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In t roduct ion 

This report presents data col lected fron a geophysical survey by the 

U.S. Geological Survey in che Deer F l a t s area in southeastern Utah. The 

Survey area i s located about 6 kn nor th of Natural Bridges National Monument 

( f i g . 1) , Uranium deposi ts in the Deer F l a t s area are found in buried 

channels cut into the Moenkopi Formation (Lov/er and Middle (?) T r i a s s i c ) and 

f i l l e d with sedimentary rocks of the Shinarunp Member of the Chinle Formation 

(Upper T r i a s s i c ) . Exploration for uranium in t h i s area cons i s t s of loca t ing 

buried channels (usual ly by d r i l l i n g ) and d r i l l i n g within t h e i r l i m i t s to 

detect possible ore bodies . In the ear ly 1950's the U.S. Geological Survey 

demonstrated the usefulness of employing geophysical methods in explorat ion 

for buried channels in sedimentary environnsnts (Slack and o the r s , 1952). 

During the past 25 or so yea r s , s ince these e a r l i e r e f f o r t s , s i g n i f i c a n t 

advances have been made in equipment design and cons t ruc t ion , making i t 

poss ible to measure physical p roper t i e s in the f i e ld with a g rea t e r va r i e ty of 

techniques than before . In addi t ion , i n t e r p r e t i v e methods have been g rea t ly 

aided by the advent of d i g i t a l computers which were not ava i lab le to the 

e a r l i e r workers. Data presented in t h i s report were taken v/ith the present 

day s t a t e - o f - t h e - a r t equipnent and compiled using d i g i t a l methods with the aid 

of a computer. I t i s the purpose of t h i s report to present the f i e ld data and 

maps sho\d.ng the r e s u l t s of the e l e c t r i c a l measiirements with a minimum of 

i n t e r p r e t a t i o n . 

Electromagnetic measurements 

The three electromagnetic (EM) methods used in the Deer F l a t s t e s t area 

were very low frequency (VLF), sl ingram, and turam. Detailed descr ip t ions of 
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Figure I. Index map showing location of the Deer Flats, Utah, survey area. 



these aechods are given by Telford (19 76). 

The VLF method measures conponents of the magnetic and e l e c t r i c f i e l d s 

associated with a t r an sa i t t ed radio wave or ig ina t ing from one of the powerful 

m i l i t a ry VLF t r ansmi t t e r s located in the western hemisphere. The t r ansmi t t e r 

used in t h i s survey i s located north of S e a t t l e , V/ashington, and operates at a 

frequency of 18.6 I'Jlz. The four components measured are the i nc l i na t i on or 

d ip , e l l i p t i c i t y or quadrature (quad), apparent r e s i s t i v i t y , and phase angle 

of the surface impedance. The VLF dip and quad are a measure of the VLF 

po la r i za t i on e l l i p s e in the v i c i n i t y of the measurement. The i nc l i na t i on and 

e c c e n t r i c i t y r e f l e c t the r e l a t i v e f i e ld s t r eng th and phase of the primary and 

secondary magnetic f i e l d s at the t ransmit ted frequency (Pat terson and Pvonka, 

1971). The apparent r e s i s t i v i t y of the ea r th beneath the measurement point i s 

decci'iiiined by measuring the r e l a t i v e f i e ld s t r eng th of the v e r t i c a l magnetic 

and hor izonta l e l e c t r i c f i e l d s at the t ransmit ted frequency. The phase of the 

surface impedance i s useful in de tomining the r e l a t i v e r e s i s t i v i t y of rock in 

a layered sequence. If the conductivi ty ( inverse of r e s i s t i v i t y ) of the 

surface layer of the ea r th i s higher than tha t of the underlying l ayer , the 

phase i s genera l ly somewhat l e s s than 45 degrees . If the reverse i s t r ue , the 

phase i s g rea te r than 45 degrees. All of these parameters except the 

i nc l i na t i on are s ens i t i ve to changes of conduct ivi ty of the ear th both 

l a t e r a l l y and v e r t i c a l l y within the area of influence or roughly a skin depth. 

The skin depth i s a function of the r e s i s t i v i t y of the ear th ( a) and the 

frequency (F) of the transmitted s i g n a l , and i s expressed a s : SD (meters) = 

503.29 ( g a ) l / 2 , 
F 

The slingram method, described in de t a i l by Frischknecht (1967) and by 

Telford and ochers (1976) i s a moving t r ansmi t t e r and rece iver method. 



Electromagnetic f i e l d s are induced in the ear th by a t ransmi t t ing c o i l . 

Components of the secondary f i e ld are measured by a receiving c o i l . The depth 

of explorat ion i s a function of the r e s i s t i v i t y of the upper layers of the 

ea r th , the coi l separa t ion , and the t ransmit t ing frequency. In the equipment 

employed, f ive frequencies from 222 to 3555 Hz and coi l separa t ions from 30.5 

to 243 a are ava i lab le for use . In t h i s survey, measurements were taken at 

a l l f ive frequencies at a coil, separa t ion of 243 n. These data can be used to 

determine the r e s i s t i v i t i e s of a layered ear th by use of inversion nr^ograms 

producing geoe lec t r ic cross sect ions which can be re la ted to the geologic 

cross sec t ion . 

The turam mechcd i s a f ixed-source El aethod. Ihe source used in t h i s 

survey was a 1220-ci-long wire grounded at both ends and energized by a 

t r ansmi t t e r at th ree frequencies (200,400,800 Hz). Two receiving c o i l s at 

30.5-a coi l separa t ion were used to measure the horizontal gradient and 

r e l a t i v e phase of the magnetic f i e l d s . Profiles- were made normal to the 

t ransmit t ing wire; thus , the co l l s measure an aapl i tude r a t i o of the f i e ld a t 

varying dis tances from the t r ansmi t t e r . The f i e ld data were normalized to the 

theo re t i ca l amplitude r a t i o , computed using a nearby r e s i s t i v i t y well log for 

cont ro l ( t ab le 1) . 

Table 1. Near Here 

Therefore, the amplitude r a t i o s shown on the turam map r e f l e c t changes in the 

measured sec t ion tha t are d i f fe ren t from the model assumed from the well l og . 

The r e s i s t i v i t y well log and model used to compute the normal amplitude are 

shown on figure 2. Included on f igure 2 are data from a dc e l e c t r i c a l 
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Figure 2. Geo-e lec t r ic logs and models from the Deer F la t s area, 



sounding in the v i c i n i t y of the d r i l l ho le , along with an in te rpre ted 

geoe lec t r i c sec t ion . 

Measurements were made along east-west l i ne s at 30 .5 - and 61-m 

i n t e r v a l s . Prof i le l i n e s were spaced about 122 n apa r t . In the northv/estern 

sec tor of the survey a rea , i t v/as not poss ib le to make ne asur events beyond the 

edge of the nesa . The mineralized zone does extend into t h i s area below the 

edge of the. TLTI rocks . 

Data Presenta t ion 

The VLF data are presented as component contour maps ( f i g s . 3-6) and as 

tab les of f i e ld data (appendix, p . 23-25). The data show a v a r i a t i o n of 

conduct ivi ty in the f i r s t 30 to 40 m (skin depth) of the e a r t h ' s sur face . 

Near-surface rocks are more r e s i s t i v e than the underlying layer (phase of the 

surface impedance i s generally, g rea te r than 45 degrees) . The most r e s i s t i v e 

rocks in the survey area are general ly out l ined by the 120 ohn-meter contour 

l i n e in the center of the survey area ( f i g . 5 ) . While the trend of 

minera l iza t ion in the survey area i s sho\m on a l l the geophysical maps, i t i s 

not inferred that , the VLF data r e f l e c t changes of physical p rope r t i e s 

associated with the buried channel which i s at a depth of about 70 m. The VLF 

da ta provide a useful ind ica t ion of l a t e r a l as well as v e r t i c a l v a r i a t i o n of 

conduct ivi ty ih shallow rocks near the measurement point . This type of 

information i s necessary to a sce r t a in the degree of depar ture from a t ru ly 

layered ear th model assumed in modelling loop-loop da ta and to determine the 

near-surface ef fec ts on deeper pene t ra t ion K-I methods. 

Two of the f ive frequencies of slingram data are shown on f igures 7-10. 

The complete data s e t i s shown in the appendix (p . 26, 27). The data 

v a r i a t i o n s r e f l ec t the more r e s i s t i v e near-surface rocks seen in the VLF da ta . 
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Fig- 3... VLF" map of the Deer Flats, Utah, survey area showing, values df the dip 
angle. Contour interval .is 1 percent. Grid scale is in feet. Shaded 
area shows trend of uranium mineralization. 
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'igure 4. VLF map of the Deer Flats, Utah, area showing values of the quadrature 
•field component. Contour interval is 1 percent. Grid scale is in feet. 
Shaded area shows trend of uranium mineralization. 
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.̂ ure 5. VLF map of the Deer Flats, Utah area showing values of apparent resistivity. 
Contour, interval is 15 ohm-meters. Grid scale is in feet. Shaded area.shows 
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?ure 6 VLF map of the Eteer Flats, Utah, survey area showing values of the phas^ 
angle of surface impedance. Contour interval is 2 percent. Grid scale 
is in f e e t . Shaded area shows trend of mineralization. 
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gure 7. Slingram map of the Deer Flats, Utah, survey area showing values of the 
real field component at 444 Hz. Contour interval is 2 percent. Grid 
scale is in feet. Shaded area shows trend of mineralization. 
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-gure 8. Slingram map of the Deer Flats, Utah, survey area showing the imaginary 
field component at 444 Hz. Contour interval is 2 percent. Grid scale 
is in feet. Shaded area shows trend of uranium mineralization. 

13 



ZZO-j ' V , - — r — r 

3000 

25C0 

2000 -

IOOO 

IOOO 

500 

300'--J-o 

;ure 9. Slingram map of the Deer Flats, Uta.h, survey area showing the real field 
component of 1777 Hz. Contour interval is 5 percent. Grid scale is in 
feet.• Shaded area shows trend of uranium mineralization. 
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field component at 1777 Hz. Contour interval is 2 percent. Grid scale 
is in feet. Shaded area shows trend of mineralization. 
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While the coi l separa t ion was such as to be responding to changes of 

conduct ivi ty to a maximum depth of 120 m, without more i n t e r p r e t a t i o n i t i s 

impossible to determine whether or not the slingram data show trends that nay 

be re la ted to the buried channels. P re l l a ina ry model s t u d i e s , using 

r e s i s t i v i t y data fron the d r i l l hole penet ra t ing the mineralized zone and from 

one that did not penet ra te the n i n e r a l i z a t i o n for con t ro l , shov;ed only a few 

percent dif ference in s l ingran readings over the t-.;o areas . The difference in 

slingram response in the model s tud ies was a t t r i bu t ed to a thin r e s i s t i v e 

layer overlying the minera l i za t ion . This r e s i s t i v e uni t i s not present in 

areas tha t are not mineral ized. Inasnuch as the va r i a t i ons observed in the 

f i e l d are an order of magnitude higher than ezcpected, the l a t e r a l v a r i a t i o n of 

e l e c t r i c a l r e s i s t i v i t y in the near-surface rocks i s assumed to be nasking any 

expression tha t might be associated with the buried channels. Hence, the 

slingram contour naps probably cannot be in te rpre ted as d i r e c t l y shov/ing 

trends of the buried channels. 

Turam measurements for one frequency (800 Hz) of the three neasured in 

the f i e ld are sho^m as contour maps ( f i g s . 11-12). The conplete data se t i s 

shown in the appendix (p. 28,29) . The turam data , l i k e the VLF and slingram 

da ta , show considerable v a r i a t i o n in measured values in the survey a rea . As 

mentioned e a r l i e r , the amplitude r a t i o s measured in the f i e ld were normalized 

to amplitude r a t i o s computed using a l ayered-ear th model based on a 

r e s i s t i v i t y well log . Thus, the values shown on the r a t i o map ( f i g . 11) 

ind ica te a c e r t a i n degree of depar ture from the assumed tnodel. Values of 1.0 

ou t l i ne areas where f i e ld data are in close agreement with the model 

parameters. Values above and below 1.0 ind ica te areas where the f ie ld 

e l e c t r i c a l p roper t i e s are somewhat d i f fe ren t from the assumed layered-oar th 
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Lgure 11. Tiirara map of the Deer Flats, Utah, survey showing values of the reduced 
amplitude ratio at 800 Hz. Contour interval is 0.02. Grid scale is in 
feet. Shaded area shows trend of uranium mineralization. 
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model. Here, as v/ith the VLF and slingram techniques, i t i s not knovm to what 

extent the departure fron the assumed model i s due to changes in the 

e l e c t r i c a l p roper t i e s of the near-surface rock or to deeper e l e c t r i c a l changes 

associated v/ith the buried channels. There is sorae indica t ion that the trend 

of the minera l i za t ion follov/s r a t i o trends below 1.0, suggesting t ha t the 

buried channels n ight extend to the southeast about 150 n and then turn to the 

south at about 2200 on the x grid coordinate . Jus t hov/ val id t h i s assmiiption 

i s v;ould have to be tested in the i i f l J by d r i l l i n i i . The turaa phase nap 

( f ig . 12) shov7s the phase difference between the tv/o detec tors as neasurenents 

are made along the p r o f i l e . The theore t i ca l phase differences were not 

subtracted fron the f i e ld data . Phase, as v/ell as the amplitude neasurenents , 

i s s e n s i t i v e to the degree of conduct ivi ty of the rocks over which the 

neasurenents are being made. Conductive rocks a re . character ized by high 

inductance, and the phase lag between the induced voltage in the conductive 

zones and the secondary current i s genera l ly l a r g e , thus sh i f t ing the 

secondary f i e ld nore out-of-phase with respect to the primary f i e l d . In a 

perfect conductor the secondary f i e ld i s shif ted a t o t a l of 180° from the 

primary f i e l d . The r e su l t i s a strong in-phase or amplitude response, v/hich 

may aid or oppose the primary f i e l d , depending on geonetry and zero quadrature 

component or phase s h i f t . Poorly conducting rocks are r e s i s t i v e , and the 

phase lag between the induced voltage and secondary current i s small , so the 

secondary f i e ld approaches 90° out of phase with respect to the primary f i e l d . 

For turam, the l a r g e s t phase s h i f t s are encountered in rocks low enough in 

r e s i s t i v i t y to allow large secondary cu r ren t s to flow but not lo\t enough to 

s h i f t the phase close to 180°. Thus, the phase-difference nap i s ind ica t ing 

r e l a t i v e -degrees of conductivi ty of the rocks over v/hlch the measurements are 

19 



b e i n g made. 
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Conclusions 

The three EI'I methods used in t h i s survey ind ica te v a r i a t i o n s in response 

associated v/ith the near-surface r e s i s t i v i t y of the ea r th . \Thile in a normal 

explora t ion program perhaps only one of the methods night be employed, the 

r e s u l t s can be conpared and the method selected uhich i s expected to y i e ld the 

g r ea t e s t amount of useful i n foma t ion . The se l ec t ion of an optinun EI aethod 

nust of necess i ty be geared to the geologic environment and the purpose and 

type of da ta i n t e r p r e t a t i o n to bc used. The data presented in t h i s report 

have not been subjected to numerical methods of i n t e r p r e t a t i o n , which can 

ext rac t addi t ional useful i n foma t ion . 
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-5 
-5 
-4 
-3 
0 

-3 
-2 
0 
5 
5 

-a 
-3 
1 

-1 
-1 
-5 
-9 
-7 

00 
00 
00 
00 
00 
00 
0 0 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 

-3.00 
-3.00 
-a 
-7 
-3 

1 
2 
3 
3 

00 
00 
.00 
,00 
00 
00 
,00 

a. 0 0 
9.0 0 
1.00 
3.0 0 
2.00 
O.uO 
a. 0 n 
1.00 
2.00 
0.0 0 
O.uO 
2.00 
1 .00 
2.00 
0.0 0 
1.00 
2.00 
2.00 
1.0 0 
0.00 
1 .00 
4.00 
4.00 
4.00 
1.00 
2.00 
2.00 
2.00 
1.00 
3,00 
2.00 
2.00 
1.00 
1.00 
o.oo 
0.00 
2.00 
3.00 
2.00 
2.00 
4.00 
3.00 
2.00 
2.00 
3.00 
3.0 0 
1 .00 
1.00 
0.0 0 
0 .1)0 
0.0 0 

50.00 
75.0 0 

135.0 0 
16 0.00 
40.00 
65.00 
75.0 0 
65.00 
45.0 0 
65.00 
75.00 
110.00 
85.00 
35.00 
95.00 
75.00 
65.00 
55.00 
80.00 
55.00 
70.00 
110.oo 
65.00 
95.0 0 

10 0.00 
35.0 0 
135.00 
65.00 
80.00 
50.00 
55.00 
140.0 0 
110.00 
150.00 
70.00 
50.00 
90.00 
110.00 
45. on 
40.00 
65.00 
60.0 0 
35.00 
40.00 
50.0 0 

10 0.00 
35.00 
35.00 
50.00 
4 5.00 
60.00 

55 
63 
5b 
5b 
59 
4 1 
ao 
50 
52 
51 
42 
4 0 
39 
55 
a 8 
55 
50 
59 
54 
59 
5o 
55 
54 

00 
00 
00 
0 0 
00 
00 
0 0 
,00 
0 0 
,00 
.00 
,00 
00 
00 
0 0 
0 0 
,00 
,00 
,00 
,00 
,00 
.00 
,00 

55.00 
45.0 0 
54 
54 
54 
55 
55 

0 0 
00 
00 
00 
00 

55.00 
52.00 
55.00 
55.00 
52.00 
62.0 0 
62.00 
62.00 
66. 00 
60.00 
42.00 
47.00 
52.00 
60.00 
54 
55 
61 
60 
62 
60 
60 

00 
0 0 
,00 
00 
00 
0 0 

,00 

24 
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VLF DATA Ufhf" FLATS, UTAH 

Li ClO X position y position Dip Q u a d Wesist-ivity Phase 

52 
53 
54 
55 
56 
57 
56 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
7 7 
78 
79 
80 
81 
82 
83 
04 
05 
86 
87 
88 
69 
90 
91 
92 
93 
94 
95 
9b 
97 
9b 
99 

100 
101 
102 

5 
5 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

31) 9 M , 0 6 
3l9i,71 
545,00 
6aa. 7 9 
74 a,59 
8 4a.38 
94a. 18 
1043.97 
1 i 4 .i . 7 6 
1243.56 
1 3 a a , 9 4 
144a,0/ 
1544,61 
l::4a.75 
17 4a.68 
18aa.62 
I9aa,b6 
2 0 4 (4 , ii 9 

214 a , a 3 
22'!a.37 

23aa.30 
244a.24 
254a.13 
2644.1 1 
130.00 
328.64 
527.29 
725.93 
924.57 
1123.22 
1321.86 
1520.51 
1719.15 
191/.79 
2116. a 4 
2315.08 
2513.72 
2/12.37 
2911.01 
3109.66 
4 60.0 0 
659.29 
858.53 
1057.86 
1257,15 
I 45b.4 4 
1655.73 
1855.01 
2054.30 
2253.b9 
2452.88 

2 a 0 8 . 0 4 

2399.69 
1855.00 
186 1,42 
186/.83 
1874.^5 
1 O 8 0 . b 6 

16?W,08 
1893.49 
1899.9 1 
1903.56 
190/,11 
1910.67 
1914.23 
1 9 1 / , 7« 
1921.34 
1924.90 
1928.45 
1932,01 
1935.56 
1939.12 
1942.63 
1946.23 
1949.79 
1515.00 
1538.25 
1561.51 
1584.76 
1606.0 I 
1631.26 
1654.b2 
1677,/7 
1701 .02 
1724.27 
1747,53 
1770.78 
1794.03 
1817.28 
1840,54 
186 3.79 
126U.00 
1276.86 
129i.73 
1310.59 
1327.45 
1344.31 
1361.18 
1376,04 
1394,9 0 

,14 11.77 
142 6.63 

5.00 
7.00 

-11.00 • 
-5.00 
-3.00 
-3.0 0 
1 .00 
2.00 

-5.00 
-7.00 
-9.00 
-4.00 
-7.U0 
-4.0 0 
-4,00 
-5.0 0 
-4.0 0 
-5.00 
0.00 
3.0 0 

-2.00 
1.00 

-1.00 
0.00 

-3.00 
-5.00 
-7.00 
-4.00 
-9.0 0 

-10.00 
-5.00 
0.00 

-1.00 
3.00 
2.00 
0.00 

-7.00 
-5.00 
1.00 
5.00 

-2.00 
-3,00 
i.OO 
0.0 0 

-4,00 
-3.00 
1.00 

-1.00 
-4.0 0 
-3.00 
-3.0 0 

0.00 
0.00 

-3.00 
-2.00 
-2.00 
0.00 
3,0 0 
0.0 0 
1 .00 

-5.00 
-4.00 
0 .00 

-4.00 
-5.00 
- 4 . t) 0 
-2.0 0 
O.oO 
0.00 

-1.00 
0.00 
0.00 
0.00 
2.0 0 

-1.00 
4.00 

-2.00 
-3.00 
-2.00 
-5.00 
-5.00 
-2.00 
0.00 

-2.00 
4.0 0 
3.00 
2.00 

-3.00 
-2.00 
-2.00 
0.00 
0.00 
1.00 

-1.00 
4.00 

-4.00 
-3.00 
0.00 

-2.00 
-2.0 0 
. 0.00 
0.00 

70.00 
70.00 
100.00 
30.00 
50.00 
90.0 0 
9u,00 
70.uO 
80.00 
85.0 0 

120.0 0 
80.00 
90.00 

' 75.00 
120.00 
160.00 
70.00 
80.00 
50.00 
81.00 

18 0.00 
120.00 
55.00 
80.0 0 
60.00 
70.00 
65.00 
50.00 
75.00 
120,00 
80.00 
15.00 

120.00 
130,00 
110,00 
20,00 
120,00 
100,00 
80,00 

170.00 
80,00 
75,00 
60,00 
55,00 
75,00 
60.00 
150.00 
120,00 
17 0.00 
120,00 
100,00 

60.00 
60.00 
60.00 
60.00 
58.00 
58.00 
64.00 
68.0 0 
65.00 
62.00 
57.00 
58.00 
54,00 
50,00 
52,00 
49,0 0 
52,00 
54,00 
48,00 
51 .00 
54.00 
56.00 
62.00 
56-00 
58.0 0 
64.00 
74.00 
76.00 
70.0 0 
52.00 
54.00 
64.00 
52.00 
4 9.00 
54.0 0 
72.00 
55.00 
54.00 
50.00 
54.00 
48.00 
50.00 
53.00 
60.00 
5 7.00 
59.00 
53.00 
55.00 
52.00 
54.0 0 
56.0 0 

9S 
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L i n e x p o s i t i o n y p o s i t i o n D i p ij u a d K e s i s t i v i t y P h a s e 

103 
iOa 
105 
106 
107 
108 
109 

no 
111 
112 
113 
114 
115 
116 
117 
116 
119 
120 
121 
122 
123 
124 
125 
126 
127 
iPo 
129 

9 
9 
9 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 

a 
4 
4 
a 
4 
4 
4 
4 

.2652,17 
2851.45 
3050.74 
460.00 
65 7.7 4 
855.48 
1053.22 
1250.96 
14 46.71 
1640.45 
1844.19 
204 1.93 
2239.o7 
2437,4 1 
2635.15 
2b32.89 
910.00 

1093.41 
1276.63 
1460.2a 
1643.66 
1827.07 
2010.48 
2193.90 
237/.il 
2560.75 
2744.14 

1445.49 
1462.35 
1479.22 
680.00 
7 0 9.97 
739.95 
769.92 
799.69 
829.87 
859.84 
889.6 1 
919,79 
949, /6 
979,/3 
lOOv.71 
1039.68 
-30.00 
a9.75 
129,46 
209.^4 
288.98 
368,73 
448,47 
528.22 
o07.96 
087.71 
767.45 

3. 
7, 
6. 

-2, 
0, 

-3. 
0. 

-3. 
-5, 
-4, 
- 1 . 

1, 
. 0, 
1 1, 
5, 

11, 
2, 
4, 
0, 

-2 
2 

• 4 
0 
7 
b 
0, 
3 

00 
00 
00 
00 
0 0 
0 0 
00 
00 
0 0 
0 0 
00 
00 
0 0 
0 0 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 

4,0 0 
2.00 
0.00 
2.00 
1.00 
2.50 
1 ,00 
2.00 
O.oO 
0.00 
5.00 
2.U0 
2,00 
b.oO 
0.00 
2.0 0 
4.0 0 
3.00 
0.0 0 
•2.00 
I.OO 
4.00 
3.0O 
1,00 
0.0 0 
'2,0 0 
'3.00 

14 0.00 
7 0.00 

120.00 
40.00 
35,00 
50,0 0 
7 0,00 
9 0 . 0 0 
8 0,00 
75.0 0 
55,0 0 
65,0 0 
50,0 0 
100,00 
125.00 
10.00 
50.00 
120,00 
45.00 
30.00 
25.00 
40.00 
70.00 
30.0 0 

190.00 
100.00 
80.00 

54. 
58, 
60, 
68. 
64. 
62. 
70. 
58. 
52, 
58, 
60, 
58, 
68, 
58 
6u. 
80. 
70 
54 
80 
84 
86 

00 
0 0 
00 
0 0 
00 
0 0 
0 0 
0 0 
00 
00. 
00 
0 0 
00 
00 
0 0 
0 0 
00 
0 0 
00 
00 
00 

82.0 0 
57, 
72, 
48, 
60, 
62, 

OQ 
00 
00 
00 
00 
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1 9 .-i 0 . 0 v) 
1880,01 
1780,01 
16n0.01 
1580,01 
14 8 0.01 
13.D0.01 

2215.00 
2115.00 
2015.00 
19 15.00 
1815.00 
1715.00 
1615.00 
1515.Ou 
1415.00 
1315.00 
2280.00 
2180.32 
2080.64 
1980.96 
1881.29 
1781.61 
168 1.93 
1582.25 
1482.5/ 
1382.89 
1263.21 
1183.53 
1083.86 
984,18 
884.50 
78a.8^ 
685. 14 
585.4 6 

Y 

d ̂  4 4 . 1 0 
cf 3 4 3 , I 9 
2342.29 
234 1 .38 
2 3 a C; , 41, 

2339,57 
2338.67 
^337.76 
233o.8b 
2 3 35.9b 
2335.0b 
2 7^5.00 
2735.55 
273(.. I 1 
2736.66 
2737.22 
2737.77 
2738.33 
2738.88 
2739.43 
2739.99 
3135.00 
3137.67 
3137 .34 
3137.01 
3136.67 
3156.34 
3136.01 
3135.68 
3135.35 
3135.02 
14 10.00 
14U1 .99 
139 3.96 
1385.97 
1377.bo 
1369.9b 
1361 .94 
1353.93 
I345.9i 
1337.91 
1329.90 
1321 .89 
1313.88 
1305.67 
1297.8b 
I2n'>.rt5 
1281.M4 
12/3.83 

Ot!-..-: FL 
. 2 0 0 112 

phoso r 

-5.6 0 
-b.50 
-^.20 
-/..•.o 

-10.00 
-O.OO 
-7,50 
-6.60 
-7.50 
-8.t.0 
-7.20 
-5.20 
-O.6 0 
-O.bO 
-«.90 
-6,90 
-7.40 
- / . 0 0 
-4,00 
-7.0.0 
.-6.b0 
-4.60 
-6.0 0 
-6.20 
-7.40 
-7.20 
-b.bO 
-8.00 
-b.bO 
-6.bO 

-lO.bO 
-5.80 
-b,0 0 
-7,00 
-7.00 
-7.70 
-6.90 
-5.o0 
-6.90 
-5.70 
-5.50 
-7.00 
-8.50 
-7.00 
-n,80 
-5.00 
-8.50 
-5.50 
-4.00 

A T 3 , 1 

• 
a r i o 

1.0 1 
1 . 0 1 
0.9 9 
0,99 
0 . y 7 

1 . 0 :> 
0,9c 
0,9b 
0,9o 
('.9 b 

0.95 
1 .02 
0.9/ 
0,99 
0.9 7 
0.97 
0.9o 
0.9b 
1.01 
0.9 3 
0.9^ 
0.98 
0.9b 
0,96 
0.95 
0.95 
0.96 
0.93 
0.95 
0.92 
0.89 
1 .05 
1 .05 
1,03 
1,04 
1 .02 
1.05 
1 .09 
1.05 
1.08 
1 .06 
1 .04 
1.01 
1 .04 
0.99 
1.07 
0.99 
1 .04 
1 .04 

li A H 

') u 0 

f) h a s e 

- 1 1 . u 0 
-10.00 
-11.00 
-1I.JO 
-1.2.50 
-1O.bO 
-13.00 
-12.bO 
-9. 70 

-10,30 
-12.00 
-9.00 

"11.30 
- 1 -0 . u 0 

-1 1.30 
-10.80 
-11.30 
-11.50 
- 8 , Li 0 
-9.80 

-13.b0 
-8.30 

-lo.bO 
-10.20 
-12.50 
-1O.20 
-9.6 0 

-1 l.ao 
-11.50 
-10.00 
-13.o0 
-8.00 
-9.50 

-10.00 
-10.50 
-11.30 
-9.20 
-8.00 
-8.20 
-7.80 
-9.50 
-7.80 

-II.OO 
-7.80 

-10.00 
-8.0 0 
0.0 0 
5.00 

-9.0 0 

Hz. 8 0 0 
ratio phase 

0.99 
1.00 
0.97 
0.98 
0.°7 
1.00 
0.91 
0.93 
0.67 
0.97 
0.92 
0.9 6 
0 . 9 4 
0.94 
0 . 9 4 
0.93 
0.93 
0.92 
0.96 
0,92 
0,86 
0.95 
0.94 
0.94 
.0.89 
0.94 
0.96 
0.91 
0.91 
0.92 

. 0.3 7 
1.02 
1 .01 
1.00 
0.99 
0.98 
1.02 
1.05 
1.02 
1.05 
1.01 
1.04 
0.95 
1.01 
0.9/ 
1.02 
1.13 
1.15 
0.9 7 

- 1 4 . U 0 
-15.40 
-16.50 
- I 8 . / 0 
-13.50 
- 1 1 . u 0 
-16.20 
- I6.o0 
-9.60 

-16.20 
-13.bO 
-14.00 
-17.80 
-14,90 
-16.90 
-14.50 
-14.30 
-15,20 
-7.20 
-9.00 

-14.oO 
-13.00 
-16.60 
-15.50 
-17.50 
-14.20 
-14.00 
-17.50 
-ia.50 
-12.50 
-18,00 
-11,70 
-13,50 
-13,20 
-13,00 
-ia.8n 
-9.00 

-10.80 
-10.80 
-9.0 0 
-9.00 
-4.50 

-11.50 
-9.0 0 
-9.0 0 
-7.0 0 
-1 ,00 
-6,00 
2.00 

itz. 
ratio 

0.9/ 
0.9b 
0.92 
O.wu 
0.'̂ 9 
1.0 1 
0.87 
0.88 
0,b7 
0 ,86 
0,84 
0,96 
0,88 
0.90 
O.F.o 
0.91 
0.91 
0,86 
0,98 
0,91 
0,85 
0,94 
0,89 
0,90 
0,87 
0,90 
0,91 
0,84 
0,89 
0,87 
0,80 
0,99 
0.96 
0.98 
0,99 
0.95 
1.06 
1 .01 
1.01 
1.03 
1 .02 
1.0 7 
0.94 
0.98 
0.92 
1.0 6 
1.09 
1.01 
1.13 

Tn 
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