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Figure 2

The compressional wave velocity for waves traveling in the vertical

direction is plotted against the fraction of material A.- Also shown

is the effect of changing the density ratio between material A and

- material B while holding the velocity ratio between them constant.
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Figure 3

’The compressional wave velocity for waves traveling in the horizontal

direction is plotted against the fraction of material A. Also shown

is the effect of changing the.density ratio between material A and

material B while holding the velocity ratio between them constant.
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rock. an in ortcnt fart ir p'0"rd by fractures rcrpcnfiiculcr to .Kc

waAWé pa5fltV'icPLC1picot,133 b3vx;cccd {Hui N‘IJ "aVC‘EJNJuT \rllocitfi<%€ 5“

to th, troV'rsicg of the slowor Lciiuw. “his is cupccial‘y truc of air

filled fractures causcd by jointirg, clcsiag: or hco inc 113cc so arctic”.

-ne factors w;ich must be considcrcd in such a case er“ the vclocit‘

throujh the fluid: fil in: the voids (5:8 or liquid), the vciocity tnronr‘

the solid rock alone, the acoustic coupl'ng kitvccn the {Enid ani the

rock and the rcomctric structure of the rock.

Y'ncral Corposition

Host cryctcls Show prononnced v lfiCitfi ,nisotroyy ”1icn is

Icprnd:nt on toe axis along woich tie weararcficnto arc TL‘C. One of

the more cov:on minrrrlU '9 (J f" t are the Vrlccii" vericc from
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flflCYpd in tQ;3 inver,irntion. fi*is iostrunrnt, whici is

dcsiwned brim rilv for stsllow scisnic studies, is well suited to this

tyre of investigrtion bee use tne entire unit can be easilv trrnssnortd

by t”0 men. It consists of the follow n”comfonents: Ceismonitcrs

wticn Chan3e the verticr component of earth motion caused by an rxnlo-

sion or o r artificial disturbance into echtrical imrnlses which are

5 unit provides ap
.

transmitted by xepns of a cable to a test unit.

apid means for checking continuity in the vsrious connections and

mignnal leelzafe caused by t e groundin; of non-insilated connections

This unit also provides a means of eliminating through a QC be 1nee

ny steady state signals inO‘oucer 1nnto the geoplones or cabl<s by High(
‘
0

tension ;OWcr transnission lines. The si*nal proceeds from *he tcst

unit to an ampliffing unit where it i made stronn enough to causeI
n

galvcnonet r deflection. Tiny mirrors are attached to th0 meter novrrrnt

in suci a May that li:nt ravs are retlected from the mirrors onto r;oto-

graphic paper. At the same time a tiring motor with an atached inter—

rupted di1sc pas ing an independent ligh+ source is also cousin: lfrnt

rays every one bundretn of a second to be rnotocrapned on the sane

paper. ‘be ennd resilt is a pr—mri nent Continous record of crlvcn'etnr

deflections spaced by timing line..

The time break or snot instant “p ea.rs on the number six trace, in

a make and break form, that is, there 's a mlf ccle kick \.'hen the

current is app ied to the line or can by tne switch and one of orposita

l8



polarity when Jle on p ruptures. The initiation of the second break

1e seismic wave orisinates and is therefore used

for time calculations when dynanite was sad. uhcn the enerrv source

was not dy;%m1tc, the times were measured with reference to a given

timing line as described under the section on errors. “so tyéioal

records are snown in Figure 11 FE? 9l.

Errors Associs ted with Instrumentation

A a . 0 I 1 a I

a micrometer HlCTOSCIPP was uses in msP1r15 all moas1rcments

(measuring distances to the enclosing timing lines and trace break)

on the records. The horizontal scale on the microscope is divided

into 0.04 inch divisions. This 0.04 inches is broken down into one

hundred divisions on the associa d drum, nr11n" toossible the reading

of distances on the records to 0.0004 inches. Cince the time interval

measured (0.01 second) covered, on the average, 0.14 inches a reading

of a given point on the record could be made to 0.000029 seconds

(0.14:0.01::0.COC4:X). In each detwmination it was necessary to

measure the distance between the two timing lines and the instant of

arrival of energy, as shown in Figure A. nape 21 .
a 'L.

The condition for maximum error in making a pick would be obtained

if all three readints (the two timing linsand the trace break) were

additive in the same direction, and would therefore be 0.00009 seconds.

In many instances the+race brcak was not sharp enough to male 8 gizk

to the above soiuracy (Figure 4 trace 5 ), but from re, sated readings

of a large number of records it was concluded that the total error in

picking the instant of arrival and measuring thethree necessary intrr—

Vals on any one trace did not exceed 0.0002 seconds.
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For any one record all piers were mrasured relative to some

timing line. A minimum time of 0.01 seconds before the first break

}
.was 81hW3;'s c:oer.n for the refchnce timing line. This nrecautione

measure insured an error les tlan O. 02. That is, th. minimum time

measured on any one record was at lCest 0.01 eeconde, so since the

time could be mcesw.(d by use ofdie ricroccopc of O. OOC2 seco.63 the

k
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The problem of dtraining ssits ric v‘locitv v rietions with

respect to structural orientation cictated tnst v:riou. “(epicse legh

outs be uses. for any one structural orientatitn a l "trCOnrs were

placed in s curaifnc line at a constant spceecl int;rvcl. moucvIr, this

:1 stacl tape was varied to suit

the ccniitions of the individual areas statics, the shot or enerev
L. (1

source was initiat d and the reormil devrl pod. In areas where out:rops

wgre invcstifi'tcd tn: encrev source was slefige hem er blows wit
\4'!

foot of the first geonhone. For areas where the refractiné horizon was

buried, the princirle of recM5}mity of ti.xe was applieC. That is,

the time reruired for a weve to trrvel a given path in one direction

would euual the tiie revuired for the wave to travel tie S'Tc lath in

the opnosite cirection. In order to apply this prinoi1e tte flvnanie

was burieo at the end of the normal len:tn of s road aftr the first

.L

geopbone had been moved in half the distance t the second geophone.

1

After the record was taken tne same proceflure was aniliec to the oppo—

site end of the s; end.
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The plot of time vs. distance provided a rapid and convenient

g

method of analyzing the seismograpn records. The slepe of all time-

distance lines was obtained by the method of least squares.

For records taken on outcrops the velocity is the reciprocal of

the slope of the line passing through the origin. For records taken

over buried formations, the reciprocal of tie slope of the line through

the origin gave the velocity of the first horizon. V3 and the recipro-

al of the slope of the second line gave the velocity of the second

horizon 90 . Where th‘ slope of the second line was not the same

when shooting from opposite ends of the geophone spread (Tigure 12

graph #1. page :fil), the true velocity of the underlying formation

was obtained from the following formulas which are derived in any tasio

geophysics book such as Dobrin, (1952).

ll: :K/ym L's

£1 :73. K I..." KMJ -5;n'/% m)

‘zmdis the slore of the down d’p seement

ififiais the slope of the up dip segment

These various factors are SJOWD in Figure .2 page lui.

In many instances several duplicate records were made. In each

CC. U
) e a least sruarcs curve was determined and the values averaged to

enable the presentation of one curve for Eflch locality and shooting

orientation. The tabulated results of calculations can be found in

Table 1 page 26. Time distance curves are presented in the back.
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Refraction along an interface dipping at an angle at. . Respective shots,

are at up'din and downdip ends of profile. ,
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A total of seven di ffIerent localitie comprising eight different

lithologies were studied. All out crors IJCTG laneller either in the

form of handing, fracturing, bedding or mineral orientroion. They

were snecificallv chosen for these prorerties. Once it had been esfiab-

lishcd that velocity anisotrogy of outcrops was determinable by field

investigations, the study was extended to areas covered by flaci'l

from fifteen to fifty—fivve feet in depth. Areas of good

drill—hole coverage were chosen for these studi (
I
)

F
)
.

nee it was neces ary

to have a check on the results. ..e tabulated results of these studies‘4

Area A

The outcrop is com osed of two different formations; the Goodrich

Quartzite and theieCaunee Iron Formation, and is located in the 931,

sec 16, $463, RQQW, RarCuette Count",, near the town of Reuuhlic. ”he

iron formation grades from vertiéally dinning alternating bands of

specular hematite—magnetite and recrystalized chert with minor amounts

of epidote, chlorite, mag etite and silicates into a silicate iron

formation comnosed of vertically dipping alternating haids of grunerite

and recrystalizec chert with minor amounts of magnetite, chlorine,

cumminjtonite and epidotr. fivpical banding throughout the entire

outcrop is shown in Figure 6: page $F7. The chart bands generally rance

from one-tenth of one—ruarter of an inch wh'le those of the iron oxide

exhibit considerable variation (micron size to two iiches).

25
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Two lines were run rercllel to tz‘e Landine, one in the snecular

$

hematite-mafnetite and one in tne silicate iron formation. these gave

velocities of 13,673 fps and 17,970 fps respectively. An orientation

perpendicular to the banding which extended across the entire iron

formation was then run with a velocity of 13,200 fps in the silicet(
T
)

iron formation and a velocity f 9,000 fps in the 11 ite—chnetite.

J. r‘;

The time distance curves for tzle area are shown in :igure /

page ILL. Two or tore were ta :n for each orintatifn. Cecphone

"- ‘1..¢.,° ,. ~-

snaCin s of ten ano tdwniy-five feet save Similar velocc1ticc.

A vertically tanoei "arnl tifeProms biotite amyhibclite schist

affroximately srventy feet long and fortv feot w'ide is located in the

SEQ, sec 1, TACK, R3C‘N, Karructte County. This hirhly contorted scnist

whose stratierF‘ic nosition is eitlcr Ufier Goodrich, Pichigacme, or

Greenwood (Villar, unpublished), gave no distinct Vrlocity anisotro V.

ten foot spaced seventy foot long Stread parallel to the senistosity

resulted in a velocity of 7,330 fps, while a ten foot spaced forty foot

long syread perycndicular to the schistosi'y produced a velocity of

6,900 fgs. Dayli ate records wire taken in both direc ions. The time

distance grab s for this area are snown in Fifnrc :: pare Li;.

f
‘
J

-nis area is locctcc it [@033' longitude and 87923' latitude,

barfluette County, and is locally known as Li~htn01k"e loint. An

arrOYinatrlr v:rticclly dipping section of the lone schist was studiefl.

{We Pena schist at this location is a lasic, well banded, crecnstane

\ ‘ 0 — 'r~ ( "l. O m ‘ _ V . O J _‘ "I _: Y‘ _. ) {‘2

J0 mineral assembla e is costly epicotu, c “lor.t:, hornlleni,
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plavioclssc and Luarts (Van wise, 1911). Geopnone orien‘a‘L1on parallel

to the bentin gutilizing a ten foot spacing with a spread length of

fifty feet :roduced a velocitv of 6,7l f3s, while an orientation

length of twenty-five feet produced a velocity of 3,716 fns. The time

distance c;.wrv;s are shown in Figure 9 ingxz 3b.

Pres ue Isle is located north of the City of Narquete at 4<O3E'

longitude and 8723' latitude. A large flat oztcrop of peri<Woi t.e

altered to serpentinitc lineated by weetherinr characterictic as shown

in Flé:ure (3 is exposed at the north—east side of the isle. A geopnone

orientation parallel to the lane ler orientation witn ttn foot snacings

and s,recad length of eighty feet produced a vrlociV of 13,C0 fns,

wriile a similar pczgrn31i01ler orientation produces a velocity of 9,C©0

fss. The time distwce gra,be are shown on page ~f7, Figure 10 .

Extensive outcrops of granite gneiss are expoosed along the ro.ad

in the st, sec 10, T413, H303, sendville uacrannsle i01i33n-Wisconsin.

.ne gneissic banding is ess entiallv vertical, and a sixty foot snread

length with a ten foot sching parallel to tnMk n ng Produced 0
.
)

Velocity of 10,204 fps,wmile a fiftv foot spread with s ten foot

spacing normsl to the banding produced a velocity of C,:00 fps. The

time distance grsrhs are shown in1 iglre ll.nage 33 .

F
r
]

Area

The area is located in tne fli- of NF; sec 8, [173, R263, Frrquette



Courty. Rap .1 gives a plan View of the location of the two geophone

orientations, and map .2 is a vertical cross section of the area.

The drill—hole information rtwvml fifty—five feet of glacial till

overlying horizontal beds of the Lesainee, Iron Formation. The geopnones

were U
)

paced at twenty-five foot intervals with a total sprm llength of

two hundred and fifty feet in both directions. 3ime distance sranhs

f‘\

[1.168. .1

F1 : ' ML”. ' -1. n 1+ 4. r- ,1 1 v
-1s arra 1s 103do’m six tanzzew fezt north 01 aru F as scown{

‘
0

on map ;l. as combination 01 test nit information and time distance

curves on page 43 reveals vo-vc fcet of _mcial till directlv over-

.iamo slave whicn is dinpiiq r‘outirrd at 40 . Three different

geophone orientation were used in an attempt to detect the velocity

change with lamellar orientation. The orientations are shown on Lap Kl

with the first orientation parallel to the strike, the second rotated

clockwise thro.gh 450 and the third orientation perpenndieular to the

trike. The time distance graphs on pass 40 Figure 13 produce velocities

of 10,023 fps, 8,473 fps and 7,056 fps for the respective orientations.

A literature search revealed that velocity anisotropy with respect

to structure orientation has been observed bV other aughors Some of

.ies are presented telow.

vfiite 8: Songhush, (1954) while working wi th snale and loose sand

observed thet for shale the horizontal connressional velocities ortained

<were 9,000 fps, the erticzl corrros ,ional velocities were 6,c0 1gs,
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and in loose sand both vertical and horizontal comyressional velocit

were the same.

lugfies and Cross, (1951) conducting laboratory expwrimcnts with

argiliaceoas lixcstoncs from well corfis, in which "the cores were cut

one peryendicular and one parallel to the Ledfing from very Closely

neightring yositions. The data shows a fie?inite :nisotrory, with the

higher velocity parellcl to the bediing." Perpendicular to the tedding

L

1 o 0 j _ o (1 r~< o .

tne ve1001t1es at 27 C anfl 50 bars pressure 18 l;,/33 fns locreselng to

I \
J

2 ,252 fps at 5,000 bars pressure. For the srme concitions, the

velocity parallel to the bed ing starts at 19,776 fps and increases to

20, 892 fpSo
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The results of the field survey provide conclusive evidence that

various forms of lineation cause v“loi3 anisotropv. The bandiny in

area A of leratite—nghetite and recrystalized chart along with the

banding of grunerite and recrvstalized chart yroduée a distinct velocity

anisotronv. The schistosity of the greenstone

and the slaty cleavage of the buried Siamo slate of area G where the

elocity ratio betJecn the orientation at 450 and 909 and the parallel

orientation was 7?f and 65% respectively, give anisotropic velocity

remiings. The gnecissic texture of the granite gnciss in area D and the

fracturing of the serpentinite in area D with the resultant weathering

.aracteristics produce velocity annisootro.g. For area B whwre the

schist was highly contorted and no gross lamellar orientation observable,

velo citgr anirotroyy'was lacking. The absence of a break in the time

distance curves for area F where the FT:raunee Iron Formation is OVFTlein

by fifty—five feet of glacial till mav indicate the encrgv was not

being refracteduucward or that the formations had similar acoustical

properties.

All of the above information gathered from the use of shallow

seismic refraction ctuinnent shows that this method can be used to

detect velocity anisotropy which in turn may be used for delineating

orientation of buried structure.
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