium
gradient at the Cape Roberts drill site CRP-3temperature prde has been established and thermal
However, at the Cape Roberts drillsites CRP-2/2A, anemory of the coolingvent has been lost.
temperature gradient of 24 K/kmas estimated The topographic location of the Cape Roberts
Bicker et al., 2000)This lower temperature gradient drillholes and the lithologic contrast of crystalline
may be result of fluid flw, which might gve a rocks in the Transantarctic Mountains and
bigger efect in the more unconsolidated sedimentsedimentary rocks in th¥ictoria Land Basin may
with higher porosities in the upper sections of CRPalso hae an efiect on the measured heatvilosalues.
2/2A. Calculations by Delisle (pers. comm.) indicate that
The mud conductities (Fig. 3), which were this efect is small: only 3nW/n?, which would hae
measured with the same probe as thevdioole to be added to the heatovalue gien aboe.
temperatures, are directly related to the mud salinity In summary the heat flow estimates gen here for
KCl was added to the mud to pent it from the Cape Roberts drillsites, based on repeated
freezing, the borehole from collapsing, and the claygdownhole temperature and thermal conduity
from swelling, resulting in a mud condueitly of measurements on samples, ar@do than &pected.
130 mS/cm, whereas the seater salinity vas about But they conirm the estimates by Smellie (thi®ly)
30 mS/cm.The temperature anomalies at 6mhbsf regarding timing of the uplift of th&ransantarctic
and 750mbsf are accompanied by gative anomalies Mountains and subsidence of tWetoria Land basin.
in the mud conductity indicating lavered salinity Blackman et al. (1987) has already pointed out that
But these mud condugtty (salinity) anomalies from the thermal conditions play an important role in the
the first measurements at theddening of a logging tectonic history of the gion. Hovever, we still need
phase are no longer present at the end of theore information on the temperatuiield and it must
corresponding logging phas€his obseration clearly be recognized that we are still at thegbming of
indicates that the obsexst temperature anomalies areAntarctic geothermalxploration.
not related to an aquiferulb to backflav of mud
invaded the formation during drilling. Kever,
temperature and salinity anomalies indicate permeable
zones in the drilled formationThe temperature
anomalies at 260 and 53fibsf also correlate with
fracture zones determined Wilson et al. (this
volume).
A heat flov profile was calculated using thermal
conductvity measurements made on core samples aWdCKNOWLEDGEMENTS -This work was supported by
an aerage thermal gradient of 28KGkm (Fig. 4). theAlfred-Vegenerinstitut fir Polar- und Meeesfosdung
The resulting werage heat fiw of about 60mwW/m? éAw'g&;ngs)”dezatTtaG“ fur Ggo_WiSSfm”'ﬁ_te“ ggg
is only slightly higher than thevarage continental ~°"S + ang the Serman Scienceundation
heat flov. If the estimated higher thermal gradient o WO672). Special tha.nks go to Peter Barrett and Franz
. . essensohn for their constant encouragement and
30 K/km 'S_ used'_ a higherverage heat flo of enthusiasmThe paper ben&éd from ecellent comments
63 mW/nv is obtained.These heat fl values are py | adislaus Rybach and an ayomous reiewer, mary
considerably lwer than all the other publishedlues thanks to themWe would like to thank all those who
mentioned abwe. The rifting event of the helped us carry out the borehole measurements, for which
Transantarctic Mountains about 40 mago would the logistics in these “i¢ environments vas quite dificult.
have caused increased heatwl@and thermal gradient Thanks to Peter Schulze, Ferdinand HélsclRat Cooper
at the CRP borehole sitevar the entire borehole Alex Pyne, JohrAlexander Jim Cavie, and all the others
compared to normal continental crust.\@usly this &t Cape Bob Camp, Scott Base and Crary Lab McMurdo
is not the case, which may result in the interpretatigiyt "amed hereThe quartz data from M. Spreri were
. . . very helpful for interpreting the thermal conduadty
that the tectonic acfity ceasgd a long time ago. measurementsThe manuscript bengéd from fruitful
As the Cape Roberts drillholes are at the northefflscussions with FTessensohn and G. Delisle (BGR

end of Roberts Ridge, which is truncated by thejannaser). Hilke Detjen and PhillipNolf conducted the
Mackay Seavalley, the measured relatély low thermal conductity measurements.
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