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ICDR; Downhole Logging Team
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Use and Interpretation of Downhole Logging Data (PBrt
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What is a LOG?

hole diameter bulk density MAD velocity, lab
inches 30|12 °  g/lem3 2 1500 -  m/sec > 2200

gamma ray HSGR density Resistivity IMPH velocity
0 gAPI 100]1.2 glem3 2]0.5 ohm.m 1.2{1500 m/sec 2200

Recovery
o Depth (mbsf)
=)
© Depth (mbsf)

Core

o
o
T
o
o

Downhole logging is a
powerful method toin- t t t
situ gaincontinuous
profiles of geophysical,
chemical and structural
rock/sediments
parameters with high
depth accuracy -
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A Continuousecord (sampling interval from 2.5 mm to 15 cm,
depending on tools) to fill gaps in camcovery

A Depthmatching
A Core orientation (BHTV and core images)

A In-situ measurements gbetrophysicaproperties of rock and
sediments (bulk density, grain density, porosity, permeability, and
Vp), not affected by core expansion

A In-situ measurements of stress field around the borehole
(orientation and magnitude)
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Downhole Logging Measuremets: DEPTH MATCHINC
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Downhole Logging Measuremets: Core-Reentation

No-oriented  No-oriented Oriented Oriented
Core Sample Core Image 2D Image Log 2D Core
3D (core wrapping) o oo 180 270 380 Sample
~ 3D
=l [y

0 90 180 270 360

Oriented
Core Image 2D
(core

wrapping)

0 90 180 270 360

Oriented Image
Log 2D

0 90180 270 360
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ICDR; Downhole Tools and Applications

Tools

Radioactive

Gamma Ray, Spectral Gamma Ray

Density

Neutron Porosity

Acoustic

P&S wave velocity (SONIC)

Vertical Seismic Profiles

Image Log (Borehole televiewer)

Electric/Electromagnetic

Dipmeter

Caliper

Resistivity (deeyzhallow)

Magnetic Susceptibility

Applications

K-, U, Thcontents, lithology, shale volume
bulk density, lithology, porosity, mineral identification
lithology, compaction, texture

lithology, density/porosity, compaction
correlation of surface seismics

bedding, fractures, breakouts , borehole
conditions

structural & sedimentary features, borehole path, magnetic

borehole size, hole conditions (washouts, breakouts), boreh
path
lithology, compaction, formation water salinity

lithology, texture
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Natural & Spectrum Gamma Ray

GAMMA RAY LOG SPECTRAL GAMMA RAY

{natural radioactivity) u ppTo
Scale: API units Th ppm ?—hﬁ-‘-l K %
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natural radioactivity of

LIMESTONE [ | the formation.

ARKOSE U K
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SANDSTONE A Radioactive elements

SILT/FINE SAND
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KAOLINITE . .
| in clay minerals.
MONT - clay
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minerals
ILLITE

ORGANIC RICH/
BLACK SHALE

COAL

FINING-UP  Shaly gl
SANDSTONE
Clean

SHALE

SHALE BASE
LINE
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Natural & Spectrum Gamma Ray Log

Application Fields

1.ldentification of lithology in sedimentary and igneous rocks
2.Stratigraphic correlation

3.Mineralogical composition (shale/clay) (from K;Tt)

4 ldentification of organic matter (Uranium anomalies)
5.Deposition environmentThU)

6.Depth matching between logging runs
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Natural & Spectrum Gamma Ray

GAMMA RAY LOG SPECTRAL GAMMA RAY
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Spectral Gamma Ray Log

PotassiuntK

w occurs inclay minerals (e.gllite),
micas, potassiunfeldspars, (e.g.
orthoclase)

Thorium?232Th

w Accessory minerals in igneous rocks
and detrital sands, monazite (several
% Th possible), zircons, bauxite, clay
minerals, thorite

Uranium238U

w acid igneous rock®rganic rich

sediments (marine
mudstones/carbonates), black shales
graphite

SPECTRAL GAMMA-RAY-LOG

Shale

Sandstone .-

Limestone

Mica-Sandstone PR

Black Shale

lllite

Kaolinite

Coal

Shaly Sandstone

Clean Sandstone

Granite ,

Paragneiss [

Basalt

U (ppm)
0 10
LITHOLOGIE Th (ppm) ——! K (%)
SL e
U-»>
Th— <K
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SGR; Mineral Identification

possible 100% kaolinite 100%illite"point e

montmorillonite, illite “clay line” __ __ ————7""

—
-

Use of Th/K ratio

J indicator for mineral type

SN 70% llite

Th (ppm)

40% micas

I'd

Feldspar Line

S TR Poltas'fsiulm evaporl|tes I
0 1 2 3 4 5 6
K (%)

Sandstonewith low Th/K dominated by feldspars,

Insand the Th/K ratio will be largely a function of ~ Micas or glauconite, high ratios dominated by
K-rich, detritical mineral content. heavy minerals.

Mudstone with low Th/K is dominated by illite,

In shale the Th/K ratio will be a measure of oo et e :
while high ratios indicate that kaolinite doninates

clay content.
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Spectral Gamma Ray Log
MARINE CONTINENTAL [ ENVIRONMENT
N Use of Th/U ratio
aé’nlé?ege
\ 4 w R Possible indication of more
; % marine vs more continental
52 F . LB.§, 3¢ depositional environment
! p- m thorium
g |low 5 101520 ppm g > P
2 E’ & igneous rock source (L) Th/U 36 normal
F Jiow :
' ; /’s ML TVU e w Th/U >6: more continental
g § thorium increases b
. urarium increases w Th/U <3: more marine

Rider & Kennedy (2011)
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Electrical Resistivity Log

A Resistivity is a measure of the capacity of the
formation to transmit electricity

Most rocks are electrical insulatorglectric
current flows through cracks and pore space

Resistivity is dependent on the pore size and
connectivity- and on the nature of the pore
fluid

Different depths of investigation, shall and
deep

Applications:
- Reservoirs/fractures identification

focusing current

——

- Pore fluid characterization

- Porosity determination

shallow:

Two depths of investigation simultaneously:
> 250 Hz - 35-150 Hz

deep, LLD: 150220 cm
shallow, LLS: 680 cm
Vertical resolution: 60 cm

GFZ0SG, J. Kick
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Electrical Resistivity Log

RESISTIVITY LOGS

----- osep Formatiorts resistivity is controlled by the

shallow
sost R amount and distribution of water.

1 10 100 1000 10 000

SHALE

When a formation is porous and contains salty

water, the overall resistivity will be low
POROUS
" SANDSTONE When a formation contains hydrocarbon, the
resistivity will be higher.
. i BUT low resistivity may simply indicates low
porosity!!!
POROUS . i . ..
*SANDSTONE The formations resistivity depends on more
i that simply the amount of water it contains, it
TIGHT SANDSTONE can contribute information on conductive
* "QUARTZITE'

minerals, texture, lithology, facies, compaction
and overpressure.

FINING UP SHALY [ ma T
* SANDSTONE, ST

..........

POROUS, CLEAN [ooocoararamoee,
SALT WATER
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Electrical Resistivity Log

¢ 15%

Matrix

Rw Puw Ry

;‘;I'ty salt fresh hydrocarbons (gas)

e -

Lo

-
D hasd

tight ¢ =0

- -

\
|
|
1
I
i
'
'

_—— e ————

medium resistivity Rmf constant
deep resistivity

Pore channels

Rock

Fluid

\ 4

Porosity F

Resistivity Ro

Rw

Behaviour of resistivity logs over the
same reservoir bed BUT with differen
fluids and, in the last case, no porosit

w Most rock materials free rocks are
electrical insulators, while their
enclosed fluid are conductors

w Resistivity of shales is usually low
due to the surface conductivity of
the clay minerals

w Resistivity in crystalline rocks is
generally high beside fracture
zones; low resistive anomalies are
caused by ore and graphite
mineralization
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pd
+ cale: slowness, microseconds/foot (us/ft)

140 90 40 . . g ags
g R M P PP IO Sonic log shows a formati&ability to

SHALE - R transmit sound waves.
COMPACT 88,5 st 555 st _
SANDSTONE i It is expressed as Slowness or Interva
ki i R ==t Transit Time (DA is the inverse of the
i s asen  VElOCItY
DOLOMITE =
LESS . . . .
COMPACT vy Response different in lithologies, but:

SHALE —_— mewst gtronger effect due to compaction of
COMPACT sediments/rocks
FRBOUS GAas B X B 9=20%
SANDSTONE WATER [iiiii:iiiiiiid [ Hopst Gk

SHALE ;

COAL 2260-200 st 140-100 s/t

wmopn | [ mnen Applications

VAN VAN . . .
ANHYDRITE . (R i @t A Porosity determination
SHALE ‘ l A Identification of gas intervals
. A Cement evaluation

low velocity higl
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Density Log

Density Log showBULK DENSITY

DENSITY LOG

* Scale: g/cm3 bulk density

17 18 21 23 28 27 29 BULK DENSITY=is the overall density of a rc
SHALE (minerals) including SOLID MATRIX and FLU
R o 265 ol (and gases) enclosed in the pores |
SANDSTONE  ¢10% k% *(2.49 g/cm3) . . grains
$0 [EET e, 2.71 glom The density tool sees global density (bulk)+
LIMESTONE (e s a -
¢10%  [EPEErlrly to| | *(2.54 g/cm®) fluids
60 2 7 2.87 g/cm3 BULK DENSITY COMPONENTS
DOLOMITE G b - g
$10% ' *(2.68 g/cm3) | PORE FLUID
Density 11 g/cm3
SHALE ggbgny —]__MATRIX (grains)
: 25 g/em? e Density 2:65g/cm3
GAS i (gas effect) ( ——1-9
SANDSTONE ~ OIL__
¢20%  WaTER (2.32 g/cm®)
poorly density very variable
compacted —_——
SHALE Bulk densityr(,) = porosity () x fluid densityr(;)
sompect 1.2-1.5 glom® + (:(f) x matrix densityr(,,)
ORGANIC SHALE
SALT 2.03 g/cm3
SILL(IGNEOUS) 2.95 g/cm3 PorOSItyt ) — ( ma) _ (r b) / (r ma) _ (r f)
SHALE

The matrix density and the fluid density need to be knc
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Example

2 Total Natural Gamma Potassium Uranium Thorium Resistivity Bulk Density P-Wave Velocity Lithologic
Do | & g g\ﬂ (AP! Unit) (wt%) (ppm) (ppm) (@m) (glem®) (km/s)  unit, subunit
0 | 1] 40 B0 0 1 2 1] 1 2 o 5 10 15 01 1 101 1.5 2 1 2 3 i . i
T R T 7T Uniform [ " T T increase in density occurs between Units Il & 111
. value
] <Imm |°W_ Compressional wave velocities delineate three dist
] ] I density sections within the logged interval.

values- I

Extremely uniform, low seismic velocities and
corresponds to the predominantly pelagic clay unit (

An increase in magnitude and variability of tipis
associated with the interbeddechertand clay in Unit
I,

“Intermediate £ Clay
& variablg =
value§ L L It It ] \
Slightly
=% elevated

values (& \ '
1 I 8 10qm) - H
\~ am)
high values
into the
. Upper Sirich- i
natefteé cherts and clay portion of
lithologic

150 T 1L 1 and ¢ Significant increase in velocities at the base of this
=M=~ High GR€ gic variablepy (~270mbsf. This increase is associated with absolu
;ﬂ-gl resistivity \ maximum values of silicon and may be related to
T - Jchanges in the physical properties of tbieert layers as
2000 112EK & Th mimi ; they evolve from amorphous opal to quartz.
~~ GR
1 | = U different
1™ trend, The short wavelength variability of the density in this
2507 ™ intermediale] section may be indicative of interbeddetiertand clay
s concentratic layers
o Unit 111 : - y
- ~ It is surprising that théransitionfrom

lithologic Unit 11l to Unit IV igradual in
contrast to the sonic log where a sharp
increase occurs at 27#0bsf.

rbonate| rieh chert organie

i

valueg
relatively |
uniform but
vary with
depth over
wavelength
. of ~40 m.

3 These elevatepare maintained within the
chalk,chert, and marl layers of lithologic Unit I

and marl layers ? rich
material

The density increases with depth within the

> chalk,chert, and marl unit, but the rate of
increase is noticeably reduced. The amplitude
of the short wavelength variability is also
reduced in this section.

O »w Y O® " O S5 —

- (2] w

(=] o o

I3 =] o
1 1 1 1 1 1 L L L L

(g[8 8/3[8 B/E[E]8 2[8]5 8
L1 1T 1T 1T 1T T 1T 1T 1 1

\ N

S'q \ !

2
El

BEREN |

IODP Sitd149 ! . Lot bt Lot
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EXERCISE

TS \'{OM:K Tu: é
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Depth (m)

0.p Resistivity deepWim) g

GR (GAPI)

Resistivity shallow/{m)

0 200 0.2

High GR -

2000

2500 Shallow and deep
no invasion
2608 — *
==——  Separation
=—_ indicates the _
l presence of oil Yk Key boundaries are
2700 or water identified in all logs
< | Shallow
S Low GR éi resistiyity IS
== measuring the |
Sandstone g invaded zone They are very ciear
2800 — of the in gamma ray log
€,§ formatic&only
4 MUdStOE é : no invasion
2900 —
— —— *
3 S@ % presence of oil or water
L 3 . . .
2 | Mudstone=+Sandstone ; Invasmnwo invasion
1
Mudston no invasion
3100
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Use and Interpretation of Downhole Logging Data (Part |
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Image Logs (Acoustic Televiewer)

Televiewer

The BHTYol provides continuous

logs oriented unwrapped image of

borehole walls by transmitting

ultrasound pulses from a rotating

sensor and recording the amplitude

and travel time of the signals

reflected at the interface betwe A
mud and formation (borehole (Amplitude)

Fracture

Common applications are: £,

N ~ Ve ~ —

CN} OGdzNE RSGS¢

~ V4 ~ ~ Ve .

553G80GA2y 27F & mof’
5SUSNNVAYLFGA2Y = [ =
[ AGK2E 23A0F T . &
CNBF12dzd FyFf
/ FaAy3a AyaLlSo

.
Iypal
non-Planae

Aatus Fracsure

Borehoie relatve
PRDeOw Direcson

EEeEEEE
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Borehole Breakout

If the difference imorizontal magnitudebetween the two horizontal principal stresses is sufficielatiyge,
breakouts will form ircompressive shear failure

The stress concentration around a vertical borehole is greatest in the direction of the
minimum horizontal stresgShmin).

Borehole breakouts arstressinduced enlargement®f the wellbore crossection.
Travel Time Amplitude Caliper 3D 2D

- 107.5

new section

,&ga failure planes

- 1076

Hole ovaligation |
caused by |pieces; =
of wellbore wall
spalling off

- 1080
1081
- 1082

- 1083

Bell and Gough, 1979

F108.4
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Borehole Wall Structures

Borehole wall failure: Failure ahead of the drill bit: Schematic relationships
Breakouts and Tensile Cracks Petal-Centerline Cracks of drilling-induced structures

BHTV (AmpMude) “r"’ d“l‘" F’:?s (Resistivity) Sketch B'JWlAmpMudel FMS (Resistivity)
Y N

W

)

.55' fractures |

—

g §i Tensile craks II

s E 180° apart

8= i i /\ Breakouts ~

M fracture f pRsoan )-)

; Nes! |
= 5 = V ’ | ‘/\
g 3 i __h:i
TENSILE TENSILE
CRACK ,

CRACK

]
\‘~ ?'
Y PETAL

.
p CENTERLINE
/ . PETAL
S, oo Sumax CENTERLINE
(a+fy2 =5, Azimuth CRACKS

Relatinship to Horizontal
Stress Azimuth

Because these structures are directly related to the stress state acting on the borehole they can be
infer the orientation of the principal stresses.
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LR ERIERS W) I R T Y

TR BRI X RN PASBVUA LY

Pebbles
Channel sediments
Crossbedding

Carbonates layers
Slumping structures
Stylolithes in Limestones
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Image log Analysis: Morphology Volcanic Rocks

Pillow Lava Layered Tuff
Orientation North Qrientation North Orientation North Orientation North
0 120 240 360 0 120 240 360 0 120 240 360 0 120 240 360
Foesistive Conductive Rm Tive Conductive Rm: Tive Conductive Resnuw- Conductlive
' - T

tl!"!\

TF
J:g
F

B e | AR Bl bl T TS
WVEH ) VR ET BV T
IR eRmed ) WENE BarEl] BE B0 W0 e

— -;
—
E

ll\l‘-ﬂlf"m;m W *rf-\' R 4
m L8

P

- ‘E
1 b N5
a T3
- -f’__?_
|
§

-

.

WEH e BVIET

F i

W

| G
|
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FourArm Caliper

Azimuth of hole drift (HAZI)
&

=4

High side of tool

Caliper tool , .
Relative bearing (RB)

Deviation

Reference pad 1 with
(DEVI)

azimuth relative to north
(P1AZ)

i Caliper 1 (C1); pad 1-3
i Caliper 2 (C2); pad 2-4

Diameter of the borehole in two orthogonal directioriS¥3
between pad 1 and 3 and24 between pad2 and 4)
Plazazimuth of pad 1 relative to magnetic north
HAZ£azimuth of borehole drift

DEVI=borehola&leviation from vertical

RB=bearing of the padl relative to the high side of the borehole
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BO R EHO LE SHAP‘E— Caliper Increase

Bit Size

L

Depth

Plumb & Hickman, 1985

Washout |

Key Seat i

0° 120° 240° 360° 14 10 6  'NcH

T W PO .

i
INTERRUPTION /E | BAEARCUT

OF ROTATION
11500_
-
5 : WASHOUT +
{ : BREAKOUT
ROTATION

OF TOOL \

WASHOUT

.

LCAUPERE-d»

CALIPER 1-3

T~BIT SIZE

AZIMUT

Plumb & Hickman, 1985
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— v Diameter of the borehole in two
CSU  Fels {i orthogonal directions@13
Log Header : between pad 1 and 3 and24
[}
- between pad2 and 4)
COnPANY A1, ': I Plazazimuth of pad 1 relative to
OTHER SERVICES- ‘ ;
MELL! MONTE CIVITELLD 1. DLL-SLS-GR o 1 magnetic north
LDL-CHL-GR 4 o N
FIELD! MONTE CIVITELLO. SHDT . 710 I _cl__U 1 o
CcsT ; H =
STEtEy PR & ; [ DE\(I borehol@eviation from
NATION: ITALY. s z vertical
LOCATION: N Z_g: ]
g - /’
LATITUDE: 43 22'53"N O pspe it HAZ{£azimuth of borehole drift
LONGITUDE: 0 01'56.5"E RS T
PROGRAN S L
PERMANENT DATUM: MsL. ELEVATIONS- TAPE NO: 1t . .
ELEV. OF PERM. DATUM: 0.0 M KBt 679.3 M 29.812 e N - RB=bearing of the pad1 relative tc
LOG MEASURED FROM: * RT. DF: 679.0 N i o i : :
679.0 M ABOVE PERM. DATUN  GLi 670.0 M % A - the high side of the borehole
DRLG. MEASURED FROM:  RT. ¢ —1
0 B H
DATE: 18 JaN 89 i l
RUN NO: ! e !
2 < | P1AZ=HAZI+atan(TanRB/cosDE!
DEPTH-DRILLER: 2853.0 M ™ < [ s
DEPTH-LOGGER! 2054.5 M H e i A
BTN, LOG INTERVAL: 2854,0 M Ot 5 ]
TOP LOG INTERVAL:  2050.0 M :_ L %
CASING-DRILLER: 249.0 M 1183.0 M ! ) ~ Orientation breakout( A ) ,
CASING-LOGGER: 248.0 M 1181.0 M deA—ded oA oA A 30A
CQSI”G: EU" 13"3/8 15A17A19A 21/ 230 2'5ﬁ ) ) ) ) )
WEIGHT: 106,000 LB/F 61,0000 LB/F Inches (h)*h 24 38 44 54
BIT SIZE: 26" 17"1/2 Deviation (A
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WELL TESTING
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Determination of Magnitude of Stress Field

HydraulicrFracturing-Test inthe borehole

This technique creates fractures from a ey,
wellbore drilled into reservoir rock formations Y

HF is a method used to release petroleum, |:
natural gas (including shale gas, tight gas, ak-

. Casing” \L/ \-;/ S /—|r \i N ~ N Pm-fexi;ting
aul
coal seam gas), to stimulate groundwater fesseing I
Formation Methan |’ gh\ | [/, nducea
sy sSelsmicii
WeIIS, -—‘,:__:;\»:\7_’\\‘7}|?_'\1_:‘/ \,E. :‘,! ':.\;\:,!\'-?_E\?ﬁy’;l\r‘aﬁg%'ﬁ:{f&}"\ ,:\\::‘ 7 ;;'_/f\':\}, \\-}_}‘?-—\i
; : TN TN, s (S N D F = fractures TN 2 V2T, LN
to increase the reservoir performance: AU A A RO A B IAICA RN WY L SNV

= - VINZ VTN S [t X
PR "-";"\"\‘f\\','r'\"_-_— R A S WA VA S S A VA el
PN e P Y B0 W ) " L ad =

A PEASI N WAL Y /A

e.g. for heat extraction to produce electricity
in enhanced geothermal systems, to increase
injection rates for geologic sequestration of

CO.

The first experimental use of hydraulic fracturing was in 1947, and the 1
commercially successful applications in 1949. As of 2010, it was estimated
60% of all new oil and gas wells worldwide were being hydraulically fractL
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Determination of Magnitude of Stress Field

Pi

Pp During a minifrac
test, a small
hydraulic fracture is
created, and the
pressures at

which the fracture
forms, propagates,
and closes are
directly measured.
The fracture closes
when the pressure
falls below Shmin.

pressure (FCP).

Pressure

A

2Fpp

slclole

LOP: Leak-off pressure
FBP: Formation break-down pressure
FPP: Fracture propagation pressure
ISIP: Intantaneous shut-in pressure
FCP: Fracture closure pressure

"I Injection

j rate >

Time

Pressure declines after the fracture breakdown pressure (FBP). Press
remains nearly constant at the fracture propagation pressure (FPP) a
injection continues.

Once injection ends, pressure bleeds off, first reaching the
instantaneous shuin pressure (ISIP) and then the fracture closure
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Determination of Magnitude of Stress Field

Pi

Pp During a minifrac

2Fgp 5@
test, a small ,’ 2

hydraulic fracture is i <<>
cre S/ Calculate the vertical stress by integrating the .’

den5|ty log ()
for S/=r (z)gdz
an
blli I (2) is the density as function of depth
Y g is the gravitational acceleration
W

L] Shmin:HF/LOTs

P SHmaX 3 ShmmZPp Zoback et al., 2003 ) PreSE
remalins nearlty constant at the mactare propagaton pressure (FPP) ac
injection continues.

Once injection ends, pressure bleeds off, first reaching the
instantaneous shuin pressure (ISIP) and then the fracture closure
pressure (FCP).
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Pierdominici and Heidbach., 2012

Safe Storage of Nuclear Waste in Rock

: g—Concrele .- Pierdominici et al., 2@L
— Asphalt

__ Compacted

< Bentonite

CO2 sequestration
Geothermal reservoir
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Case Studies: Preseftay Stress Measurements



1.document the volcanic and

stratigraphic historyof the Snake River

Plain (SRP) which represents the

surface expression of the hotspot, and

to understand how it affected the
evolution of continental crust and

B KB
%
i @

2 . 4 s
. '/r? |
|

i

I

o

Nevada : Utah

; ¢ i
N x\?‘()' , i

Ll
118° 1'17"] g 116 115 114\ 13 12" 10"
& \
45 © .
(“’ : Idaho { Montana
Weiser embayment X -
g 4
LLLLL 0 s0 ™% 150 \ £ A IFluvial_and
nshown |} L - 1 e~ acustrine
i 0 50 o \ T 0 sediments of the
Miles Vit WSRP

==~s Proposed

y Vvolcanic centers

== on the eastern
Snake River
Plain

© ' Approximate
_ limits of the
Snake River
Plain volcanic
province

—-— State Borders

—--— Approximate
trace of modern
rivers/streams

o Drill hole location

Approximate

location of major,

basin-bounding
faults
Approximate

trace of proposed

accommodation
zone

The International Continental Scientific Drilling Program

2. evaluate the geothermal
potential of southern Idaho
focousingon characterization of
rock properties, fracture system an
In situ stress state in SRP in
orientation and magnitude to
predict the direction and extension
of fracture propagation during
stimulation phase
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. — . W est
The main objective oAnDirill :’%ﬁ ntaatics

project (www.andrill.org) is to drill ’fs‘@\s"‘ e
back in time to recover a history s~
paleoenvironmentathanges in
order to understand how fast, ho
large, and how frequent were
glacial and interglacial changes ir
the Antarctica region.

Drill Sites - e e g e
1972-1975 @ Dmyalley Drilling Projects (DVDP ﬂ(;s) '
1978-1979 @ McMurdoSound Sediment and Tecténic Studles (MSSTS, 2holes ca 229m 44% recoflery\)
1984-1986 @ Cenozoic Investigatlon in the Western Ross Sea (CIROS 2holes, cé 700m 98% rec¢very§

The SMS borehole had two main taSKS: ierss © cae rovers sroect cie, 3nole, 1500m)

2006 ® McMurdo Ice Shelf (AND-18) }ANDRILL S !,} ‘
R iy R
A) s

1) recovered early Miocene (20 Ma) to = ;gz;;e;g;;gu;;gggg;\Noz
recent sediment and rocks that span : ~'
several key steps in Antarctic cooling.
2) characterization of the orientation
and magnitude of presenfay stress

Project

3 £ 4
Seismic and Gravity Expeditia’n Ry
for ANDRILL Operations
2007 © MSV Mackay Sea Valley X
© SMIS Southern McMurdo Ice Shelf
2008 © ONH Offshore New Harbor



£A™\ The International Continental Scientific Drilling Program

GIac;al per!od
1 r\/ l " « ! 5| N ‘
J vl “,5
Glacial
conditions:
Diamictites, /
conglomerates and
sandstones are
present

Pliocene

Diamictites (green)= glacial advances (modify from Mckenzie, 2007) This sedimentary rock
Volcanic deposits (orange) contains a mixture of large
Diatomites (yellow) and marine mudstone (grey)= glacial retreat and small sedimentary

particles,surrounded by a
field of muddy material

At Present Warm period

Interglacnal
sediments:

Mudstone, turbidities;

Diatomites
sediments:
Indicate open marine
setting as the water
would have been

warm enough to

support marine
life dominate by
diatoms (algae)

ocean environment
and close ice shelf
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