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ABSTRACT .

The calculation of 550-km X 550-km mean gravity anomalies from 1° X1° mean
free-air gravimetry data is discussed. The block estimate procedure developed by
Kaula is used to obtain 1504 of the 1654 possible mean block anomalies. The esti-
mated block anomalies calculated from 1° X 1° mean anomalies referred to the 1967
reference ellipsoid and from 1° X 1° mean anomalies referred to a 24th-degree-and-
order field are compared.



REVISED ESTIMATION OF 550-KM X 550-KM
MEAN GRAVITY ANOMALIES

*
M. R. Williamson

1. THE BLOCK COVARIANCE METHOD

To obtain estimates of mean gravity anomalies for 550-km X 550-km regions
from an incomplete set of 1° X 1° mean free-air gravity ano_malies; we have employed
an estimation procedure based on the covariance analysis developed by Wiener (1966),
Kolmogoroff, and Kaula (1967). A description and evaluation of the procedure are

given in Williamson and Gaposchkin (1973).

For this analysis, the earth is divided into blocks of approximately equal area,
with their boundaries adjusted to lie on integral degrees of latitude and longitude.
Each block is subdivided into 25 units, the boundaries of which are also adjusted to
lie on integral degrees of latifude and longitude. There are 1654 blocks of approxi-
mately 550 kam X 550 lkam. At the equator, a block is 5° X 5° and a unit is 1° X 1°,

In order to derive the mean gravity anomaly for a 550-km X 550-Jan block, esti-
mates of all unit mean gravity anomalies in that block are needed. TFor units where
measuremeants of 1° X 1° mean gravily anomalies are available, the unit mean anoma-
lies are taken to be the average of the 17 X 1° mean anomalies within the unit. The
other unit mean anomalies g are estimated from the measured umit anomalies g in the
same block, The linear estimate that minimizes the mean square error is

This work was supported in part by Grant NGR 09-915-002 from the National Aero-
nautics and Space Administyation. '

*
Currently on the staff at Massachusetts Institute of Technology Lincoln Laboratory,
Lexington, Massachusetts.
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where Kj | are elements of the block covariance matrix, given by

Kjk = K(g, Tjk) H

K is the intrablock covariance function of the imit anomalies g, and 7., is the distance

jk
between the jth and the kth units., Approximate values of the covariance function are

calculated from

it
K =x= ) 8 (2)
ik -
jk

s

where.the sum includes Njk pairs of measurements with

AT AT
T - "2‘—' < TJk < T+ '?
The block anomalies are then obtained by averaging the unit anomalies. Of course,
the mean anomalies for blocks that include no measured 1° X 1° mean anomalics

cannot be estimated by this procedure.

The 1° X 1° mean free-air anomalies are defined with respect to a reference
ellipsoid. However, another, more detailed reference field may be used. In that
case, residual anomalies gR are defined by

£
max {4 2
R ay = = . =5 :
gr=g~y E E £-1) (}-) (Cpppy COSMA + 8, sinm\) Py, (sing)
=2 m=0

(3)



where —C-.P.m and -§£m are normalized harmonics coefficients of the earth's potential,
ﬁﬂm are normalized associated Legendre functions, a is the equatorial radius of the
earth, v is the value of gravity at the equator, and ¢, A, and r are geocentric coor-
dinates. Estimates. of residual unit anomalies @R are obtained from equation (1) by
using the block covariance function for residual anomalies K(gR, Tjk)“ By reversing
equation (3), we can then calculate the estimated anomalies @




2. THE 1° X1° DATA

We obtained the five sets of 1° X 1° mean free-air gravity anomalies described
in Table 1. The worldwide compilation of data from the Defense Mapping Agency
Aerospace Center (DMAAC) was augmented by further data sent by DMAAC to us in
1974, DMAAC compiled the data using the Geodetic Reference Sysiem 1967 (Inter-
national Union of Geodesy and Geophysices, 1967) and the 1971 international gravity
standardization natworic (Morelli and Gantar, 1974). All the other data, however,
are referred to the 1930 infernational gravity system and the Potsdam network; we
converted them ic the 1967 system by adding the correction A, which, to an accuracy

of 0.1 mgal, is

A=3.14 - 13.58 sin® ¢ + 0,02 sin® 26 mgal

Table 1. Summary of available 1° X 1° data.

Number of

Coverage Source ‘ points
Australia Mather (1970} 1454
North America and Talwani, Poppe, and 4250
the North Atlantic Rabinowitz (1972)
Indian Ocean Kahle and Talwani (1973) 3944
Central Pacific Watts (1976) - 685
Worldwide DMAAC, March 1976; 36867

augmented -

In combining the data, we used the first four sets from Table 1 wherever possible.
The combined set has measured values for 37,415 out the possible 64,800 1° X 1° areas
and gives 28, 046 out of 41, 350 unit anomalies. The map in Figure 1 shows the distri-
bution of the data. The DMAAC data are compared in Table 2 with the other sets of

data and with the previous compilation sent to us in 1974 at common points. When the



combined set was also compared to a previous combined set (Williamson and Gaposchkin,
e
1975), which had 31,654 1° X 1° mean anomalies, the mean difference was 0. 04 mgal

and the root-mean-square (rms) difference, 16.54 mgal.

Table 2. Comparison of 1° X 1° gravity anomalies with DMAAC data
(March 1976).

Number of Mean difference rms

Data points compared (mgal) (mgal)
Australia 1398 -0.256 20.41
(Mather, 1970)
North America and ' 3275 -0.14 13.41

. the North Atlantic .

(Talwani et al., 1972)
Indian Ocean 3905 1.23 16. 52
(Kahle and Talwani,
1973)
Central Pacific 534 0. 61 31.6G6
(Watts, 1976)

Worldwide 30296 ~0.12 8.05
DMAAC, December :
1974 (DMAAC, 1973)

A complete data set of 1° X1° mean topographic heights, obtained from Kaula
and Lee (1967), was used to define oceanic and continental areas, where a l-km depth
was taken as The ocean--continent boundsty. The combined data set of gravity anoma-
lies has 17,602 of 36,199 1° X 1° measurements in oceanic areas and 19,813 of 28, 601
1° X 1° measurements in continental areas.
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3. THE REFERENCE FIELD

A reference field complete to degree and order 24 was used to obtain the residual
gravity anomalies. This field is defined by the zonal-harmonics coefficients from the
1973 Smithsonian Standard Earth (1T} (Gaposchkin, Williamson, Kozai, and Mendes,
1973) and the tesseral-harmonics coefficients from the second iteration of the
Smithsonian Standard Earth IV (unpublished).
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4. THE BLOCK COVARIANCE ESTIMATES

The covariance functions of the 1° X 1° gravity anomalies and the 1° X 1° residual
gravity anomalies were calculated by using all the data, only the data in oceanic areas,
and only the data in continental areas. In each case, the mean, given in Table 3, was
first subtracted from the data. These functions were evaluated from egquation (2) for
T, = 0775, 00125, ..., 5275 and AT = 0.5, and the results are given in Tables 4 and 5

¥ and Figures 2 and 3. Tigure 2 indicates that the data are not stationary. However,
the nonstationarity differs in character and degree from previous results (Williamson
and Gaposchkin, 1973); here, we have used both a better fitting reference ellipsoid

and new datu.

Block estimates calculated for 1504 of 1654 block anomalies, both from estimated
*
1° X 1° anomalies and from estimated 1° X 1° residual anomalies, are given in Table 6.
The rms of the block anomalies is 17 mgal, while the mean and the rms differences

between the two sels are 0,02 and 4. 6 mgal, respectively.

Table 3. Average values of 1° X 1° mean gravity anomalies
{in mgal).

Oceanic Continental
Type of anomaly data data Total
Gravity anomalies -4
! Residual gravity -3 2 0
anomalies '
. Number of 1° X 1° 17602 19813 37415
anomalies 3

P —

‘;—k'_'—'_——.
Punched cards of the block anomalies are available from the Analytical Satellite
Geophysics Department, Smithsonian Astrophysical Observatory, 60 Garden Street,
Cambridge, Massachusetts 02138.



Table 4, Block covariance functions of unit gravity anomalies.

Covariance function
Average angular

distance Ogeanic Continental Total
0° 802 904 870
0.9 465 556 534
1.2 363 470 417
1.8 327 405 358
2.2 268 337 284
2.8 271 294 262
3.2 252 270 233
3.7 252 260 235
4.2 254 248 222
4.8 228 218 193
5.2 211 238 191
5.7 209 190 172

'Table 5. Block covariance functions of residual unit gravity anomalies.

Average angular Covariance function

distance Oceanic Continental Tolal
0° 613 G613 620
0.9 255 ' 274 273
1.2 156 189 161
1.8 108 122 95
2.2 46 66 31
2.8 43 42 16
3.2 26 15 -10
3.7 25 13 -3
4,2 8 2 -19
4.8 -1 -25 -24
5.2 ' -2 5 =17
5.7 -21 -28 -29
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Figure 2. The block covariance functicns of unit gravity anomalies.
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Figur: 3. The block covariance functions of residual unit gravity anomalies.
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Lat,
{deg.)

67,5
67,5
67,5
67.5
67,5
67.5
67,5
67,5
67,5
67,5

Long.
{deg.}

109.5
122,5

Table 6. Estimated block gravity aromalies.

Block ostimates”
tmgal) No, of
I o obs,
3,459 11,993 2
1.01l 3,868 J+4
10,947 10,967 2o
10,839 10,759 9
3z,092 22,98 2
«, 135 w, 128 23
7.21% L7151 2
be527 4,313 7
4,165 4,595 18
17,243 16,304 18
294140 29,120 &5
4,513 4,398 5
«T¢196  =g,614 13
*72.,092 J11,87Tp 6
T80T =8,950 1]
o836 - 562 F
w3y,593 el 608 1
=6,095  w5,304 7
5,437 S.116 24
=11,76% 11,764 25
2012 ~2,02p 25
"10.418 .30,463 25
b,149 6,967 18
38,336 36,342 25
26,964  26,96: 25
18,337 17,726 18
25,557 30,529 25
L4889 926 24
44506 «3B7 ]
-4,357  =4,2083 25
~{7¢21% »17.956 17
=1),673 a11.8)p 24
=11.,220 ~11,220 &5
74420 7,48% 25
24006 -, 720 1
=5,432  «B,01p 2¢
74,370 14,37p @25
6,700 ~6,T00 25
«T6,787 418,034 17
-18,662 »17,914 13
w7, 575 ~7,87) 23
6,437 6,443 25
18,00% 18,079 23
22,373 22,313 25
31,306 31,204 24
32.706  3z.408 22
12.627 12,627 &5
1,540 l.540 25
2,873 2,873 25
2.727 2,727 25
o400 4400 B5
-19,293 .19,293 25
12,167 =12,167 25
=144007 «l4,007 &5
“21.52y -21,52p 25
=19.247 19,247 25
anomnliag,

* I: From estimated 1° X1°
II; From estimated 1° X 1*

residual pnomalies.

Lat.
{deg,)

67.5
67.5
57,5
6745
6745
67,5
67,5
67,5
67,5
67.5
67.5
67.5
67.5
67,5
6745
67.5
675
XY

62,5
62,5
2.5
62,5
6245
b2,5
62,5
62,5
62.5
62,5
£2.5
62,5
62,5
62,45
62,5
6245
6245
6245
b2.5
62,5
52,5
b2.5
62,9
b2.5
62,5
62,5

62,5
62,5
62,5
62,5
52.5
62.%

5745
5745
57.5
5745
57.5
57,5

57.5

Long.
{deg.y

Bleek estimntcs’
{mga))

I I
€+567 +«567
9,987 9,907

15,113 15,113
20420 204280
3,600 3.600
389 1. 11}
20.82¢ 20,820
5,350 6,216
=2,327 .a.az?
=324067 =32, 467
»30.608 wp9,565
=39,483 =35,508
«23.113 -23.133
194100 19,077
27y12t 21,127
3488 38,531
38,389 28,336
18,140 T16.088
144620  TH.A20
o5.6b) 9,650
=Tshy Te2h0
5,273 +273
2300 2,300
6ub2g 6,020
=22:4867 =32,4067
~18.873 78,873
n25,293 =p9,292
w3Te000 =37.000
v25.607 25,607
«23,353 =p3,353
»96g 1T
2le020 2le020
1B+297 18,352
2be18) 24,942
l1lep2o «160
-:45p -, 354
19,633 73,633
2Te153. 27,153
304039  29,R45
11788 73,909
=17.900 =17,900
»31,893 =-31,.593
wh24063 mi2,403
«32,966 =33,933
=20+216 =79,954
=7.1B4 5,725
10.815 {0,666
244998 25,486
36,953 16,953
314193 31,168
166050 16,080
1.%920 1,920
-s220 220
=1Bs420 =78,420
34220 3,220
2.800 3,800
1+82¢ 1.820
832y B,320

11

No, of Lat.
obs, {deg.)
es 57.5
25 57.5
25 §7.5
25 57,5
25 57.5
25 87.%
25 57,5
21 51,5
25 7.5
25 87,5
12 51,5
9 1.5
131 S7,.5
a2z 57.5
25 S7,.5
23 §7,5
24 57.5
24 5745
5745
25 57,5
25 57,5
25 87.5
25 57.5
25 87.5
25 57,5
28 £7.5
25 87,5
25 57,5
25 5745
25 57.5
2s 5745
25 5745
25
24 52.5
2z 52,95
11 52.5
24 52,5
25 53245
25 52,5
la 52,5
18 52,5
25 €2.5
25 82.5
21 52,5
18 52,5
22 52,5
1a 52,5
23 52,8
19 52,5
2g 52,5
24 52,5
25 52,5
52,5
25 52,5
as 52,5
25 82,5
25 52,5
2g 52.5
25 52,5
24 52.5

Long. .

(deg.)

69,5

106,5

133,56

170,5
180,0
389.5
198,.5
207,5
217,0

‘226,5

253.5
263,0

102,90
1105
119,0
27,0
135,0
l#a 0
159,5
160 0
f?a,o
1840
192,0
200,5
209,0
2i1T.0
2250

Block es’ﬂmatea‘

{mgnl)

1 I
«16¢360 -16,36p
~16:280 16,280
15,360 415,360
-2R+680 28,580
»]15:820 15,820
=366100 36,160
=32.340  .32,34p

=g,360 =9,38p
44487 19.593
184773 20,278
31.12% 30,712
12.276 11,755
«12.2d5 11,893
19.520 19,520
25.340  25,34p
19540 '19,54p
8-240 8,240
15,245 15,737
11.029 11,829
»5,300 4,389
w12:8%0 -12,B49
=06:880 .26,769
39,980 39,74
=35,44p .235,28¢
29,180 429,020
=13:100 =13,120
1248600 12,849
23.100 23,209
32.807 32,688)
160478 18,49
11,008 11,045
10400 18,400
=6180 =&, 189
9,320 9,320
+560 1,560
4,360 4 ,a6g
5,960 2,969
1840 «B4g
=4.250  <h,2060
60200 6,200
-5, 700 =~5,.78p
=20+ 700 20,700
=104020 =10,020
m214420 21,420
32,640 232,640
wf 529 «B,52¢
-4.520 b, 820
5.900 5,900
26520 26,580
244833 26,168
2g9.678 28,253
13,683 16,545
12.906 11,397
19,936 19,732
&.900 4,900
18,180  1B,108¢
27,804 21,84}
140486 16,437
=7.520 nl,520
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No, of
obt.



Lat,
{deg.)

47,5

Long.
(dog.}

233.0
241.0
249.5
258,40
2b6.0
2740
282,0
290,5
299.0
a0T.0
315,0
323.0
33l.0
33%.5
:‘B.n
356.0

3,5
11,0
18,5
25.5
33,0
40,5
47,5
8§S,0
62,5
69,5
770
B4 ,5
920
99,5
10645
114,90
1215
i28.5
136, 0
143.5
15045

158,90
165.5
172,5
18040
187,5
19445
e02.0
209.5
2l6.5
224 .0
231.5
338.5
24640
253,5
260,5
26840
2715.5
283.¢
290.5
2975
305.0
312.5

Bluok eaumntus‘
(mgal)
1 I

433 437
P:Y: -, B25
0.000 «080
. 2hy = 240
9,940 =5, Big
=23, 860 «23,98¢
w3l,040 30,940
wlt, 460 =16,520
*15,420 15,380
13,500 13,500
2e.l00 22,040
EN LY.L 31,0623
27,757  2r,827
14,759 15,318
20.32¢ 20,300
14,200 14,200
G,340 6,34p
13,080 13,0890
21,040 21,040
174660 17,660
3,820 9,820
-2,220 -2.,220
~18,180 .18,18¢
21,480 21,480
=9,040 =3, 040
~13,680 L13,660
=25,400 <25,400
~35,100 «35,100
~15,68) =]15,68(
=18,840 18,860
-, 980 =, %80
=2.520 =2,520
byn2Y 6,420
19,128 19,120
A2,32% 32,361
20,613 22,943
05,529 L44,812
25,927 14,672
ToB4S Talay
13.672 8,107
12,410 9,677
19,646 19,753
14,235 14,327
1,736 7.815
=18,54% 17,429
»18,3028 17,530
20,940  «20,940
-9,800 9,880
-6,980 ~6,980
9700 9,620
17.620 17,460
10040 10,150
1.980 2,020
«7, 480 ~7,960
=16,300 .16,26p
10,400 =10,340
-9,940 =lg0,020
4a100 4,000
204060 19,960

Lat,
{deg.)

4745
4745
4745
47.5

47,5
42,5

42,5

42,5
4249

42,5
4245

42,5
42,5

42,5
42,5

42,5
42.5

52.5
4245
425
42,5
42,5
42,5
4245

Table 6. (Cont,)

Lang..
{deg.)

319,5
3ar,0
334,5
341,5
349,0
356,5

3,5
10,5
17,0
23,5
3p,5
ar.s
Ga.5
51,0
57,5
64,5
71,5
78,5
85,0
91,5
98,5

105,5
tlz 0
118,85
125,5
132,5
139,5
146,90
152,5
159,5
166,5
173,5
180,0
166,5
193,5
2090,5
207,58
214,0
220,5
227,5
2345
241,5
248,90
254,58
261,5
268,56
215,80
281,58
268,5
295,56
302,5
309,0
315,5
322,58
3295
33,5
343,0
34%9,5
56,5

Block ust!mutes‘
{mgal)

I n
11,800 11,700
24,934 259,028
35,199 35,005
19,823 79,916

2,400 2,400

.Dﬂp «0B0

11+200 11,200

Te520 T.520
24.092 24,152
24,873 24,491
5¢160 5-150
5,389 «5,300
184040 18,040
=l7,60p ']7a60°
=7.06¢0 -l 060
=18.940 =78,940
w3440 w3l 440
6,680 wba680
=18,500 ~7B,500
=30.900 ~30,900
T3.420 =3,420
14460 1,460
«Sép 540
9,700 $,780
23,660 33,860
204200 20,180
19,559 22,105
22,561 23,629
=12,992 «25,563
+385 wh,TTh
=14757 -8,155
£.913 nla725
=T,286 =Te067
=3,030 24970
»7,863 -T2 799
=2.84p w2820
=5.500 =5,400
65,780 .6,7BO
»8,655 .B,843
=9,78p  .9.78y
=10.500 =70,500
10.900 7l.gbo
19,040 19,140
14.95%0 15,180
=500 w3280
-9,320 .9,p20
=ha260  u4,020
=7:580  T.360
24089 2,180
~SadB0 9,960
»18.480 =7B.340
7.860 Be 020
~+520 =, 400
12.68p J2.720
29,520 29.520
24.h20 240420
14060 1,060
1.520 l.480
6.56¢ 6,560

12

No. of
ohs,

Lat,
{deg.)

37,5

Block eatimatoa”
(mpal)

I I

5,280 9.280
17,120 17.12¢
9:026 Fa113
«11,919 a1l1,858
15,882 16,056
35,314 233,142
28.119. 30,673
47,209 46,499
64377 8,437
=17.560 «jl,56p
=24,500 24,500
2,260 2,260
G480 8,480
4,980 4,980
1p0.980 10,960
13,380 13,360
wld 620 14,620
34,580 34,480
-18,380 .18,38p
11,856 12,352
14,534 ° 16,851
24,463 24,585
6,660 9,660
=5,332 6,810
“6,754 9,198
wge 787 LT, 145
«1.834 5,669
64591 6,152
wBs667 10,160
wte560 5,640
-16:155 <16,2327
~13.44%0 =)3,52¢
5,120  «6,16p
=9,100  =%,10p
w17,200 «3T,249
~276460 w2l,48¢
=23,5%0 23,549
=15,220 «15,22p
3,080 2.750
5,300 5,26p
10,600 10,400
—1q.650 ~1U.b4p
=3,720 «3,769
3,800 .3,96¢
T.5%0 1,360
19,680 .19,78¢
«22,960 »22,908p
.13.800 »18,000
“17.3%0 11,349
g, 400 wb, 540
Tol40 Te040
33,100 33,129
5p.200 50,200
4,925 5.239
744533 T.50p
6+3%0 b,abg
19,320 10.320
4.T50 4,76y

No, of
obe,



Long.
{deg.)

Ga0
15.0
2140
27.0
32,5
38,0
44,0
S0.0
56.0
62-0
68,8
T44i0
80,0
B6,0
91.5
9740

103,0
10940
115.0
12140
127.0
133,0
1390
145,0
15045
15640
162.0
168,0
174,0
180.0
1Bé,0
1920
198.0
204.0

‘2095

215.0
221.0
2270
233,0
239.0
245.0
251.0
2570
263.0
268,5
27440
28040
286.0
292.0
298.0
J04 .0
310.0
3te.0
322.0
327.5
333,90
139,90
345,0
35140
as7.0

Block estimates
{mgal}
i o

~10,39¢ .lp,352
« 349 2237
-2,252 =2,079
=36,800 36,800
*12,397 =12,187
274433 28,738
11,726  »5,694
T.?20 7.920
19,780 19,780
24,580 24,580
9.160 7.160
#3h,160 236,160
30,080 30,080
25,280 25,280
104049 10,040
12.280 la.zaﬂ
156,300 16,300
»38,260 =38,260
«1R,520 w=18,52p
=059 2,601
18,172 18,273
11,220 11,220
104320 10,320
“lb,220 =16,065
ub,886  -T7,772
=5,882  =6,477
14,715 .14,207
=23,611 22,336
=23,595 23,551
8,439 =3,825
74,260 14,300
=1.977  =7,927
10,740 10,600
=f,720 -8,700
-6,680 =6,76p
72,700 «12,74p
=5,206 =5,200
8,400 =8,400
“76,425 16,485
=2,5TT «~20,599
=11,600 w=l12,460
2,160 z2.280
360 400
9,280 w9, 36p
yl20 L 240
T00 T80
=6,000 ~§,060
=37.060 w36,920
~25.500 =25,560
=10.500 ~l0,480
nP,160  ~9,200
=, 080 0.000
13,240 13,48p
24,200 24,260
14,942 15,9561
19,657 19,748
2+61% 2,823
16,000 15,9ap
20,280 20,28(
34,980 38,980

Na, of
oba.

Table 6,

Lat.
{deg.)

2%.5
2745

2745
275

27,5
275

27.5
27.5

27.5
27,5

27.5

171,5
177.0

188,56
194,0
200.0
205,58
all,o
216,5
222,

228 ,0
233,5
239,90
245,0
250,5
256,0
261,5
267,0
273,91
278,5
2b4,0
290,0
295,5
dul, b
306,5
a1z,
318.¢0
323,5
329.0

(Cont.)

Block osttmatos

1

=1046p
3.602
44031
544232
1eh g
+243
wBablp
lg,538
wl&ab0p
w2befdp
27549
l&e020
=5 260
-15.430
=bg, 480
11580
uGqlép
“BaT20
wahedbp
»25:52p
-9 TR0
6582
24540
wE 91p
25.819
14s240D
-.‘la
-IQ-BSS
-201957
w134616
=18.720
=15+800
whoT4g
Zebag
16:20p
T800
«28p
=3.289
44834
»3.235
=lg.2082
w2560
=1BeT60
!20.4‘0
=5,%68p
164349
»3sThy
=15.02p0
'516‘0
2240
=16TBp
=314%960
=21 «2B0
=20.900
=21e180
2760
15400
<000
te120

13

{mgal)
n

10, k60
3,631
4,029
4,481

wZe &3y
-2,564
w2e706
20.0l7
=10, 560
“36,760
$7.500
18.020
-9.000
=i5.480

60,520
1.640

w?i140
8,720
264460
-25,520
w9720

T.303
28,592
wh BES
25,825
_'1520

'13-970

=20,283

-13,209

-fﬂ-TEH

«15,820

-1 Y]
2eTE0
jo.120
T.750

480
3,180
4,686
w3, 286

-18.161

-22,560

=}8,T20

w20, 440

0,000
16,380
-3,600
=15.000
wFe 620
_2.400

“]b, 540

=31,920

=21l.280
~29.860
=21.160
w2,740
19,380
.qao
6,120

No, of
obs,

Tong..

{deg.}

a5,
340,56

M,

Bloak naﬂmutos.

{mgal)

1 n
=3.000 3,000
12.120 12,12¢

9977 10,951
44113 4,013
»3.062 »1.633
2p.720 20,720
3p.8B0 230,880
7.120 T.120
g«580 © 8,560
=18313  «15,300
11,831  «],291
44537 4,136
2a036 24,619
1.000 1.000
«30,298 30,309
“B.B43 6,683
23,163 ~22,882
=T.280 7,080
5e000 5,000
7250 T.360
4.560 4,720
=142635 «14,627
=2pe005 20,053
w23,760 «23,760
~19,600 =19,500
=7.738 7,827
w5927 7,239
»74090 7,507
44538 4,303
7.0% 6,597
G848 9,495
18.842 20,284
Bell4  12.560
2+203 2,804
14045 o16,625
.2§|273 -26,032
=12.185 12,172
w462 #6,513
b 637 =8,77T
=1 040 -1,568
15,680 15,760
17,180 1l.160
14,560  14:5680
13.900 14,020
=2.91) 2,804
wi.931 «5,0l2
124038 12,154
-12.570 =-12,704
16697 =15.213
20261 «18,256
=13.400 =33,28¢
»Te28y 7,160
4,600 b, 680
19,760 19,080
24,720 24,640
13.280 13,440
«17.560 17,480
7720 wi,540
wSR 440 55,320

No. of
[T



Yating.
(Heg.)

293.0
298,55
303,35
309,90
314,58
a19.5
3268
230.5
236,0
341,65

PIoek estimatos”
{tgial)

1 g
«3u28h  WJ0,120
*23,560 -23“80
rab,0h® =e5,200
23,220 23,229

w2289 w2 240
3,200 W), 0 2
- 000 & 3
\IThe 4,500
w180 =2,280
wfH00  =2,000
#6151 2030
w13, Te8 14 815
5,300 ~T,125
94400 9,480
bybill 6. bO0
=24360 =2,560
=1.400 ~7.400
64000 6,000
165040 10,640
16,198 18,177
L] hy V62
11,138 |@,305
T 11T =7,1%2
w2,35% w2 453
31,940 21,940
14,800 ~l4,840
=3y4,800 «34,%20
“13,76% 13,779
=2,490 =3,135
w33, THb w4 D43
«%,200 w9280
w560 =7,520
-{2,760 12,760
«5,030 -5,378
« 38U «, 389
10.955 6.939
N30 1,017
»23,268 .i5 282
1,12€ 1,264
12.970 13,281
29,281 27,440
18,007 16,643
7,852 6,801
»11,298 .11,256
4, boo 4,600
2,278 2,34
wh, 220 w4, 22(
8,267  wg, 550
2,087 =1,128
1,605 448
-, 370 - 412
2,200 2.240
<d,600 =3,7480
-3,202  =3,429
=9,780  =9,492
0,179 10,123
~12,925 «11,182
16,350 18,336
~22,550 =~22,137

No, of
ahs.

12.%

Table 8,

Long.
(deg.)

242,5
247,5
2530
258,5
261,5
2685
274,90
279,5
2645

289.5

294,5
00,0
305,5
30,5
15,5
320,5
326,0
331,5

336,5

{Cont.)
Block usﬁmnms.
© {mgal}

1 bi
=18+080 =78.120
«l2.160 =72,320
«10,300 'TBUQQO

w7160 Taa00
L4320 4280
15,720 i5-7b0
LI L) 8,900
10000 9.580
6,920  LT.04g
»3,800 w3920
wigy 4By -5‘.560
=2T+500 «37.580
=18.489 =78,560
v2],320 =21.320
104400 =j0.440
=14:80p =15.q00
08B0 u,1aY
13.741 {3,701
22.52p 22.520
1.1 2,289
13.897 71,960
20863 =Jetb28
B:374 6,385
2+194 2,139
KL 8,869
10+341  fJo.271
«lelbp  Ll,160
84861 B,7%7
13.200 33,200
17+000 1Te000
26430g 20,300
~1.856 e 246
808y 8,00
»Tu 040 5,980
~18.96) =18,960
w22.200 wz2Z.400
«37,240 37,240
=244257 =2%,587
=33,605 =-33,763
=35,127 =a15,347
15,780 754900
wbe2h)  SBa400
w727 4,801
=~Te520 =Te520
~a136 ey
9.B15 j2.127
31.40) 11.9]1
35,974 35,243
TeDo0 7:313
40694 4,937
«214771  =50.09]
=25,387 wa4.B40
~2.984  .2,991
3.31¢ 3,147
~s 656 026
“azi19% 5,288
S5.434 4,665
13.007 Te783
6,869 3,430

14

No, of
obs,

‘Lat.
{deis.)

1245
12.5
12,5
12,5
12,5
12.5
12,8
12-5
12,5
1245
12.5
12,5
12.3
12«

1245
12,5
1245
1245
1245
1205
12,5
12.5
12,5
12.5
12,5
12,5
12,5
1215
1245
12,5
12.%
12,5
1245
1,5

745
7.5
7.5
Te5
1.5
TS
745
T8
1.5
7.5
7.5
Te3
7.5
143
745
745
7.5
745

Lang.

(deg.) -

187,5
192,58
198, ¢
203,58
206,5
2)3,5
214,5
223,5
228.5
234,90
239,5
244 .5
249 .5
254 .5
259,5
abd .5
270,90
2715,5
260,5
285 .5
290,5
295,.5
00,5

Block esu.matas'

{mgal}
1 I

5,048 5,469
‘lbaﬂ & ,56p
2e 567 2,3%2
14959 2,322
'5-035 -5.281
2549 =, 868
=e239 =040
“pe#03 74556
0,569 12,164
23,765 +19,059
17903 =21,607
«20.800 '-20,720
~11.400 -jl1,480
weblp =, 56
12,8%0 12,680
30350 3,360
1+200 1il%0
31.280 31,320
2.800 3.68¢
~2]v440 =2l.480
-i7.760 17,880
wgeTO)  w,088(
=35.000  =32,1%0
=35.000 «=35,pb0
~2Te2%p 27,400
«25:600 «25,740
=25.00y =25.150
alfe834 9,451
5|1$2 S5.166
3,109 «2,949
3.0083 3,140
12,432 14,629
12,332 12,529
'YRLL 4,440
17.454 11,736
31.5%5 29,218
20,3% 20,389
4e2hp 4a.249
Te5%0 T.b4g
13.560 13,56
14.120 14,120
37.65%9 31,825
194508 10,743
=15,497 w}15,5%3
©39.300 . =39,080
~6e150. wB,16p
«2E:920 25,960
=40+ 0%0 =40,0890
=39,800 ~39,8%0
=33.400 =33,44%p
«45,080 45,120
usklp “.520
174280 W~1T.360
16.320 10,280
9,253 10,615
ReBY] 8,924
12.254 13,298
3g.473 38,845
5{.613 53,503

No. of
obs.



Table 6, (Cont.)

*

Block csumntcu- Black caumntus' Block estimatea
Lat. Long. (mgal) No. of Lat. Long, {mgel) No. of Lnt, Long, . {mgal)

(deg.y (dog.) I e obs. {deg.) (dog.) I I oha. (deg)  (dem.) 1 I\
7.5 129.5 «835 15 481 123 2.5 72,5 437,320 ~aT,240 25 2,5 22,5 36,760 34,740
7.5 1345 15.737 16,589 18 245 11,5 <«d7,440 ~47.240 25 =2:5 27,5 =3,83¢ .3,88p
7.5 139,5 bea%0 7.279 21 2.5 B2,5 57,88y =-gT7.760 25 “2,5 32,5 -+88p =-,880
Ts85 (44,5 12,208 10,210 14 2¢5 87,5 -10.64p «79,560 23 =2,5 37,5 T+560 TJ8ED
T.5 14%.5 5,793  =5,092 LT 2,5 92,5 14Bp 600 25 *2.5 42,5 «28.637 .28,167
745 154.5 14,215 11,153 19 2.5 97,5 11,8717 Ji.6884 23 "2:5  AT,5 a26.480 u26,440
7.5 §5%.5 15,779 15,618 17 2,5 102,5 244558 35,113 1a =2¢5 52,5 a17.480 -[1,380
To5 164,5 «13,131  «T7,909 1B 2,5 107,5 264971 27.i82 24 =2e5  ST.5  =7,360 W7,)160
Ta5 1695 24,263 16,049 9 2,5 112,5 27,858 35,651 9 =215 62,5 194680 .19,84p
725 18040 74517 2,684 & 245 117,5 33,209 25,888 15 25 67,5 23,200 -23,12p
7.5 185,5 15,575 413,051 15 2.5 122,528,667 36,483 29 "2e5 72,5 AT, 440 .41,36p
76 19045 =, 178 - bép 24 2.5 127,85 1T.%0p  18,0l0 24 “2:5 77,5 a4p 000 45,800
7.5 195,5 64207 E,844 19 2,5 132,5 BU.944 47,580 14 =2+8 B2,5 «hs.200 46,080
TaB 20045 17,734 16,657 14 2.5 137,5 15,832 {T.pl8 17 “2¢5  BT,5 24,840 -24,600
1.5 205,5 4,952 5,432 13 2.5 142,5 9+550 104156 23 =25 92,8 .1p,440 12,200
7.5 210.5 1.027 #8595 13 2,5 147,85 1p.4ép  TO.480 25 »2:6 37,5 s¢92g 7,040
7.5 215.5 «2,415 v he5 11 2.5 152,5 2,886 2,877 24 “2,5 102,5 2gm.000 28,000
7.5 220,5 14114 1,988 & 2,5 157,5  11.600 §0.337 15 =25 107,585 33.402 33,598
7.5 225,5 =5,910 «l2,403 s 2,5 162.5 T+574 Ted9% 22 2.5  112,5 314085 24,795
To5 23045 =14,677 14,973 5 25 167,5 w2771 4,196 13 =2,5 117,5  3j.436 31,631
Te5 235.,5 =13,37¢% =8,703 13 2.5 172,5 14672 6,881 ) 2,5 122,5 2g.6F4 20,622
7.5 240.5 »19,581 «11,p77 1S 2,5 177,35 64358 2067 5 =2¢5 127,5 5989 «6,929
745 245,5  o9,54% 11,563 13 2.5 182,5 7,356 4,614 12 *2,5 132,5 ja,%64 19,920
7.5 2510 =000 944 15 2.5 187,85  .,295  -.820 1 =2¢5 137,5 3,683 6,338
7.5 256,5 2,753 4,751 14 2.5 192.5 To430 7.139 2y 2.5 142,85 29,120 29,140
7.5 261,85 4,575 5,665 15 2.5 197,5 1z.216 713,857 gy “2.5 147,85 3p,600 32,500
7.5 266,5 9,192 9,231 18 2.5 202,5 26,475 7,892 13 2,3 152,56 19,352 19,418
7.5 271.5 15,254 14,887 18 2,5 2¢71,5 24623 71,869 g 2,5 157, .68 25,68
7.5 27645 25,000 25,000 25 2,5 21z,5 2,623 7.860 5 2,5 je2,8 =2,813 23,28
7.5 281,5 23,52y 23,520 25 2.5 217,5 3,954 7.786 4 “2y5 167,58 -5,439 .36,307
7.5 ‘286,522,480 22,480 25 2.5 231,85 « 789 642 3 =25 172,85 21064959 w12,446
Jo5 291,65 13,080 13,089 &5 2,5 242,5 4,393 3,492 ¢ 25 177,5  =5,116  u5,493
7.5 296,5 1,000 1,000 25 2.5 247,5 -7,252 Lb,79T & =2.5 182,5 612 =997
Tob 301,58 5,320 w=5.32p 28 2.5 252,5 «5,664 3,942 7 «2,5 387,58 i,869 1,470
7.5 306:5 =17,000 17,000 25 2.5 257,5 6,727 1,260 7 =25 192,5 1g.76 10,637
Tu5 311.5 w34,Ty6 =34.738 23 2.5 262,58 w2,37s 6,586 7T =32,5 197.5 T.B45 9,467
T3 316,5 =21,198 .21,253 2 2.5 287.5 4,239 5,127 12 =2,5 202,55 1j:675 10,520
7.5 382,90 «9.977 =lg,04b 22 2,5 272,5 5,051 4,512 1% »2,5 207,5 6,537 J.673
7.5 327.5 12,826 12,778 15 2.5 277.5 5+675 5,682 23 . ~2,5 a12,% 6,202 3,713
‘T.5 332,85 T.226 7,591 21 2,5 2B2,5  24,84p 34,460 2% =2.5 217,5 -, Th2 7,363
7.5 237,3 4,318 4,825 1S 2.5 287,5 14,080 Te,080 2t =-2,5 232,5 3,753 3,619
7.5 342.5 1,170 1,082 24 2.5 29a,5 34240 3,240 25 =2,5 3237,5 048 $853
T.5 347,5 2,424 22,299 18 2,5 297,85 Belbg B,160 25 ~2,5 47,5 44974 5.898
7,5 2352,5 34,040 30,040 25 2.5 3y2,5 1179 1,351 2s =2.5 252.5 62740 1,530
TeS 235745 164750 16,769 25 245 307,5 5,600 5,660 25 =2:5 257,5 7,399 3,473

245 312,5  wg,4%p 8,582 23 =2v8 262,5 2,980 vl lb]
245 2,5 -12,962 11,353 19 2e5 7,5 «15,375 «76.386 2 =2.5 267,5 w7,010 =Tel150
2.5 Te5 1,808 2,296 22 2.5 322.5% “7.599  .7,475 23 “2e5 272,5 =114075 <11,518
2,5 12,5 14,120 14,120 25 2,5 327.,5 12.988 73,185 22 =208 77,5  m4.046 4,229
2,5  17.5  «9,718 =974y 24 2,5 33z,s 9,777 9.867 23 =2,5 2B2,5 25,640 25,4bp
2¢5 22,5 =16,320 16,320 25 2.5 337,5 5,310 5.121 21 =2.5 287,5 1p.60p0 18,600
2.5 27.5 b, 124 5,932 23 2,5 342,5 $222 «153 22 2«5 292,5 1ps320 10,320
2.5 32.5 Ta 160 7,160 25 2.5 47,5 w5089  L5,003 23 =2,5 297,85 =7.52p5 «7.52¢
2.5 37.% A,417 8,363 23 2.5 352,65 «1,942 1,949 2p ~2.8 302,58 «n,28p .B,28p
245 42,5 7,695 =4,5¢09 & 2,5 357,% w1,561 .1,435 & “2.5 307,5% + 040 «040
2.5 47.5 =-19,310 19,547 21 ~2+5 312,5 =17.485 .11,508
2,5 52,5 24,080 =24,60p 2% ~2.5 2,5 2.702 270 11 =2.5 37,5 .13.520 .13,52p
2,5 57.5 w14,200 ~l4,08p 25 =245 T.5  =1.496  .1,529 21 w245 322,5 ~7.941  -7,74p
2,5  62.5 ~21,200 ~21,080 25 =28 12,5 14,980 -74,%80 25 -2.5 2327,5 7,947  .1,208
245 67,5 ~35,580 25,400 25 2,5 17,5 «22.24¢ =p2,240 25 2.5 332,5 wg.922 oB,65

15



Lat,
(deg.)

2,5
*2.5
w25
-2.5
2.5

n?.s
7,5

=Te5 -

w7.5
7.5
7.5
=7,5
~7,5
=7.5

7.5
«1.5

=745
7,5
=75
=75
w5
=7,5

'7.5:

=7,§
-7,5
7,5
-7.5
7.5

1.5

7.5
7.5
»7,5
=745
T .5
=7.5
oT,5
wlo5
w?,5
7,5
7,5
nT,5
7.5
7,5
7,5
7,5
7,8
7,5
»7,5
1.5
=7.5
=7,5
7,5
'7&5
=7.5
=T,5
7.5
7,5
»7.5
=T1.5

Long,
tdeg.)

337.5
242,5
INT 5
352,5
357,5

als
T8
12,5
17,5
22,5
at.5

32,5 .

38,0
43,5
48,5
53,5
58,5
63,5

98,5

.103,5

109,0
114,5
119,5
24,5
29,5
34,5
139,5
44,5
149,.5
154,5
59,5
64,5
69,5
'T¢.5
8p.0
185.5
190.5
195,85
20045
205,5
210.5
215,5
220.5
225.%5
230,5
23%,5

'2‘005

245,5

251,0 .
256,5

201.5
266,5
271.5

Block BtImnt:;B‘

{mgel)

1 I
=10.186 =8485
#,069 4,748
11.009 10,379
4,376 1.911
~5,608  =4,678
8,948  =g,p6p
w4356  «6,098
-, 760 w 760
=32,560 32,569
»32,880 32,889
=%,320 =9,32p
24089 2.58p
=11,6820 «11,820
=32,800 32,88p
=2Tsbd) =27,440
®13,360 wl3,400
=k.960 =2,000
w13,840 13,920
14 40y =14,52p
"1b4720 16,889
®37:360 WdT.440
=2TeH0D «=27,84p
=27+000 2T.12¢
13,480 =13,529
2obby 2,600
=#s80u  «2,800
15,640 15,580
22920 22,920
=, 080 0.000
=11.960 12,040
=28.320 26,480
18,720 16,48p
22.920 22,920
29,080 29,160
29.360 29,289
3Ted60 - 37,200
19,164 19,120
4,921 3,38
“,tlb =3,218
1,459 799
L6435 L2680
Te449 4,835
-, 799 -, 951
J.605 2,234
b.162 5.545
bl =4,720
2,318 =5,121
*12,330 11,152
17,281 14,112
=190 H.411
2.277 2,714
_+453  =5,069
=2.T70 2,430
4,546 16,854
14568 7. 411
wh o257 =4, 164
«ToUIT  =7,002
=72.602 12,265
*11,576 wl12,.069

No, of
obs,

Table 6.

Lat,
(deg.})

=745
7.5
=75
=Teb
=745
7.5
=TS
=745
=75
“Ty5
»Tu5
=T,5

wT o5

7.5
=748
=Te5
'7|5

=12.5
=1245
=12.5
=1245
-12-5
=12.5
~12,5
wl2.5
=12.5
12,5
=12,.5
»12,5
=125
=12,5
=12,5
=12.5
=l2,8
=125
125
“l2,5
12,5
=125
=12,5
=1245
=12,5
=12,5
~12.5
=12,5
-12.5
=12,5
=12.5
l2:5
=12.5
=12.5
~12.5
=12.5
=12.5
=12,5
=125
=12,5
=-12.5
12,5

Long.
{deg.)

276,5
201,5
2865
2%91,5

296,5.

301,58
06,5
1,5

177,85

192 5

2035
208.5
213,5

(Cont.)

Block eatimntea‘

(mgal)

I I
«18.208 =78,43]
30.080 30.080
ledlby 15,160
27920 27920
24849 2,840
=3 8680 [ 111
3200 3,200
=184800 =70.800
=21uhig '51-§‘0
11+780 115780
=154177 »]5,.243
=20.879 " =p3,005
=13.670 =13.226
54091 5,171
9.23) 9041
=§+561 wBe2%b
=T,831 «7e139
=)le272 =1.B1%
=13.118 =71.721
111 «680
wT+88p a7.808¢
=12.400 =12.400
w24PB8p w2.280
w3600 -de 600
=114235 =7],249
23769 =23.920
=12.59] =12,729
'6-0‘] -‘0981
“2e¢910  w2e96]
*5.000 =5,200
=5,871 .6.200
=31le400 =21,560
=23.021 =23.877
«ZhedBp wph, 080
=25.860 w55.960
=25.04p =25.120
whaddp LYY
Ge#4Bo 6,480
=be120 wbBail0
«17:489 ~{7,920
=5600 =, 680
23,680 33,560
2Tv00p 2T.080
20.88p  30.88¢
20¢760  20.800
19,88 1%9.92¢
18.280 IB.‘QO
29.145  p9,i81
1Te80g  1T.800
154409 15401
17204 J7.078
lo.917 13,013
l18.007 17,522
Te0%Y 72069
12.04p  T).057
Be00p 8,286
=84008T 7,280
1538 2273
*104096 ~73.682

18

No, of
oha,

Lat,
(deg.}

=12.5
12,5
~l1z.5
=12,5
w1245
-12,5
wl2.5
m=l2e%
=12,5
=12,5
=12,5
wl2,5
=12,5
«12,5
~12,%
wlz,5
12,5
=12.5
~12,5
wl2,y5
=12,5
-12.5
=12,5
=12,5
=12,5
»12:5
«12,5
=12,5

17,8
=17.5
-17.5
=17.5
=17.5
_13.5
w1T.5
=17.5
=17.,5
=17.5
-17,5
«l7,5
«17,5
w1743
wl7,5
17,5

=175

17,5
=17,5
«17.5
=17.,5
wl7.5
17,5
=175
=175
=17.5
'1705
17,5
=175
=17,5
=17.5

Long. .

{deg.}

18,5
223,5
228,5
234,0
239,5
244 .5
249,56
254,5
359 .5
FLLN-
270,0
215.5
280,5
2685,5
290,58
295,5
300.5
06,0

*311.5

316,5
az2l,5
526.,5
33l,5
236,5
42,0

Block esﬂmntes'

{mgal)

1 n
=7:367 -9.499
“20444  -2,556

1.567 +955
A 754 ».361
5.504 4,209
£:28) 10,87:
104610 10,592
5.217 4,575
-g.!az by 108
wldedbT  o12,)92
w1Ts257 =)l+934
»18:093 18,017
w3932 30,779
43.120 43,120
23.84p  22,B4p
22400 22400
w2520 3,520
=10:540 «10,540
=600 =2.600
~10s880 =10,8Bp
5,574 o5,569
©7.563 17,373
wlovhlT w19,476
«23:532 =}7.831
-1?.369 ~T.25p

485 L637
«Te 005 1,287
iy THE 3,412
w2e525 =B,610
*3:903  wé4,739

‘Te8600 T.600
-3|680 =3,689
5,209 7,200

9,000 9,800
1180 =1.180

.an.Sﬁo «20,560
=1da152 =th,158
19,464 20,384
-5-]7‘ =3,043
8,820 8,609
Telbg TR0
=sBld =, 595
=12,804 a)2,87%
w2Fe6bb 21,837
~18.500 =18.58¢
=30.900 31,040
=264200 w24.200
-26+200 ~20.44p
=224120 22,200
«214000 =20.%920

=Rdi 300 «9,000

|§v*00 14,289
14.T20 14,760

G740 6,669
11'2‘0 114240
21-600 21.72¢
17.560 17.52¢
124329 12,280

2.237 24653



Lat,
{deg.y

~-17,5
=17,5
-17,5
=17,%
17,5
=17.5

-17.5

17,5

“22,5
22,5

Loag,
(deg.)

{64,5
16%.5
174.5
jfo.0
18545
19045
195.5
200.5
206,0
211,5
216,.5
221.5
227,90
232,5
237.,5
243,58
247.5
253.0
258,5
263,5
268.5
27‘00
279.5
284,58
289,5
294,5
a00.0
305.5
310.5

.315.5

3E0.5
326,0
331.5
336,5
341,5

. 3‘-’-0'
352.5

357,5
245

13,5
18,5
24,0
29,5
35,0
40,5
45,5
51 .o
58,5
61.5
6740
72,5
T840
83,5
88,5
4,0
99.5
104,5
110.¢0

-
Block estimates

{mgal)

I i
5.288 8,807
43,280 43,280
30,146 31,034
18,488 18,691
«1,040 .2.128
4,203 4,225
-h 427 2,479
8,974 7.279
1,789 201
“w2,213  =2,288
e5,348  «5,67S
“$,581 -6,T16
wt, 144 5,907
=2,712 =3,9%8
w¥,560% =] H22
4,337 2,304
6,487 5,558
w4, 178 2,399
~5.305  «4,674
o211 2,038
100 7,483
']-955 3252
—44456 15,615
-2,906 =4,953
52,760 52,760
50,200 50,200
144560  14,56p
=8,080 =8,080
~19.,920 =19,920
=1B,760 w»18,700
-4,320 ~4,329
=15,050 15,121
w)4,582 wléd, 021
=25,393 20,706
=15,468 321
872 5,088
+325 2,631
-2, 708 -1.170
2,721 1,%20
9.257 9,005
204260 20,276
31.080 31,080
~2:220 2,220
Fe 04D 9.0‘0
10,280 10,200
~12.640 =i2,520
19,520 19,049
= 652 -s208
=,2B0 =, 120
A.100 8,254
23,310 23,246
10,468 10,651
5,729 “5,.066
9,541 ~2.785
=3,983 7,777
=17,0l4 24,724
=28,l2¢ =28,391
53] -2,88]1
5,447  =6,858

No. of
obs,

Table 6.

Lat.
(deg.)

=22.,5
=22.5
~22,5
w2245
-22.5

=22,5

=22.5

w2245

22,5
-aa.s
wg2.5
=22.5
22,5
=22,5
'22.5
w22,5
wg2,5
22,5
22,5
=22,5
-22,5
=22,5
22,5
w22, 5
32,5
-22,5
-22.5
=2245
«22,5

=278
«27.5
=27.5
w2745
=-27.5

Long,
{dog.}

118,5
121,0

{Cont.)
»
_Block estimatos
(magal) -

I II
B.080 8,p80
14800 1,780

wte800 =T,680
“74800 7,720
l1os200 70,180
TebBg 7,360
24,38 24,400
Be%29 12,362
5.94] 13,310
224295 21,544
28+937  ap,pb4
37,755 43,577
11.99¢ a2l 752
1,794 2,159
=15+015 =73,p95
104056 LB, A50
wlbe04l w=Té,g31
8,532 .7,966
=11.111 =J4,245
1,366 w14,822
7.839  .3,990

& .7"7 5 110
9,218 8,057
a, 4588 2,213
3.358 <170
1,836 2,409
»2,587 «f2,632
'7-035 :3.990
73.380 73,380
54627 5,761
wedl  w.240
-18,880 ={B,880
*1.151 1,165
14,844 =74,991
=24,839 =25,i58
=17,4T5 w77,036
=21,483 »13,413
=20,1058 =12,786
“4,067 3,820
wb,271 =-5,693
“T 728wl 24]
w4yl =2.809
4,756 4,921
l4e260 74,260
15,220 15%.220
19,720 19.720
30,260 30,260
“T,0B0 7,560
J.2%¢ _31150
15,84p 715,800
2040 1,920
«342T77  =3,452
18.710  JT.312
27.663 360119
12,756 15.3061
"8.976 10,082
-2,532 .80
6,679 LB, 259
~13,029 70,861

17

Block esﬂmutou‘

(mgal}

I I
«10.197 ~19,858
wi5,524 up2,B58

hj.763 wl o T41
w4591 vk 032
144651 14,987
wl3e7%0 w13,620
w8580 wByhd0
w3a120 3,120
13,360 j3,440
9.7T1 10,612
5sT43 $,469
10,676 12,658
AbTH 24,196

062 22,575
w29.TR?  ~p&,343
-17,683  «5,91%

1155  a1,p01
3,705 3,415
~13,638 015,109
60369 220,204
i.321 8,852
&.T10 4,901
54068 W 491
12942 «3,537
184554 11,345
15,544 11,108
42,506 42,691
12,760 12,780
114240 1l,2%0
»5.520 9,520

« 055 1,039
«29.875 up8,715
16,289 17,762
w14 305 14,870

w3 324 - 646
4,913 -, 304
-3,615  al1,696
wlDe 45  w10,546
GB35 5,422
.3.139 =24405
“7,781  =7,081
24025 2,014,
2,.080 2%,060
191920 14,960
4,688 4,760
-’.160 wha b0
25.180 25,980
15,540 15,560
21,540 21,500
821 5,443
a.685 12,838
234400 20,080
ge593 7.025
=5, 042 5,840
«17.,097 10,305
wZasbbt 2B ,pE3
-250655 —25.n70
‘5.‘00 :6.‘5¢
wlaaT80 w14,9860

No, of
oba.

e —— e

i
g
!

e — e

e i e e e

B S



Table 6. (Cont.)

-
Block estimates Block estimates” Block eatlmatea”
Lat, Long. (mgal) No, of Lat. Long, (mpal) . No, of Lat, Long. (mgnll No, of

{deg.) (dog) 1 n ohb. (deg.) (deg.) I 114 obs. (degy)  (deg)- 1 i} obe,
»32,5 ]2T7.0 ~23.650 .23,724 21 =37,5 136,0 «10+185 «=74,537 13 =42,5 309,0 <1pe683 13,731 10
=32,5 133,06 =~21,327 .21,465 &2 =37.5 142,0 1938 1.4%4 23 43,5 315,5 .13.725 .12.095 9
=32,5 13%.0 1. %40 2,040 25 37,5 148,5 14198 1,186 2& =43,5 322,5 7,021 5,002
=32,5 145,0 4,427 4,218 23 »37,5 155,0 w]eSlé  ol.846 16 42,5 349,5 YY) 9,781 1
=32.5 150.5 25,720 25,689 25 =37.5 161,0 we5.302 8,395 13 43,5 356,5 12,052 11,097 9
»32,5 156,0 »1V,233 19,507 20 «37,5 167.5 «s 093  Ll.B92 11
=32,5 162,0 =~21.7680 =22,702 9 =37,5 174,0 9.224  jV,139 19 47,5 11,0 w2436  A,3lg 3
~32,5 168,0 ~=37,843 20,859 6 «37,.5 180,00 ~l4.,364 =73,487 2] -47,5 18,5 44478 9,379 3
32,5 74,0 36,769 25,549 2 =37.5 192,5 w«26.87p =15.807 4 “47,5 40,5 25,762 43,299 1
»32,5 80,0 . 236 lg,791 12 “37.5 211,5 wha516 2,487 . 5 47,5 89 .5 10,814 p8,38) 8
=32,5 188,0 ~20,670 -,830 5 «37,5 218,90 =3,932 .2.481 23 -47,5 §58,0 ~9,026 2,308 5
=32,5 192.0 17,620 =9 608 7 =37,5 224,0 =3.583 4,511 & wh7,5 1655 28,956 23,051 6
»32,5 09,5 =,581 1,869 10 «37.5 230,5 114176 76,786 4 ~47,5 172,85 9829 Z1,793 &
«32,5 215,0 2,591 8, lo4 3 »37,5 237,0 =s314 6,842 5 47,5 180,0 =1940% 35,212 7
~32,5 221.0 10.173 8,786 4 =37.5 243,0 - =d.47p 1,848 5’ =47,5 187,5 19,534 19,833 15
=32,5 a27.,0 1,891 =1, 75p 10 ~37.5 249,5 «25,324 ~24,981 19 47,5 (94,5 L6069 YR
=32,5 233.¢ 8,502 6 ,44T 6 =37,5 256,0 =28.3T4 =30,583 11 w47,5 209,5 w54TE  «B,295 v
=32,5 239.0 5,886 1p,328 5 =37,5 262,0 «he2d9 8,274 9 ~-47,5 253.5 44861 w,1b3 2
=32,5 245,09 305 5,830 5 =37,5 268,5 wsB669  w18,421 1 47,5  288,0 3,006 20,349 1
~32,5 251,0 5,404 =3,067 7 =37.5 291,08 2,226 J.800 1 =47,5 275,68 12,953 1d,pl4 9
=32,5 257.0 -2.455 =4,115 12 =37,5 287,5 200329 §9.,968 19 ~47,5 2B3,0 -114420 5,200 &
w32, 263,09 *T0.99% e1p,412 6 37,5 2%94,0 5,980 £.98p 25 ~47,5 290,5 42389 6,348 24
“32,5 288,85 «2.192 -a,l76 & 37,5 300,0 13,700 [3.650 24 «47,5 297.5 -s613 YT T
32,5 274,90 Te066 A9 6 n37.5 306,0 3.31% 2,702 23 w75 305,80 16310 16,418 21
=32,5 28p.0 11,782 4,681 6 =37,5 3l2,5 =20,788 =3B8,87% 2¢ =47,5 312,5 =16¢162 213,514 2
=32,5 286,90 =18,577 _15,774 15 37,5 319,0 =15,134 =73,998 13 «47,5 319.5 wlAel56 w13,621 ¢
«32,5 292,09 39,580 J9,68Bp 25 =37.5 325,0 Te043 Ta7%0 6 47,5 2327.,0 23,845 22,498 9
«32,5 2968.,0 15,520 15,520 25 =-37,5 321,5 1.739 £,579 & 47,5  334,5 3.113 18,041 &
=32,5 304,0 19,700 19,700 25 =37,5 338,00 11,988 Be7l6 2 «47,6 381,5 50086 1,686 7
=~32,5 310.0 «3,128 =3,144 20 w3745 34,0 7605 7,332 11 47,5 49,0 14.528 22,034 7
=32,5 316,0 79,431 L19.638 12 «37.5 350,5 3.721 4,524 13
n32,5 ‘322.,0 18,185 17,959 19 =37.5 357,0 9,53 ,2,103 7 52,5 49,5 25716 26,992 4
«32,5 327.5 «20,329 13,277 2 ~52,5 §43,0 20.74% 36,960 4
=32,5 333,08 14390 4,076 6 42,5 3,5 4,508 o3.476 &5 w52,5 }59,5 24099 <2,912 &
=32,5 33%,0 5,791 9,345 8 42,5 10,5 14399 .2.436 1g «52,5 168,0 1&el70 T.716 4
~32,5 2345.0 3,539 4,895 16 42,5 17,0 5.617 l.005 23 =52,5 175,00 wepedb0 -d420 1
w32,5 1351.0 =3,747 =3,186 13 42,5 23,5  16.607 T4.663 1] =52,5 {E4,0 4551 oB,992 7
=32,5 2357.0 9,236 6,481 6 -42,5 39,5 Ta.564 b, 445 9 52,5 [92,0 =ha650 16,403 6

»82,5 T1,5 «2,807 19.823 =52,5 209,0 =5.521 5,800 10
37,5 Je0  =BeT37 -, 155 4 =4z,5 B5,0 =1.2886 74,551 3 =52,5 249,5 TpslO4 =3,8T74 2
»37,5 9.5 w2,31% w2 532 12 -4z2,8 91,5 987 9.925 & =52,8 2B2,0 14329 6,592 12
»37,5 1640 +589 428 18 42,5 98,5  «2,78) B,pbl 2 w52,5 290.5 =14969 ol,586 23
37,5 22,0 3,520 3,38 25 42,5 105,5 ~4,717 1,333 ) w52,5 299,0 Tze4l8 12,034 22
=37,5 28,5 10,317 10,440 24 -42,5 112,0 =11.515 =-il1.,403 2 52,5 367.0 =3:5%% 5,565 18
=37,56 35.9 A,582 9,751 20 42,5 129.5 6,308 ~71B,417 =5z,5 315,90 6+37D S.a2% 29
“3T,6 41,0 5,919 2,250 12 42,5 146,0 1,830 “edlo 19 52,5 323,0 we209  Wd,234 "9
«37,5 AT.5 18,386 17,314 10 ~4p,5 152,5 «15,551 ~=73.571 1p 52,5 23)l.0 25.3%% w273 1
«37,5 S4e0 144098 13,753 10 ~43,5 166,5 =is.512 W52 9 =52,5 239,.5 +5hs 11,449 1
~37,5 6040 J.174 11,372 6 -42,5 173,5 LY 9.685 27
=3T.5  6be0 - = 07? 17,216 4 =42,5 180,00 1s5.422 71,324 15 57,5 S0,5 13788 21,769 1
=37,5 T2.5 . =1.698 14,956 4 ~42,5 186,58 =~22.232 =19,389 7 =57.5 133,55 ~5.450 19,805 4
37,5 79,0 t,656 8,077 15 “42,5 193,5 «=24,550 5.852 & =57.5 j43,0 apelfo 15,363 3
=37,5 85,0 =893  w}, 549 ]2 ~42,5 207,5 w5.67) 176 lo =57,5 152,5 ae8T4 4,520 10
=37,5 91.5 T17 067 18 wh2,5 268,00 ~l6.454 =75,305 9 w57,5 189,5 240809 ,26,p74 14
=37,5  %8.0 ~-19,82% 10,855 18 ~62,5 254,5 «=12.237 -B.511 7 =575 198,5 . =14¢927 wph,269 2
=37,5 jO0440 ~24,7i5 25,877 16 =42,5 268,5 3,581 JB.956 ¢ 57,8 207,5 =3.412 WT.437 0
«37,5 110.5 =33,452 .346,998 12 ~42,5 281,5 623 B,573 23 =57.8 217,0 75068 19,188 1
=37,5 117.0 =37,291 439,935 8 ~42,5 288,85 38.278 37,154 2¢ w57,5 253,5 5.97% 4,329 2
-g;.g 123,0 =~33,54% aa8],282 4 =42,5 295,5 6.179 5,881 lé 57,5 P72,5 w§.937 10,160 ll
~3ls 1 13

18845 =20,790  «dg,l80 2 =42,5 3Jp2,5 L1elB? 2.296 19 w575 281.5 «g«TU4. =%.261

18



=57,5

-67|5
67,5

=Tc+5
=T2.5

Long.
(deg.)

290,.5
300.0
309.,5
318,5
32745
337.0
34645

5.5
16.5
2705
46,5
7045
81,5
92.5

10345
114.5
125.5
136,45
14745
158.5
169'5
190.5
201.5
212.5
245,5
256.5
27845
289,5
30040
310.5
321.5

6.5
19,5
32,5
45,0
57,8
70.5
83,5
96,5

1095
122.5
!35.0
i47.5
1605
!73-5
186,5
199.5
212.5
225.0
23745
25045
263.5
276.5
289,5
302.5

8.0
24,45

Table 6.

Block estimates

{mgal)

I I
17.922 18,415
29,562 29,933
l3.959 a°|493
19,228 20,995
34,913 24,447
12,298 i2,141
16,807 131.899

Tel2d 11,620
23.413 19,557

«363 2,057
11,874 17.141
32.914 29,652
13,263 8,248

222,987 19,001
19,059 19,995
~4],%25 =7,134
w26, 37T0 31,056
»31,761 =3p,q28
7,919 ~7.810
1,242 -6, 985
~l,588 22,611
wl],780 17,385
=9,322 w15,484
-b,171 -8,391
9,972 2. 046
2675 11,113
=069 27,987
6,331 6,785
34,952 34,197
30,575 23,667
16,451 22,402
13,675 6,888
»7¢153  =£,761
17882 17,187
10,349 1p,058
42,700 38,464
204941 22,348
102849 14,429
244110 22,066
17429 16,746
»20,404 20,206
v]1,610 22,629
w15432T7 19,287
w9,630 «)0,258
aloT36 wl3,760
=$,372 »12,006
al9,%36 -25.523
0,680 22,266
22,816 25,826
=]19,14% =}7,681
«51145 ©)1,776
254089 w1l 425
“heP82 w=lp,888
19,319 11,640
16,383 ~4,023
23,061 6,711
H,463 3,859

No, of
ohs,

15
23
18
18
15
14

8

iw WL PO DWW WNES P~ O

-
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W

Yt B B B B e B e
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~No =N OS

(Cont.)

19

Lat,
{deg.)

w7245
=72,5
'72.5
=72:5
-72.5
7245
eT2.5
=72.5
'72;5
-T245
=72:5
=T72,5

7745
'77.5
=T7+5
775
’77.5
«77.5
»7T7+5
=775
-7715
'77r5
= 77.5
=775
«TT.5

=82,5
=-82,5
=82,5
=32,5
-B82,5
2,5
=82,5
=-82,5

=87,5
=87,5
-87.5

Long.
(deg.)

41,0
90,0
108,5
139 0
155,5
172,0
204 .5
237.0
252,5
270,0
286,5
352,0

34,0
79,0
101.5
124,0
146,5
169,08
191,5
2lé .6
236,5
259,¢
a81,.5
s, 0
326,5

20,0
60,0

100,0

léo.u
189,0
220,0
260,0
300,u

60,0
180,90
3ug0,0

Block eatimates*

I

=]14000
13.537
=30.673
=20.092
»30.,579
~264592
-260522
11.017
“4468]
11,697
30,333
11.75)

vl 487

14,992 -

T3.58¢0
=3, 356
=3T.12§
15,594
°18l511
«17,874
"5,154
—13.163

B8.1%6
#2090
«13,196

*1,559
22.829
18+ 744

=17.49)

=2l.012
"15-395

=5.805
=13,005

~16.570
=2p 4723
w1437

(mgal)
s

LY -1
74,383
«25, 095
29,489
304007
wolbas b2
=20 ,896
=11.702
w1l ?Ch
26176
?2:681
42609

_E.GBS
77,037
«5.55¢
«33,572
-9 ,378
=530,014
“23-223
=19,75%
«5a444
wj3,241

6,275
'TO.?B!
'?1;772

wl 455
181915
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5, DISCUSSION

Bleck anomalies as obtained from estimated residual anomalies (column headed
I in Table 6) are preferred for several reasons. First, surface-gravity data are
augmented by the information contained in the reference field, the assumption, of
cotirse, being that the reference field is a good representation of the geoid. Second,
the covariance function of the residusl anomalies is nearly zero for 7> 3°, so that
astimates depeﬁd only on nearby measurements; thus, the effect of ignoring measure-
ments outside the block is reduced. Third, the residual anomalies are more nearly
stationary than are the original measurements. Figures 2 and 3 are typical of other
partitionings of the data. '

Nevertheless, there is a serious objection to using these estimates in combination
with other kinds of data to solve for the coefficients of the earth's gravity field. The

“block anomalies obtained from estimated residual anomalies do not represent only

information in the surface-gravity data. This fact blurs the meaning of the weights

assigned to the anomalies and of the staiistics comparing solutions with the anomalies.

The problem would be magnitied by iteration.
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