Cf(, OOI#0O

UsGs .
.78-1104»

UNITED STATES DEPARTMEWT OF THE INTERIOR

GECLOGICAL SURVEY

Geophysical investigations in southeasterun Utah
. by

Vincent J. Flanigan

URIVERSITY OF UTAN

RESEARCH tasTITUTE

EARTH SCIENGE LAD

Open-File Report 78-~1104

1978

This report is preliminary and has not been
. edited or reviewed for conformity with U.S.
Geological' Survey standards

Nl



\

TABLE OF CONTENTS Page
ICtroduction ceveererereorrocasncronnnnoaans T 1
Electromagnetic MEASULemEeNES + it ettraentoseanoastososassasansosanssoesonsesonns 1
‘Data presentaﬁion .............................................................. 7
COnNCLlUSIONS ettt tevetarereonnrnassansoenans ittt S, 21
Selected‘references.........;............................., .................... 22
Appendixk.....evienn e esecan ittt e ettt 23
Figures
Figure 1. 1Index map showing location Qf the Deer Flats, Utah, survey area...... 2
2. Geo-electric logs and models from the Deer Flats survey area.cceeeece. 6
3. VLF map of Deer Flats showing values of the dip angle. :eeceveerannnn 8
4. VLF mapAof Deer Flats showing values of the quadrature. ............. 9
5. VLF map of Deer Flats showing values of apparent resistivity. ....... 10

6. VLF map of Deer Flats showing values of phase angle of surface
IMpPEdanCe. et essarerreseototaotsanasseanacaaaeaeanssacneossartosenaseonans 11
7. Slingram map of Deer Flats showing the real compomnent at 444 Hz,
8. Slingram map of Deer Flats showing the imaginary component at 444
HZ. covvececennn Ceveeaas ...... I e Ceereieieaeneas . 13
9. Sliﬁgram map of Deer Flats showing the real comp§nent at 1777 Hz,.... 14
10. Slingram ﬁap of Deer Flats showing the ﬁmaginéry component at 1777
CHZ.  eveeeenenn e, e e, .. 15
11.  Turam map of Deer Flats showing the amplitude ratio at 800 Hz........ 17

12. Turam map of Deer Flats showing the phase difference at 300 Hz. ..... 18



Introduction

This report presents data collected from a geophysical survey by the
U.S. Geological Survgy in the Deer Flats area in.'squtheastern. Utah. The
Survey area is located about 6 km north of HNatural Bridges National Monument
(fig. 1). Uranium depcsits .in the Deer Flats area are found in buried
channels.cut into ;he Moenkopi Formation (Lower and 1f{iddle (?) Triassic) and
filled with sedimentary rocks of the Shinarump ilember of the Chinle Formation
(Upper Triassic). Exploration for uranium in this area consists of locating
buried channels (usually by dfilling) and drilling»within their limits to
détect possible ore bodies. In the early 1950°s the U.S. Geological Survey
demonstrated the usefulness of employing geophysical methods in exploration
for burisd chanmels iz sadimentary envirsn;ents (ﬁlack and othars, 198€2).
During the past 25 or so years, since these earlier efforts; significant
advances have been made in equipment design and construction, making it
possibtle to measure physical properties in the field with a greater variety of
techniques than before. In addition, interpretive methods have been greatly
aided by the advent of digital computeis which were not available to the
earlier workers. Data preseanted in this report were taken with the present
day state-of-the-art equipment and compiled using digital methods with the aid
of a computer. It 1is the purposé of thié report to present the field data and
maps showing the results df the electrical measurements with a minimum of

interpfetation.

Electromagnetic measurements

. The threé electromagnetic (EM) wethods used in the ﬁeer Flats test area

were very low frequency (VLF), slingram, and turam. Detailed descriptions of
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these methods are given by Telford (1976).

The VLF method measures components of the magnetic and electric fields
associated with a transmitted radio wave originating from one of the powerful
military VLF transmitters lccated in the western hemisphere. The transmitter
used in this survey 1is lécated north of Seattle, Washington, and operates at a
frequency of 18.6 [lz. The four‘components neasured are the inclination or
dié, ellipticity or quadrature {quad), apparent resistivity, and phase angle
of the surface impedance. .The VLF dip and quad are a measure of the VLF
polarization ellipse in the vicinity of the ﬁeasuiement. The inclination and
eccentricity reflect the relative field strength and phase of the primary and
sécondary'magngtic fields at the ;rahsmitted frequency (Patterson and Ronka,
1971). The apparent resistivity of the earth beneath the measurement point is
determined by measuring the relative field strength of the vertical magnetic
and horizontal electric fields at the transmitted frequency. The phase of the
surface impedance is useful in determining the relative resistivity of rock in
a layered sequence, If the conductivity (inverse of resistivity) of the
surface layer of the earth is higher than that of the underlying layer, the
phase is generally somewhat less than 45 degrees. If the reverse is true, the
phase 1s greater than 45 degrees. A1l of these parameters except the
inclination are sensitive to changes of conductivity of the earth both
laterally and vertically within the area of influence or roughly a skin depth.
The skin depth is a function of the resistivity of fhe earth ( a) and the
frequency (F) of the transmitted signal, and is expressed as: SD (meters) =
503.29 ()1/2,

F
The slingram method, described in detail by Frischknecht (1967) and by

Telford and others (1976) 1is a moving transmitter and receiver method.



Electromagnetic. fields are induced im the earth by a transmitting coil.
Components .of the secondary field are méasured by‘a receiving coil. The depth
of exploration is a fimction of the resistivity of the upper layers of the
earth, the coil separatiom, and the transmitting frequency. In the equipment
employed, five frequencies from 222 to 3555 Hz and coil separations from 30.5
to 243 m are available for use. In thislsurvey, measurements wvere taken at
all five frequencies at a coil separation of 243 n. These data can be used to
determine the resistivities of a layered earth by use of inversion programs
producing geocelectric cross sections which can be related to the geologic
cross section.

The turam methed is a fixed-source Ei method. ' The source used in this
survey was - a 1220-m~long wire grounded at both ends and energiéed by a
transmitter zt three frequencies (200,400,800 Hz). Two receiving «oils at
30.5-n coil separation were used to measure the horizoatal gradient and
relati§e phaée of the magnetic fields. Profiles. were made normal to the
transmitting wire; thus, the coils measure an amplitude'ratio,of the field at
varying distances frqm tﬁe transmitter, The field data were normalized to the

theoretical amplitude ratio, computed using a neafby resistivity well log for

control (table 1l).

Table 1. Near Here

Therefore, thejamplitudevratios-shown on the turam map reflect changes in the
measured section that are different from the model assumed from the well log.
The resistivity well log and model used to compute the normal amplitude are

shown on figure 2, Included on figure .2 are data from a dc-electrical



discahce from transmitter (m)- T anplitude ratio
45.7 o .49
76.2 | .65
106.7 L2
137.2 .76
167.6 ‘ .79
198.1 .81
228.6 ' .82
259.1 : .83
289.6 o .84
©320.0 o o ' .8435
350.5 : ' | .8481
381.0 - | .8516
411.5 » | .8541
442.0 - .8572
472.0 | | .8595
502.9 | .8613
533.4 | .8631
563.9 o | .8645

Table 1 'Theoretical amplitude ratios used to normalize the turam data.

-
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.sounding in thé vicinity of . the. drill hole, along with an interpreted
geoelectric section.

lleasurements wére nade along east-west lines ét 30.5- and 6l-m
intervals. Profile lines were spaced about 122 m apart. In the northwestern
sector of the survey area, it was not possible fo make measurements beyoud the
edge of the mesa. The mineralized zone does extend~iﬁto this area below the
edge of the,riﬁ rocks,

Data Presentation

The VLF data are presented as component contour maps (figs. 3-6) and as
tables of field aata (appendix, p. 23-25). The data show a variation of
conductivity in the first 30 to 40 m (skin depth) of thevearth’s surface,
Near-surface rocks are more resistive .than the underlying laver (phase of the
surface impedance is generally greater than 45 degrees). The most resistive
rocks in ;he survey area are generally outlined by the.IZO ohm=-meter contour
line in the center of the survey area (fig. 5). While the trend of
mineralization in the survey area is showm on all the geophysical maps, it is
not inferred that the VLF data reflect changes of physical properties
associated wi;h the buried chanmel which is at a depth of about 70 m. The VLF
data provide a usefuf indication of lateral as well as vertical variation of
conductivity in shallow rocks near the measurement point. This type of
information is necessary to ascertain tﬁé degree of departure from a truly
layered earth model-a55umed‘in modellingz loop-loop data and to determine the
near-surface effécts on deeper peﬁetration.EH methods.

Two of the five frequencies of slingram data are shown on figures 7-10.
The complete data 'Se;- is shown in the appendix (p. 26, 27). The data

variations reflect the more resistive near-surface rocks seen in the VLF data.
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While the coil separation ‘was such as to be responding to changes of
conductivity to a maximum depth of 120 m, without more 1interpretation it is
impossible to determine whether or not the slingram data show trends that may
be related ¢to the buried channels. Preliminary model studies, using
resistivity data from the drill hole penetrating the mineralized zone and from
one that did not penetrate the mineralization for control, showed only a few
percent difference in sliagram readiagzs over the two areas. The difference in
slingram response in the model' studies was attributed to a thin resistive
layer overlying the nmineralization. This re;istive unit is not present in
areas that are not mineralized. Inasmuch as the variations observed in the
field are an order of magnitude higher than expected, the lateral variation of
electrical resistivity in the near-surface rocks 1is assumed to be masking any
expression that might be associated with the buried channels. Hence, the
slingram contour maps probably cannot be interpreted Aas directly showing
trénds of the buried channels.

Turam measurements for ome frequency (800 Hz) of the three measured in
the field are shown as contour maps (figs. 11~12). The complete data set is
shown in the appendix (p. 28,29). The turam data, like the VLF and slingram
data, show considerable wvariation in measured values in the survey area. As
mentioned earlier, the amplitude ratios measured in the field were normalizgd
to amplitude ratios computed using a layered-earth model based on a
resistivity well 1log. Thus, the values shown on the ratio map (fig. 1l1)
indicate a Eertain degree of departure froé'the assuned model. Values of 1.0
outline areas where field data are ‘iﬁ close agreement with ' the model
parameters. 1Va1ues above and below 1.0 indicate areas where the field

electrical properties are somewhat different from the assumed layered-carth
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model. Here, as with the VLF and slingram techniques, it is not known to what
extent the departure from the assumed model is due to changes in the
electrical properties of the near-surface rock or to decper electrical changes
associated with the buried channels. There is some indication that the treund
of the ﬁineralization follows ratio trends below 1.0, suggesting that the
buried channels might extend to the'south;ast about 150 m and then turm to the
south at about 2200 on the x grid coordinate. Just how valid this assuaption
is would have to be tested ia the field by drilling. The turam phase uap
(fig. 12) showé the phase difference between the two detectors as measurements
are made along the profile. The theoretical phase differences were not
~subtracted from the field data. Phase, as well as the amplitude measurements,
is censitive ta the degree of conductivity of the rocks over which the
measurenents are being made. | Conductive rocks are. characterized by high
inductance, and the phase lag between the induced voltage in the conductive
zones and the secondary current 1is generally large, thus shifting the
secondary field more out-of-phase with respect to the prim;ry field. In a
perfect conductor the secondary field is shifted a total of 180° from the
primary field.- The result is a strong in-phase or amplitude response, which
may aid or oppose the primary field, depending on geometry and zero quadrature
component oOr pﬁase shift. .Poorly' conducting rocks are resistive, and the
phase lag between the induced voltage and secondary current is small, so the
secondary field approaches 90% out of phase with resPeét to the primary field.
For turam, the largest phase shifts are encountered in rocks low enough in
resistivity to allow large secondary currents to flow but not low enough to
shift the phase close to 180°., Thus, the phase~difference map is indicating

relative degrees of conductivity of the rocks over which the measurements are

19



being made.



Conclusions -

The three Ef methods used in this survey indicate variations in respouse
associated with the uear-surface resistivity of the earth. While in a ncrmal
exploration program perhaps ocaly one of the methods might be employed, thg
results can be compared and the method selected vwhich is expected to yield the
greatest amount of useful information. The sélection of an optimunm EHI method
nust of necessity be geared to the geologic enviromment and the purpose and
type of data interpretation to be used.: The data presented in this report
nhave not bDeen subjected to unumerical methods of 1interpretation, which can

extract additional useful information.
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. VLF DATA DEEF FLATS, UTAH
Sta. Line x position v position Dip ttuad kesistivity Phase
52 5 3094,06 2408 ,04 5.00 0.00 70.00 60.00
53 5 3193%.71 259% .69 /.00 0.00 70,00 6000
54 | 545,00 185%.00 =-11.00° -3.00 100.00 60,00
55 i 644,19 161,42 5,00 =-2.00 30.00 XV IREIRY)
56 )| 744,59 1867 .83 -5,00 -2.00 SV.00 S53.00
57 1 paia, 58 1874,25 -5,00 D.00 Ju.00 58,00
S 1 944,18 108y, 066 1.00 3,00 0.0 b4.00
59 1 1043.97 167,08 C2.00 V.00 70.u0 63,00
6V 1 11045.76 1895%,09 45,00 1.00 80.00 65,00
61 i 1243,56 1899 ,.91 -7.00 =-5.00 85.00 62.00
6 | 1344,94 1905.58 -2,00 4,00 120,00 57.00
63 1 14844 ,¢67 190/.11 -4,00 t.ub BOL0O 58,00
64 1 “lha4d, 81 1910,67 ~7 .00 -, UN 90,00 S4.00
65 1 1odd,.75% 1914,23 =i ,00 “5.00 75.00 50,00
66 1 17dd.68 1917.7% -4,00 ~4,00 120.00 52.00
67 1 1804,62 1921, 34 -5.00 -2.00 160.00 49,00
58 i 1944,.%6 1924 ,90 -4,00 .00 70.00 52.00
649 | 20Ny, a9 1928,45 =5.00 0,00 80.00 54,00
7¢ i 2144,43 1732.01 J.U0 ~1.00 50,00 48,00
71 i 2eid 37 1935,56 5.00 V.00 A1.00 51.00
72 1 25%4,30 1939.1°2 -2.00 0.00 180,00 54,00
73 1 2444,24 1942.68 1.00 .00 120.00 S6.00
74 1 2544.18  1986.23 ~1.00 2,00 55.00 62.00
75 1 2644,11 1949,79 0.00 =-1,00 B0.00 S56.00
76 2 130400 191%5,00 - -«5.00 4.00 60.00 56,00
717 l 328,64 1536.25 -5,00 -2.00 70.00 64,00
78 2 527.29 1561.51 -7.00 =-3.,00 65.00 74,00
79 2 725.93 1584,.76 =-4,00 ~2.00 S0.00 7¢.90
8V 2 924,57 1608,01 -3,00 -5.00 75.00 70,00
81 2 1123.22 1631.26 =10.00 -5.00 120.00 52.00
82 2 1321.486 1654,52 =-5.00 ~-2.00 80.00 54,00
83 2 152v.50 . 1677.,177 0.00 0.00 15,00 64,00
84 P4 1719,15 1701,02 -1,00 -2.00 120.00 52.00
. 85 2 1917.79 1724.27 3,00 4,00 130,00 19,00
86 2. 2i16.44 1747.,53 2.00 3.00 110,00 S4,00
87 2 231%.08 1770.78 V.00 2.00 20.00 72.00
886 2 2513.72 1794,03 -7.00 =5,00 120,00 55,00
89 2 elie. 51 1817.28 -5.00 -2.00 100,00 S4d.00
9V 2 2911.01 1840.,54 1.00 2,00 80,00 50.00
91 2 3109.66 1865,79 5.00 .00 170.00 54,00
92 9 460,00 1260,00 ~2,00 0,00 80,00 46,00
93 9 659.29 1276.86 -3,00 1.00 75.00 50.00
9y 9 858.58 129%,73 1.00 -1.00 60,00 - 83,00
95 9 - 10657.86 . 1310.59 0,00 4,00 55.00 60.00
9% 9 1257.15 1327.,45 4,00 -4,00 75.00 57.00
<7 9 14Se.44 1344, =3,00 =-3.00 60,00 59,00
98 9 . 1655.73 1361.168 .00 0.00 150,00 S3.00
99 9 1855,01 1376,04 =1.,00 =-2.00 120.00 55.00
100 9 2094, 350. 1594,90 =-4,00 ~2.00 170.00 . 52.00
101 9 2253.59- 141,77 =-5.,00 0.00 120.00 Sd,00
102 9 - 2uas2.868 142b,63 -5,00 V.00 100,00 56.00
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_ VLF DATA VETLKR FLATS, UTaH
~ $ta,., Line x position y position Dip
103 9. . 26%2.17 1445,49 3,00
{04 9 2851 .49 1462, 55 71,00
109 9 305v,.74 tu79,22 6,00
106 3 460,00 680,00 -2.00
107 3 657.74 109,97 Q.00
108 3 855,48 139,95 =5.00
109 3 105%.22 169,92 Vo0
110 3 125,496 799,49 ~3%.00
111 3 t4a8,71 ve9.,87 -5.00
112 3 16do U5 459,484 “4,00
115 3 15448 ,19 BoY.is1 -1.00
114 3 2vdt .93 Q19,79 . 1.00
115 3 2239 .07 qu9,76 0.u0
116 3 2437 .01 979,73 11,00
117 3 2635.15 100v.71 5,00
116 3 2032.89 1039,68 11.900
119 4 910,00 «30.00 2.00
129 q 1093.41 49,75 4.00
121 4 1276,485% 129,49 0,00
122 4 {460,224 209.c4 =2.00
123 4 163,66 2RY 98 2.00
124 4 1627.07 568,73 4,060
125 u 2010.48 448,47 0,00
126 4 2193,.90 528,22 7.00
127 4 377451 607.96 SeU0
iea q 256u.73 0A7.71 0.00
129 4 2744,14 767 .45 3,00

wuad

4,00
2.00
0.00
2.00
1.00
2,50
~1.,00
2.00
DL,u0
0,00
5.00
e .ul
=2.00
BoUD
0. UN
2 00
4,00
3,00

V.00

-2.00

1,00

4,00
3.00
1.00
0.00
=2.00
-3.00

Hesistivity

140,00
70.00
120.00
40.00
35.00
504,00
70.00
90.00
BU.00
75,00
55.00
65.00
50,00
100,00
125,00
10,00
Sv.00
120.00
45,00
30.00
25.090
40.00
70.00
30.00
100.00
80.00

Phase

54.00
58.00
6U.00
66.00
64,00
62,00
70.U0.
58.00
52.00
58,00
6U,.900
58.00
60,00
53.00
bu.0
BO.00
70.00
54,00
$0.00
Bd 00
85.00
82.00
57.00
72.00
48.00
60.00
62.00
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112,44
13u,.88
112,41
110,¢H
LIy, .¢2n
l‘l).jl
1249.¢6
110,38
RS X
125,48
171,41
12t

2.0
17v.c2
119,05
l‘b.)l
119,88
120,34
121,306
132v. 82
110,47
Plo un
115,58
111,491
tlo. 51
Y]
121.383
125,40
J2a. 1R
12147
122.49
1, cd
12U YA
120,02
123,14
th>s. 80
(RN T4
121117
1lo.ch
122.¢3
slo. s
121455
1. s?
12v. 54
120,33
125.00
122.¢3
11y.¢5
12¢.¢3%
L)
171,43
1tH.43
125,06
\?n.'q
124,40
(A
172b,08
{2018
120.¢9

=1.54
-1.0%
“14,5S
~b./lS
“Sebit
9.8
—_s‘l't)
-Z.n7
-0.%h
-1.u%

Loy}
-l.n0
-0 03
-0.0h0
-h, 1A
~l.uh
~2.490
.8
-.03
-2
.64
=1.90
-2./b
-%.02
=214
-3 ot
~l.u0
4,93
-3.94
=/.b0
12.069
B0
12.94
-7.91
-4.('5
12,06
1/7.43%
=1.m
-~y .00
-3,
2. N7
~u,03
v.o?
~1.9%
=2.92
~3.496
~2.417
-v. /R
5.4

V.uA
-1.60
-3.17
~-9.In
~H./4
-f.0l
~3.44
=5.uS
=1.12
-v.15

113,99
111,74
104,02
117,49
12u 40
117,51
[2u,uH
125,40
125. 51
i120,¢7
1786, 54
1e1.27
l?}.fﬁ
120,00
120,35
[TPRS. |
1ta. 06l
125,40
124,351
121,57
121,54
1%v.11
Hiv,oR
tlu.57
120,08
12u .46
120,17
129,29
125,20
125,06
170,52
10,09
tre.et
12u.dd
120,07
v, %4
1ho, 0l
1to.02
l”h.lﬁ
185,510
125 a0
jPu.hH
136,140
§122.50
jt3.on
jén.ob
125,80
12U, af
125.75
125,38
125,34
171,37
184,04
110,27
11y, 51
129,04
Pl .42
131,01
157,05

~Xf.nn
-P9.9?
~ty.14
-°9.13
-21.50
-ru. b7
“45,917
-fc.0?
-?3.07
LR R L]
~to,un
'\U.l"
-1,
-?27.50
-29,¢21
“r0. 35
«2%.2%
LA v
“1/.03
=21.ul
-20,09
-21.0%9
=-2u.57
-20, 89
24,48
-23.49
-Rd.IS
~24.97
-2 .34
-21.58
-3y.16
=3iu.n1
-Xn,uh
-4, 0
~59,0R
-33,u7
-8a4,42
-3y, ub
=3u,45
=22.n1
22,02
“22.93
2,490
~2ud,bA
=21.5n
-2 .00
“20, 4R
-2%, 49
24,07
-21.12
~2u.7b
-2%.41
=350
-3a,07
-32.0%
30,40
~20, I8
=to,ub

24,92

7b.09
T71.61
Tn.02
hy 42
8o, 848
[Ty |
Uy /b
9u.061
103,33

109, 99 -

10,12
LY Y}
Q0.91
Ha i}l
Ny, 53
Qu.vl
Yu.0?
102,40
{bo. ¢t
105,33
101,060
Qy 0l
102.5%
e, 217
Yy, LA
0.4
101,31
Q7,08
Qy,i
Hy g4
Re LS
71,52
75.91
71,15
Tae,. b6
Tu.v2
[N TR
T5.14
Ti.52

10y, 43
.76

100,40
105,10
99,53
a6
Qu.0l?
9).03
Q3,10
Yu.5%9
an .96

101,56
Ko, 99
LYTI IR
Ty.a)
Ag 42
Ky 49

107 .04
1.0
100.59

-60,15
~Sh.26
=55.47
=5%.03%
~54.u2
-55.88
'ﬁl.ﬂﬂ
-4y, 49
~7.1n
-h3,27
=03, ¢2
-hy, 28
~-S6./b6
~Hu. LR
“S0.0L0
44,93
=hae.en
-Hf,13
~i5,u8
03,14
-3, 04
-ty 05
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~h49,23
548,93
~h i vl
-53. 41
~51.134
-53.1°
ebh s un
=h9.HH
-H6.21
-Su,20
~hu,12
~hec.ul
“t) 02
-57.99
~5S3.14
“S6.10
=570 55
~51.387
-52.5%
-51.94
~0nn9
=5).34
-So.ub
=-65.17
~S54.%7
=hh.u4
““1.80
=51.44
-S4 .49
~Hn .01
~bu.l12
-hy.28
459,49
“hu 96

=hlllo
-6V.99 |

29.¢25
32.00
3n.03
39.47
31,30
4y,.08
S0t
6).581
Hh . ul
Ts.s2
LYUTY ]
LU
Q.67
Se.17
a),.ul
44,16
S1.9%
65.uv8
G20
bo,ull
to.l5
b, dlh
64.19
al.l
5¢.¢R
D,
53.91
Yv.aub
g, b9
a4, 0l
lv.03
2Nl
12.95
$q.¢3
2/.n4
2.1
2¢ .49
AL
RN Y4
Soaul
.9
Su.t?
571,59
Se.17
hYi.4H
Ay .41
Iy, 19
ay, 43
Ho, L9
Su.92
Ke.06
32.39
25.ul
22, u2
3p.b9
ag,on
w2, ¢3
Hy, sl
H4o,5%6

S b0
-S4.78
-52.39
89,07
=HT.43
“Sn,. 36
“bu.00
~6l.1%
“h) .43
~hi.s7
~S9.14
“hy.aul
“hid. 47
~50.74
-“S8.10
~Sn0,32
~h2..uS
~t8.11
~h9 .41
=S998
~it].56
~HY%.d1]
=S9.n1
LA |
-So.v)
~tl.09
~hu. 71
“tl.ult
-S0.47
=-5%,00
~S¢. 39
=Lt 29
-ty .h3
-, ]
-4, 1R
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-435.10
“h3.0S
~ita g9
-6 .51
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-hd.03
-4H8. 15
=h4,.79
b, 09
-4, 48
~h2.99
-hS.02
b4 ,24
-bho. 2}
~hy,0AR
6554
~59,19
~4%7.49
=S99 u9
~Tu.22
“Tl.ub
-75.13

14,28
fo.09
25.00
8,145

.56
14,89
ad.Ht
3a.548
14,50
ald. 47
3L.421
15,47
19,045
21.52
11,96
lo,02
1b,9Y
20,V0
Su,le
Ju.Hl
2 YR
21,08
2f.09
2t 57
V.03
Su.5l
2.9
en.He
fu. 13
31.14
1.1
tv,ul
e3.ht

?/.uﬂ-

11.29
21,04
veh?
21.20
<0
a,bH
Q.42
.18
5. 15
16.90
lu.0l
11.70
S.o04
4,07
0. 17
0. 78
fv.33
-5, 46
“ld.00
~d.02
.96
0.5
-0.17
“ju,47
0,49

~23.94
“on, 15
“2u.00
~2/.60
=2a./%
=35.58
~4g .40
ub, 0.l
49,09
=54. 381!
=91.54
=34.al
345,404
37,0
“35.43
=37.11
~4u,c?
~47.01
4y n
=S1.02
~d4. 15
“Su.i¢
~ue ,r?
=30, 4n
~15,.3
-3i,.rn
~dy Sh
43,1
“dp,n
L YA}
'l\'.ll
=25,.u3

ele. 3y

“2u.cl
-Pc.wl
“l0.cH
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-23.51
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=4y .50
LS TR
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~42.,.458
~39.v1\
=378
~31,/8
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~31.08
Uy, 0
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2200,00
2180,10
20L0.,19
1960,29
18680,.39
1780,48
1660,50

1560 ,64

lu()n.7/
13h0 A7

1230.,97

1ib1,.00
10¢lelo
Gi51.26
Bol«35
751,45
681.55
561,64
2275.00
2175.64
2076,29
1976.93
1877.%4
17768,.,2¢2
1678.86/
1579,.51
1da0,.10
1350.8v
1261.49
1182.09
1082.74
983.38
884,02
780,61/
2295.00
2196.138
2097,.20

1998.39"

1899,52
1R00.65
1701.78
1602.91

1564,04

140S.17
1366.30

120715

f11uB.H0

1009,649

@in P2
S0, 0y

i) »‘« I A

Y

1925.0u
1940.61
1916,21
1911,82
19d7.012
19603,6G3
1898 ., A3
1R9a, 24
1,’3;—)0.}\:'1
1HaS,d%
1ART,0Y
1876 .08
tB72.°27
1867.87
1865,44

1859, 00

1854,69
1850,79
1760,0y
[17ad .60
17547.3%
1725.99
171,66
17v3.32
1691.9Y
180,65
1669,.31
1657 .98
164d6,64
1635.31
1623.97
1612.63
1601.30
15589.96
,955.,00
Q40,01
9¢5.02
10,03
895.04
800,06
65,07
850,08
B35.09
B0, 10
805,11
790.1¢
7/5.13
T60,14
TuS. 1o
23u5,.0y

UbkEr LTS,

cCU
phase

-0 ,50
=7.70
0450
-t 00
=7.50
-t3¢597
-/ L.ul
=-5450
a0
-3, 30
-0 . On
-7.30
~3¢50
“4,50
-5.00
-0
“3.50
=7.u0

1MZ e

ratio

=5.20

~5.00
-7 60
~7,90
-7.19
.00

-l

o
=6.c20
-0,90
-9,00

~8,u0
9,50
-11.00Q
-11.50
-7.00
3,50
-5.50
«7.50
“7.50
~9.30
-7 00
=7.50
=-8.00
-7.00
~-7.30
=G.50
~-54.U0
=10,.,50
-5,80
“10.00
BRI
-5.50

1.06
1 .00
1.03
1.03%

S 1.00

1.02
1.0v
1.0¢
1,00
1.0¢
0.99
0.99
t.0v
1.05
0.97
0,9/
0.93
1.00
1.04
1.03
1.01
0.99
1.03

1.0y

1.04

1.04
.98
0.96
1.0V
0.96
0.94
0,94
1.01

1.01

1.04
1.00
1.0¢2
0.99
1.00
1.00
0.99
1.01
1.02
0.7
0.94
0,94
1,00
0,95

0,93

29

1.04

Ulihn
nyo
phase

~b.60
-10.350
-11.00
-10.50
-12.00
-9,u0
=3.50
0,40
-1uv,.50
-, 80
~11.5H0
-9.u0
-(;'$O
4,00
-t .00
-9.50
-4.,30
=1/7.50
-7.359
«Q 20
-1y .ul
=-10.60
~11.50
-11.30
-10,.30
-10,90
-11.80
-12.00
~12.00
-11.50
-17.00
~11.00
-3.50
~-13,00
-93.,50
-15.00
-12.50
=10.30
-10,50
-lv.80

=10.060

-13.20
-11,00
-11.80

-9,.30
~11.00
-10.70
-13.20
14,00

- TR

Hz .

ratio

1.03
0,97
0.97
0,98
0.97
1.01
0.99
1.02
1.0V
1.01
0.98
1.0V
0.98
1.06
0,948
0,95
0,99
0.89
1.01
0.99
0.96
0,97
0,998
0,99
0,97
0.97
0.95
0.94
0.94
0.9%
0,84
0.95
0.95
0.91
1.00
0.93
0,94
0.9¢8
0.97
0.90
.96
0,94
0,95
.95
099
0.9%
0.95
0,91
0N,8Y
1.05

80U Hz.
phase ratio

-10,70
-14.,50
-17.00
=15,u0
15,00
-14,00
-10,70
-10,70
=14,20
-tv,0U
15,50
-8,u0
-5,40
-2.50
-2,00
0,60
-1.00
-2.50
-11.10
-13.50
-15.00
-13%.30
-13.,50
=16.00
-12.50
~12.20
-{4,350
-14,00
53,50
-14,.50
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~-15.00
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-8.00
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0.59
0.81
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51 5 2100.00
52 05 20onh,0l
S3I % 19680,01
54 S 1#40.02
55 5 1786,0¢
56 5 660,02
57 S 1S¢n, 03
58 5 1480.05
59 5 134n,04
60 S 12c60.04
61 9 11¢0.05
b b6 2200.0i
63 6 <21ud,.ny
ed o 20u0.00
65 o 1940.,00
bb o 1[8H80.01
67 o6 1780.01
68 b6 lbHn0.01
69 o6 1530,01
70 o 1450.01
71 6 1320.,01
72 1 2215.00
73 1 2115.0y4
74 7 2015.00
7% 7 1915.040
76 7 1B15.00
77 7 17i5.0v
78 7 1615.00
76 7 1515.0v
860 7 1415.00
81 7 1315.00
82 9 2280.00
83 9 21480.,32
84 9 2060.64
85 9 1980,96
86 9 1841.29
87 9 1781.61
U8 Q@ 1681,93
89 9 (582.25
90 9 {d4s2.5/
91 9 1332.89
92 9 1283,°21
93 9 1183,53
94 9 1083,86
98 9 954,18
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93 9 554,16
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~6.00
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=3.50
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1.01
1.01
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.99
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.99
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0,97
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0.9
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N.93
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11,00
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0.929
1.00
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N.98
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0.97
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0,92
0,9
0.4
0,94
0.94
0,93
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0.92
0.9
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0,86
0.95
0,94
.94
0.49
0.94
0.96
0.91
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1,01
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0,95
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-17.50
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0.96
.3y
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0.90
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0.89
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0.80
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