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Modeling of Aeromagnetic Anomalies in the Yucca Mountain Region to 
Support Evaluation of Event Probability. 

John Stamatakos is the Principal Investigator for this project. Saurav Biswas is the 
lead investigator. Shannon Colton also provided input to technical work reported 
on in this scientific notebook. All entries in this scientific notebook were made by 
Saurav Biswas unless otherwise indicated in this text. 

This notebook document procedures, data, and modeling results used in 
evaluating magnetic anomalies under 20.06002.01.352 - SUPPORT 

MSOP. This text and supporting files are provided herein to meet the CNWRA 
requirements of QAP -001. 

PRELICENSING TRANSITION TO LICENSE APPLICATION REVIEW - 

CNWRA data contained in this report meet quality assurance requirements 
described in the CNWRA Quality Assurance Manual. Data used to support 
conclusions in this report taken from documents published by the U.S. 
Department of Energy (DOE) contractors and supporting organizations were 
generated according to the quality assurance program developed by DOE for the 
Yucca Mountain Project. 

Maps and anomaly models were generated and plotted by the software Oasis 
montaj' w-sI+,~\,s) . .  (~.eescfi, 2~ Version 5.1.8(A5) (Geosoft, 2000) 
and Version 6.3.1 (6G) (Geosoft 2006) (S.B. April 6,2007), GM-SYS' (Geosoft) 
4.8.45b (Northwest Geophysical Assoc., 2001), which are commercially available 
s o h a r e  codes that are maintained in accordance with CNWRA Technical 
Operating Procedure TOP-018. 

The total-field magnetic data for the current work was collected by the DOE using 
a helicopter-borne cesium-vapor magnetometer. ?'he average elevation of the 
magnetic sensor was 30 m above ground. The primary flight lines were flown in 
an east-west direction, with a nominal flight-line spacing of 60 m. Secondary 
flight lines (tie lines) were flown in a north-south direction at a flight-line spacing 
of 600 m. The accuracy of magnetic data was *0.01 nT. The measurement 
locations have horizontal accuracy of +I m and vertical accuracy of k2 m. The 
total-field magnetic measurements were corrected for normal time variations in 
the earth's magnetic field with a base station magnetometer. Cogbill (2004) has 
summarized the aeromagnetic survey conducted to provide the data for this work. 
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Entry 1. 

v 

(S.B. March 5,2007) 

b) Prior evaluation of aeromagnetic data by Paul Landis 
Data from the 2004 Department of Energy (DOE) was provided as two separate 
ASCII files, FinalMagData-TieLines.dat and FinalMagData- 
TraverseLines.dat. Both files were imported into Oasis Montaj and saved as .gdb 
files. The two flight line databases were merged into a single database using 
options under the ‘Utility’ menu in Oasis montaj (flightlines.gdb). The database 
consists of columns of UTM NAD 27 easting and northing, GPS elevation, radar 
altimeter data, and corrected total magnetic field data. The total magnetic field 
column was grided using the minimum curvature algorithm with a grid node 
spacing of 60 m (aero-min-60). The grid was displayed using a histogram 
equalization shading option that minimizes the distance between intervals and 
results in irregular spaced intervals. The elevation of the ground surface was 
calculated by converting the radar altimeter data into meters and then subtracting 
the altimeter data from the GPS elevation of the helicopter. The data were then 
grided using the minimum curvature algorithm in Oasis montaj . The grids for 
topography and magnetic anomaly are aero-groundelev-200 and 
aero~boomelev~200 respectively. The data is located in Bemore at 
D:\sbiswas\Aeromag\paul\DOEaeromag05. The locations of the boreholes for 
the respective anomalies are noted in the spreadsheet usgsanom27.xls Data 
folder. 
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Rock Type 

Quaternary 
Alluvium (Qal) 
Pliocene Basalt 
Basalt 
Ammonia Tanks 
(Tma) 
Rainier Mesa 
(Tmr) 
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Remanent 
Magnetization 
Intensity (Nm) 

Modeled Modeled 
Inclination Declination 

- - 0 

-55" 170" 5 
-60" 180" 5 

59" 0" 0.58 

-55" 168" 4 

Entry 2. Magnetic Anomaly - Q 

Steps for modeling magnetic anomaly Q: 
(1) Define the location of the anomaly Q (Blakely et al., 2000; Hill & Stamatakos, 

2002) on the total field aeromagnetic anomaly map around Yucca Mountain, 
Nevada - Figure 1. 

(2) Define profile locations for magnetic anomaly - Figure 2. 
(3) Export the extracted profile data into GM-SYS for modeling - Figure 3. 

The sequence of faulted lithologic units (Figure 3) for modeling the magnetic 
anomaly is based on stratigraphic section in Stamatakos et al. (2000). The 
depth of basalt in the model (Figure 3) at 141 m below ground surface is 
constrained by drill hole USW-VA-4a (Perry et al., 2005). 

(4) Iteratively model the 2D subsurface geometry until the fit between observed 
and modeled magnetic profiles is optimized (e.g., small error). 

Table 1 Source parameters for magnetic anomaly model for anomaly Q 

The magnetic parameters of the sources are based on Brocher et al. (1 998) and 
Stamatakos et al. (2000). The remanent magnetization intensity of Rainier 
Messa (Tmr) was increased from 0.8-2.7 A/m (Brocher et al., 1998; 
Stamatakos et al., 2000) to 4 A/m to better fit the observed anomaly. Further 
investigation of magnetic intensity of volcanic tuff is needed to decide the 
validity of the subsurface geometry of the sources. 
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I ‘c 
0 2 5 0 0  -- 

metma 

Magnotlc Anmrly -1- 
Figure 1 Total field aeromagnetic anomaly map around Yucca Mountain, Nevada compiled 
at approximately 30 m above the ground surface. The rectangles enclose the anomalies of 
interest chosen for further modeling. Coordinates are in Universal Transverse Mercator 
(UTM) Zone 11, using the North American Datum of 1927. 
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Figure 2 Total field aeromagnetic anomaly Q. Coordinates are in Universal Transverse Mercator (UTM) Zone 
11, using the North American Datum of 1927. The white line shows the location of profile - Line2. Different 
mofile termed Line 1 was modeled bv Paul Landis and are not recorded in this Scientific notebook. 4 - borehole. 
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Entry 3. Receipt of shipment packet containing borehole core specimens from Sample 
Management Facility, Yucca Mountain Site Characterization Project 

Dr. John Stamatakos has received the shipment packet containing 14 borehole core specimens 
today May 16,2006 from: 
Sample Management Facility (SMF) 
Yucca Mountain Site Characterization Project 
P.O. Box 617 
Mercury, NV 89023-0617 

The information related on specimen ID, type, top and bottom depths and parent boreholes of the 
specimen cores are provided in SMF Specimen Custody Receipt in Figure 4. The packet is stored 
in the office of Saurav Biswas until further action regarding rock magnetic laboratory 
experiments are undertaken. Address of Saurav Biswas’ office: 
Room B 240 
Building 189 
6220 Culebra Road 
San Antonio, TX 78238 

The borehole core specimens have a blue and red line drawn on the cylindrical surface. The blue 
line should be on the Left and red line to the right to indicate the correct top and bottom directions 
of the core. Figures 5 and 6 show the pages 1 and 2 respectively from the Sample Overview 
Committee Specimen Removal Request form. Figure 5 documents the preliminary tests to be 
performed on the core specimens. Information on specimen source, specimen type, interval, 
amount and substitution acceptable remarks is documented in Figure 6. The nature of rock type 
of the borehole core specimen and associated magnetic anomaly is documented under the 
column heading Specimen Type in Figure 6. 
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BSC SMF Specimen Custody Receipt OAOA 

Date Received - John .Stamatakos (IDt490) John Stamatakos (ID1490) ~ 

Southwest Research lnstltute Southwest Research Institute 
6220 Culebra Rd 6220 Culebra Rd. Shipment ID 01000850 Shipping Date 11-may2006 

Bldg. 189 

M o r ' s  Name - 
' SMF S t a t f - 6 & & ? %  Date s-//-o6 

San Antonio, TX 78238-ooOO lSan Antonio, TX 78238-000 
(210) 522-5247 '(210) 522-5247 

__ 
~ 

Container ID 01006944 TypCB*IF Specimens in this container 14 
Condition Specimen ID Type TOP Bottom Parent Borehole 

02043322 
02043323 
02043324 
02043314 
0204331 5 
0204331 6 
0204331 7 
02043318 
02043325 
02043326 
02043327 
0204331 9 
02043320 
02043321 

wcspec 
wcspec 
wcspec 
wcspec 
wcspec 
wcspec 
wcspec 
wcspec 
wcspec 
wcspec 
wcspec 
wcspec 
wcspec 
WCSDec 

- 
please Stan this form and retum to: 
Sample Management Facility 
Yucca Mountain Site Characterization Project 
P.O. Box 617 
Mercury, NV 89023-0617 
SMF Verified: ~ - - Date - 

Page 1 of 1 

Figure 4 Sample Management Facility Specimen Custody Receipt. 

273.2 
281.9 
307.2 
506.2 
538.7 
569.4 
607.9 
616 3 
426.9 
450.4 
473.0 
484.4 
512.7 
533.6 

273.5 
282.1 
307.4 
506.4 
538.9 
569.6 
608.1 
616.5 
427.1 
450.6 
473.2 
484.6 
512.9 
533.8 

UE-25 VA #lo  
UE-25 VA # l o  
UE-25 VA #lo 
USW VA-1 
USW VA-1 
USW VA-1 
USW VA-1 
USW VA-1 
USW VA-2 
USW VA-2 
USW VA-2 
USW VA4a 
USW VA-4a 
USW VA-4a 

I nereby acknowledge the receipt of the Specimens listed above 

PA-PRO-0809 4-r0 
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BSC 1 P a a e l d 2  

Sample Overview Committee 
Specimen Removal Request 

/ - Q G T Z T I N G  SAMPLES 

The responsibility to adequalely identify and control data from nonquality affeGIing samples (Ltr: January 12,1988, Gartr 
to Technical Project Officers. N~~.19880113.0007) is assigned to you. the examiner. as the representative of our 
organizalion. Each Affected Organization shall ensure that these data re not used for primary license data or entered into 
documents or systems which are to contain qualified data only. __-- 

Circle one: Circle one: 
(A) Approved (D) Dhapproved (T) Tabled (A) Approved (D) Disapproved (T) Tabled 

SMF Printed NamSlgnaCure 1 TCO Printed m e m a t u r e  

Circle one Circle one: 
(A) Approved (D) Dtsapproved (T) Tabled (A) Approved (D) Dmpproved (T) Tabled 

SOc Chairperam IWnted NWSgnalure Date -~ 
PA-FR04803 :!-m 

Figure 5 Sample Overview Committee Specimen Removal Request form page 1 of 2. 
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BSC j Sample Overview Committee 
Specimen Removal Request 

-- 

Paw 2 Of 2 I (LA:oA 

PA-PRO-0803.2-rO 

Figure 6 Sample Overview Committee Specimen Removal Request form page 2 of 2. The nature of rock type of 
the borehole core specimen and associated magnetic anomaly is documented under the column heading 
Specimen Type 
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Entry 4. Sub-sampling of the 14 bore hole specimens and shipment to Institute of Rock 
Magnetism, Minneapolis, MN for rock and paleomagnetism experiments 

Mr. Mark Silver was responsible for cutting each of the 14 borehole core samples into cubic 
specimens of 2 cm and identifying rock slices from leftover material for preparation of thin 
sections. 

Table 2 Identification of borehole core numbers 

r- 
Sample 

Bar Code 

020433 14 

020433 15 

020433 16 

020433 17 

020433 18 

020433 19 

02043320 

0204332 1 

02043322 

[ 02043323 

I 02043324 

I 02043325 
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G 

450.4 - 137.3 - 
450.6 137.3 

473.3 144.3 

02043326 USW-VA-2 

473.0 - 144.2 - 02043327 USW-VA-2 
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G2 

G3 

Borehole 

Numbers 

A1 

A2 

A3 

A4 

C8 A5 

Q1 C8 

4 2  C8 

Core Cube Sample Numbers 

AI-C1, Al-C2, Al-C3, Al-C4, A1-C5, Al-C6, Al-C7, Al- 
C8, Al-C9, A1-C10, AI-C11, Al-Cl2 
A2-C1, A2-C2, A2-C3, A2-C4, A2-C5, A2-C6, A2-C7, A2- 
C8, A2-C9, A2-Cl0, A2-Cl1, A24212 
A3-C1, A3-C2, A3-C3, A3-C4, A3-C5, A3-C6, A3-C7, A3- 
C8 
A4-C1, A4-C2, A4-C3, A4-C4, A4-C5, A4-C6, A4-C7, A4- 
C8, A4-C9, A4-Cl0, A4-Cl1, A4-Cl2 
A5-C1, A5-C2, A5-C3, A5-C4, A5-C5, A5-C6, A5-C7, A5- 

Q1-Cl, Ql-C2, Ql-C3, Q1-C4, Q1-CS, Q1-C6, Q1-C7, Q1- 

Q2-C1, Q2-C2, Q2-C3, Q2-C4, Q2-C5, Q2-C6, Q2-C7,Q2- 

Q3-C1, Q3-C2, Q3-C3, Q3-C4, Q3-C5, Q3-C6, Q3-C7, Q3- 

JF5- 1 -C 1, JF5- 1 -C2, JF5-1 -C3, JF5-1 -C4, JF5-1 -C5, JF5-1- 
C6, JF5-1-C7, JF5-1-C8, JF5-1-C9, JF5-1-Cl0, JF5-I-C1 1, 
JF5- 1 -C 12 
JF5-2-C 1, JF5-2-C2, JF5-2-C3, JF5-2-C4, JF5-2-C5, JF5-2- 
C6, JF5-2-C7, JF5-2-C8, JF5-2-C9, JF5-2-C 10, JF5-2-C 1 1, 
JF5-2-Cl2 

JF5-1 

JF5-2 

14 

Thin section sample 
numbers 

a1-t1 

A2-T 1 

a3-t1 

A4-T 1 

A5-T1 

Q1-T1 

Q2-T 1 

Q3-T1 

JF5-1-T1 

JF5-2-T1 
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JF5-3-ClY JF5-3-C2, JF5-3-C3, JF5-3-C4, JF5-3-C5, JF5-3- 
C6, JF5-3-C7, JF5-3-C8, JF5-3-C9, JF5-3-Cl0, JF5-3-Cl l , JF5-3-T1 

Numbers 
A1 
A2 
A3 
A4 
A5 
Q1 
4 2  
4 3  

JF5-1 

JF5-2 

JF5-3 

I G1-T1 G1-C1, Gl-C2, G1-C3, Gl-C4, Gl-C5, G1-C6, Gl-C7, G1- I,, 

AI-C1, Al-C2, Al-C3, Al-C4, Al-C5, Al-C6, Al-C7, A1-C8 
A2-C1, A2-C2, A2-C3, A2-C4, A2-C5, A2-C6, A2-C7, A2-C8 
A3-C1, A3-C2, A3-C3, A3-C4, A3-C5, A3-C6, A3-C7, A3-C8 
A4-C1, A4-C2, A4-C3, A4-C4, A4-C5, A4-C6, A4-C7, A4-C8 
A5-C1, A5-C2, A5-C3, A5-C4, A5-C5, A5-C6, A5-C7, A5-C8 
Q1-Cl, Ql-C2, Ql-C3, Q1-C4, Q1-C5, Ql-C6, Q1-C7, Ql-CS 
Q2-C1, Q2-C2, Q2-C3, Q2-C4, Q2-C5, Q2-C6, Q2-C7, Q2-C8 
Q3-C1, Q3-C2, Q3-C3, Q3-C4, Q3-C5, Q3-C6, Q3-C7, Q3-C8 
JF5-l-Cl, JF5-1-C2, JF5-1-C3, JF5-1-C4, JF5-1 -C5, JF5-1-C6, JF5-1-C7, JF5- 
1-C8 
JF5-2-C 1 , JF5-2-C2, JF5-2-C3, JF5-2-C4, JF5-2-C5, JF5-2-C6, JF5-2-C7, JF5- 
2-C8 
JF5-3-ClY JF5-3-C2, JF5-3-C3, JF5-3-C4, JF5-3-C5, JF5-3-C6, JF5-3-C7, JF5- 
3-C8 

I G2-Tl G2-C1, G2-C2, G2-C3, G2-C4, G2-C5, G2-C6, G2-C7, G2- 
G2 IC8 

G1 
G2 
G3 

1 G3-C1, G3-C2, G3-C3, G3-C4, G3-C5, G3-C6, C;3-C7, G3- G3 I C8. G3-C9. G3-CIO. G3-Cll. G3-Cl2 

G1-C1, Gl-C2, Gl-C3, Gl-C4, Gl-C5, Gl-C6, Gl-C7, G1-C8 
G2-C1, G2-C2, G2-C3, G2-C4, G2-C5, G2-C6, G2-C7, G2-C8 
G3-C1, G3-C2, G3-C3, G3-C4, G3-C5, G3-C6, G3-C7, G3-C8 

G 3 1  -T 

Eight cubes from each borehole were shipped on 08/30/2006 to Institute of Rock Magnetism 
(IRM), Minneapolis, MN for rock and paleomagnetism measurements. 

Table 3 Identification of cubes shipped to LRM 

I Sample Numbers of cubes shipped 
Borehole 

15 



Scientific Notebook 7583 

Entry: Saurav Biswas 
Date: February 8,2006 

This page is intentionally left blank. 

16 



Scientific Notebook 7583 

Entry: Saurav Biswas 
Date: September 5,2006 

Entry 5. Variation in helicopter boom elevation 

Cogbill (2004) stated that the helicopter was nominally flown 60 m above the terrain with 
intended terrain clearance for the sensor package of 30 m. This suggests that boom would 
have a constant clearance above ground surface around 30 m. The ground surface 
elevation of the survey region was calculated by subtracting the radar data values in 
meter from the GPS elevation of the helicopter and stored in the column “realelev” in the 
database named flightlinesgdb. The magnetic ‘bird’ or the boom was flown 30 m below 
the helicopter. Consequently the elevation of the boom was computed by subtracting 30 
m from the GPS elevation of the helicopter and stored in the column “elevboom” in the 
database. The clearance of the boom from ground surface was computed by subtracting 
“realelev” from “elevboom”. Figure 7 shows the ground surface elevation and Figure 8 
shows the clearance between the boom and the ground surface. The clearance of the 
boom varies between 30 and 70 m (Figure 8). In potential field surveys, line to line 
leveling problems can lead to significant leveling error in the data. However, since the 
dynamic range of the magnetic anomaly in this region varies between -200 to 300 nT it is 
possible that the small variation (between 30 - 70 m) in elevation of the boom would not 
have any significant impact on the source structures of the magnetic anomaly. Further 
case study is needed to test this hypothesis. 

17 



Scientific Notebook 7583 

Entry: Saurav Biswas 
Date: September 5,2006 

-1 
530000 535000 worn w o r n  560000 

0 

0 0 Q 
0 

E P z 

0 0 0 

8 i 0 

r-- 

8 -z 0 

0 

P 0 

-s! a 

- 8  
! 
P 

- 8  0 
! 

Ground surface elevation from helicopter radar -1- 2500 o 2500 

metres 
- 

Figure 7 Ground surface elevation of the survey region derived from subtracting helicopter radar data from the 
GPS elevation of the helicopter. 
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1 

i 

2500 2500 Clearance between boom and ground surface 

metres -I- 
Figure 8 Clearance between the boom and ground surface computer by subtracting ground surface elevation 
from the boom elevation. 
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/sensor elevation 
/magnetic inclination 
/magnetic declination 
/total field strength 
/high-pass butterworth 

/directional cosine 

Reference:: 

Cogbill, A.H. “Aeromagnetic Survey Data Acquired near Yucca Mountain During 2004.” 
Unpublished Report. October 5 2004. 

Entry 6. Magnetic Anomaly - A 

Figure 9 shows the magnetic anomaly A without any correction for leveling error. Figure 
10 shows the leveling error computed using the De-corrugation filter in Oasis montaj 
with the MAGMAP feature. The parameters of the filter are mentioned in Table 4. Figure 
11 shows the magnetic anomaly A after correcting for the leveling error. Comparing the 
dynamic ranges of the magnetic anomalies in Figures 9 and 10 illustrates that leveling 
error contributes to less than 10 % of the magnetic anomaly in Figure 9. 

Table 4 Parameters for decorrugation filter. 
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(nT) 
-291 0 -1253 -79 8 -51 2 - 2 7 0  20.9 4 7 6  7 7 5  139.8 - 3 -1- 

metres Anomaly - A 

Figure 9 Magnetic anomaly A without correction for leveling error. + - borehole. 
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(nT) 
-29.3 -9.6 -5.7 -2.9 -1.6 -0.6 0.4 1.3 2.2 3.8 6.5 11.2 

250 0 250 m 

Figure 10 Leveling error in the magnetic anomaly computed using De-corrugation filter with parameters shown 
in Table 4. + - borehole. 
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-287.2 -127.3 -80.1 -52.0 -28.4 20.5 47.7 74.9 136.4 

A-d e c m  g 02 1 

Figure 11 Total field aeromagnetic anomaly A after correction for leveling error. Coordinates are in Universal 
Transverse Mercator (UTM) Zone 11, using the North American Datum of 1927. The white line shows the 
location of profiles. NS profile - Line2. Oblique profile - Line 3. Different profile termed Line 1 was modeled 
by Paul Landis and is not recorded in this Scientific notebook. + - borehole. 
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Entry 

Entry 

7. Depth of basalt encounter in drill hole USW-VA-1, magnetic anomaly A 

- - - -  -Original Message----- 
From: Jack Parrott [mailto:JDPl@nrc.gov] 
Se:nt: Wednesday, November 16, 2005 5 : 3 3  PM 
To: sbiswas@cnwra.swri.edu; Brittain Hill; John Trapp; 
Roibert La t t a 
Cc: John Stamatakos 
Subject: Re: Anomaly A - Basalt? 

Anomaly A 

Hit basalt at 487 feet. 

The "as-planned" location f o r  that borehole in Nevada State 
Plane coordinates (feet) was Northing 729,818 and Easting 
516, 787. The "as-builtfl location surveys have not been 
completed but they are typically within inches or feet of 
the planned location. 

48'7 ft = 148.44 m 

8. IModeling NS profile - Line 2 of anomaly A 

Two scenarios in modeling profiles of anomaly A are tested: 
(a) Normal faulted sequence of basalt, Ammonia Tanks tuff and Rainer Mesa tuff 

(b) Reverse faulted sequence of basalt, Ammonia Tanks tuff and Rainer Mesa tuff 
with the basalt magnetized in normal direction - Model 1 (Figure 12). 

with the basalt magnetized in reverse direction - Model 2 (Figure 13). 

Steps for modeling magnetic anomaly A profiles: 
Define the location of the anomaly A (Blakely et al., 2000; Hill & Stamatakos, 
2002) on the total field aeromagnetic anomaly map around Yucca Mountain, 
Nevada - Figure 1. 
Define profile locations for magnetic anomaly - Figure 1 1. 
Export the extracted profile data from the decormaated grid - 
decorrug AOl-Out02.grd into GM-SYS for modeling - Figures 12 and 13. 
The sequence of faulted lithologic units in Figures 12 and 13 for modeling the 
magnetic anomaly are based on scenarios for Model I and Model 2 
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Remanent 
Magnetization 
Intensity (Nm) 

0 

15 

20 

20 

0.58 

4 

respectively. The depth of basalt in the model (Figures 12 and 13) at 148 m 
below ground surface is constrained by drill hole USW-VA-1 (Perry et al., 
2005). 

and modeled magnetic profiles is optimized (e.g., small error). 
(4) Iteratively model the 2D subsurface geometry until the fit between observed 

The magnetic parameters of the sources are based on Brocher et al. (1998) and 
Stamatakos et al. (2000). The remanent magnetization intensity of Rainier 
Messa (Tmr) was increased from 0.8-2.7 A/m (Brocher et al., 1998; 
Stamatakos et al., 2000) to 4 A/m to better fit the observed anomaly. Further 
investigation of magnetic intensity of volcanic tuff is needed to decide the 
validity of the subsurface geometry of the sources. The magnetization 
intensities of basalts in anomaly A are stronger compared to anomaly Q. 
Paleomagnetic magnetic analyses of basalts from the drill cores will put better 
constraints on the remanent magnetic properties of basalts. 
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Anomaly A - Line 2, Model 2 

=Observed 
=Calculated 

N 

v.E.=231 Distance (meters) 
Scde-23159 

Figure 13 2D total field magnetic anomaly Model - 2 for anomaly A along NS profile - line 2. Qal - Quaternary 
alluvium, Tma - Ammonia Tanks, Tmr - Rainier Mesa. 
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Modeling oblique profile - Line 3 of anomaly A 

It should be noted that since it has been shown earlier that leveling error contributes to 
less than 10 % in the magnetic anomaly data, the oblique profile for anomaly A is 
extracted from the non decorrugated magnetic anomaly grid for anomaly A - 
aeromag-A01 .grd. 
Two scenarios in modeling profiles of anomaly A are tested: 

(a) Normal faulted sequence of basalt, Ammonia Tanks tuff and Rainer Mesa tuff 

(b) Reverse faulted sequence of basalt, Ammonia Tanks tuff and Rainer Mesa tuff 
with the basalt magnetized in normal direction - Model 1 (Figure 14). 

with the basalt magnetized in reverse direction - Model 2 (Figure 15). 

Steps for modeling magnetic anomaly A profiles: 
(1) Define the location of the anomaly A (Blakely et al., 2000; Hill & Stamatakos, 

2002) on the total field aeromagnetic anomaly map around Yucca Mountain, 
Nevada - Figure 1. 

(2) Define profile locations for magnetic anomaly - Figure 1 1. 
(3) Export the extracted profile data into GM-SYS for modeling - Figures 14 and 

15. 
The sequence of faulted lithologic units in Figures 14 and 15 for modeling the 
magnetic anomaly are based on scenarios for Model 1 and Model 2 
respectively. The depth of basalt in the model (Figures 14 and 15) at 148 m 
below ground surface is constrained by drill hole USW-VA-1 (Perry et al., 
2005). 

(4) Iteratively model the 2D subsurface geometry until the fit between observed 
and modeled magnetic profiles is optimized (e.g., small error). 

There is significant difference between the computed and observed anomalies for the 
oblique profile corresponding to Model 2 (Figure 15). The source parameters of the 
magnetic anomalies for the oblique profiles are noted in Table 5. 
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Anomaly A - Line 3, Model 1 
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Figure 14 2D total field magnetic anomaly Model - 1 for anomaly A along oblique profile - line 3. Qal- 
Quaternary alluvium, Tma - Ammonia Tanks, Tmr - Rainier Mesa. 
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Anomaly A - Line 3, Model 2 
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Figure 15 2D total field magnetic anomaly Model - 2 for anomaly A along oblique profile - line 3. Qal- 
Quaternary alluvium, Tma - Ammonia Tanks, Tmr - Rainier Mesa. 
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YM-IRh4-data-all.xls D:\O lProjects\l .O-YMR-Mag\05-IRh4-092006 

16 YM-IRMNRM-demag-data.xls D:\O lProjects\l .O-YMR-Mag\05-IRM-O92006 

D:\O 1 Projects\ 1 .O~YMR~Mag\05~IRM~092006 YM-IRM-Incl-Stat.xls 

Entry 9. Paleomagnetic investigations conducted at Institute for Rock Magnetism, 
University of Minnesota, MN between September 11 - 22,2006. 

The following measurements were taken on the cubic samples of basalts from the boreholes 
noted in Table 3, page 14: 

I)  Natural Remanent Magnetism (NRM) 
2) Alternating field (AF) demagnetization and thermal demagnetization to determine the 
Characteristic Remanent Magnetism (ChRM) 
3) High temperature susceptibility 
4) Room temperature susceptibility 
5 )  Hysteresis and coercivity measurements from Vibrating Sample Magnetometer (VSM) at 
room temperature 

Description of the procedures and equipments are available in Scientific Notebook No. 099 titled 
“Field trip to review the structural and volcanic geology of Death Valley, CA and its relative 
similarities to the Yucca Mountain Region” (12/02/1993 through 05/16/2000) by Kathy H. 
Spivey and John A. Stamatakos, pages 59-62 and the websites of Institute for Rock Magnetism 
(http://www.irm.umn.edu/equipment/index.htm ). Additional description of methods can be 
found in Dunlop and Ozdemir (1 997) and Evans and Heller (2003). 

Objectives: 
The motivations behind paleomagnetic measurements of the basalt samples from the boreholes 
located in the specific magnetic anomalies were to: 

1) Characterize the associated magnetic anomalies with the paleomagnetic properties of the 
basalt. 

2) Use the remanent magnetic properties of basalt to aide 2D modeling of the corresponding 
magnetic anomalies. 

Results: 
Table 6 List of paleomagnetic measurement datasets and associated Excel spreadsheets 

I Property I Figures I Excel spreadsheet I Location i 
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D:\OlProjects\l.O YMR Mag\O5 IRM 092006 

D:\O lProjects\l .O-YMR-Mag\O5-IRM-092006\05.1 
- Super-IAPDWCA 
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Volume I 19 
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sin ei 

I 

McFadden & Reid (1982) YM. Incl-Stat.xls 

8.708 8.693 

4.748 4.771 

YM-IRM-susc.xls I D:\O lProjects\l .O-YMR-Mag\05-IRM-092006 I 

9.917 

61.4" 
54.2 

-0.1560 
9.915 

61.2" 
52.66 

-0.162 

5.7" 5.8" 

Application of inclination only statistics: 
Following the numerical example in appendix of McFadden & Reid (1 982), 
YM-IRM-Incl_Stat.xZs - a macro application in MS Excel was developed to compute 
inclination only statistics. To validate the macro we compared our results with the results in the 
numerical example. 

Table 7 Comparison of calculated parameters between McFadden and Reid (1982) and 
YM - -  Incl Stat.xls 

I 4 I 27.7 I 27.8 I 

The values of the calculated parameters closely match each other and validate the macro - 
YM-IRM_Incl_Stat.xls. All the results of application of inclination only statistic to the NRM 
data are documented in YM-IRM-Incl_Stat.xls. 
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Principle Component Analysis (PCA): 
The AF and thermal demagnetization results were treated through PCA with IAPD2000 to 
determine the ChRM. The results are documented in PCA-results.xls. All the results of 
application of inclination only statistic to the ChRM data are documented in 
ChRM-Incl-Stat.xls. 

Note about IAPD2000: 
IAPD2000 was acquired free of cost without any license from the author Professor Trond H. 
Torsvik, Team Leader, Center for Geodynamics, Geological Survey of Norway (NGU) for one 
time use for doing PCA on the thermal and AF demagnetization results. 

T n D  !?I% Scientific Notebook No. 099 (Spivey and 
Stamatakos, 2000, pages 63 - 65) document the validation of IAPD. (S.B. 10 April 2007). 

The figures noted in Table 6 are included below. 
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