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Overview

Motivation and Objective
- Near-surface problems

Methodology
- Frequency based ground-roll inversion method
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- Geological Setting
- Seismic experiments

Results and Interpretations
- S-wave velocities (Vs) and identifying geological features

Applications and Future works

- Density prediction - S-wave statics - 3D Tomography ,



Motivations and Objectives

« Study of the near-surface velocity structure

- Low-velocity, unconsolidated layers
- Near-surface effects propagate deeper

* A good estimation of Vg required for multicomponent
seismic analysis

* Identify geological features using estimated Vs variations

- Thickness of a low-velocity, unconsolidated layer
at Meteor Crater, AZ

- Correlation of the results with known information

* Time delays in seismic waves (Statics problem)

tStatics = Z AZi /Vi




Methodology

* Multichannel Analysis of Surface Waves (MASW)
- Generation of dispersion curves (phase velocity versus
frequency plots)

- Inversion of dispersion curves to estimate Vg
(Park et al., 1998; ibid 1999; Xia et al., 1999)
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Different Seismic Data Sets

Modeling data
* Numerical modeling:
Finite-difference elastic modeling (Manning, 2007)

* Physical modeling:
Ultrasonic measurements on
glass model

Field data

- Barringer (Meteor) Crater, AZ
* La Marque Geophysical Observatory, TX
* Yellowstone-Bighorn Research Association (YBRA), MO



Barringer (Meteor) Crater, AZ
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Meteor Crater: An Unique Astrobleme

Final crater

Uplifted rim xg'tggg:‘ Ejecta blanket

Breccia lens
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Diameter ~ 1200 m

Source: French, 1998 and Kring, 2007

Meteorite Craters in Texas:
- Odessa Crater
- Sierra Madera Crater

Overturned sequence

A: Ejecta blanket consists of overturned
sequence (Coconino-Kaibab-Moenkopi),
alluvium, meteorite fragments

B: Red bedrock Moenkopi formation
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Seismic Experiments at Meteor Crater

* Source interval: 2-3 m
* Receiver interval: 2-3m
» Source type: 10 Ib sledgehammer, Accelerated Weight Drop

Ultrasonic Measurements

0 m Trace Number 159m
7 13 19 25 3 37 443 49
AWD line "_,::!.:;; V1~ 550 m/s
; g‘éﬁ*’fﬁ s ||| V2 ~ 1150 mis
e s ".-'fi i
e i li;zg.,x:j‘a )J;J%*J TP
; sl >
Rock Range of P-wave 2 |} ”g’*{'«‘z} Pds, 3 )
: : 2 ) % %
Formation velocity (m/s) = ‘?ﬂ‘:ﬁi; , 5?‘53?“
" 5 A 4
Moenkopi 1 815 * 33 qé ﬁ}:ﬁ’}:ﬁg .2"‘5 ); Q))"I?}‘jij‘ )|
= OSSR & 10 0 { i1 ®
Moenkopi 2 1255 + 106 = ‘( :s“:ﬁq‘-‘fg"fq ‘ “Qi.)‘:d: ¢ é;‘ﬁ;
4 X | 3 o l : ‘11
Moenkopi 3 1570 * 89 * :3\"%‘«"::{ ’: ‘q:gé 5‘1‘:"1
. SR g c J %7y )
Kaibab 1 3705 % 81 - Nl ’]J ‘4‘1 3 | C‘:,_'l;_ fg}

Kaibab 2 2560 £ 210 8



Result: Dispersion curve and S-wave velocity
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Interpretation: Meteor Crater

400 800 1200 _
i S-wave velocity (m/s) Away from the rim
Coconino
sandstone Miseilioii .
at surface Alluvium cover at surface 0€nkopl — Alluvium cover

at surface

Surface Location (Station Number)
1020 1030 1040 1050 1060 1070 1080 1090 1100 1110 1120 1130 1140 1150 1160 1170 1180 1190

= o = = el

EQ2 m
JOL 111

Location (m)

10



Conclusions

e Ground-roll inversion is a simple, robust, noninvasive,

and low-cost method

« 2D S-wave velocity structures can be obtained

* A broad range of S-wave velocities are estimated:

Vs (m/s) Numerical Physical YBRA, MO |La Marque, | Meteor

Model model TX Crater, AZ
Known 500-740 3400 300-900 N/A N/A
Ground-roll |450-800 3200-3500 |300-1000 100-500 200-1000
inversion

- Geological structures are identified based on the estimated

S-wave velocity variations




Application: S-wave Low-velocity Statics
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Application: Density from S-wave velocity

Gardner’s Equation for S-wave: p = 0.37 V%22

Where, p iIn gm/cc and Vg in ft/s

Target units

Bulk density (gm/cc) from drill cores

Ejecta blanket 1.87-2.17
Moenkopi 2.19-2.48

- (Potter and Stewart, 1998)

( Walters, 1966, Watkins et
al., 1966, and Kring, 2007)
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Future work: 3DTomography

« Construction of a picture of the internal values of an
object from sum of those values

* Finding an integrand from various integral values (Stewart, 1991)
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