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East Asian Troughs

Adjoining the Indo-Gangetic Plain to the north is the au-
tochthonous Siwalik System which is associated with a continu-
ous thrust (the Main Boundary Fault) with characteristic reverse
folds. It comprises 15,000 - 17,000 feet of alluvium which were
finally deformed in the lower Pleistocene (32). Regional uplifts
during their period of deformation are recognized (33) in Bihar
at latitude 23 N. Thus, their deformation is associated with the
subsidence and formation of the Indo-Gangetic Plain. The Si-
waliks are thus tectonically associated with the Indo-Gangetic
Plain and together these constitute the Indo-Gangetic Trough
{21, 1).

The tectonic study of USSR reveals troughs similar to the
Indo-Gangetic Trough, namely, the Verkoyansk Trough, The
Ural Trough and the Angara-Lena Trough (Pl. 1).

Points of Similarity

1.) All these troughs are formed between Cratons of highly
differing ages and are invariably located on the older of the
Cratons. The Indo-Gangetic Trough lies between the Indian
Archean Craton and the Paleozoic Craton of Southern Russia.
The Verkoyansk Trough lies between the Archean Siberian
Platform and the Mesozoic Massifs to the east, The Ural
Trough lies between Russian Platform of the Baikalian Epoch
and the West Siberian Platform of Caledonian and Hercynian
Epochs. The Angara-Lena Trough lies between the Archean
Tunguska Synclise and the Baikalian fold belt.
2.) All these troughs display close association with the zones
of diastrophism inasmuch as folding and faulting of their contact
with these zones occur.

As a result they are all associated with the last stages of
diastrophism.
3.) Sharp syntaxial bends occur adjoining them and in all
cases are concave towards the older Craton.

Thus, the process of diastrophism has a unique final
stage determined by the formation of Troughs.
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CHAPTER V

CONCLUSIONS !
Restatement of the Problem

The problem reduces to correlation between proposed hy-
potheses and phenomena recorded at all scales of observation.

SEA-LEVEL
CONVECTION
CURRENTS

Umbgrove's Hypothesis

Intensive study and careful correlation of Island Arcs )
(particularly those of Eastern Asia) constitute the basis of the
hypothesis in which crustal waves advance towards a continent.
(34) Convection current in the mantle are proposed as a me-
chanism to explain the crustal wave formation. (Fig. 8) These
depend entirely on heat processes in the mantle and core.

Heat Processes

TECTOGENE

Comparative observations have, for practical purposes,
been limited to the vicinity of the earth's surface. The observ- S
ed heat flow in the oceans are in the same order as the conti- \\~
nents (10-6 cal. /em. 2) however, the Pacific ocean bottom ) i
shows generally lower values except in certain restricted sec-
tions. (35)

Van Bemmelen's Hypothesis

%

The monumental study of the East Indies by Van Bemme-
len (36) enables this author to propose the Undation Theory.
The hypothesis suggests the development of a central volcanic
zone in a wide diastrophic area between continental nuclei
(Cratons). Migration of the volcanic zone is recognized by
this author towards the cratons,

The mechanism theorized to explain the process implies
the existence of a world encircling "Salismatic" layer in the
mantle. This layer is subject to cosmic cooling under the
wide diastrophic area causing the "hypo-differentiation' of
this layer into acid and ultrabasic segregations. The re-es-
tablishment of this layer causes rock flow at depth towards :
the center of the area producing smaller diastrophic zones I
(eugeosynclines) which migrate in both directions. (Fig. 9)
The mechanism is dependent entirely on the physico-chemical
behaviour of the Salismatic layer.

It is interesting to note that this author associates mi-

IDIOGEOSYNCLINE
BOUNDARY

SIMA
FIG.8 SKETCH ILLUSTRATING UMBGROVE'S CONCEPT
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gration with diastrophism rather than with cratons.
Daly's Hypothesis

With regard to the strength of the earth's crust Daly (37)
proposes a hypothesis which involves the settlement of a graben-
like zone directly over a mountainous system. (Fig. 10) Even
though density measurements (38) indicate that such a situation
is unlikely, the suffestion that a crustal fracture zone may oc-
cur without crustal folding is significant.

A Proposed Correlation

The writer proposes to develop a hypothesis by combin-
ing the laws that are indicated on two distinct levels.

Cratons

The General Stability of Cratons on a continental scale
has been fairly well substantiated by geologic and geodetic evi-
dence. Structural trends in modern Island Arcs and Cratons
indicate that the latter have been created by processes associat-
ed with the former. The ages of the structural trends however
sugge st a much more random occurrence than exist in modern
Arcs. (Pl. 1) Cratons of the same age, however, include
structural trends of different ages, being subdivided by wider
epochs. Thus Archean, Baikalian, (corresponding to the begin-
ning of the Paleozoic era) Hercynian, (Variscan), Caledonian
and Mesozoic cratons are recognized in Asia. (39)

Massifs

A study of East Central Asia reveals ancient massifs
which have been surrounded by younger structural trends. The
Tarim, Ordos and Szechuan massifs are well delineated by
such trends. These massifs display a cratonic cover, but in
the southern part of Szechuan there are evidences of encroach-
ment on the massif by these trends. The Shantung-ILiaotung,
South China, and Indo-China massifs however, are exposed,
and display a more pronounced encroachment by younger trends.

Lee (40) observes that the cratonic '"seams" of the Inshan
and Tsinling structural trends are intimately associated with
the conjunctions of the Japanese arc with the Kurile and Riu-
Kiu Arcs. (Pl. 1) The recent (1957) major earth-quake in the
Bogdo structural trend (an apparent continuation of the Inshan
trend) indicates activity contemporaneous with the East Asian
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Arc System.

Hypothesis on a Cratonic Level

These observations suggest the gross outline of the hypo- . o o A ) )
thesis. Whereas Island Arcs compose Cratons, Cratons govern = o o 2 o O
- e 3 ) - o m = 1}
the formation of Island Arcs. = T T T 7 T
Island Arcs > o
On a smaller scale of observation the zones of diastro- _ -4
phism appear to occur between cratons of different ages. From ‘ E s
present activity, these zones are intimately associated with g %
Island Arcs. The modern Island Arc is recognized to have geo- o b r @
tectonic factors (41) in a very definite zonal sequence. (Fig. 11) o [
(A) An oceanic trench; (B) Shallow earth-quakes and maximum i: e g E‘”
negative gravity anomalies; (C) Maximum positive anomalies, = Z ©
occasional non-volcanic islands and foci at depths near 60 km; w
(D) A principal arc of active or recently extinct volcanoes and i T8 UO = g
foci at depths of 100 km; (E) A second structural arc of older 1 M~ 2 lj =
volcanics; (F) Foci at depths of 200-300 km and (G) A gentle ¢ ©° i
depression with foci at depths of 300-700 kmm. Not all these =i B o 9
factors are found in modern Arcs, but nonetheless, the order > 1 3 :;; E 3
of sequence is invariably preserved. g o ey o i
The Burmese and Pamir arcs display this same property o o o e — i—’-
(Fig. 3A and 3B) whereas indications of seismicity (in compari- é Lzl..l o 2 g =L
son with modern Arcs) suggest that diastrophism is waning in &L s ) b
these zones. (42) This decrease is further associated with a _‘l_’ ol : Ll e o 8
diminishing depth to the '"'seismic limit. " o ! e ) —
w ik ° AN «
o ot i =
The Hypothesis at an Arcuate Level o s < |o Pl &
= . w
When the invariable order of sequence in these zones is 5
compared, three factors appear to be preserved. This sug- e ’ |
gests the second stage of the hypothesis. 0w o B Al
The sequence of (A) trench (eugeosyncline), the fracture @ g "E’ w
zone (delineated by foci and surface faults) and (D) active pluto- + I .é = g =
volcanism, migrates in the direction of factor (D) to factor (A). § o s 2
The hypothesis identifies the non-volcanic islands (C)and Qo S
the second structural arc of older volcanics (E) as former lo- © ;f—: = T
cations of factor (A) and factor (D) described above. 2 E‘ Sabs
am : g8 | 5%
Application of the Hypothesis > E T >+

According to the hypothesis the Shan Plateau and Himala-
yan complex (and syntax) are left in the "Wake' of the migration
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of the Burmese and Pamir Arcs.

The direction of migration by the Arcs (Pl. 1) precludes
any consistent movement of the Indian Craton as a unit. Thus
the hypothesis for 'drift'" on a Cratonic scale of the Indian Pen-
insula cannot be correlated with Himalayan diastrophism on an
Arcuate scale. Further the possibility of a mechanism relating
the arcuate and cratonic hypotheses proposed, by a means other
than "drifting', places the latter hypothesis on an extremely un-
certain basis.

A Possible Mechanism

A mechanism, that could possibly explain the proposed
migration and remain consistent with the gross theme of the
hypothesis, is based on the differential rate of Cratonic cool-
ing and the subsequent redistribution of heat.

A "cool" Craton is visualized in juxtaposition with a
"warm'' one.

The cool Craton (as a result) is proposed to develop a
lower "seismic limit" and contract. A differential is establish-
ed at the zone of contact and a fracture zone develops dipping
towards the warm Craton. Material below the "seismic limit"
at the base of the fracture zone experiences a ''release in pres-
sure" and fills the fissure in a molten state until the heat dis-
sipates. Further fracturing repeats the action. The zone of
fracture determines a depression on the surface as a result of
the contraction and a sympathetic faulted "sag' of the warm
Craton develops.

Volcanism results when the fracture zone is sufficiently
heated to permit the flow of molten material to the surface, es-
pecially through the vertical faults. However in doing so con-
traction would gradually cease in the vicinity and later expan-
sion would separate the oblique fault depression (the trench)
from the "sag'" depression (the idio-geosyncline).

Further differential contraction in the cool Craton with
respect to the now "warm!' fracture zone is a suggested cause
of a new fracture zone. The increasing width of this zone
allows the migration of the three factors involved by at the
earth's surface as proposed by the Arcuate hypothesis followed
by a plutonic emergence.

The process ceases if the differential contraction is in-
sufficient to cause new fracture zones.

Correlation of the Mechanism and Himalayan Tectonics

According to the mechanism, the upper edge of the Indo-
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Gangetic Trough represents the initial fracture zone. The (1904-1954)
crystalline axis of the Great Himalaya represents the expansion

and emergence of the pluto-volcanic zone, along with the

"seismic limit". No. Date. Time. Location. M D(km.)
Gravitational sliding of the sediments above this emerg-
ence, towards the Indian Craton, is a possible explanation for 1 1931, Nov. 30 17:01:36  15.5N 92.5 E d
the overthrust zone. A 2 1930, May 5 13:45:57 17N 96.5 E 7.3
Finally, the presence of Archean rock within the Himala- 3 1930, Dec: 3 18:51:44 18N 96.5 E 7.3
yan zone (Pl. 2) is possibly explained by a removal c:f .the north- 4 1931, Sept. 6 05:38:07 18. 5N 96 E d
ern ""basal edge" of the Indian Craton, in a pluton, rising along 5 1933, July 3 15:09:05 19 N 97 E d
a fractured zone. In this event, the isostasy of the northern 6 1912, May 23 02:24:10 21N 97 E 8.0
edge of Craton is disturbed causing subsidence along the Indo- 7 1936, Feb. 21 06:20:40 23N 96 E d
Gangetic Trough. 8 1939, June 19 21:56:40 23.5N 94 E d
After examining the various hypotheses proposed 1:.he 1938, Aug. 16 04:27:50 23.5N94.3 E T 2
writer is of the opinion, that the mechanism of a migrating 10 1918, July 8 10:22:07 24.5N 91 E 7.6
fault zone as described above, accounts best for the geological 11 1932, March 27 08:44:40 24.5N 92 E a
observations made in the Himalayas. 12 1946, Sept. 12 15:17:15 23.5N 96 E 7.5
13 1946, Sept. 12 15:20:20 23.5N 96 E 7.8
14 1933, Aug. 11 08:54:01 25,5 N 98.5 E 6.5
15 1931, May 27 00:43:29 27. 5 N-98.5 E d
16 1934, Jan. 19 12:33:07 25. 5N 98.:25 B 6
17 1933, Nov. 19 09:08:29 25 N 98 E d
18 1931, Oct. 18 07:06:40 26 N 98 E d
19 1908, Dec. 12 12:54:90 265N 97 E 7 5
20 1931, Jan. 27 20:09:13 25.6 N 96.8 E 7.6
21 1931, Feb. 10 01:22:54 25.5N 96 E d
22 1929, March 25 03:47:04 29 N94.5 E
23 1930, Sept. 22 14:19:11 25N 94 E 6.3
24 1943, Oct. 23 17:23:16 26 N93 E T 2
25 1941, May 22 01:00:32 27.5 N'93:F d
26 1950, Aug. 15 14:09:30 28.5N 96.5 E 8.6
27 1938, Nov. 21 01:11:28 30N 95 E 6
28 1947, July 29 13:43:22 28.5N 94 E 7.7
29 1932, March 00:17:56 25.5N 92.5 E d
30 1934, June 23 95:19:53 33N 92.5 E 6
31 1932, Nov. 9 18:30:09 265N 92 E d
32 1940, Sept. 3 14:40:32 31N 91.5 E d
33 1923, Sept. 9 22:03:43 25.3N 91 E 7.1
34 1933, March 6 13:05:35 26 N 90.5 E d
35 1932, March 24 16:08:36 25N 90 E d
36 1930, July 2 21:03:42 255N 90 E {0
i3t 1924, Aug. 13 23:57:50 29.5N 90 E d
38 1924, Oct. 8 20:32:57 30N 90 E 6.5
B30 1934, Dec. 15 01:57:37 31.3N 89.3 E 7l
40 1936, Feb. 18 14:30:32 31 N 89 E d
41 1935, Jan. 3 01:50:08 30.5 N 88 6.5
42 1936, Feb. 11 04:48:00 27.5N 87 E d 50
43 1934, Jan. 15 08:43:18 26.5N 86.5 E 8.3
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TABLE 1 (contd.) sefsmological
Date. Time. Location M D(km.) TABLE 1 (contd. )
1931, June 18 12:58:29 30.5 N 84 E d
1936, May 27 06:19:19 29.5N 83.5E 7.0
1944, Oct. 17 18:36:54 31.5N 83.5E 6.8 o, Date. Time. Location. M D(km.)
1944, Oct. 29 00:11:32 31.5N 83.5E 6.8
1913, March 6 02:09:00 30N 83 E 6.2 2 1926, March 22 16:24:10 36N 70 E d
1913, March 6 11:04:00 30 N 83 E 6.4 0 1933, Dec. 2 02:15:16  36.5N 69.5 E d
P A gt hasrlnn 3 91 1933, Dec. 9 07:52:10 36.5N 69.5 E a
1916, Aug. 28 06:39:42 30N 81 E 7.5 92 1907, Oct. 21 04:23:36 38N 69 E 8.0
1932, March 4 23:20:48 33.5N 81 E d 93 1923, Dec. 28 22:24:52 39.5N 68 E 6
1911, Oct. 14 23:24:00 31N 80.5 E 6.8 o4 1935, July 5 17:53:01 38N 67.5 E 6
1935, March 5 22:15:53 29.8 N 80.3 E 6 2 1928, Feb. 25 17:23:58 37.5N 67 E d
1945, June 4 12:09:06 30 N 80 E 6.5 6 96 1911, Jan. 1 10:18:00 38 N 66 E 7.2 50
1905, April 4 00:50:00 33 N 76 E 8 Al 1949, July 10 03:53:36 39 N 70.5 E 7.6
1945, " Tune 22 18:00:57 32.5N 76 E 6.5 68 78 1938, Aug. 23 08:16:04" 32.3N 928 F ' 55
1940, Oct. 31 10:43:56 24.5N 70.3 E a 2 1940, Aug. 4 04:35:52 30N 92 E 6
1934, May 1 03:40:40 27 N 69 E d ig? iggf' ;?lg- 17 16:02:07 30.5N91.5E 7.5
1931, Aug. 26 19:29:20 28 N 69 E d b e 09:35:47  30.5 N 91 E 8.0
1931, Sept. 30 11:14:45 28.5N 69 E a 2 1938, Jan. 29 04:13:08 27.5N 87 E 5.5
1930, Sept. 29 13:29:00 27.5N 68.5E  d K 1941, Aug. 1 03:48:00 33N 85.3 E d
1928, Sept. 1 06:09:00 29 N 68.5 E 6.3 104 1937, Oct. 20 01:23:43 31N 78 E 5.5
1935, May 15 02:01:24 28N 68 E 6 105 1947, July 10 10519321 33N {1 E 6 60
1909, Oct. 20 23:41:12 30 N 68 E 7.2
1931, Aug. 24 21:35:22 30.5N 67.8E 7.0
1928, Oct. 15 14:19:41 28.5 N 67.5 6.8
1931, Aug. 27 15:27:07 29, 8N 67.3 B 1 7.4
1933, Oct. 16 04:34:44 33 N 67 E d
1935, May 30 21:32:46 29.5N 66.8E 7.5
1935, June 2 09:16:25 30N 66.8 E 6
1934, April 19 23:27:00 24 N 65 E d
1944, Sept. 27 16:25:02 39 N 73.5 E 7.0 40
1924, July 6 18:31:49 40.5N 73.5E 6.5
1924, July 12 15:12:34 40.5N 73.5E 6.8
1911, Feb. 18 18:41:03 40N 73 E 7.8
1932, Oct. 29 11:08:49 39.5N 72 E 6
1934, Nov. 15 23:14:42 36.5N 71 E d
1936, Aug. 20 23:32:33 36.5N 71 E a
1939, June 19 00:42:40 36.5N 71 E a
1934, Sept. 8 06:44:56 38.5N 71 E d
1934, Aug. 31 14:57:41 38.8N 71 E 6.5
1939, May 30 10:07:04 39N 71 E d
1924, Sept. 16 02:36:00 39 N 70.5 E 6.3
1941, April 20 17:38:30 39 N 70.5 E 6.5
1941, April 26 23:11:01 39 N 70.5 E a
1941, May 6 16:55:36 39 N 70.5 E 6
1940, March 19 04:35:50 35.8 N 70 E 6 &
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TABLE 2

INTERMEDIATE EARTH-QUAKES OF THE NORTH INDIAN REGION
(1904-1954)

No. Date. Time. Location. M D(km.)

43 1933, Jan. 9 02:01:43 36.5N 70.5 E 65" 230
No. Date. Time. Location. M D(km.) 44 1933, Jan. 20 12: 12512 36.5N 70.5 E 5:h 230

45 1933, May 21 17:53:43 36.5N 70.5 E 5.5 220
1 1938, April 14 01:16:35 23. 5N 95 B 6.8 130 46 1934, July 22 19:56:57 3605'N 70,58 6.8 240
2 1940, May 11 21:00:20 23.8N94.3 E 6.5 80 47 1934, Nov. 18 03:21:24 36.5N 70.5 E 6.5 220
3 1935, April 23 16:45:41 24 N 94.8E 6.3 11 48 1935, Feb. 3 0210247 365N 70, 5 E 6 230
4 1927, March 15 16:56:32 24.5N 95 E 6.5 130 49 1935, April 3 11:11+59 36.5N 70.5 E 6.3 250
5 1934, June 2 05:54:29 24.5N 95 E 6.5 130 50 1935 Get: 1l 04:20:18 36.5N 70.5 E 5.8 230
6 1939, May 6 03:41:08 24.5N 95 E 5.8 100 51 1935, Dec. 19 23:10:45 36.5N 70.5 E 5.5 230
7 1939, May 27 03:45:44 24.5N 94 E 6.8 748 52 1937, Oct. 29 07:26:30 36.5N 70.5 E 6.3 230
8 1926, May 10 08:19:10 26 N97 E 6.3 80 53 1937, Nov. 14 10:58:12  3b.5'N 70.5 E fu2: 240
9 1906, Aug. 31 14:57:30 2TIN9TE 7 100 54 1938, Jan. 18 09:29:02 36.5N 70.5 E 5.8 250
10 1941, Feb. 23 09:56:40 28N 96 E 5:5 IS0 55 1938, Jan. 26 10:48:12 36.5N 70.5 E 5.3 250
11 1932, Aug. 14 04:39:32 26 N95.5 E 7.0 56 1938, April 6 01:14:30 36.5N 70.5 E 5.3 240
12 1941, Jan. 27 02:30:16 26.5N 92.5 E 6.5 180 57 1939, Nov. 21 11:01:50 36.5N 70.5 E 6.9 220
13 1941, Jan. 21 12:41:48 27N 92 E 6.8 100 58 1940, Sept. 21 13:49:03 36.5N 70.5 E 6 & 250
14 1935, March 21 00:04:02 24.3N 89.5 E 6.3 80 59 1941, May 17 21:29:34 36.5N 70.5 E 58 R250
15 1935, May 21 04:22:31 28.8N 89.3 E 6.3 140 60 1941, Nov. 28 12523223 36, 55N 70,5 B 5, 8 220
16 1937, Nov. 15 2123734 . 35 N 78.E 6.5 100 61 1942, May 15 16:55:30 36,5N 70.5 E b: 5 250
17 1925, March 8 11:27:47 34 N 67 E 5.8 200 62 1942, Nov. 16 2112607, 365N 70.5 K b. 5 230
18 1907, April 13 17:57:18 36.5N 70.5 E 7.0 260 63 1943, Feb. 28 ¥2:54:33. 365N 7005 B 7.0 210
19 1907, Dec. 25 22:36:00 365N 70.5 E 6.8 240 64 1943, Sept. 9 04:06:10 36.5N 70.5 E 6.3 200
20 1908, March 12 19:24:24 36.5N 70.5 E 6.5 200 65 1944, Nov. 14 23:18:;10 36,5 N 70.5 E 5.2 200
21 1908, April 16 17:38:48 36.5N 70.5 E 6.8 220 66 1939, Dec. 19 00:02:31 365N 70.5 E 5.5= 220
22 1908, Oct. 23 20:14:06 36.5N 70.5 E T.0 228 67 1940, Feb. 8 15151520 365N 70.5 E b. 8t 220
23 1908, Oct. 24 21:16:36 36.5N 70.5 E 7.0 228 68 1940, Dec. 25 23:07:33 36.5N 70.5 E 5.5+ 250
24 1909, July 7 21:37:50 36:5 N'70:5 E 7.8 23t 69 1947, "Jan. 30 12:32:42 36.5N 70.5 E 5.8+ 200
25 1912, April 25 10:27:48 36,5 N 70.5 E 6.8 220 70 1949, March 4 1021925 36 N 70.5 E 7.5 230
26 1912, May 22 23:08:18 36.5N 70.5 E 6.3 220 71 1911, July 4 13:33:26 36 N 70.5 E 7.6 190
27 1912, June 1 00:31:18 36.5N 70.5 E 6 200 {2 1921, May 20 00:43:20 36N 70.5 E 6.8 220
28 1912, Aug. 23 21:14:30 36.5N 70.5 E 6.8 200 73 1924, Oct. 13 16:17:45 36N 70.5 E 7.3 220
29 1912, Nov. 28 20:55:06 36.5N 70.5 E 6.5 238 T4 1928, June 24 04:34:38 36 N 70.5 E 6. 5 120
30 1915, June 3 08:08:36 36.5N 70.5 E 5.8 200 75 1940, Nov. 20 17:59:59 36 N 70.5 E 5.8 200
31 1916, April 21 13:56:22 36. 5N 70,5 E 6.3 220 : 76 1943, Dec. 12 15:54:21 36 N 70.5 E 5. 5, 230
32 1921, Nov. 15 20:36:38 36.5N 70.5 E 7.8 215 Tl 1917, April 21 00:49:49 3T N 70.5 E 100 220
33 1922, Dec. 6 13:55:36 36.5 N 70:5.E 7.5 230 s 1933, May 27 22:41:58 37N 70.5 E BNGAZ230
34 1922, Dec. 17 00:51:20 365N 70.5 E 6.3 Zl4 19 1925, June 20 13:04:15 36.5N 71.5 E 6.5 230
35 1927, July 15 03:46:43 36.5N 70.5 E 5.8 250 - 80 1931, Jan. 20 09:27:22 36.5N'71.5 E 6.5 220
36 1928, Aug. 10 15:33:48 36.5N 70.5 E 6.8 230 81 1925, Dec. 18 18:10:25 36.5N 71 E 6 230
37 1929, Feb. 1 17:14:26 36.5N 70.5 E 7.1 220 82 1929, March 3 03:11:02 36.5N 71 E 6.3 250
38 1930, Sept. 11 17:20:16 36.5N 70.5 E 5.8 250 83 1931, Jan. 7 03:49:42 36.5N 71 E 5.5 200
39 1931, Aug. 15 04:01:08 36.5N 70.5 E 6 240 84 1936, June 29 14:30:10 36.5N 71 E 6./8 230
40 1931, Sept. 14 03:32:16 365N 70.5 E 5.8 22 85 1941, March 11 21:48:55 36. BINITL E 6 210
41 1931, Oet. 5 22:31:27 36.5N 70.5 E 6.8 220 86 1944, April 29 21:41:26 36.5N 71 E 545 200
42 1932, Feb. 9 02:19:44 36.5N 70.5 E 5.3 224 87 1933, Feb. 6 21:10:16 36.5N 71 E 5.5+ 250
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TABLE 2 (contd.) LIST OF REFERENCES

1. BURRARD, S.G. (1912) On the origin of the Himalayan
Mountains: Surv. Ind. Prof. Paper, Vol. 12.

No. Date. Time. Location M D(km)
2.  WADIA, D.N. (1938) The Structure of the Himalayas and
88 1946, June 26 15:21:37  36.5N 71 E >, 3 210 of the North Indian Foreland: Proc. 25th. Ind. Sc. Con.
89 1927, April 18 15:02:00 3TN T71E 6 200 (Presidential Address in the Geology Section)
90 1940, May 27 04:10:38 3ITNT7T1 E 6.3 240
91 1929, March 13 11:01:37 36,5 N 70 E 5.8 200 3 KRISHNAN, M.S. (1953) The Structural and Tectonic His-
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RADIATION SOLAIRE A MONTREAL

Janvier a Juillet 1962

Radiation solaire globale et diffuse, en calories par cm?2 par

jour, recue sur une surface horizontale. Aussi moyenne
pour le mois.

Date Janv. Fev. Mars Avril Mai Juin
1 195 220 410 50 275 390
2 95 185 420 475E 45 240
3 50 60 355 585 185 740
4 190 260 215 580 45 715
5 M 20 150 530 300 580
6 90 305 270 205 285 640
T 50 265 450 60 610 670
8 35 275 385 375 540 725
9 M 125 415 430E 685 675
10 185 300 430 170 715 120
11 185 285 415 605 690 480
12 125 220 55 505 685 550
13 165 300 120 45 650 720
14 175 60 500 285 120 720
15 255 465 240 485 765

16 245 150 300 400 555 755
17 M 260 435 605 575 480
18 145 355 495 615 625 555
19 230 60 M 485 670 150
20 M 190 455 615 320 490
21 160 300 265 645 740 680
22 15 40 440E 255 725 530
23 170 340 485E 155 670 565
24 185 90 470 675 235 250
25 170 305 375 380 235 675
26 140 85 165 415 570 650
27 315 45 405 575 740 695
28 250 45 515 430 735 730
29 195 400 65 700 740
30 145 330 45 660 430
31 240 140 420

Moyenne 154 193 358 384 500 570

M: enregistrement manqué.
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INSTRUMENTS DE LA STATION

3 séismographes Benioff de 100 kg. avec 6 galvanomatres.

to=1 sec. t_=0.2 sec. pour ZNE. Enregistreur, 60 mm /min.

tg.:f) sec. pour Z'N'E'. Enregistreur, 30 mm /min.

3 séismographes Sprengnether, type Columbia Z'"N'E",

ty,=17 sec, tg=100 sec. pour Z'"N"E". Enregistreur, 15mm /min.
Pour les autres caractéristiques, cf. graphique.

Dans notre Bulletin, nous indiquons toujours sur quel séis-
mogramme chaque phase a été lue en ajoutant aprés cette phase
une des lettres suivantes: ZNE pour les séismogrammes de 0, 2
sec. Z'N'E' pour ceux de 6 sec. et Z'"N"E" pour ceux de 100 sec.

L'heure est inscrite 3 chaque minute sur les séismogrammes
par la Société Radio-Canada au moyen d'une ligne téléphonique
avec une précision de T0. 1sec.2 1'année. Cette Société nous four-
nit en méme temps un courant alternatif de 60 cycles, de fré-
quence absolum ent constante pour les moteurs des enregistreurs.
De plus le signal horaire de 1'Observatoire du Dominion relayé
par le poste local de radio CBF, 2 01,00 p.m.
matiquement sur tous les séismogrammes.

s'enregistre auto-

Les positions géographiques des épicentres ainsi que 1'heure
d'origine et la profondeur sont toujours empreuntées & U. S. C. G. S.
pour les séismes éloignés. Pour les locaux, ces données nous
sont fournies par 1'Observatoire du Dominion, et cela est indi-
qué chaque fois. Pour sauver de l'espace, nous ne mentionnons
pas U.S.C.G. S. a chaque séisme.

Nous indiquons aussi quelques fois, aprés une phase, sur la
ligne suivante, la période de l'onde du sol et son amplitude en
microns.

Nous tenons a exprimer publiquement notre reconnaissance
a 1'Observatoire du Dominion qui envoie chaque année ses tech-
niciens refaire 1'étalonnage complet de tous les séismographes
et pour toute la gamme des fréquences, par la méthode de Will-
more.

M. Buist, S. J.
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DU 1 JANVIER au 1 JUILLET 1962

1 jan. 52.3 N., 177.9 E.
Rat Isl., Aleutian Is).
h abouy’26 km.
H 02 /41 06,0

iPZ 02/51 47.04d)
eLZ¥ W07 12.1. \

1 jan. 51,9 N., 177.8 E.
Rat Isl., Aleutian Isl.

h about 59 km.,
H 06 49 57.9
iPZ 07 00 36.5 d

1. jan: | 51.9 N,, 197, T E.
Rat Isl., Aleutian Isl.
; h about 58 km.
) H 10 17 05.6
iPZ 10 27 42.4d

1 jan. 52,4 N., 177.7 E.
Rat Isl., Aleutian Isl.
h about 27 km.
iPZ
eSE"”’
eSSE"
eSSSE"

2 jan. 17.8 S., 69.8 W.
Peru-Bolivia border
h about 74 km.
H 05 2 38.2
iPZ 05 03. 5d
iZ 37.0

s

2 jan, 80.0 N., 24.3 E.
Svalbard region
h about 48 hrn
H 12 22 58.7
iPZ 12 31 /31.0¢
eSSE" 42./0

\/.
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3 jan. 18.1Sip TLy QWi
Near coast of Peru
h about 77 km.
.-3< H 06 53 16,2
iPZ 07 03 42.0¢
ipPZ 57.8

3 jan, b2.2 N., 177.5°E:
Rat Isl,, Aleutian Isl, /

3 jan. 21.5 5., 169.9 E.
Loyalty Isl. region
h about 75

4 jan. 33.9 N., 135.2E
Near Shikoku, Ja.pa’fn
h abopt 56 km.
H 0 35 42.6

iPZ 04 49 11.0
eSKSE" / 59 42
eSE" /05 00 26

v/ iPSNY/ 01 52
eSSN! 07 04

e LEN 14. 1

5 jan. 15,5080, Y. 0We
Fiji Isl. region
h apout 24 km,
:/‘ H 23 3271
b eSSE" 58 30
eLEM /01 152
5 jan. 15, 555y 125 5iWR

Tonga Isl. region

h about 60 km.

¥ H
eLZ"

08 08 07.5
08 58.0

5 jan. 5203 N, T 60 E,
Rat Isl., Aleutian Isl.
: h about 70 km.
H 23 08 29.9
iPZ 230 790080 d

7 jan.

h about 27
H 01
iPZ 01
v ipPZ
iPcPZ
ePPN £

55,2 N., 51.4 E.
Rat Isl., Aleutian Isl.

7 jan. 52,0 N., 177.8 E.
Rat Isl., Aleutian Isl.
h about 55 km.
H 01 30 34.5
X ePz oYcat © 12,7
7 jan. 43.4N,, 17.4E.
Yugoslavia
h about km,
J- H 10 12.8
iPZ 10 /1 2:.04
\ s
8 jan. 18.5 N., 70.5 W,
Near S. coast of Domdnican Rep.
h about 63 km.
H 01 0 24.2
iPZ 06 05.0 c
iz" 18
ipPZ 25
isPZ" 34
iPcPZ! 09 14
‘/ iSE" 10 43
isE" 1 18
iScPpzZ" 12 48
\
8 jan. «8.,5N,, 70.6 W.
Dominican Republic
h about 50 km.
H 0z 05 21.1

iPZ 02 11

04.7

zogs
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8 jan. 125N, 85 TN,
Nicaragua
h about 104 km.
H 22 . 09 00,5
1R -Z 22 16 0l.2c¢
9 jan. 42.9 N., 1448 E,

Near coast of Hokkaido/ Japan

iZ
ipPZ
eSKSE"
eSE"

105jan. B2.9/N.; 169.1 W.
Fox Isl., Aleutian Isl.
h about 43 km.
H 02 19 57.1
iPZ 02 29 51.0:d
ipPZ 05.0
10 jan. 17.1 8., 68.0 W.
Peru-Bolivia border
h about 52 km,
H 0z 55 01:2
iPZ 03 05 06.8

10 jan. 44.3 N., 128.8 W.
Off coast of Oregon

h about 25 km.
H ob 27 45,2
el Z" 06 47.5

11 jan. 51.6 N., 176.9 W.
Rat Isl., Aleutian Isl.
h about 53 km.
H 02 54 10,8
ePZ 03 05 12.0

11 jan, 43,5 N., 17.7 E.
Near coast of Central Xugo -

slavia
h about 25 km
H 5 01.6
iPZ 18.6d
ipPZ 30.0
eSN" 38
e LN"

X

v



12 jan. 52,4 N., 177.7 E,
Rat Isl., Aleutian Isl.
h about 49 km.
H 10 55 00.8
ePZ 11 05 39.8
13 jan, 22.7 8., 68.6 W.
N. Chile
h about 159 km.
H 00 45 12.8
iPZ 00 55 58.0c¢
ipPZ 56 23
13 jan. 52.3 N., 177.4 E.
Rat Isl., Aleutian Isl.
h about 49 km.
H 0 48 37.3
ePZ \ 4:.i59. 14,5 ¢
13,jdn. 37.5 8., 178, 7B.
North Isl. New Zealand
h about 25 km.
H 11 05 20.1
el.Z" 12 04.5

14 jan. 43.1N., 145.1 E.
Hokkaido, Japan
h about 30 km.
H 07 24 47.6
ePZ 07 37 -25.6
14 jan. 44.9 N., 140.8 E.
Off NW. coast of I;Iokkaido, Japan
h about 193 km.,
H 13 34 02.8
iPZ /Xg 46 19.94d
15 jan, 13.0 N., 60.5W,
Off coast of Venezuel
h about km.
H 08 2 15.9
ePZ 08 9 58¢c
-‘\_/
74~

15 jan.

; iPZ 08 14 43.7
N ipPZ 59.6
16 jan.

X iPZ 10 40 00.1
/

16 jan. 30,5 8., 177.9 W.
Kermadec Isl,
h about 39 km.
; H 11 35/ 41.3

v iP'Z 11 54 31.9
d eSKSE" 12 /01 30

eSKKSE" / 02 56
ePSE" 06,0
eSSN" / 12 38
\/..
17 jan. 15.0 N., 88.0 W.
Honduras
h about 42 km.
H 23 34 320
\ ePZ 23 40 57.6¢
’ iPZ 58.3d
ipPZ 41 14.0
iZ 30
18 jan. 51.5 N., 161.1 E,
Off SE, coast of Kamchatka
h about 29 km.
¥ H 06 01 09.5
iPZ 06 12 33,04d
19 jan. 38.5N., 21.1E.
Greece
) h about 38 5
v H 19 38/04.1
iPZ 19 \419 00, 3
23 jan. 52.5 N., 169.5 W.

Fox Isl., Aleutian Isl.

J/ m

24 jasi, 21.2.8., 65.7W,;
S. Bolivia
/ h about 238 km.
X H 03 01 17.3
iPZ 03 11 24.4c

i

25 jan. 10.7 S., 161.8 E.
Solomon Isl.
h about 80 &
H 01 11.4
4 eP'Z 0z 0 09
25 jan., 15.8 S., 69.5 W.
Peu-Bolivia border
h about 209 km.
H
v iPZ
ipPZ

25 jan. 4.4 8., 152.7 W.
Line Isl. region
h about 50 km.
H 10 03 07.0
X ePZ 10 15 26
ipPZ 44

26 jan. 35,1 N., 22.7E.

Mediterranean Sea, W. of Crete

h about 32

Dominion Observ.

27 jan, g
459 55' N,, 74° 51 W,

About 12 miles WSW. of Arundel Que,

Mag. 4.3
H 12 11
. iP,Z 12 11
is, Z
A 106 km.,

16,7
33,5
46.4

27 jan. 31.0N., 114,3 W.
Gulf of California
h about

lam.
‘/ H 2% 0 42,1
ePZ 23 4 34.0c
N/

H 08 17 7.0
iPZ 08 28/49.6 ¢

P iZ 57.3
ipPZ 9 02.0
e LN" 51

26 jan. 10.3 N., 90.6 W.
Off coast of El Salvador
h about 45 km.
H 18 40 23
¥ iPZ 18 47 39.0d

ipPZ 55.2
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eSE" 20 16
eLRZ" \ 28.7

28 jan. 14.0 N.,92.3 W.
Off coast of Guatemala
h about 133 kam.
X- H 05 22‘ 55,7
/ ePZ 05 " 297 ‘37. 3¢
eLRZ" 35
28 jan. 0.0 123,9 E, /
N. Celebes region
h about Y01 km,
H 16 13.8
v eP'Z 17 0 18,7
n

29 jan. 9.3 8., 79.1 W.
Near coast of Peru

h about 100 km.
¥ H 06 07 22
ePZ 06 16 44,0 c

30 jan., Dominion Observ.
48° 09' N., 80° 02'W.
Rockburst at Kirkland Lake
Ont. Seismic equivalent

energy to Mag 4. 6

H o8 08 00
iPyZ 08 09 17.0c
iS,Z 10 15
X iZ 37
iS, 48
A 569 km.

30 jan. 12.7 N., 87.7 W.
Near coast of Nicarag

h about 10Y km.
H 26.8
iPZ 11.0 ¢
ipPZ 32

¥ iZ 42 08.0
iPPZ 31
eSN" 46 45

31 jan. Dominio'n Observ. )
47° 30 N., 67° 08 W.
About 15 miles SSE. of Kedg-

wick N, B,
X Mag. 3.5 h 32 km.
H

14 32 38.2

scanned by SISMOS
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iPnZ 14 33 51.5 ePPZ" 06 | 8 fév. 3.28S5., 141.3 E. 13 fév. 49.0 N., 156.2 E.
i8,.Z 34 41.2 ePKSZ" 01 00 26 New Guinea Kurile Isl.
iS, Z 35 11 eSKSN" 04 16 h about 87 km. h about 45 km.
A 550 km. eSKKSN" 06 02 _ H 11 49 13.9 Y H 02 22 15.2
ePSN" 09 08 g ¥ eP'Z 12 g8 17.0 ' iPZ 02 34 15.8 ¢
1fév. 31.78., 1773 W, eN™ 11 48 eSSN" L 28.0
Kermanec Isl. eSSN" 16 08 13 fév. 42.7 N., 145 .3 E.

h out 30 km. eSSﬂl\JI 21 20 10 fév. 19.2 S., 69.5 W. Near coast of Hokkaido, Japan
H 0 39 54.6 Chile-Bolivia border h about 105 km.
iP'Z 00 58 39.0c 3féy., 6.5N., 73.1 W. h abeut 232 km. H 20 33 42,6
eLz" / 01 45 Colbinkis H 04 19 41.7 X ePZ 20 46 11.0c
h about 190 km. X ePZ 04 29 55.2
2 fév. 45.7N., 151.6 E. X H 21 38 19.9 | 14 fév. 38.18S., 73.1 W.
Kurile Isl. iPZ 21 45 28.5¢ | 10 fév. 17.9 N., 62.2 W. Near coast of Chile
h about 37 km. l Leeward Isl. h about 44 kin.
H 05 41 38.7 46w, VLN, 82:4W, h about 74 km. H 06 36 pl1.3
ePZ 05 53 51.0d S. of Panama | ‘/ H 1953 56,2 eP7Z
h about 38 km. | iPZ 19 52 ¢ .0
2 fév., 36.3N.,89.4 W. H 17 47 39.7
NW. Tennessee X iPZ 17 55 05.2¢c 10 fév. 33.18., 69.0 W. i 41.8
h about 25 km. eLZ" 18 07 Mendoza Prov. Argentina
H 06 43 28.8 h about 171 km.
iP,Z 06 47 00.3c 4 fév. 5.78., 152.1E. H 19 46 11.0 \/
is,Z 49 27 Near N. coast of New Guinea d iPZ 19: .57 55.5
eLgZ L s h about 85 km.
1650 km. X H 16 16 40.9 11 fév. 29.6N., 139.0E. 16. 5
eLzZ" 17 04.0 | S. of Honshu, Japan 183 micr.
2 fév. 49.9 N., 78.2 E. | h about 400 km
Kzakh S.S.R. 4 f6v. 0.58., 20.2,W, j H 2 46.1 T4ifev. | 38208, , TB.T Wi
h Okm. S. Atlantic Ocean | V4 ePZ 02/ 55 37.2 Near coast of Chile
H 07 58.5 h about 17 km, iPPZ 9 46.7 h about 40 km.
ePZ 0 2 20,5 H 21 /29 33.2 H 07 08 21.1
\/ ePZ 2 40 21.0 ¢ 11 fév. 52.0 N., 168.0 W. ?( eP7Z 07 20 43.5
2 fév. 43,7 N., 148.5 E. iSN" 49 09 Fox Isl., Aleutian Isl,
Kurile Isl, eSSSN' \,/ 56 18 h about 50 km. 14 fév. 38.2 8., 73.1 W.
h abouf 49 km. 7 H 10 24.8 Near coast of Chile
H 17 /200 31.1 5 fév. 35.9 N.,, 138.8 E. iPZ 10 A1 15.0¢ h about 40 km.
ePZ 17/ 32 24 Central Honshu, Japan X H 0829 00.1
h about/151 km., 11 fév. 4.58., 153.5 E. ePZ 08 41 23
2fév. 18.2 N., 104.9 W. H 22 /55 49.6 New Ireland Region
Near W. coast of Mexico / iPZ! is 08 56d h about 100 km. 16 fév. 49.4 N., 156.0 E.
h Haut 17 km. / \/ H 18 55/ 32.0 Kurile Isl.
H 23 03 58.9 7fév. 20.48S., 68.4 W, - iP'z 19 14 35.5d h abbut 24 km.
ePZ 23 11 17.54d Chile-Bolivia border ' H 54 32.3
h Shout 222 b 13fév. 54.1N., 35/1W. V Pz 16 06 21.84d
3fév. 1.28., 137,8E. H 07 36 05.1 N. Atlantic Ocean
N. of New Guinea X iPZ 07 46 32.5¢ | h about 27 km. 17 fév. 61.6 8., 162.9 E.
‘) e % i7 58.6 : H 00 46 16.3 S. of Macquarie Isl. region
H 53.6 \(’ ePZ 00: 51 52.5 h about 25 km.
eP'Z 02 eLZ" 58. 5 / H 03 43 45,1
eP'Z 04 03 30
\
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17 fév. 49.2 N., 156.0 E. 20 fév. 43.0N., 144.9 E.
Kurile Isl. Near coast of Hokkaido,/ Japan
h about 23 km. h about 55
H 22,1031 "5k H 16 05
ePZ 22 13 40 iPZ 16 e
iZ
18 fév. ePZ 07 25 V4 ipPZ A
eSE" '
18 fév. 41.5N., 142.4 E. eLE" 41

Near coast of Hokkaido, Japan

h about/40 km. 20 fév. 46.8 N., 152.8 E.
H 10 2 32.8 Kurile Isl.
ePZ 10 /55 18d h about 22 km.
L \ H 19 08 39.8
18 fév. 8.1 N., 74.6 W. X iPZ 19 20 45.5d
N. Colombia
h about/70 km. 20 fév., 2.6 N., 96.8 E.
H 17 /25 13.3 N. Burma
iPZ 1 32 25.9d h about 25 km. |
ipPZ  / 46.5 H 22 02 38.2
PPz / 34 o025 X eLZ" 22 49
iSEM  / 38 14
eN! 40 48 21 fév. 16.3 N., 90.0W.
Chiapas, Mexico
18 fév. 0.6 S., 91.7 W/ h about 80 km.
Galapagos Isl. H 17 21 Bi.0
h t 43 km. X ePZ 17 28 27.5d
H 25 20.1 |
iPZ 34 03.2c 22 fév. 25.685., 69.8 E,
\, Indian Ocean
18 fév. iPZ 23 19 29.74d h about 25 km.
ipPZ 5T.2 X H 10 35 01.4
iZ 20 09.0 eP'Z 10 54 34
19 fév. 11.7 N., 88.1 W. 23 fév. 6.38S.,
Off coast of Nicaragua N. coast of new Gyinea |
h about 39 km. h !
H 20 16 03.6 / H l
iPZ 20 23 03.8¢c iP'Z i
ipPZ 18.5 ‘
23 fév. 4.08., 152.6 E.
20 fév. 6.9 N., 73.1 W. New Ireland |
Colombia h about 25 km. '
h about 157 km. X H 18 05 271
H 16 02 15.0 elLZ" 19 05 |
iPZ 16 09 25.0d 1
23 fév. 3.885., 152.0 E. |
20 fév., 29.3S., 68.9 W. New Britain
La Rioja Prov., Argentina h about 25 km.
h about 140 km. H 20 21 28.6 !
H 14 11 49.6 X eLZv 21 188
iPZ 14 23 09.2d
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24 fév. 12.2N., 88.8W.
Of coast of El1 Salvador
h about 40 km.
H 01 03 17.6
4 iPZ 01 10 11.6c¢
ipPZ 28.0

26 fév. 42.0N., 141.8 E.
S. coast of Hokkaidg, Japan
h about 60 km,

‘/ H 0 13 09.4
ePZ ,\/ 25, b5

26 fév., 44,7 N., 146.6 E.
Kurile Isl.
h about 25 km.
X H 15. 55 33.7
ePZ 16 08 00.5
27 fév. 6.0S., 76.9 W.
N. Peru
h about 65 km.
X H 00 04 43.9
iPZ 00 13 46.04d
27 fév. 63.0 N., 150.0

Central Alaska

h abopt 100 km.

H b2 28.5
\/ iPZ 00 33.5d

ipPZ 01 05.0

27 fév. 37.4 8., 73.2W.
Near coast of Centr,

h about 40 km.
H 12/ 40 48.9
> iPZ 53 10.3
eSE" Y3 03 24
V
27 fév. 19.26S., 69.4 W,
N. Chile
h about 140 km.
H 14 03 27.3
ePZ 14 13 49.5 c
X iPZ 50.0d
ipPZ s o0, 52018
28 fév. 9.08S., 75.2 W.
Peru
>< h about 180 km.

@twona\ From the ISC collection scanned by SISMOS

Seismological
Centre

H 13, 44 55.8
ePZ 13 54 06.0c
iPZ 0b.3d
28 fév. 19.3 5., 69.6 W.
N. Chile
h about 110 km.
H 18 32, 14.4
o iPZ 18 42 39
ipPZ 43 08.3
iZ 21.7
28 fev. 19.4 N., 69.3 W.
Near N. coast of Dominican Rep
Rep.
h about 60 km.
X H 20 34 24.9
ePZ 20 40 05
1 mars 15.7 S., 74.4 W.
S. Peru

h about 62 km.
02 A2 372
PZ 02 22 45.0 ¢

'/ iPZ 45.6 d
iZ 56,5
ipPZ 23 05,0
1 mars 49.4 N,, 155.3 E.
Kurile Isl.
h about 86 km.
H 12 21 16.6
X ePZ 12/ 032, 57.7
1 mars 43.0 N., 146.2 E.
Near E. coast of Hokkaido,Jap.
h about 48 km.
H 18 35 12.9
v iPZ 18 47 47.94d

1 mars. 37.3 N., 4.9 W.
Near S. coast of Spain

h about 25 km.
v H 22 20 03.5
iPZ 22 29 06.5

1l mars 14.0 5., 172.5 E.
Samoa Isl.
h about 73 km.
H 23 41 14.5
X eLE"Y 00 17
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cmars BT M., 173, 5W.
Andreanof Isl, Aleutian Isl.

5 mars 40.3 N., 125.1 W.
Off coast of California

h about 25 km. h about 25 km.
H 02 15 05.9 7( H 20 57 52.1
iPZ 02 25 19.8 c e LN" 2. 'm2

6 mars 43. 7N., 93.7 E.
Andaman Isl.

3 mars 7.4 N., 126.5 E.
ear E. coast of Mindanao

h about 90 km W about 18 km.
H 12 14 52.1 05 55 42.3
eP'E 12 33 46.6 eP'Z 06 14 36
W | eLE" 49
L mars 10.6 5., 75.8 W. \'/
Central Peru 6 mars 41.9 N., 127.0 W.

h about 20 km. Off coast of California
H 00 41 39.1 h about 25 km.
iPZ 00 51 19.34d v H 13 12° 58,7

el.Z" 13 3@
. mars 67.6 N., 171.4 W.

Near NE. coast of 7 mars 62.2 N., 26.6 W.

Chukotsky Peninsula U, S, S. R. SW. of Iceland
h about 15 km. h about 43 km.
H 11 40 24.5 v H 02 07 11.8
iPZ 11 "-49 32.0¢ eLZ" 02 24

7 mars 19.3N., 145.3 E.
Mariana Isl.

mars 4.08S., 103.3 E.
Near S. coast of Sumatra

h about 78 km. h about 680 km.
H 03 42 33.3 H 11 01 00.4
eP'Z 04 01 54 iPZ 11 14 10.0d
iP'Z 18 15
mars 16,0 N., 104.9 W. iPPZ 50
About 250 miles S. of esPPZY 22.0
Jalisco, Mexico \/ iSpz" 27 00
h about 25 km. iSPPN" 28 05
H 01 50 50.6 \\‘ iSSN" 33 16
iPZ 01 58 21.6d eSSSN" 36 52

mars 34,6 N., 121.6 W.
Off coast of California
h about 25 km., about 48 km.

H 07 44 00.0 10 47 03.9

."h
W /H
iPZ 07 51 16.14d iPZ 100 59 12.3d

8 mars 3.4 5., 29.2 E.
Republic of theCongo

8 mars 46.0 N., 152.7 E.
Kurile Isl.

mars 55,9 8., 27.9 W.
Sandwich Isl.

h about 25 km. h about 25 km.
H 100 A5 22 1 / H 21 38 35.4
eP'Z 10 34 13.5 \ el.Z" 22 30
eN" 44 40
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9 mars 5.8 8., 146.4 E.

Seismological

Near E. coast of New Guinea Ne: Cente i
h about 76 km. and Costa Rica
H 22 07 35.6 h about 58 km.
iP'Z 22 26 35,0 ¢ H 11 40 12.8
ePZ 11 47 31.0c¢
11l mars 14.8 N., 91.2 W. iPZ 31.2d
Guatemala iz 39.3
h about 206 km. iPPZ 48 05
H 02726 06,7 iPcPZ! 33
eP?Z 02732 "33.7¢ (f iZ 49 13
iPZ 34.0d iSN" 53 15
15 51 iSSN" 56, 12
iSSSE" 33
11 mars 13.9 S., 172.1 E. V iSeSN! Sif: 32
New Hebrides Isl., region iNm 58 02
h about 133 km.
H 07 18 56,7 12 mars 22.7 S., 68.3 W.
eLzZ!" 08 14 Chile-Bolivia border
h about 158 km.
11 mars 524 3N.;, 178.0 E. H 13 23 40.8
Rat Isl, Aleutian Isl. e ePZ 13 34 27.6
h about 135 km.,
H 1535235407 12mars 8.3 N., 83.1 W.
,-‘%PZ 15 34 08.0 Near S. coast of Panama
/ Z‘I.pPZ 36 h about 24 km.
iPcPZ 45 H 13 42 33.4
eSE" 42 36 Y iPZ 13 49 50.64d
\ eSSE" 50 14 '

12 mars 2.9 S., 80.2 W.
11 mars 9.0 N., 126.7 E.

Ecuador
Near E. Coast of Mindanao h about 25 km.
about 25 km. H 16 57 46.8
19519 COheG X ePZ 17 06 29
iP'z 19 38 05.5
ePSE"Y 49 54 15 mars 45.7 N., 151.3 E.
eSSE" 56 26 Kupile Isl.
h about 43 km.
12mars 9.0 N., 83.0 W. H 01 51 19.4
Costa Roca v ePZ 02 03 32
h about 113 km.
_H 09 41 45.7 16 mars 10.8 8., 165.7 E.
:_LPZ 09 48 52.04d Santa CruzIsl. region
/ isPZ 49 33.2 /[ h about 25 km,
‘/ iPcPZ 51 07 ' H
eSSE" 57 w22

19 4239.2
V4 eP'Z 20 01 26.1
eLzZM 42
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19 mars 0.3 N., 123.5 E.
Near S. coast of Minahossa

17 mars 51.4 N., 159.2 E.
Kurile Isl. region

h about 25 km. Penin. Celebes Isl.
H 17 58 38.6 h about 53 Km.
ePZ 18 10 09.14d H 05 54 /24.5
ipPZ 19.6 eP'z 06 1% 194d
iz /35
17 mars 10.6 N., 43.7TW. \/ iPPZ J/{4 31
N. Atlantic Ocean iz 07 415 44
h about 25 ¥m. iPPPZ /16 49
H 20 47 /31.7 iNY / 17 04
ipz 20 55 30.4 . 48
iPPZ! 19
iPPPZ' 24 19 mars 2.3 S., 77.1W.
iSN" 21/ 01 52 Ecuador
iPSN" 02 08 h about 119 km.
iSSN" 05 20 H 14 00 08.9
iScSE" 30 X ePZ 14 08 51
iSSSE" 06 08
izn 07 38 20 mars 27.9 N., 111.2 W.
Gulf of California
18 mars 16.1 8., 167.2 E. h about 25 km.
New Hebrides Isl. region H 100 08 ,58.3
h about 200 km. )( ePZ 10 10 48
H 03 06 39.4

20 mars 50.8 N., 129.7 W.
Queen Charlotte Sound area

eLZ" 03 57.1

18 mars 40. 6 N., 142. 4'E. h about 25 km.
Off coast of N. Hoxshu, Japan H 16 31 48.3
b apf& adens. | B ePZ 16 39 25.5
H g 28 21.3
ePZ \/65 41 144 21 mars 62.1 N., 152.7 W.
S. Alaska
18 mars 40.6 N., 19.6 E. h about 122 km.
S. Albania H 01 5313.3
h abou/25 km. X iPZ 02 01 28.0
H 15 /30 31.6 ipPZ 56.3
iPZ 15" 41 09.3
iZ / 42 19 21 mars 22.2 S., 170. 4 E.
eSE!" / 49 48 Loyalty Isl.
ESSNY 54 07 h about 25 km.
eSSSN" 57 08 X H 02 30 18.5

eLZ" 03 30

18 mars 23.7T N., 114, 5 E.

Kwantung Prov. China 2l mars 4.4 S., 80.7TW.

h about 43 km. Near coast of N. Peru

H 20 18 54.3 h about 78 km.

elLZY 21 09 b4 H 06 I1 26.2
iPZ 06 20 14.0
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2d mars 5.9 S., 113.0 E. :
Java Sea i - h
h about 631 km. 22 mars 15.7 S., 68.7 W.
H 22 b7 51.2 Bolivia
Pl
e Z 23 16 09 h about 100 km.
:;’ Z ig: d H 20 50 24.9
L 20k » 55: 5 ‘ePZ 21 00 34
?Plf:z 19 11 22 mars Dominion Obse rvatory
;Ssssw' » 20 47° 11' N., 69° 28' W.
.5 NW. Maine-Quebec border
22 mars 5.9 8., 112.9 E. . I:z g; e o
Java Sea iz gg §2
h about 611 km. Y i, Z 04 05.5
i j :
| 00 43,1 273 km. Mag. 3.3
eP'Z 00 8 03.0
;gxpz 09.0 23 mars 38.0 5., 72.8 W.
) :’i’ 30- 5 Near coast of S. Chile
/ 5 h about 67 km.
epPP 43 07 H 05 34
epP i 44 02 X -
ePZ 05 47 02.6

24 mars 17.8 8., 173.0

eN" 47 o7
eP!/P'N" 59. 0
SN" 01 03.2

Fiji Isl.
22 mars 32,2 8., 66.9 W. }I}I 3?0‘-‘3425 31;1.9
San Luiz Prov. Argentina \/ iPZ 01/ 57 8l 1d
h about 249 km. :
/Y I:Pz ii 07 05.5 24 mars 5.7 S., 145.0
18 45 Near N. coast of New Guinea
22 mars 3.2 8., 142.3 E, 1I.:I ;llb ut59“131(;n‘13-
Near N. coast of New Guinea \/ eSSE"Y 113 37 44'
h about 25 km. :
EIP'Z 03.9 25 mars 51,2 N., 169.8 W.
i ég Fox Isl., Aleutian Isl.
h
ePKSZ" 35 26 H 320‘11;:5 1;?1.0
\f e SKKSN' 41 03 >( iPZ 08 22 40.6 ¢
eSSN" 50 20 i
eSSSN! 55 48 ini
e ol 25 mars Dominion Observatory

47° 34' N., 66° 01' W.
WSW. of Bathurst, N. B.

h
Catamarca Prov. Argéntina H 320“'31532 1(;:‘9
h aboutZ17 km. X S.7 05 17 23.6
H = .
18 59 00.8 S,Z 58
ePZ 4}9 14.0 622 km. Mag. 4.0



25 mars 36,5 N., 1.7 E. lavril " 63. 1 N., 152. 3 W.
Mediterranean Sea, Alaska
E. of Sicily h about 100km.
h about/25 km. w H 12 11 53,0
‘/ H 21 37 36.1 iPZ 12 20 02.5
iPZ 21/48 15.4¢
b M 3avril 9.68., T4.7W.
26 mars 0.5 5., 19.2 W. Peru
Mid. Atlantic Ocean h about 125 km.
h about 25 km. H 01 21 34.8
H T2 10 85406 X 1PN 01 30 55,.0c¢
ne ePZ 12 15 44.1 ¢
' eSN" 24 32 5avril 53.7 N., 163.6 W.
| Unimak Isl. region
26 mars 40.6 S., 73.3 W. h about 65 km.
Near coast of S. CHile H 03 40 08.9
i aboft 32 km. X ePZ 03 49 50
H 32 43.6
eSKSN" 55 42 6 avril 26.7 S., 113.2W.
\/ eSE" 14 Easter Isl, region
h about 33 km.
31 mars 9.8 N., 121.6 E. H 16 5 14, 2
Negros Isl. region ePZ 17 Pl (ERC o
h about 156 km. b/ eSEM : 2 40
X H 07 44 36.0 eSSN" /18 08
eLLE" 08 36
Tavril 10.0N., 144 .4 E.
lavril 33,6 N., 59.0 E. Caroline Isl. region
E. Iran h about 50 km.
h about 33 km. H 06 21 38.4
H 00 45 14.6 eLZ" 07 15
X eLE" 01 22.3
7 avril 15.0 N., 60.
1 avril 41.9 N., 143.4 E, Windward Isl.
Near coast of Hokkaido, Japan h t 77 km.
h about/55 km. H 04 12.2
H 05 01 56.0 ePZ 100 B2
v iPZ 05/14 38.5 / ipPZ 57
eLz" \ 18. 5
lavril 4.28S., 143.6 E.
Near N. coast of Néw Guinea 8 avril 15.6 N., 99.6 W.
h about 80 km. Off coast of Mexico
H 12 /11 09.2 h about 48 km.
iP'Z 12/ 30 06.0 ¢ H 20 50 28.9
Y iz fiea8 18 iPZ 20 57 42.74d
eSSE" / 49 44 )( eSE" 21 03 3%
eLE" \{A3 03.4 elLZ" 10
|

\
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9 avril
Sawoe Sea

Chile-Argentina border
h about 130

H 04 36

10 avril 37.9 N., 20.1 E.
Ionian Sea §

8.65., 124,1 E,
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12 avril 38.2 N., 142.3 E.

Near E. coast of Honshu, Japan
h aboufﬁ"l& km. h about/68 km,
, H 08 /54 22.7 H 00 /52 47.0
J e(PY)Z tiy 13 47 ePZ 01/05 43.2
v iSKSE" / 16 35
10 avril 28.6 S., 68.8 W, i1SSE" Ji 2280

iSSSE"\\/I 26 14

12 avril 38.2 N,, 142.5 E,

V; ?PZ 04 47 Near E. coast of Honshu, Japan
ipPZ . 24.0 h about 26 km.
: _ H 05 16 05.0
10 avril 51.1 N., 157.7 E. VA iPZ 05 06.0 d
Near coast of Kamchatka V
h about 33 km. 12 avril 10.4 S., 105.1 E.
H 10 5 31 85 S. of Java
v iPZ 10 43/35.14d h about 84 km.
H T e 2.3
10 avril 44.1 N., 73.1 W. X eP'Z 11 39 33
Western Vermount
h about 25 km 12 avril 28.7 S., 71.9 W.
_H 14 30 46.4 N. coast of N. Chile
~ iP,Z 14 .31 1.5 ¢ h about 34 km,
iS5, 7 30.5 H 16 36 08.4
A 155 km.

X iPZ

15avril 2.78S., 11.6 W.
Ascension Isl. region

16 47 39.1d

h about/35 km. h about 25 km.
E 21 12.6 H 18 8 27.3
ipZ 20 lngna Db o S Pz 18 /19 59.04
\/ ipPZ 12. 0 .\_
iSN" 56 54 15 avril 2.9 S., 11.9 W.
eScSN" 58 04 Ascension Isl. region /
e SSSN! 04 11 h about 25 km.
; H 18 17.4
11 avril 38,2 N., 20.0 E. \// iPZ 18 /56 35.7
Ionian Sea elLZ" 19/ 18.8
h about 43 km. ;
H 10 34.0 16 avril 35,6 N., 25.8 E.
v ePZ 10 58 22 Aegean Sea
elLZI 11 /26 h about 25 km.
1 | ¥ H 07 18 50:0
1l avril 0.2 S., 91.5 W. ePZ 07 30 16.2

Galapagos Isl.

h about 25 km. 16 avril 30.6 N, , 140.6 E,
H 23 2l 26,3 S. of Honshu, Japan
)( iPZ 23 30 06.0c¢ h about 6 km.
H 13 a0 151
v iPZ 13 /33 37.0 c
V
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17 avril 42.3 N., 17.3 E.
Adriatic Sea :

h about 25 km.
H 10 3 46.9
ePZ 0/14 06.2

17 avril 42.6 S., 174.0 E,
South Isl., New Zealand

h about 25 km
H 17 43 03.4
elLLZ" 18 50

17 avril 38.4 N., 142.2 E. /

Near E. coast of Honshu, Japan
h about 110 km.
H 2025 13.4
ePZ 2]\ 07 08
17 avril 1.5 8., 14.9 W.
Mid Atlantic Ocean _
h abourt'ZS km.
H 22 j/'34 56,7
ePZ 22/ 46 08.1
i ol
18 avril 10.0 8., 79.0 W.
Off coast of Peru
h about 39 km.
H 191 X 2
iPZ 19 724 09.1d
ipPZ / 24
iPcPN! / 25 10
iPPZ / 26 15
iN! / 29 10

iSN! / 31 b
iPSN" / 32 06
eSSRE! /" 35 46
L9
19 avril 38.5 N., 20.5 E.
Ionian Sea
h about 25 km

H 02 B: 59,4
ePZ 02 /16 45
19 avril 9.8 S., 78.9 W.
Off coast of Peru

h about 23 km.
H 0z 18 55.9
iPZ 02 28 31.1d

19 avril 9.4 S., 79.0 W.
Off coast of Peru

h about 25 km.
H 20 18 20.5
iPZ 20 27 52.04d
ipPZ 28 05.5

19 avril 69. 8 N., 138.6 E.
Siberia U. S, S. R. s
h about 0 L

H 23 16 p4.1
iPZ 23 26 /30.6
s iPcPZ 2":'X 14
eN" D30
eN! 9.0
e LGN" 45.0
20 avril 20.6 N., 72.2 W. ,
Near N. coast of Haiti/
h about ?/‘3 km.
H 05 47 55.3
iPZ 05 A3 20.0c
ipPZ F 33..5
J iPPZM / 54 00
iszn B 43
18 sec. micr.
iN! 58 07
eLRZ"/ 59 48.
_ eM2Z"/ 06 01 12
24 sec. 200 micr.
22 avril 18.9 S., 169.5 E.
New Hebrides Isl. region

h about 188/km.
H 02 10 /12.1
v iP'z 02 28/ 35.0d
L4

22 avril 15.5 N., 93.1 W.
exico

Near coast of Chiapas,
h about 69
H 04 45 0.3
iPZ 04 52 /00.8
ipPZ 20
i iPPZ 53 13
eSN™ g/z 23
eSSE" . 39 42
eLGE" 05 Y01.1
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23 avril 42,9 N., 143.4 E.
Hokkaido, Japan

h about 25 k.m
H 05 58 04.9
iPZ 06 10 /46.6 c
iz / 50
: izt U 12
= iPPZ' /14 14
iPPPZ! / 16 09.5
iSKSN' / 21 09
iSN! /" 19
w MZV"N/ 40
60 sec. 480 micr.
24 avril 2.2 5., 76.1W.
Ecuador-Peru bordex
h about/i?S km.
H 16 06 23.7

16 /14 43.7
i A

25 avril 54.0 N., 160.3 E.

Kamchatka
h about 29 km.
¥ H 03 28 56.1
iPZ 03 40 12.5d
25 avril 38.4 N., 142.5 E.
Honshu, Japan
h about 56/km.
H 15 47/ 29.4
iPZ 16 00 26.0d
ipPZ / 41.0
iSKSE" #3327
V4 eSE" 26
eSSE" '\ Tl |
27 avril 44.4 S., 74.8 W.
S. Chile
h about 31 km.
H 06 27.0
\} ePZ 07 00 25.0
eSKSE" S 20
1
e SSN \// 17.1
28 avril 43.9 N., 146. 3 E.
Hokkaido, Japan
h about 155 km.
?( H 09 01 10.5
iPZ 09 13 28.7
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28 avril 36.4 N., 26.6 E.
Dodecanese Isl.

H about 40 km.
H 11 57.4
iRz 11 17.8d
ipPZ 31.7
eSE" 39
eSSE" | 44.5
W/
28 avril 36.3 N., 26.7 E.
Dodecanese Isl. /
h about 48 km.
\/ H 12 43 49.1
iPZ 12 /55 07.6d
\_//
30 avril 38.8 N., 140.9 E.

Honshu, Japan

h
H

/ iPZ'

eSE"

about 140 km.

02 26 ,30.0

02 39/ 25,00 ¢
" ;»0 19

30 avril 17.0 N., 147.3 E.

Mariana Isl.

h about 109 km.
X/ H 09 44 17.4
elLZ" 10 44
30 avril 17.9 S., 176.1 W.
Tonga Isl. region
about 26 km.
X H 16 16 47.8
elL.zZ" 16 45
30 avril 18.0 S., 176.4 W.
Fiji Isl.
h about 135 km.
v H 18 31 06.6
elLzZ" 19 20
30 avril 6.4 N., 124.0 E. ;
Banda Sea
h about km.
H 200 3 45,1
\/ iP17 20 8 58.8d
elLZ"
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30 avril 72.0 N,, 7.2 E. 3 mai 29.1 N., 115.5W. 8 mai 35,9 N., 24.4 E, iPPN" 20 A6
Svalbard regzon Near W. of Baja, California Sea of Crete iPPPN! 41
h about/25 km. h about 25 km. h about/93 km. iSE' 24 31
H 33.5 H 13 48 23.9 ‘/ H 23 54 01.7 iSSN" 27 24
ePZ 31 eLLZ" 14 08.6 ePZ 09 /05 20.6d iScSE! 29 14
eSN" 05 02 46 sed. 400 micr.
4mai 0.9S., 80.8W. 10 mai 62.0 N., 40.2 W.
2 mai 55.9 N., 156, 1 Near coast of Ecuador Alaska A 1l mai 16. N., 98.6 W.
Kodiak Isl. region h about 74 km. h abgut 72 km. Near coast of Mexico
h about/25 km . ¥ H 230 08105, 3 H 03 40.2 h about 25 km.
H 02 /43 25.9 ePZ 2306 02T iPZ I8l o532 v H 16 11 32.2
iPZ 19.8 ¢ o ipPN 12 14 ' iPZ 16 18 50.04d
e LN" 00 5 mai 3452 N0l 390 2L K, iPPN! 13 36
Near S. coast of Honshu, Jap. ePPP 14 26 11 mai 27.58., 13.7 W.
2 mai 52.4N., 141.8 E. h about 73 km. S. Atlantic Ocean
Near coast of Sakkalin H 11 011, 51.4 10mai 41.88., 171.6 E, h about 25 km.
h about 25 km. X eLZt 11 486 South Isl., New Zealand H 20 01 06.9
H 06 15 13.3 h about 54 km., ¥ iPZ 20 09 50.5c¢
iPZ 06 27 12.7d 5 mai 54,2 8., 136.5W. ?( H 00 27 375 eLLZN DL
S. Pacific Ocean f elLLz" 0¥y 33
2 mai 23.6 S.,65.9 W. h about 25 km. 12mai 17.2N., 99 W.
Jujuy Prov. Argenti ¥ H 03 33 47.0 10 mai, 52.4 N., 170.9 W. Near coast of Mexico
h about ¥63km. eLZ" 04 29 Fox Isl., Aleutian Isl. / h about 25 km.
H 08 56 29.0 h about 43 k. H 10 16 53.4
iPZ 09 /07 20.1d 6 mai 60.0S., 32.8 W. H 05 12 A5.9 X iPZ 10 23 50.3¢
iN® 16 10 Sandwich Isl. region iPZ 05 22/ 18.2 ¢
h about 25 km. PcPZ! 12 13mai 6.9 N., 73.0 W.
2 mai 23.8 5. r 66.4 W. H 19 00 10, 2 ePEN! 21 Colombia
Salta Prov. Argentina ePZ 19 44 d \/ ePPPN!' 53 h about 183 km.
h about 179 km ePPZ" 17 eSE!' 25 H 09 12 <3
H 12 33/ 08.1 iPPPZY 40 eScSN' | 07 iPZ 09 19 /43.8 ¢
iPZ 12 57.8d J‘ eSKSN" 25 16 eSSSNY 37, 10 '-// iZ 2 18
ipPZ 4 52.0 eSE" 26 56 iPcPZ 1 18.0
ePSN" 28 35 10 mai 49.2 N., 28.6 W.
3mai 42.6N., 144.6 E. eSSN" 34 20 N. Atlantic Ocean. N. of Azores14 mai 49.0 N., 28.8 W.
Near SE, coast of Hokkaido, Japan iLGE" 45 46 h about 25 km. Atlantic Ocean
h about 49 MZM 52.5 X H 14 17 30.0 h about 25 km.
H 02 37, 54 sed. /225 micr. eLLZ" 14 33 v H 16 53 06.2
iPZ 02\/1 35 6 d ePZ 16 59 19.0 ¢
ipPZ 49.4 7mai 45.3 N., 146.7 E. 11 mai 6.685., 147.7 E. 14 mai 33.5N., 140.6 E.
Kurile Isl. Near N. coast of New Guinea S. of Honshu, Japan
3 mai 60.0 S., 32.9 W. h about 42 km. h about 82 km.
Sandwich Isl. ¥ H 07 05 52.5 v H 21 06 52,7
h about 20 km. ePIZ, | 0T 24 . 54 ePZ 21 20 20
H 63 . 3 49.0
eZ" 03 4 04 llmai 17.0N., 99.7 W. 15mai 7.38., 128.3 E.
ePPZ" 91 28 Near coast of Mexico Banda Sea
ePSN" 04 /04 22 h about 25 km. h
eSSN" 09 32 H 14 1 9 H
N/ v iPZ 14 % Tc ePz
eP'Z
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14
54
50
04
14 X
23
04

56
02

15 mai 7. 2S., 128.3
Banda Sea
about 52 km. -./

h
H 06/ 42 58.9
eP'Z 02 25

15 mai 53.4 N., 159.6 E./
Near E. coast of Kamichatka

h about km.
H 193 2245
iPZ 19 3 41,2 ¢
ipPZ 52.5
\/
16 mai 13.6S., 167. 3 E. v
New Hebrides Isl.
h about 52 km.
H 05 16 46.0

eLZ" 06 16.2

16 mai 13.4 S., 167. 3 E.
New Hebrides Isl.

h about 35 km (v
H 17 33 05.5
eLZ™ I8 326

18 mai 16.0 S., 173.0 W.
Tonga Isl. Region

h about 25 km.
H 23 18 49.6
eLZ" 00 14.6

19 mai 17.2 N., 99.5 W.
Near coast of Mexico

‘h about 20 km.

'H 14 58 13.3
iPZ 15 05" 1l.6.¢
iPPZ! 06 35.5
iPcP 2" 07" 29
iSE" 11 04
iSSE!" 13 02
iSSSE" 13 34
Mz 155

14 Sec. 290 micr.

19 mai 13.4S., 76.7 W.
I;Nea.r coast of Peru

! h about 70 km.
| H 23°'56'"32.4
iPZ 00 06 24.04d
ipPZ 44,1
fiZ 07 09

20 mdi 20.5 N., 66.0 W.
Off coast of Puerto Rico

h about 38 km.
H 5 01 " 20.7
ePZ 15 06 51.1 ¢
ipPZ 07 09.3

21 mai 37.3 N., 96.0 E.
Changhai Prov. China

18 mai 48.6 N., 28.7 W. h about 25 km.
N. Atlantic Ocean /'H 12 02" 50,6
h about 25 km.  ePZ 12 16 25.04d
H 12 111 '59.8 | ipPZ 34.5
ePZ 12 18 16 | iPPZ 20 28
’ / ePPPZ" 22 30
18 mai 46.1 N., 148.5 E. L/" | eSKSN!" 27 06
Kurile Isl. eSKKSN" 24
h about 60 km. ePSN" 29 08
H 18 46 40.1 ePPSN" 52
iPZ 18 58 55.0 ¢ e SSN" 34 26
ipPZ 59 04.5

elLZ" 19 36
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21 mai 20.0 8., 177.5 W.
Fiji Isl. region
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25 mai 58.6 N., 31.5 W.
S. of Greenland

h about 379 km. h about 25 km,
H 21 15 31.0 X H 00 48 57.1
/iPZ 29 42c¢ eLZ" 01 03
; epPZ' 3110
§ esPZ" 32 04 25 mai 59.0 N., 31.2 W.
Y ip'z 33 25.3d S. of Greenland
iPPE 34 71 h about 25 km.
ipP'E 49 H 01 07 09.6
L. ipPPZ" 35 48 e SILZY 4001, 22
J isPPZ" 36 40
eSKSE" 39 39 25 mai 20.7 S., 174.3 W.
iSN" 41 41 Tonga Isl.
ispz" 43 37 h about 281 km
ipsz" 51 H 04 19 57.0
38 Sec. 168 micr. o eLZ" 05 14.0
iPSN" 44 17
iSSN! 49 36 25mai2.58., 79.1 W,
isSSN" 52 16 Ecuador
iNt 56 38 h about 79 km.
iN® 22, oail 12 Va H 14 49 11.2
iNt 02 28 iPZ 14 57 43.64d
MN™" 03

60 Sec. 115 micr.

22 mai 12.3 8., 166.6 E.
Santa Cruz Isl.

h about 151 km.
H 08 06 38.7
| AL 08! u29 38
L/ eP'Z 25 WEZLS
ePSE" 360 14
eE" 435 )2
27/mai 5.5 8., 152.0 E,
New Britain
h about 100 km.

§ H 29% 031 36,0
c/_ eP'Z

eLE" 55

23mai49.1 N., 129.4 W.
Vancouver Isl. Region

h about 25 km.
H 04 24 49.8
x ePZ 04 32 00.5d

eLLZ" 43

22 22 26.04d

25mai 24.1 8., 179.1 E,
Fiji Isl. Region

h about 576 km.
Q8 H 192 200 55706
/ elLZ" 17 41

25mai 24.3 S., 65.2 W.
Jujuy Prov. Argentina

h about 69 km.
H 21" 28 28.i%
- iPZ 21 39 45.34
/ ipPZ 40 12
28 mai 42.7 N., 144.5 E.
Hokkaido, Japan
h about 18 km.
H Q119052 3
Y4 ePZ 01 32 31
28 mai 31.3 S., 68.3 W,
San Juan Prov. Argentina
h about 94 km.
H 23 49 01.0
g iPZ 00 00 42.54d
ipPZ 01 12.0
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30 mai 44.6 N.,
Off N. coast
h
H
eLZ"

30 mnai 30.3 N.,

129.5 W.

of California
about 25 km.
04 57 b56.2
05 21

42.4 W.

N. Atlantic Ocean

h.
H
eSE"

31 mai 22.1N.,
Jt'(!olcano Isl.
h.
f H
\ J ePZ
§ e SKSN"
ePSE"
e SSE"

1 June 13.1 N.,
Honduras
h
H
iPZ

1 June 21.6 S.,
S. Bolivia
h
H
iPZ

2 June 50.2 N.,

about 25 km.
10 02 52.2
10 13 40

142. 6 E.

Region

about 257 km.

06 28 26.2

06 42 24
52 20
55 14

07 Q0. 55

88.0 W.
about 94 km.
06 48 32.1
06 55 12.04d
63.7T W.
about 128 km.
13 07 20.1
13 18 13.4

129.1 W,

Vancouver Isl. Region

h
H
eLZ"

2 June 49.9 N.,

Vancouver Isl{

2 June 49.8 N.,
Vancouver 1

about 25 km.
11 49 49.0
12 07

129.8 W.

Region
About 25 km.
12 26 09.6
12 33 20

34 46
39 12
41 46
129.8 W.

sl. Region

h about 23 km.
X H 12. 35 48.0
ePZ 12 41 58.8

2 June 29.8 N., 130.6 E.
Kyushu, Japan

h about 15 km.
H 1% A5 08:7
X eLZ" 18 06.6

3 June 22.4 N., 45.2 W.
N. Atlantic Ocean

h about 25 km.

H 15 02 ,/25.5

iPZ 15 08 58.54d
v eSN" 4 22

eSSN" /16 04

4 June 7.5 N., 80.9 W.
S. coast of Panama

h about 56 km.

H 18 50 40.1
>( ePZ 18 58 00.7

6 June 39.1 N., 123.1W.
California

h about 23 km.

H 17 50 08.6
¥ eLZ" 18 09

7 June 30.0 N., 113.4 W.
Gulf of California

h about 25 km.
H 00 22 39.4

v ePZ 00 29 28.5
eLZ" 42

7 June 51.9 N., 175.9 E.
Rat Isl. Region

h 50 km.,
H 05 35 47.3
%

iPZ 05 46 29.24d

8 June 11.3 N., 126.0 E/
Timor Sea

h about 60 km.
H 19 17 23.9
\/ iP'Z 19 3 59.5d
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9 June 23.3S., 66.4 W.
Bolivia- Argentina Border

h about 184 km
5( H 3 258481
iPZ 13 36 38.5d

9 June 13.6 N., 91.2 W.
Off coast of Guatemala

h about 104 km.
H 19 57 .35:5
iPZ 20 04 19.5d
X iPcPZ 06 48
elLLZ" 11
%~ 10 juin eLZ" 16 41

11 juin 49.7 N., 129.3 W.
Vancouver Isl., region

h about 25 km.
X H 00 52 47.3
f iPZ 00 59 56.3d

iPPZ 01 01 23

11 June43.5N., 18.3 E

Yugoslavia
h about 21 km.
H 07 15 37.6
iPZ 07 26 /03.04d
iPPZ 28/ 46
v eSE" 34 26
eSSE" 8 36

14 June 54.3 N., 169.1 E.
Near Isl. Aleutian Isl.

h about 34 km.

H 07 51 51.0

iPZ 08 02/46.0d

ipPZ 03 08.3

esE" (L. Q) 36
\/ eScSE" 40

eSSE" 15 30

eSSSN" 18 18

iE" 19 14

14 June 54.2 N., 169.3 E.
Near Isl. Aleutian Isl.

h about 56

H QT 55 8.9
W/ iPZ 08 06 /44.54d

ipPZ 09
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14 June 19.4 N., 65.0 W.
Puerto Rico Region
about 64 km.

53.2
45,2
07
v 58
36
14 Junel. 8 S., 76.9 W.
Ecuador
h about 147 km.
H 20 18 04.7
iPZ 20 26 24.0d
4 ipPZ 27 04.0
14 June 26.4 N., 126.5 E.
Ryukyn Isl.
h about 22 km.
H 22 14 10.9

e LE" 22 ‘59

15 June 20.4 S., 70.9 W.
Near coast of N. Chilg

h km.
H 37.0
ePZ 19 ¢
iPZ 19.5d
ipPZ 37.0

17 June 10.7 S., 165.3 E.
Santa Cruz Isl. Region

h about 106 km.
)( H 13 22 21.4
eLZ" 14 21.6

17 June43.2 N., 88.0 E
Sinkiang Prov. China

h about 50 km.

H 14 26 29.7
7( iPPPZ 14 44 52

iZ 45 37
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18 June 60.5 N., 153.8 W. 21 June61.3 N., 153.4 W.

Alaska Alaska
h about 193 km. h about 32 km.
H 06 21 04.9 X H 07 55 46,0
iPZ 06 29 22.5d ePZ 08 04 12.04d
ipPZ 30 02
isPZ 24 23 June 25.7 N., 128.5 E-~
iPcPZ 49 Ryukyn Isl. /
iPPZ 31 18 h about/36 km.
H 09 4 377
18 June4.8 S., 151.8 E. ePPZ 03 22

New Britain Region e SKSN" 09 32
h about A7 km. (7 eSKKSN" 10 08
H 2} e 313 eN" / 12 44
iz 0 23.6 ¢ eSSN'\/ 18 14
18 June iPZ 00 15 05.0 ¢ 24 June 25.6 N., 101.1 E.
Yunnan Prov. China
19 June 7.1 N., 82.7 W. h about 35 km.
S. of Panama H 01 21 18.2
h about 42 km. ¥ eLZ" 02 16
H 00 59 21.3
ePZ 01 06 47.0d 25 June 20.6 S., 71.0 W.
Near coast of N. Chile
20 June45.6 N., 128.9 W. h about 37 km.
Off Coast of N. California H 02 49 02.1
h about 25 km. o iPZ 02 59 45.0d
H 19 26 01.8 ipPZ 59.0
eLZ" 19 46 )
25 June 37.3 8., 73.5W. /
20 JuneiPZ 23 05 46.0d Near coast of Chile
ipPZ 06 04.0 h about 20 ;
el.Z" 15. 8 H 06 26/ 49.6
e ePZ 06 39/ 09.0d
21 JuneeP1Z 02 06 59.0 ¢ eSE" 06 24
512 07 07.5

25 June 24.3 N., 122.6 E.

21 June5.7 N., 82.6 W. Off coast of Formosa

S. of Panama h about 33 km.
h about/23 km. H 11 24.3
H 04 3 43.3 ePPZ" 11 20
iPZ 04 21.2 ¢ eSKSN 35 28
7 41 eSKKSN!" 36 26
iPPZ! 53 07 \/ ePSN" 38 48
ePPPZ" 34 ePPSN'! 21 M s
eSN" 57 34 eSSN" 44 58
eSSE" 00 16 eSSSE/! 49 00
iSSSE 01 06
iSeS 30

—94-

Pt

25 June 14.5 N., 82.4 W.
Off East coast of Nicaragua

h about 25 km.

H 18 58 35.6
iPZ 19 05 05.0c
eSN" 10 28
eSSE" 12 24

27 June 37.7 N., 88.5W.
S. Illinois

h about 25 km.,

H 01 28 55.7
ePZ 01 32 14.04d
iSZ 34 49.0
iSSN! 35 09

27 June 48.0 S., 99.6 E.

X

Indian Ocean S. W. of Australia

h about 25 km.
H 13 38 30.6
elLZ" 14 59

28 June 20.0 N., 155.6 W.

Hawaii Isl. Hawaii /
h about 25 u
H 04 27/ 18.4
iPZ 04 3 34,7
ipPZ 51.0
iSNtl
e SSSNY

28 June40.9 N., 20.8 E.
Near Greece Albani

28 June 0.2 5., 124.3E.

N. Celebes
h about 58 km.
H 18/ 50 27.5
iP'Z 09 47.0d
iSKPZ 13 00.5

29 June 62.3 N., 152.4 W.
Alaska

h about ,3’9 km,

H 16 28 04.4
iPZ 16 ;36 25.5
iZ 34.2

\/
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29 June 15.3 N., 105.4 W.
Off coast of Mexico/

e SN
e SSSN!

30 June 16.5 N., 122.0E
N. coast of Luzon, Philippine

Isl.
h about 40 km.
H 19 21 51.0
eLLZ" 20 29

M. Buist, S.J.
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Bulletin de Géophysique No. 13. Montréal, avril, 1963.

ELECTRIC POTENTIAL GRADIENT MEASUREMENTS
MADE AT LOYOLA UNIVERSITY IN
NEW ORLEANS, La. U.S.A. (1959 and 1960)

by

E. Gherzi, S.J.

RESUME

L'auteur rapporte les mesures du potentiel électrique de
1'air faites & 1'Université Loyola & New Orleans, Louisiana
durant les années 1959 et 1960. Ces valeurs ont étédisposées
jour par jourdans des Tableaux Généraux qui comprennent
aussi les conditionsmétéorologiques observéesaux mémes
moments. L'auteur souhaiterait qu'une présentation sem-
blable des données électriques futfournie par dautres stations
oul'on étudiel'électricitéatmosphérique. Le but principal
de la discussion est de montrer que 1'état atmosphérique
appelé "beau temps'" /'fair weather!/ difféere avec le type
de masse d'air qui est en jeu au moment ou l'on fait les
mesures. La sensibilitédes enregistrementsa étédiminuée
de sorte que seules les variations a grande échelle soient
mises en évidence. On sera ainsi & mé&me de connaitre quel
estle mouvement synoptiquede l'électricitéatmosphérique
indépendemmentdes perturbations locales orageuses et fron-
tales, qui ne sont que des événements transitoires.

Les conclusions offertes aulecteur ne sauraient &tre autre
chose qu'untravaild'approche, étantdonné que nile courant
air-terre ni la conductibilité del'air n'ont été enregistrés..
En outre 1'état duterrain avoisinantla stationdes enregis-
trements n'a pas permis de trouverun facteur de correction
bien établi, qui permit de donner le gradientabsolu du po-
tentiel électrique observé. Toutes lesvaleursfournies dans
les "Tableaux Généraux' sont celles lues directement sur
les enregistrements.

(Radio-active probe at 5. 2meters above ground, far awayfrom trees),



Meteorologists, all over the world are more and more
interested in the electricity of the atmosphere and are gradually
admitting, with the author of this article, that the atmospheric
electricity should be considered as a real "“weather factor", be-
sides the usual thermodynamic ones, namely pressure, tempe-
rature and humidity,

Nevertheless we feel that the electric exploration of the
atmosphere is still, so to say, a scattered one. Going, for in-
stance, over the "Proceedings of the Second Conference on At-
mospheric Electricity', published in 1958, we find many inte-
resting articles concerning mostly local soundings and isolated
thunderstorms. Very few discussions took Place concerning the
synoptic aspect of the atmospheric electricity. Besides some
very valuable pioneering work done by distinguished and well
known experts (Israel; Dolezalek, Chalmers et alii) nobody, ac-
cording to our documentation, has yet tried to follow the tech-
nique used, many years ago, by R. A. Watson at the Eskdalemuir
Observatory. (2) Namely the values of the atmospheric electri-
city have not been listed as we do for those of temperature, humi-
dity and pressure, in daily, monthly and yearly Tables. What
has been done for climatological researches should be contem-
plated also for an inquiry on the electric climate of the earth and
its atmosphere.

Although the studies of electric singularities, already
given to the public, have a real and captivating interest, any
general conclusion regarding the distribution of the electric fac-
tors, potential gradient; air to earth current and conductivity
does require the tabulation of these values in daily, monthly and
yearly Tables. And these Tables should also contain the values
and aspects of the meteorological factors, which are well known
to affect the atmospheric electricity.

The listing of the daily, monthly and yearly values of
the electric potential at Eskdalemuir has been made by Watson,
but he did not add the meteorological conditions prevailing on
those dates. Nevertheless some interesting paragraphs, concer-
ning the weather aspect and that of the electric re sponse in the
atmosphere, were also published.

We will follow the same technique with a more complete
presentation of the events, conscious that such a documentation

should be at hand before any theoretical discussion.

We do not hesitate to state that several intere sting facts
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are shown in the '"General Tables'" wnicn we give rurtner on.

But first of all, a word about the so called "fair weather
conditions'',

We think that they should be differentiated according to
the type of air mass prevailing at the time of the recordings.
Each one of the three fundamental types of air masses of the
earth's atmosphere, the Polar Continental or Arctic, the Mari-
time and the Tropical, called by some meteorologists t'helEqua.-
torial, possesses a special type of "fair weather!". This is our
contention, since such a thermodynamical distinction of the three
air masses is well known to meteorologists. It asserts itself
also when one contemplates the behaviour of the electric poten-
tial, at least on the surface layers of the atmosphere, the same
layers which synoptic forecasting considers. How, .in the upper
levels, these three air masses spread and interact is another
question, distinct from the surface weather consider.ation. Human
beings, animals and plants are affected by the evolution of the
surface meteorological conditions rather than by those of the
upper troposphere and lower stratosphere. Sixnilaz:ly, we, on
the surface of the earth, are subject also to the action of the
electric values of the surface atmosphere.

Although elsewhere (3) we have pointed out this spe cific
biological aspect of the surface electric potential o.f.thelalr mas-
ses, we feel that it has not yet been given the attention it deser-
ves. Well known electric scientists (Israel, Dolezalek et alii)
have already mentioned in their publications a synoptic .aspect of
the atmospheric electricity. Nevertheless the observations quf)t-
ed by them has been made, most of the time, on top of mountains.
These, we think, cannot be compaired with those made on flat
country, in well chosen locations.

It is regretted that what we have been doing in the fl'at
Louisiana region cannot be checked with similar recordings in
other flat parts of the United States. The "General Tables'" of
this article will help such a kind of comparison if si:nilafr re-
cordings, unknown to us, have in fact already been published. ;
Our documentation may have been at fault and we would apologize
for that.

As one may gather from the title of this paper, we have
at hand only the data of the electric potential gradient for tht=j
years 1959 and 1960. (Those for 1961 had to be discarded since
the zeroing of the recording trace had been too often left aside).



We quite agree that the values of the air to earth current
and those of the conductivity should also have been considered.
At New Orleans they are lacking. Omne cannot state if the results
of about 40, 000 well checked readings, which we offer to the
reader, would also apply to the two other aspects of the atmos-
pheric electricity, which we had to neglect.

Besides the meteorological conditions of the atmosphere,
the author has also considered if any correlation were found
between the wind force and direction with the electric potential.
The types of clouds present during the days when the observations
were made was also checked and reported.

The polarity of the potential when rain started has been
examined and also the possibility of forecasting precipitation by
the inspection of the trend of the recordings obtained some time
before the event.

Frontal conditions, being very difficult if not impossible
to analyse properly, were left out of consideration. Simultaneous-
lywith fronts, foggy hours were not studied. The chief reason for
neglecting the hours with very low visibility and Stratus clouds was
the following. We have already objected in several papers to the
common word "fog" for any weather conditions of reduced visibi-
lity. This word "for'", so we think, causes a very regrettable
confusion, especially in research on atmospheric electricity. Vi-
sibility can be decreased to small or to extreme values either by
floating and very minute rain drops or by sand or by colloids and
industrial dust. The first type of reduced visibility is called by
us "mist': the second type, "haze' and the third type "fog"; for
instance, London fog.

Such a physical distinction of the factors which can de-
crease visibility is not only important for health, for agricultural
and industrial activities but also from the point of view of re-
search on the electric potential gradient. Misty atmospheric con-
ditions show a different potential value from that of atmospheric
periods.

To call "fog" any reduced visibility is tantamount to
risking important confusions.

The definition of the "aerosol" seems to be also quite in-
determinate or even optional. Most of the time, the dimension
of these particles is the gauge used, not the quality, chemical or
physical. Our conviction is that the small particles floating in a
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pure non-modified Polar air are what we would call solid par-
ticles (clay, sand, specks of quartz, etc), while the aerosols
in pure and non-modified Maritime air mass are chemical com-
pounds (chlorides, sulphides, bromides, etc.).

The modification of the resistance of the atmospheric
column might be different according to the different type of the
aerosols on the surface and also in the higher atmospheric lay-
ers. Reinhold Reiter and Mirjam Reiter have done such a kind
of discriminating analysis (4). Other authors, in the study of

' the electric potential in the upper atmospheric levels, have not

mentioned the type of nuclei present.

The location, in New Orleans, at Loyola University,
appears to be rather free of industrial pollution, and the two
types of air masses making the weather in Louisiana, namely
the Polar continental and the Gulf-Maritime, are well distinct
and often very powerful. The values of the potential recorded
in both air masses are characteristic and, if "electrically charg-
ed blobs" similar to the '"'cold'" or "warm!' pools of the meteo-
rologists do not exist, the different types of aerosols existing
in the two air masses might be a clue to explaining the facts re-
ported in the "General Tables" of this study.

And let us remind the readers that above the Polar air
there is a layer of warmer and moister air, coming from the
southern latitudes, while above the Maritime air one has to go
very high up, often to the tropopause, to find another kind of air
stream, mostly westerly in some seasons. In summer, the up-
per wind is easterly.

Very interesting measurements of the nucleus content
over the ocean have been reported by R.C. Sagalyn. Some of
her statements might appear contradictory to our own descrip-
tion of the Maritime Anticyclone centered over the sea expanses.
(5) As a matter of fact the measurements reported appear to
have been made on Polar air masses, arriving from the conti-
nent, loaded with continental types of aerosols and overlaying a
shallow surface Maritime air tongue, with the inversion at around
4000-5000 ft. Nevertheless the same author quotes reports of
significant nuclei counts up to 14, 000 ft. in the western edge of
the high pressure area (the Maritime anticyclone). This loca-
tion, with numerous high level nuclei counts, was apparently in
the real body of the Maritime air mass, which as we have stat-
ed, tops at times the tropopause level. And such a powerful di-
mension of the maritime air mass is not, to us, exceptional as
it might be inferred from the reports of Sagalyn. Radio sound-
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ings in the Far East (those at our disposal) have often shown
Easterly winds from the surface up to more than 20,000 ft. The
exchange layer should have been much higher than the 4000-5000
ft. alreadymentioned. Cirri clouds are also often observed

moving from the East, without any tropical cyclone being present.

We believe that similar conditions exist for the Atlantic Ocean
Maritime air mass. Quite recently, coming to New Orleans
from Washington on the "Golden Falcon" jet of the Eastern Air-
lines, the pilot told us that the southwesterly wind from the Gulf
was blowing from the surface up to more than 31, 000 ft. reach-
ing at that level a velocity of over 100 miles per hour. It would
be very instructive to know the nuclei counts at those high levels,
in such atmospheric conditions.

The usual definition of the Trade wind air mass as 'a
current usually with a lower moist layer with Cu. in its upper
part and a dry cloudless upper layer of dry air, being separated
by an inversion at between 6000-10, 000 ft. " appears to reject
the much greater thickness of the real body of this Maritime air
mass which we have mentioned and which is not a pure guess.

We now give the description of the contents listed in
the six columns of the "General Tables" which will follow.

Column 1. Days of the month.

Column 2. Wind's speed and its prevailing direction during the
24 hours. Speed is read on the recordings of a pres-
sure tube anemometer sensitive to 1-2 meters per
second and the direction with a special recording
wind-vane. We have distinguished 3 aspects of the
wind: calm or almost calm: speed reaching 5 meters
per second: speed reaching 10cor more meters per
second. When only the prevailing direction is given,
this means that never, during the 24 past hours, did
the wind reach 5 meters per second. When the hours'
period is given, for instance 17-19, that means a pe-
riod during which the wind was steady at 5 meters
per second. Underlined figures for the hours mean
a wind speed of 10 or more meters per second.

N W-W means a NWly wind backing in the afternoon
to the Western quadrant.

It is a striking fact that, most of the time, any fresh-
ening of the wind to 5 or 10 meters per second has
been short lived. Furthermore, the change in direc-
tion happens most frequently just after the noonhour.

-8 =
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Column 3. This column gives the values (in volts) of the elec-
tric potential gradient, not reduced to the absolute values
(see further on), as they were recorded at 5.2m above
ground, well away from trees, and on the top ot a small hut,.
Groups of two figures f.i. + 200 +100 mean that during the
period of hours with a wind speed of 5 or 10 meters per se-
cond, the value of the electric potential went from +200 to
+100 volts. The values of the potential were obtained from
the recordings by means of the '"equal areas'" technique. We
found these measurements more realistic than those obtain-
ed by reading at the beginning of each hour the displacement
of the registering pen.

Occurrence of negative bays, their duration in time and
their electric value are also given in Column 3,

Rainfall and the time of its beginning at Loyola University,
is reported with an approximation of 3 minutes., We have
also been interested in quoting, when that was possible, the
polarity recorded at the time of the first and of the last
shower. That is shown with such marks as -- : +- etc. close
to the hour figure. When the rainfall has been of very short
duration, the value of the potential during the dry hours has
been added.

Owing to the low sensitivity chosen for the recording, name-
ly 1000 volts on each side of the central zero line, only tens
of volts could be read. To be more exact, only 40 to 20
volts were accepted as reliable., As a matter of fact the
lines of the recording Easterline-Angus paper being 2mm.
apart and the thickness of the trace covering about one mm.
a more accurate reading than 20 volts could not be accepted.
We wonder how Watson could read the voltage correspon-
ding to one tenth of mm. in his registrations? Since often
the very same potential value is recurrent with the same
air mass conditions, checks were made with hourly values
and, as expected, a mean difference of 40 to 20 volts was
found. Nevertheless we think that the mean of 24 hours'
readings cannot be the same as the one obtained with the
"equal areas' technique, which we have used. No wonder
there should be some difference between the two figures.

Column 4. This column gives the types of cloud decks visible
during the daylight hours. They were checked with the re-
cordings of the global solar radiation obtained with an Epley
thermocouple. We have followed the usual division of the
three main layers: low clouds, St. and Cu. ; mean clouds,
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Ac. and As; high clouds, Ci. and CiCu. Often, of course,
overcast skies had also, above the St., mean and high clouds.
Not having any radio soundings we could not ascertain such
conditions. It was noticed that very often the type of clouds
changed in the afternoon hours. Such a change in the cloud
deck is shown by writing f.i. Ci.--Cu. Such an interesting
aspect of the evolution of clouds can often be explained, es-
pecially in stationary frontal conditions, by the fact that, at
night and in the early morning hours, the continental colder
air invades the locality, only to recede and be replaced by
the warmer Gulf-Maritime air after the noon hour.

Column 5. This column shows the atmospheric conditions: the
types of the air masses and the fronts. ® These meteorolo-
gical data were taken from the two daily weather maps pub-
lished by the Washington Weather Bureau. One gives the
meteorological conditions at lh a.m. Eastern Standard time,
and the other,the situation twelve hours later. Only a few
times was the interpretation of these maps found difficult.
The different air masses are marked with the following ab-
breviations: P. for Continental Polar; M.P. for modified
Polar air, namely Polar air mass that had crossed the
southern Coast of Louisiana and was central over the Gulf
of Mexico; G. for the Maritime air mass of the Atlantic
reaching New Orleans through the Gulf of Mexico. This
last type of air mass, namely the Maritime from the Atlan-
tic, has been, so to say, divided into two portions by many
USA meteorologists. The southern part is called Tropical
Maritime, and the Northern portion Polar Maritime. Such
a splitting of the Atlantic Maritime air mass causes confu-
sion. The so called Tropical and Polar Maritime portions
belong to the same air mass, as the wind circulation clear-
ly shows. It is obvious that in a higher latitude the tempe-
rature of this air mass will be different, but there are other
air mass characteristics to be considered and these do not
change as much as the temperature does. When we check
weather forecasts that proved to be wrong, we often find
that the reason for these mistakes are in the division of the
Maritime air into two portions which do not exist as totally
distinct. The fact that the Continental Polar air mass is
usually subsiding while the Maritime is rather convective
has some bearing in the synoptic study of atmospheric elec-
tricity.

The barograms obtained at Loyola University were also at
hand for such a check of the atmospheric synoptic conditions

=10~

@twona\ From the ISC collection scanned by SISMOS

Seismological
Centre
at the times when the electric potential gradient was mea-

sured.

The Fronts reported in column 5 are those formed between
the two air masses already quoted. The zone covered by a
Front, belonging to a moving extratropical cyclone, is small-
er and better defined than the Front, formed during the warm
months, between the same two air masses but without the
presence of a cyclonic center. The types of clouds observ-
ed during these periods with a stationary Front have been a
great help for discriminating the real synoptic regime act-
ing over our station.

The value in millibars (19 = 1019 Mb. ) of the atmospheric
pressure reduced to sea level at lha.m. E.S. T. has been
added after the type of the air mass: for instance P. 19,

A striking fact is that nowhere in the Weather maps can the
presence, on the surface, of the Tropical air from Mexico
or Texas (with its normal low pressure and cyclonic circu-
lation) be traced over Southern Louisiana.

lumn 6: Gives the Maximum and Minimum temperature values

in Fahrenheit degrees for the current day in New Orleans.
They often show very nicely which one of the two prevailing
air masses considered in this article was in action.
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(1) (2)
JANUARY
1 NwW 10-13
2 E 9-10 17-18
3 E - NE
4 NE 2-8
5 NE 00-24
6 E/S1-3 5-13
7 SE 9-17
8 NE 09-17
22-24
L 9 NE 1-23
v 10 E 3-8
11 Calm -E
12 S -Var.
13 S
14 S
15 SW 14-15
16 MW o
17 Variable
18 S. 11-14
19 S
20 S 9-16
17-24
21 S-N 00-12
22 N 00-16
23 ENE
JANUARY (1) (2)
24 Calm-ENI[E
25 ENE
26 Calm-E
27 NE
28 NNE
29 S
30 E
31 NE 00-1}1
i FEBRUARY
1 NE 7-8
19-23
2 ENE
3 Variable
4 N-NW 8- 14
5 SE
6 Var. -NE
7 ENE
8 S
9 S 9-17
10 s 2-5 10
11 NE 5-6
12 ENE-ESE
13 Calm-S

GENERAL TABLE I 1959

(3)

+200+ 240
+4+200

-80-80
+90+200
+200+ 200
+200+520
+280-40
-80+190
+120+80
+80+200
+200+200

RAIN 12h-+

+120+120

-40-40
-80-280

-200+680 R. 12h

?

+ 90
+160
+ 40

0
+200

+320
+120

+ 40
+190
+240
+160
+120
+160
+160

?
+160
+200
+200
+120

- 80
- 4

+200

TABLE 1 (contd.)

(3)

Interm. R AIN

-160-80

0-80

RAIN 19h -

IntermRA N

RAIN -

+200+ 200
Negat. Bay

+280
+120
G290
+120
+130

- 40

- 40
-240
- 40
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(4)

St. Cu.
As.
St. Cu.
St.
Cu. Ac.

As. Ac.
As. Ac.

St. Cu.
BlueCi.
Blue
Ci.

7
BlueCi.
Ac.

St.
BlueAc.
St.

St.

Ac. Ci.

St. Cu.
Thick
St.
BlueCi.
Blue

(4)

Blue
BlueCu.
Ac. As.
Cu.

Blue

St.

St.
ThickSt.

ThickSt.
ThickSt.
St.

St.

St.
Blue
St. Cu.
St.

St. Cu.
St. Cu.
St. Cu.
Cu.

St. Cu,

(5)

FR. 15
P. 13
P. 08
Fr. 15
P. 31

10
%]
w

Qs Uihs Toual o e
g
oo
»

(5)

P. 32
P. 26
M. P, 17
M. P. 16
P. 18
Fr. 20
Fr. 20
Fr.20

Fr.25
Fr.28
Fr. 20

Fr.08
Fr.12
P. 23
P. 30
M.P. 22
M., P. 16
G. 14
Fr.23
Fr. 26
Fr. 22

62
49
bl
63
54

40
49

61
54
54
46
59
64
69
70
56
49
48
62

75
73

46
55

52
il §
(i)
74
66
T3
73
65

54
54
56

55
62
62
62
65
72
T2
64
73
81

ed by

SISMOS

(6)

48
42
40
45
39

30
32

40
53
38
31
29
30
43
45
44
30
31
44

62
64

31
31

(6)

34
45
44
53
49
53
47
61

50
51
48

51
38
38
49
57
64
67
57
54
62
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TABLE 1 (contd. )

(1) (2) (3) (4) (5) (6)
FEBRUARY
14 S - SW 10-17 RAIN 22h +120 Cu. M. P. 20 81 63
15 NE +120 Cu. St. Fr, 16 63 51
16 NE +160 Blue P.24 64 48
17 S 10-18 +200 BlueCu. M.P. 16 76 52
18 N-NE 14-16 +120+120
16-24 +120+120 +120 Ac. M.P.O07 75 65
19 NE 00-15 Some RAIN - - ? As. P.? 40 39
20 NE 2-18 +200 St. Cu. P.24 57 38
21 NE 9-10 +120 As. Cu. P. 35 51 37
22 Variable +120 Blue P. 30 70 40
23 S 12-15 RAIN 14h - - ? St. Cu. M.P. 22 80 59
) 24 S-NE RAIN all day ? ThickSt. Fr.19 64 56
w25 NE RAIN 4h30 ? St. Fr.20 55 47
26 E Interm. RAIN ThickSt. Fr.18 55. 50
27 NE - E +160 St. Ca. Fr.15 63 52
28 Variable 23-24 +120 St. Cu. M. P, 17 62 48
MARCH
1 N 2-17 +120 Blue P. 17 65 47
2 S 13-18 +120 Blue M. P. 18 63 43
3 N 9-15 RAIN 7h - - St. Cu. Fr.15 64 54
4 E - 7-20-24 + 40 St. Cu. Fr.18 75 48
5 SW-NW RAIN - St. Fr.1l 71 63
6 NW 00-2 9-13 +120 St. Cu. P.13 60 41
TABLE 1 (contd.)
(D) (2) (3) (4) (5) (6)
MAR(EzH E -NE +120 Ac. Blue P.21 65 43
8 Calm-E +120 Ac. As. P. 23 60 42
9 SE - SW +110 Cu. G.18 72 54
10 Calm-S + 80 Ac. M.P. 16 75 43
11 S - SW ? St. Cu. G, 12 74 63
12 N 00-4-17 ? Ac. Fr.17 62 41
13 Calm-SW 9-17 +160 Blue P.23 60 46
14 SSE 9-19 ? St. G. 16 69 57
15 SW-N-NE 8-14 + 90 Blue G. 10 70 64
L 16 NE 00-15 ~ Interm. RAIN 14 St. P. 21 66 51
o 17 NE 4-14 4200 Ac. St. P.24 58 49
18 ENE 5-15 +160 Ac. P. 26 62 48
19 ENE -E 7-24 +120 As. P. 27 62 53
20 E -SE 15-20 +160 St. Cu. G.19 75 58
21 SW -NW 23-24 + 40 Cu. Blue G.12 73 64
22 NNE 00-16 +140 Blue M, P, 16 68 50
23 E - ENE +120 Blue P.22 72 46
24 Calm - S 13-14 +120 Cu. M, P, 21 75 46
25 SE 9-20 RAIN 1lh - - ? St. Cu. G.19 76 60
26 S-SW 9-22 ~ 20 St. G. 16 78 67
27 SW-NW 9-13 + 60 Ac. As, e 13 76 67
28 ENE 8-11 RAIN 11h - + ? ThickSt. Fr.l6 62 56
29 NE. =2 & - 40 St. Fr. 16 70 56
30 ENE Var. + 60 St Fr. 16 72 56

31 Variable + 80 St. Cu. G. 15 73 59
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17
18

19
20
21
22

(1)
APRIL
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MAY
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10
11
12
13
14
15
16
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(2)

Variable 15. 16
Variable
Calm Variable

Calm-W
Calm-W 10-13
NE 12-16
Calm Variable
Calm -E
E-ESE

Calm - S

Var. Calm
Variable
Calm-Variable
N - Calm

Variable
Var. - Calm

Variable 14-16
Variable

Calm-Variable
Calm-Variable
Calm-NE-SE
SE

(2)

SW 9-16
Sw 9-17
WNW

Variable

SW -8

13-15
SSW 13-14
Sw 11-13
Calm S
5~ Elslb
Calm-SW 12-15
Variable
N-NW 8-9
Calm NW 15-16
Sw 8-19
SW-NW 18h30
SW 13-14
NW -NE
NE-E
ESE
Calm E-S
Calm -SE

16-17

TABLE 1 (contd.)

(3)
RAIN 14h30 - - ?
RAIN 14h ?
RAIN 14h30 - - ?
2Mod. Neg. Bays
RAIN 16h - + +100
+ 60
RAIN 1llh + - ?
Interm.Rain - - ?
Interm.Rain - - ?
HeavyRAIN 3h - - ?
RAIN 11h Z
+ 80
RAIN 11h - - ?
RAIN 12h - - + 40
RAIN 13h30 + +
+ 60
RAIN 11h - + ?
Negat. Bay -800
12h45-15h15 ?
RAIN 14h - - + 40
2 Neg. Bays -900
10h30-15h15 ?
RAIN 10h - + ?
RAIN 12h- - +100
RAIN 12h- - + 80

3 Mod. Neg. Bays ?
TABLE 1 (contd.)

(3)

+200
- 20
+ 40
+ 80

+120
+120
+120
+120
+120
+ 90
+ 60
+ 40
+ 40
4+160+40 +120
RAIN 14h + + ?
RAIN 8h + - ?

+ 40
RAIN 15h - - ?
+ 80
+ 80
+100

+120+120

+200+120
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(4)

Cu. St.
St. Cu.
Cu.-St.

Cu. St.
St. Cu.
As.

St. Cu.
St. Cu.
St. Cu.
St. Cu.
Cu. As.
St. Cu.
St. Cu.

Ac. St.
St-As.

St. Cu.
As-St,

As. St.
Var.

Ac. As.
St. Cu.
St. Cu.

(4

Cu.

?
Cu.
St. Cu.

BlueCu.
Ac. As.
Cu.

Blue Ci.
Cu.

Ac. As.
Blue
Blue Cu.
Blue Cu.
Cu.

Cu. St.
ThickSt.
Cu. Blue
St. Cu.
Blue Ci.
Blue Ci.
Blue

(5)

M.P, 16
Fr.18
M.P, 16
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(5)

G. 20
Fr. 14
G.13
Fr.12

M.P. 15
M. P, 17
G.18

G? 16
.18
22
22
.18
. 14
Fr.12
Fr.15
G LT
Fr. 16
P. 17
P. 18
P. 17

o000

)y SISMOS

(6)

92
92
92

88
88
89
91
88
87
83
90
92
88

91

74
75
74

74
76
76
71
76
72
74
73
76
73

74

NO DATA

(6)

81
83
85
81

80
85
85
86
85
86
89
89
88
85
84
74
87
88
78
82
86

65
70
68
66
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20
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27
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(2)

N-SW 8-9
N B T
S-SW 9-17
NW-NE 7-12
SE-S 15-17
Calm Variable
S 10-18

S 8-18
Variable
Variable

NE

NE

NE 7-24
NE 9-16
Var. -SE
ESE 12-16
SE

SE

SE- SW
Variable
Variable
NNE 00-15
NNE-N 9-12
Calm Variable
S 10-14

S

(2)

Variable
S 10-15
SE 10-12
Variable 15-19
S 11-12 14-15
W
W 14-16
Variable

?
E-ESE 12-15
Boil=19
SE -E
NE-Calm 9-15
Calm - NE
NE
Calm-Variable
Calm-S/W
SwW 11-16
S 7-17
S 8-11
S/wW
Variable
Variable 13-18
Variable
NE-SW

TABLIE 1 (contd. )

RAIN 5h -

+200+40
+40+160

RAIN 8h - +
RAIN 10h30 +
RAIN 21h - -
RAIN 00h - -

ZNeg. Bays -400

RAIN 8h - +

?
+110
+120
+120
+160

?
+ 90
+ 90

?

?

+t200

+ 80
+130
+120
+130
+ 80
?
+120
?
?
?
+120
+160
?
+130
+ 50

TABLE 1 (contd. )

(3)

RAIN 9h30 --
RAIN 12h - -
+160+120

Neg.Bay -950
RAIN 10h - +
RAIN 9h15 - -
RAIN 1llh - +

RAIN 15h - +
RAIN 9h30 - -

RAIN 14h + +
+50+120

RAIN 10h30 - -
+80+280

RAIN 15h - -

RAIN ?

80

-+

+ 40
+120

+120
+160
+ 90

+ 80
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(4)

St.

Cu. Blue
Blue
Blue

Cu.

Cu.

Cu.

Cu.

St.
ThickSt.

St.

St. Cu,
Cu. Ac.
Ac. As,
St. Cu.
Cu.

St.

St. Cu.
Cu.

St. Cu.
St.

Ac. Blue
Blue Ci.
Blue Ci.
Cu.

Cu. Ac.

(4)

St.
St. Cu.
St. Cu.

Cu.

St. Cu.
St. Cu.
St.

St. Cu.
Cu.-St.
St. Cu.
Cu. Blue
Blue
Blue
Blue Ci.
As,

St. Cu.

St. Cu.
St.-Cu.
Cu.

Blue Cu.
St. Cu.
Cu. Blue
As-St-

(3)

.12
.12
13
A by
+19
. 19
D
+19
12

e ¥aNaNaNal Nall N

by
=

[
2]

Fr,19

Fr.13
P.19

P. 26
M., P, 27
M, P, 27
M., P, 20
(005 L)
G.12
G. 10
Fr.10
P. 16
P. 21
M, P, 22
Gy 2é
6. 22

(5)

Fr.13
Fr, b3
Fr. 14
.2
G.13
G.13
Fr, 12
Fr, 11
Fr.11
Fr. 14
Fr.13
G. 10
P. 09
o 1§
P. 14
G.:12
Fr. 14
G. 16
s oo B
16
ko)
.18
19
P, 19
o S Iy

220000

76
76
i)
s
80
79
88
88
79
70

68

66
60
63
70
15
74
81
86
81
71
69
71
76
77
80

(6)

64
60
64
60
52
60
60
66
67
65

63

54
49
49
51
55
65
66
70
72
66
51
56
51
53
60

(6)

81
84
78
88
88
96
90
79
85
88
87
90
9:3
93
89
90
89
91
88
90
93
92
93
94
94

72
T2
T
Th
ih
74
74
7!
75
72
74
75
75
74
75
75
74
17
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76
76
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76
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18
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27
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U
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T
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(1)
JULY
23
24
25
26
27
28
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31

AUGUST

O o ~Nou kW

(2)

S.

S. 14-16
Variable 12-14
SSW 9-14

Sw 12-18
Variable
Variable
Calm - S.

s - SW
§:-SE

E 17-18

E 4-20
SSE-S 7-10

SW 00-5-12

sSwW
Variable
Var.-NE
Variable
W 16-18

(2)

SE 10-12h30
S -Variable
S. 9-15

S. 9-10
Calm - S
Calm-E-SE

SE-S 11-15
Calm-ESE
N

NW

NW

Calm Variable
Calm - SE
Calm - SE
Calm Variable
NW - SE

W

Variable

E -Calm
Calm-E-Calm
Calm

12-12h30

TABLE 1 (contd.)
(3)

RAIN 11h30 - + 7

+120
RAIN 1lh - - ?
RAIN 12h - - ?
+200
RAIN 11h - + ?
RAIN 10h - + ?
Negat. Bay -1000
13-16h. ?
RAIN 10h0 - - ?
RAIN 10h - - ?
+ 80
Interm.R.- - ?

3Negat. Bays at
12h17h and 18h ?
Heavy R. all day
- + ?

+ 80
+120
+ 90
+ 40
RAIN 12h + - ?

TABLE 1 (contd.)

(3)

RAIN 12hl5 - + 0
Interm.RAIN - - ?
RAIN 11h30 - + #
RAIN 9h30 - - ?
+140

Neg.Bay -960 at
11h +160
+160
+ 40
?
RAIN 13h45 -- +160
+140
3 Negat. Bays 7
+ 80
+140
+120
RAIN 16h30 - + 2
RAIN 15h30 - + + 80
RAIN 11 ?

Radio Interf.
Radio Interf.
Radio Interf.

=) D D

@twona\ From the ISC collection scanned by SISMOS

Seismological
Centre

(4)

St. Cu.
5t. Cu.
Cu.-St.
Cu. -St.
Cu. Blue
Cu.-St.
Cu.-St.

Cu.-5t.
Cu.-StCu.
Cu.St.
Ac. As.
Cu.StCu.

Cu.-StCu.

ThickSt.

Cu.

Blue Cu.
Ac, As,
St. Cu.
St. Cu.

(4)

St. Cu.
St.

St. Cu.
St. Cu.
St. Cu.

Cu.

Cu.

St.

Ac. As.

Ac. As,

As.
Ac.-St. Cu.
ThickSt.
St. Cu.
Blue. Ci.
BlueAs.

(5)

Fr. 14
G.?12
Fr:13
G. 14

P, 17

Fr.20
Fr. 20

G. 13
P, 13
P. 15
Fr. 16
Fr.15

(5)

P. 16
P. 14
G. 14
G. 14
G.13
G.13
Fr.14
Fr.13
Fr.l2
Fr.13
P..15
P. 17

(6)

86
89
86
87
89
80
83

86
86
87
87
79

83

7

80
86
87
87
84

(6)

89
86
90

90
92
817
93

94
93
89
91
98
98
93
81
89
81
21
92

69
71
71
T2
76
70
70

17
73
74
74
74

74

73

74
70
74
74
72

7l
79
T3

75
79
il
76

74
74
78
79
76
76
17
77
71
17
5
76




(1)
AUGUST
13
14
15
16
17
18
19
20
21
22
23

_zz_

24
25
26
27
28
29
30
31

SEPTEMBER

(1)
SEPTEMBER

_gz_

(2)
SE - S
Calm - SE
SE
SE - S
Calm-Variable
Calm - SE
Calm - S
Calm - SE
Calm - E
Var. Calm
SE

SE - S 10-11-12

SE 10-17
SE 8-14
Calm - SW
Calm
Calm-NW
NwW
NW 8-10
W
w

(2)

Calm-Variable 12_

Var. -NE 11-13
NE 12-13

7]

?
SE 1-8 16-24
Variable 00-24
ENE 00-11

ENE

ENE

ENE

NW

NE - Calm
ENE

E

Calm - ESE
ESE 11-18
ESE

SE 8-17
Calm -ESE
Calm -ESE
Calm - SE
SSE 9-16
SW 8-11
sy T

TABLE 1 (contd.)

(3)
RAIN 14h30 -- ?
Interm.RAIN - - 2
RAIN 9h50 - - ?
RAIN 11h - - ?
RAIN 10h - + ?
Radio Interf. ?
HeavyR. 8h - - ?
RAIN 9h30 - - ?
RAIN 9h30 - - ?
RAIN 12h30 - - +140
Large Neg. Bay -1000
at 12h30 ?
RAIN 9h - + ?
Interm.R. 8h - ~ 7
Intermm.R. 8h« -_ 2
0
+ 40
+200
+ 90
+140
+ 60
+120

TABLE 1 (contd.)
(3)

RAIN 14h30 - -

RAIN 11h - - ?
RAIN 09h - + 2
RAIN 1lh - - ?
Neg.Bay -1000
19h15-20h30 i

- 40

+ 90

+ 80

+140

+120

+120

+120

- 90

0

+ 40

+ 40

RAIN 13h - - - 40

+ 40

Interm.R. - - ?
Neg.Bay -1000 14-

15h30

@twona\ From the ISC collection scanned by SISMOS

Seismologica
Centre

(4)

St. Cu.
St. Cu.
ThickSt,
ThickSt.
ThickSt.
Cu.

St.

St. Cu.
ThickSt,
St. Cu.

St. Cu.
St. Cu.
St. Cu.
St. Cu.
Cu,

Ac. As,
Blue. Cu.

?

Cu.
Blue

(4)

Ac.

Blue

Ac. As.

Ac. Blue
?

St.

ThickSt.

Cu. Blue
St. Cu.
Fr. Cu.
St.
St. Cu.
St. Cu.
St.
Cu. Blue
St. Cu.
Cu. Blue
St.
Cu. Blue

?

?
St.

?

ThickSt.

ThickSt,

(5)

PR T
.18
« 19
.18
16
w17
. 18
0
ol i)
16

NQ000000QQ

10
.18
.18
16
16
17
2P, 15
.P,08
PL08

z2gz000000

. 09
-13

00

(5)

2,16
B 17
1207 b7
2535
Fr. 15
G. 17
Fr.,lb5

G. 16
G. 15
Fr. 13
Fr.10
Fr.l2
11
. 09
15
. 19
22
1,22
. 20
.« 19
.18
. 19
.16
A

ooo00OHYYYYO

Q

.12

(6)

86 176
89 76
87 175
86 75
87 75
91 73
84 75
88 75
84 75
90 78

90 75
83 74
89 74
90 76
o
91 71
93 71
94 77
93 71

58 b

92 75

(6)

99 16
)
91 74
92 73
93 715
83 175
87 75

85 170
82 172
83 172
76 |72
82 171
81 68
81 70
87 69
86 171
83 \T5
89 74
85 t2
86 72

85 173
89 74

90 176



@twona\ From the ISC collection scanned by SISMOS

Seismological
Centre

TABLE 1 (contd. )

(1) (2) (3) (4) (5) (6)

SEPTEMBER
28 SSE RAIN 12h - - ? St. Cu. G. 15 88 172
29 Calm - NE +120 As. Blue P. 15 90 172
30 Variable + 80 St. Cu. @ s 90 73
OCTOBER
1 Variable + 80 BlueCu. P. 14 90 74
2 Calm - S +120 St. Cu. P. 14 90 72
3 S - SSE +140 St. Cu. G. 14 90 72
3 4 S 8-16 Neg.Bay -600 13h
3 13h50 +120 Cu. P. 16 90 76
5 S - SSW 9-16 Neg.Bay -1000 12h50
13h25. + 40 Cu. Blue G. 16 91 175
6 Var. - SSE RAIN 14h - + - 20 ThickSt. Fr.15 81 173
7 E + 40 St. Cu. G.09 82 72
8 Calm -NE +140 St. Cu. Fr.04 86 15
9 Calm E-SE +120 St. Cu. P.11 88 172
10 Calm - SW 2 Neg. Bays -640
11h50: 15h +120 St. Cu. Fr.l2 88 175
11 Calm - Var. RAIN 10h - + ? ThickSt. Fr.15 84 179
12 Calm - SW +120 ? P.18 88 73
13 Calm - SW 12-13 Heavy R. lh -- ? ThickSt. Fr. 16 88 74
14 Var.- ENE +160 St. Cu. Fr.-P. 09 T gl
15 ENE 00-15 + 80 Ac. As. P. 12 78 61
16 ENE + 20 St. Fr.13 71 64
h. 1= EnE__10-24 = S 1« B— hi ol Sy = s S S S —
TABLE 1 (contd.)
(1) (2) (3) (4) (5) (6)
OCT(I)SBER ENE 00-17 +100 Ac. Blue 2 s 76 62
19 E +140 St. Cu. P. 16 74 61
20 E 10-16 - 40 St. Fr.l4 74 61
2 RAIN. Neg. Ba -660
21 ESE 8-16 o > St. Frii2 74 21
+ 60 St. Fr.12 73 61
32 g:in - N + 60 St. Cu. Fr.12 79 63
24 N - NNW + 40 BlueSt. Fr.09 75 66
25 NW 11-13 +180 Blue P.12 75 51
26 Calm-SW +120 Blue M.P.11 82 57
. 27 NE -E 6-24 RAIN 18h - - + 80 St. Fr.10 59 50
& 28 ENE 2-6 RAIN 12h30 - - ThickSt. Fr.10 69 50
" 29 ENE + 20 St. Fr.13 74 55
30 E - 40 St. Fr.17 73 62
31 Calm - Var. 9-10 Interm.R. 00h30
-+ ?
4 St. Cu. Fr.20 80 67
NOVEMBER
1 NE + 80 St. Cu. G.? 80 69
2 Calm - NE +120 Cu.-Ac. P. 87 64
3 Caltis. OB +120 St. Cu. P.21 8l 66
4 S - SW 7-13-23 - 20 Cu. M.P. 18 81 66
5 SW - NW 20-24 0+40 + 60 St. G.18 82 63




@twonal From the ISC collection scanned by SISMOS

Seismological
Centre

TABLE 1 (contd. )

(1) (2) (3) (4) (5) (6)
NOVEMBER
6 NE (00-24 +140 St. P. 14 82
7 NE 00-17 +210 Blue P. 14 82
8 NE 8-15 +200 Blue P 13 81
9 NE - Calm +240 Blue P.23 61
10 Calm - ESE +200 BlueCi. P. 31 55
11 Calm - E +160 St. Blue P. 27 60
12 Calm- E -S + 80 BlueCi. P, 20 75
13 SE 12-16 + 60 St. Cu. G. 17 79
14 NE - SE + 40 St. G 17 76
15 NE 00-5 + 40 St. Fr.20 56
% 16 NE 8-17 + 20 ThickSt. Fr.21 59
i 17 NE 2-20-24 RAIN 3h20 + - +120 St. Fr-23 60
.18 NE- Calm 00-9 +320 Blue P. 29 53
19 E -Calm Peakt+ 1000 18h50 +360 BlueAs. P. 26 60
20 E +200 St. Cu. P.19 66
21 ENE - Calm +120 As, P.15 73
22 Calm-SE + 40 ThickSt. G713 74
23 SW +120 St. Cu. M.P. 15 T
24 N +120 BlueAc. M.P.11 74
25 Calm - SW ? Blue M.P. 16 68
26 SW-SSW 9-15 + 80 BlueCu. & 15 79
27 NE 6-24 ? St. Fr.1l6 68
28 NE - ENE 00-6 +160 Blue P. 30 53
29 ENE- Calm +180 Blue P. 30 49
30 Calm- SE +200 Blue P. 32 57
h————_
TABLE 1 (contd. )
(1) (2) (3) (4) (5) (6)
DECEMBER
1 Calm - SE + 80 Ac. P. 29 63
2 Calm - NE 13-17 +120 Var. B2 61
3 ENE- Calm 8-13 +200 Blue P. 24 54
4 Calm-SE +240 St. P. 21 59
5 SE - NE 20-24 + 60 St. Cu. M.P, 18 61
6 NE -N-W 00-1 +160 Blue P. 18 54
7 NE - Calm Peakt920 at 20h40
+320 Blue M. P. 20 62
8 Calm-SW +160 BlueAs, M.P. 22 71
g 9 Calm - S/E +160 Ac. As M.P. 24 73
= 10 SE 10-14 + 80 St. G 25 70
11 S - SW 10-16 + 80 St. G.19 70
12 NW-NE-Calm 5-16 RAIN 2hl5 - - + 80 Ac. Blue Fr.10 61
13 Calm-ENE-Calm +120 BlueAc. P. 19 62
14 Calm - ESE + 90 St. Cu. P, 21 64
15 ESE-SE 9-23 -160 Fr.Cu. Fr.19 69
16 ESE 3-24 - 90 St. Er. 12 73
17 Variable 00-4 RAIN 3h + + +120 St. Cu. Bil2 72
18 W-NE 10-24 +120 BlueAc. P. 15 69
19 NE 2-16 +280 Blue P. 25 55
20 E +140 As. P. 25 59
21 ENE-Calm +180 Blue P. 26 62
22 E - ESE + 90 Var. P. 26 62
23 ESE 17-18 +120 St. Cu. P.23 64
24 ESE + 40 BlueSt. P. 20 64
Zb ESE - 80 s ? 24 64




DECEMBER

- BZ—

JANUARY

(1)

26
217
28
29
30
31

(1)

U W Y=

(2)

SE - SSE

SW - NW 2-16
W 3-15

Calm

Calm - NE

E - ESE

ESE 14-17
NNE 22-24
NE-E 00-15
Variable
B 2124

NE-E
N 00-9

Calm-E
Calm-E

ESE Calm
Calm-SSW
SSW 12-16
SSW 13-15
SSW-S 11-22
N

E-E/S

SE- NW
NW-N 11-24
NE 00h-16
NE-N 11-16
NE

Calm-NE

E
E

TABLE 1 (contd.)

(3)

+ 80
+160
+280
+180
RAIN 9h - - +120

0+ 80 R. - 40
-40-200 R. - 60
-400+160 + 80

+160

+320+200 Neg. Bay
21h -560

RAIN ?
0+250 Peak +
820 at 19h +240
Peak +640 at 9h +240
+280
+ 80
+ 80
+400+400 +280
+200+200 +120
RAIN + 80
Peak +920 at 8h +280
+ 80
RAIN ?
+200+120 +200
+120+120 +200
+120+120 +160
+240
Peak +640 at 8h30
+320
+160
RAIN ?

@nonal From the ISC collection scanned by SISMOS

(4)

St.

Var,
Blue
BlueCi.
St. Cu.
ThickSt.

As.
As.
Ac.
St.

As.
St.

Var.
As.
Ac.
Var.
Var.
Var.
St. Cu.
Var.
AcB.
Var.
St.
Blue
St. Cu.
Ac.
Blue

Ci. B
Var
ThickSt.

Seismological
Centre

(5}

Fr. 20
Fr. 14
P. 10
P11
P. 17
Fr.21

Fr.20
Fr. 17
P.17
P. 24

P.24
Fr.17

M.P. 20
M.P. 24
P. 26

G. 25
M.P. 23
P. 21
G.19
Fr.l7
1T

Fesl3
14
a2d
.28
32

0 10 0

+ 33
. 32
.29

oI B

(6)

76
86
60
64
58
52

52
65
65
60

62
52

52
60
60
74
63
80
81
79
70
60
75
56
49
47
50

50
43
41

54
63
44
41
36
45

48
59
49
42

47
45

41
31
35
47
5%
58
63
65
53
43
56
44
31
34
27

28
28
28



(1)
JANUARY
25
26
27

28
29

30
31

,FEBRUARY

[~
(=}
]

O 0 =10 WU B WwN

—

—
-

(1)
FEBRUARY
13
14
15

16
17

18
19
20

21
Z2

..'[8-.

23
24
25
26
27
28
29

MARCH

(2)

=

N 1-3. 4-24

N 1-21
Variable

E-N
Variable

SE-N 9-18 18-19

SE 10-12
NW 9-17
NW

NE

SW 10-16
SW 10-20
NW 13-15

NE-ENE 2-4

(2)

N 00-17
Variable
ShlZ2-16

SE 9-17
SE 12-15
NW 1-4-14
N

E10=22
Variable
ENE 9-24

E/S 9-16

TABLE II (contd.)

(3)
+120
0
Neg.Bay -800 at 8h
T+ 40
+ 80
RAIN. Negat. Bay
-1000 at 22h
0 to Qv. + 80
+ 50
+ 80
+ 40
RAIN Strong wind  ?
RAIN ?
+400+200 +200
+200
+160
+480+400 +200
+160+40 +120
+40. O Negat. Bay
-1000v 11-17
+200+200
+320+40 +200
'~ TABLE II (contd.)
(3)
-200+320 + 40
+360

+400+280 Negat. Bay
-1000 19-24 + 40
+120
R. Negat. Bay-200
3-6 Peak +1000 ?

+120-360 +200
+360+60 +320
+400+160 +1204+160
+280
RAIN
Rain. Peak +800
20-23 ?
+480+ 280 4280
RAIN ?
+120 +200+320 +160
Peak +800 +320
+160-40 +160
Ov.
-40+40 =h80
0-+40 + 40

MUOMI From the ISC collection scanned by SISMOS

Seismological
Centre

(4)

Var.
Var.

St. Cu.
Var.

St.
St.
ThickSt,

St. Cu.
St.

St. Cu.
BlueAc.
St. Cu.
Blue

St. Cu.
Cu.

Var.

(4)

Var.
Blue

Var.
St. Cu.

Cu. Blue
Blue

As,
ThickSt.

St. Cu.
Blue

St.

Blue

Ci. Ac.
Var.
Var,
ThickSt.

St.

Fr.20
Fr.19

Fr. 15
P. 16
Fr.l7

P.18
G. 20
G. 15
Fr.14
P. 06
P. 14
M. P, 19
M.P. 20
G.08

Fr.06

(5)

Fr.12
P. 20

P. 26
M.P. 20

BT
P12
P. 26

P. 26
Fr.19

Fr, 16
P. 19
Fr. Y7
P.03
P. 19
P, 24
G. 19
Fr.19

T TS

(6)

58 32
74 41

75 50
69 56

69 50
46 44
46 42

58 43
56 46
74 49
67 51
61 44
58 48
63 34
7r 39
T3 55

77 64

59

(6)

44 33
50" 23

58 34
56 45

60 34
30 39
535 35

58 29
62 50

59 46
60 38
66 44
69 31
52+ 3]
58 30
75 48
60" 5]

51 46




@twonal From the ISC collection scanned by SISMOS

Seismological
Centre

TABLE II (contd.)

APRIL
17 Calm + 80 St. Cu. G.16 79 65 |
18 ENE 2-14 -80+40 + 50 St. Cu. Fr.19 72 59
19 ESE + 80 Cu. G 22 79 51
20 Var. 11-16 +200-0 + 80 St. Cu. Fr.19 82 55
21 WSW +120 As. G.14 86 59
22 SE + 80 St. Cu. G- 16 86 59
23 SE +120 St. Cu. G.19 86 59
24 SSW +120 St. Cu. G.19 81 62
25 W 15-16 +280490 +120 St. Cu. .17 86 59
26 w RAIN ? St. Cu. G. 13 85 59
27 NE 11-12 +160+120 +160 Blue M.P. 11 83 60
& 28 Calm-NE +160 Blue P. 09 85 58
T 29 SSW 9-20 RAIN ? St. Cu. Fr.13 86 68
30 N-SW 00-3
5-7 22-23 ? ? St. Cu. Fr.09 84 67
MAY
1 E 10-17 +80+200 +120 o P.17 74 64
2 ? RAIN +240 0 Z P.16 70 60
3 SE 15-16 +200+200 +160 28 P. 16 74 66
4 SSE 12-14 RAIN + 40 Q% Fr.l4 79 58
5 SW 3-4 RAIN ? He Fr.12 80 69
6 SW-NW_8-22 RAIN +120 o i Fr.11 84 71
R e U W BP0 20 4240 T >_ 12 70 &1
TABLE II (contd. )
1
May o ot (4) (5) (6)
9 NW 12-15 +4004400
10 NE 8-16 +400+400 ﬁgg ﬁ norE ge e
11 ENE 17-19 RAIN +200 T -:PZ- 13 79 66
12 ENE 12-17 +260+200 +240 P. 3 il
13 Variable b @ e 65 52
14 SW 16-17 +210+210 +200 Z = 18 73 41
15 sw £120 < s o,
16 SW 16-18 +400+190 +160 E = &3 55
17 Variable £120 < g 84 59
18 SW > G.15 86 63
+120 M G. 14 88 61
é ;g liTWZI 23 +120 = @&, X3 86 175
- 195]

i < = RAIN Iigg i Fr.16 88 74
22 W Py @] P. 15 88 67
23 W e » M.P. 15 89 66
24 SW £206 g M.P. 14 87 63
25 W 15-17 +190+190 + 80 o R o
26 NE 11-12 15-18 RAIN 5 3 i 89 63
21 NE %o S gr. 13 89 70
28 Sw : RAIN ? - .15 90 61
29 S/W ot 2 i. 14 91 62
n i o
31 Var.-NE + 160 P, 16 84 66

JUNE

1 Calm Var. + 80 G. 14 90 68




11
|I
@ng: From the ISC collection scanned by SISMOSI
TABLE ].T. (conbd. ) Centre
(1) (2) (3) (4) (5) (6)
JUNE
2 Variable + 80 G.12 90 68
3 Variable + 40 G.11 92 66
4 Variable + 40 G.11 92 66
5 Variable + 50 G. 10 94 71
6 Variable RAIN ? Fr.1l 94 69
7 Variable +160 P.11 94 69 |
8 Calm Var. +160 - P. 11 94 69
9 NW Calm +150 > P.11 88 69 |
10 N Var. +120 2 P. 16 88 67
11 N. Calm +180 5 P. 16 88 63 |
12 Variable +120 < P. 19 86 61 |
! 13 Calm +160 > 2 L 89 64 |
& 14 NW-NE +160 E P. 14 94 73 |
15 W Var. +120 0 P13 93 65 |
16 SW 8-17 +80+120 + 80 aa] G.14 91 175 |
17 N 11-14 RAIN ? ®) Fr.13 91 69
18 SE +120 )] P. 15 88 72
19 SE + 40 A G. 15 91 66
20 SW-W Peak +1000 +240 ‘8 P. 15 91 71
21 w +200 2 P. 14 91 70
22 w RAIN 7 &) Fr.l6 91 69
23 NW 13-14 +40-0 + 80 o G. 16 91 73
24 W 11-16 +120-0 +160 Z G.15 92 174
SW ? ? G. 16 92 173
w ? P.17 92
W RAIN Ee G 92

(4) (5) (6)
G. 18 92 22
1 w RAIN - + ? Cu. G. 17 93 71
2 w Neg. Bay -650
15-16 + 40 Cu. G.17 94 76
3 NW + 50 Cu: G. 16 94 74
& 4 N-W + 80 Cu. G.14 95 74
= o5 N-W RAIN ? Cu. Fr. 14 95 175
6 N RAIN ? Ci. St. Fr.18 93 74
7 E- ENE + 40 Ci, G.18 96 74
8 NE RAIN ? Ac. St. Fr.17 93 178
9 S -SW RAIN ? Ac. St. Fr.17 92 74
10 NW Var. Negat. Bay -1000
13h 30 - 45h ? Cu-St. G. 17 94 74
11 N. Var. RAIN - + + 40 Cu-St. Fr.l16 93 176
12 E 14-16 RAIN 16h - - ? ? ? 14 97 176
13 Var. RAIN - + +130 BlueSt. Fr.12 96 62
14 NE 18-19 RAIN 18h - - + 80 BlueSt. Fr.12 96 74
15 NW Calm RAIN lfgh T +120 ? Fr. 14 84 71
16 Variable RAIN 1lh - - + 40 Var. Fr.l6 94 74
17 NE Var. RAIN- + + + 40 Var. Fr.15 92 12
18 NE RAIN 18h - - +120 Var. P.12 87 69
19 Var. RAIN 13h - - +240 Var. P. 14 91 70



TABLE II (contd. )

(1) (2) (3)

JULY
20 Calm Var. RAIN 15h - - +160
21 Calm Var. RAIN 12h - + + 30
22 Variable RAIN 15h - + + 80
23 Variable RAIN 11h - - + 80
24 Calm RAIN 10h - + +160
25 E-N RAIN 10h - + ?
26 NE-N +120
27 E Var. +200
28 E + 90
29 E-NW + 80
30 N 14-15 RAIN 13h + 40
. 31 N 11-11.30 RAIN 13h +140
¥
AUGUST
1 NE 13-14 RAIN 12h- + + 40
2 w RAIN 12h - + + 40
3 N 13-14 RAIN 13h - + +120
4 w RAIN 11h - + +120
5 Variable RAIN 10h - + + 40
6 Calm Var, RAIN 10h f % + 50
7 Calm-Var. RAIN 1lh --- + 80
8 Variable RAIN 9h - - + 80
9 Calm Var. RAIN 7h - - + 40
10 Variable

_69_

SEPTEMBER

[

45-12

SW - Calm
SW-Calm
SE 14-15
S

Calm-S.

Variable

W

Calm-W
Nw 12-13
N 10-10h15
NW
Calm-N
Variable

N -Calm
SW 13-13h30
s 11213
SW
SW-Calm
E 9-13

Variable
SE-Calm

RAIN 9h - - 71
RAIN 13h - - + 40
RAIN 14h - + +120
RAIN 10h - - ?

Negat. Bay - 1000

15-17 2
RAIN 10h - - ?
RAIN 11h - - ?
RAIN 11h - - ?
RAIN 10h - - ?
RAIN 10h - - ?
RAIN 12h - + +120
RAIN 8h - - ?
RAIN 11lh - + - 40
RAIN 12h - - 0
RAIN 13h - + 0
RAIN 15h - + 7

+ 80
+120
+ 40
RAIN 1llh - - ?

RAIN 2.11.18h ---
- - ?

e —— e

@mnal From the ISC collection scanned by SISMOS

(4)

Var.
Var.
Var.
Var.

St.

Var. St.
Blue
BlueAs,
Blue
Blue
Cu.-St.
St. Cu.

St. Cu.

Cu.-St.
Ac-5t.
St.

Cu.

Ac.-St.
Cu.-St.
Cu.-St.
Cu.
Cu.
Ac.
Cu.

Cu.

Seismological
Centre

(5)

P. 18
Fr.20
G.18
G. 17
Fr.16
Fr. 16
P, 1%
P. 14
G.10
G.08
Fr.08
Pl

Fr, 14
G. 17
G. 18
G. 17
Fr.16
G.18
G. 19
b B
Fr.17
G, 17

Fr.15
.16
.18
.16

Q0o

(6)

94
95
96
94
93
92
95
94
95
97
o
92

91

91

73
73
77
75
75
74
76
74
73
T
1T
76

T3
73
75
72

75
73
74
74
75
75
75
74
73
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-200-90

- 40

A
+120+130 50
+120+160 + 80

RAIN - - 14h + 40

RAIN 1lh - - ?
+200+200 RAIN 6h- -

+ 50
+200+200 +120
Neg. Bay-1000

13-14h + 40

+ 50

+ 80

0
+120+240 +120
RAIN + + 10h ?

+ 80

+ 40

+120
+80-+400 + 60
RAIN 5h ?
-90+90 +120
+120+200 +160

+240
+160

4240

+100

MUOMI From the ISC collection scanned by SISMOS

Seismological
Centre

(4)

Cu. Blue
Cu. Blue
?

Ac.
Cu.
St. Cu.

St. Cu.
St. Cu.
Ac.
Blue
Var.

St.
ThickSt.
Cu.
Ac.Blue
Cu.
Blue
Blue Ci.
Var.

Ci.
Cu.-As.
Cu.

BlueCi.
BlueAc.
Var.

St.

Var.
Var.
Blue Cu.
As.-St.

Blue

Cu.
As-5t,
Var.
BlueAs,
ThickSt.
Var.
As. Blue
Ci-Ac.
Var.

St.

St.

Ac.

Blue
Blue
BlueCi.
BlueCi.

P uen., nodan
e

M.P.12
G. 19
M.P. 20

M.P.18

Fr.12
Fr. 14

13
16
18
Fr.15

000

Fr. 14
M.P.13
M.P.17
P. 16

Fr. 14
15

21
il

18

14
.P.14

LUTuTd

(6)

91
92
95
92
88
83

83
84
85
83
87
81
77
90
89
89
80
90
92
95
89
90

87

68
78
80
83

85
86
85
84
86
77
85
86
89
89
80
73
65
69
77
81
81

72
72
71
71
72
74

73
73
T3
70
69
68
76
70
72
70
66
65
65
68
63
69

69

66
72
64
63

64
65
64
65
66
63
61
64
63
63
72
61
51
43
44
53
56




(1)
OCTOBER

26

27

28

29

30

3

NOVEMBER

|
S
]
1

p—
O N0 00~ oW

e -
W N o=

(=]
-

- =
(6]

(1}
NOVEMBER

17

18
19

20
21
22
23
24
25
26
21
28
29
30

_E?..

DECEMBER

D=

O W

(2)

S-Calm
Calm-N
Calm- E
SSE 9-12
SSW 9-12
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Calm-E
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?
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TABLE II (contd.)
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10
40
40
40

o i b M

+120

+ 40

+ 80
+120
+120

(4)

St.
St.
Blue

Blue- St.

St.
Ac.

Blue
Blue
Blue
Blue
Blue Ci.
Blue
Blue
Cu.

St. Cu.
St.
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@mona\ From the ISC collection

Seismological
Centre

—
N

VIRENER
RRuWS O
[ I N
(S NS, |

Q.25
Ers22
Fr. 21
. 25
223
. 24

.23
.23

0oodHy

(3)

P. 20
Fr.17
P. 19
P. 20
Fr. 20
Fr. 20
Fr.19
22
. 20
. 20
.20
.16
G. 16
P. 26

Danonaa

P. 29
P. 34
P.32
P. 27

. 25

(6)

77
79
77
80

84
66

72
78
79
77
80
66
66
75
79
68
64
69
73

80
80

(6)

66
67
69
79
70
78
76
70
69
70
79
82
71
56

53

53
66
74
78
79
77

55
66
55
57

66
53

61
59
53
48
60
60
62
62
52
44
50
61
53
42

39

34
29

60
61
54




TABLE II (contd.)

(6)

64 51

(5)

(4)

(3)

(2)

(1)

DECEMBER

Fr. 21

+ 40 Ac. St.

Large Neg. Bay -900

E 12-24
E 00-16

8

Fr.21 54 43

ThickSt.

O =~ o~ o~ o ™M = n O
T A T o B B L s e ) <+ 0NN
NOoOCOWO - NMM ol o0 0 0 @
~0 HO <t M~ < ¢
o
Nmt‘-m?q\gmoc o ﬁwmmg
e o . N NN LH N
H o« H s H H & & s s - « s M
f-‘iﬂqhﬂihhﬂ-«ﬂ«ﬂ-{ﬁ-« [ET s PR PR s Ty £
§ e P o "
h ©n 0 =5 )
2 i pen gl B
U o 0o U v o, M [3)
E = R = :g:,H_ . =1
= B I = R B T o v =
EOEREMEBHOAA>D n<g H
(== (=} o
$Re8ceca33I8 ~IR88
— o~ — - — =N
+ + + + + + + 4+ + 1
]
[}
o P + + i
8 2 [ 1
O

= Qe Z
< N”EE 4

— 3
M +O ~

5 o

=y <+ o~ N~
= Z oo lq‘gul: ZY¥o|l~ N0
o INO.—| ﬂ

5 EHEST "1
MERRwn ZzdHES z
NZZZ~HES<ddPAEHBEE®
MZHEEDHZHRRAOOE ZZwn>
O - MN®HINOMN~DONO - 0 N
e T e T B e T T e T e B T | NN NN

-44-

73, 51

Var.

+120

+80+280

SE- SSW 11-16

Variable
ESE

25

69 52

Fr. 24
P.21
G.23
Fr. 22

St.

26
27

63 53

As,

+120

70 55

As. Ac.
St.

80

0-80

ESE 6-11

28

55
57 49

71

Variable
ENE

P. 19

St. Cu.

80

30

31

SE-NW 1-4

Fr.

+200+160 Cu.

9-16

@twona\ From the ISC collection scanned by SISMOS

Seismological
Centre

ELECTRIC POTENTIAL GRADIENT

If one considers the groups of values given, for in-
stance +200+ 100, and checks in Column 2 the period of hours
when the wind had freshened, one sees at once that there is no
correlation between the two reports. At times the potential in-
creased from the beginning to the end of the wind gust, and at
times, it decreased and even changed its polarity. Watson had
the following to say. We quote: "1- The electric potential is very
largely dependent on the wind speed, a high wind being associat-
ed with a low potential. 2- Very high potentials never occurwith
high winds but low potentials may occur with light winds. 3- The
effect of the wind is greater in winter than in summer and great-
er at 21h than at 9h".(7) This is what has been recorded in Esk-
dalemuir. In New Orleans these statements do not hold. Of
course in most cases where the wind reached a speed of 10 to 20
meters per second, it was accompanied by rain.

The very high potentials, negative or positive, re-
gistered at those times are usually attributed to the rain itself
and not to the wind's action. Since the mechanism of these sud-
den and strong variations of the potential during rainshowers is
still, to say the least, quite mysterious, we cannot reject, as
Watson does, the possibility of a real influence of high winds on
the intensity, if not on the polarity, of the electric gradient os-
cillations,

One might admit that the rapidity of these potential
oscillations, which in New Orleans also have reached 20, 000
volts, depends on the rapidity of the atmospheric turbulence os-
cillations. Microbarographs (x 100) recordings in Montreal
have shown that these ups and downs have reached at times a
period of one second or less. To complete our discussion of this
question we must first report how Watson explains his statements
just quoted. '"All effects observed can be explained if we assume
that the earth has a charge sufficient to cause a potential gradient
of 100 to 150 volts per meter, and that the local atmospheric
charges, which increase in the absence of wind or of other mix-
ing agents, cause the remainder of the observed potential gra-
dient., A sufficiently high wind in winter annihilates this atmos-
pheric charge; but if, as at 9h in summer, vertical convection
has already done so, the wind can produce no other effect. It
would have beeninteresting to see the curves for 2lh in winter be-
come horizontal with still higher winds, but, unfortunately, ob-
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servations were not available'.

We apologize for such a long quotation but it raises
interesting problems.

‘Anemometers used in most stations record only the
horizontal component of the air flow. The vertical component is
left aside. Years ago, by means of special anemometers, we
measured this vertical component and have found that, at times,
it is the main cause of the wind's impact: especially so on the oc-
casions of rapidly moving strong cold fronts or of rapidly subsi-
ding Polar air anticyclones.

The vertical component of the wind (or "pumping of
the pressure'') might have some influence on the behaviour of the
potential by increasing or decreasing the resistance of the at-
mospheric column. As a matter of fact, during January 1959 we
had several days with strong wind without rain and high potential,
The waves at horizontal surfaces of discontinuity already men-
tioned by Goldie imply vertical compressions and dilatations of
the atmosphere. Statements contrary to our own experience
might be explained by the fact that the recording station was lia-
ble to feel more atmospheric pollution than had been the case at
the New Orleans' location, which, as we have already stated, ap-
pears to be rather immune from such a disturbing factor.

The increase of the potential at 9h and its decrease
at 21h at the Eskdalemuir station seems to be rather a local phe-
nomenon because the morning convection's time varies with the
latitude of the place and the days of the year.

Since the direction from which the wind is blowing
can bring over the station industrial contamination, we checked
if any correlation existed between the direction of the wind and
the variations of the potential. We did not find any. As report-
ed already many of these checks were marred by rainfall.

Often the trace of the recordings in the morning
hours has been almost horizontal and close to the zero value.
Whether this was due to the radioactive probe being grounded by
the dew, or to the fact that at those hours the wind usually falls
to a calm, we do not know. Anyhow these registrations did not
fully substantiate the statement that with light winds or calms
the electric gradient is higher than during high winds.

Other scientists have published a curve representing
the daily variation of the potential. We failed to find anything
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very striking. Probably the techniqu. 1" . el cicwn  avs
finding the mean 24 hours value of the potential was the reason
for this failure. Nevertheless, checks made in "fair weather
conditions', using the hourly values showed only that the poten-
tial is more variable and stronger during the daylight hours
than during the night.

Sudden high to very high peaks of the gradient were
noticed and they are reported in the '"General Tables'. They
are rather exceptional. If one had read the potential only at the
beginning of the hours, he could have missed them and, as a
consequence, the daily variation as well as the 24 hours mean
value could be wrongly stated.

The so called '"'seasonal variation'" has also been
considered. We feel that such an expression can be misleading
since this variation is not so much connected with the calendar
months of the year, January, February and so on as with the
types of the air masses acting during the different months. The
monthly division of the calendar year has no meteorological
meaning. It would be better to start from the spring equinox
and end the series of recordings at the next spring equinox. The
action of the solar radiation could be better shown and the vari-
ation in time of the electric gradient better understood. Buteven
then there is no guarantee that the motion of the air masses would
follow the astronomical dates.

Anyhow, using all available data, and not just those
with "fair weather conditions!, we have calculated the mean
electric potential according to the sun's position during the year.
Spring: from the 21st of March to the 21st of June; summer:
from the 21st of June to the 21st of September; autumn: from the
21st of September to the 21st of December; and winter: from the
21st of December to the 21st of March of the next year. The po-
tential values corresponding to the real seasons are rather er-

ratic. Between brackets is the number of observations.
TABLE A
1959 Winter (61) 142 volts. Spring (57) 98
Summer (41) 105 Autumn (74) 124
1960 Winter  (62) 168 volts. Spring (76) 124
Summer (56) 122 Autumn (65) 95

Dobson has published similar data but we do not un-
derstand the reason for his grouping of the months (1.c. p. 159).
The three seasons referred to include the following groups of
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TABLE C (Vols)
Continental Polar Air Mass

months. For winter; November, December, January and Feb-
ruary. For summer; May, June, July and August. For equi-
nox; September, October, March and April. Even with such a
grouping of the months, the mean seasonal potential gradients
for winter, summer and the equinox at Kew and Eskdalemuir
are just as debatable as those in our table. A similar remark
applies to the values of the Table given by Watson (1. c. p. 7)
concerning the mean Potential Gradient on 0a days. There is
as in our own Table A, only the proof that higher values are pre-
sent in cold days and lower ones in warm periods. No expla-
nation of this fact is given. Since it is not sufficient to state
""that is that", we believe that the action of the different types
of air masses gives the solution of the problem. Moreover even
the so called "local meteorological conditions" are greatly, if
not totally, affected by the presence of different synoptic air
masses.

1959

Jan.Feb. Mar. Apr. May. Jun. Jul. Aug. Sept. Oct. Nov.Dec. Year
173 135 137 120 95 102 125 150 117 180 179 160 140
1960

197 213 180 172 182 162 164 120 140 142 130 124 160

Mean (1959 & 1960)
185 174 158 146 138 132 144 135 128 161 154 142 150

Gulf-Maritime Air Mass.

1959

800 80 96 113 83 88 70110 82 105 87 90 90
1960

100 80 110 107 104 83 63 90 76 51; .56 . 80 83
Mean (1959 & 1960)
Owing to the lack of a meteorological meaning tothe | 90 80 100 105 93 85 66 100 79 8wl Ihte BF 86
calendar months attributed to each season, we were more inte-
rested with the "yearly variation'. Our'General Tables''were

assembled according to the calendar months.

This Table C shows a somewhat more constant value
of the elect ric potential in the succeeding months of the year.
Nevertheless one should remember that the number of days with
the "fair weather'" either according to the definition accepted by
most electric scientists or according to the one we prefer, name-
ly special to each type of air mass, are not equally distributed in
each calendar month. None-the-less Table C shows that the po-
tential of each air mass is not so much a function of the time of
the year, as the values of Table B seem to indicate. A real Po-
lar Air anticyclone in summer will give potential values almost
similar to those recorded in winter and a Gulf-Maritime Air
powerful invasion will act similarly all year long. We feel that
the distinction of different types of "fair weather! is rather well
Justified. We add that some more discordant values for the Gulf-
Maritime Air mass can be explained by the action of not too dis-
tant thunderstorms.

We followed at first the example of other publications
on the same subject; namely, we put together all the gradient
values of the "fair days" of each calendar month. In this Table .
B (see under), we accepted the usual definition of "fair weather!"
namely '"no rain nor any disturbed atmospheric conditions".
Days were either with blue skies or partly cloudy.

TABLE B
(Volts)

1959
Jan, Feb. Mar. Apr. May. Jun. July. Aug. Sept. Oct. Nov. Dec. Year
157 147 119 118 103 81 86 121 88 102 140 143 116.-I

1960
160 183 167 112 145 119 94 86 114 99 90 109 123

Mean (1959 & 1960)

158 165 139 115 124 100 90 107 101 100 115 146 119

Anyhow we feel confident that a similar discrimina-
tion of the types of 'fair weather!" should be interesting also
elsewhere for the study of the potential gradient.

The yearly variation is apparent in both years especially in 1959, Of course the values reported show a rather great
dispersion and we will now consider this important question,
Another Table is given showing the electric potential
values distributed according to our definition of '"fair weather!,
namely according to the presence of the two air masses, the Con:

tinental Polar and the Gulf-Maritime.

Going back to the monthly means in each year, 1959
and 1960 for the Continental Polar air we find that the maximum
scattered figures in 1959 has been +40 volts on one side and -45
on the other side: a range of 85 volts. In 1960 with similar at-
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mospheric conditions it has been +43 volts and -40 volts: a range
of 83 volts. With the Gulf-Maritime air mass in 1959 we had +23
volts and -20 volts: a range of 43 volts. In 1960 it was +27 and
-32 volts: a range of 59 volts. The mean range of all these scat-
tered values is 67 volts.

We have already mentioned that the sensitivity of our
recording had been fixed to 1000 volts on both sides of the zero
volt line in order to get rid of the small and transient variations
of the electric potential. Such a choice of sensitivity made possis
ble only the reading of plus or minus 40 volts. It corresponds to
a 2mm displacement of the recording pen of the Easterline Angus|
recorder which has a trace lram thick. At times we could read
down to 20 volts, corresponding to 1 mm vertical length of the
registration. We find interesting to note that the mean of the
scattered maximum value on both sides has been 67 volts. Half
of such a figure, namely 33 volts, could be called the instrumen-|
tal error, and should have affected the 17, 520 values of the 730
recordings examined. We agree that a photographic trace would
have been more accurate. In our case a more sophisticated sta-
tistical treatment of the data at hand would not make much sense.|
Nevertheless the mean total range of the maximum scattered
values, 85 volts in Polar air conditions and 59 volts in Gulf-Ma-
ritime anticyclone would show that the variations of the potential
gradient in Polar air is almost twice as great as in Gulf-Mari-
time air. As a matter of fact meteorologists know that a conti-
nental Polar air is not generally as homogeneous as the Maritime
air. We would need more data to find out if the range of varia-
tions observed during the two types of "fair weather'" is the nor-
mal one. Extreme values can be caused by the different intensi-
ties which the meteorological phenomena do show in different lo-
cations of the earth. Since succeeding winters or summers are
at times greatly dissimilar, it remains well apparent that the
behaviour of the electric potential is different in each type of air
mass. It would be difficult to attribute this aspect of the poten-
tial gradient to the world-wide activity of thunderstorms.

How can we explain the different values of the elec-
tric potential in different air masses? The resistance or re-
sistivity of the atmospheric column between the ground and the
ionosphere layer must be different. Since specific floating
charges in the upper levels seem not to be acceptable, we would
mention the water vapor of the tropical air which overruns the
Polar air mass. Pilots have often reported in the higher levels
the existence of a kind of mist not visible from the ground. Could|
the exhaust of jets (contrails) give any hint? Continental dust
also exists high up in the atmosphere.
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Concerning the action of invisible smoke particles
often quoted by other authors we find interesting the following
quotation. Scrase in his study: "The charged and uncharged
nuclei in the atmosphere', Met. Office - Geoph. Memoirs No.
64, p. 15, states that ""The influence of smoke particles on the

resistivity of the air has been examined and it is concluded that
‘the effect is much smaller than earlier observations at Kew ap-

peared to indicate. Shall we consider the ionosphere itself and
check if its positive potential is varying? The intensity of ioni-
zZation by cosmic rays and the earth crust radioactive emanations
are considered as being practically constant. Nevertheless the
unshielded ionization chamber in Montreal shows high current

and large oscillations of intensity when a Polar air anticyclo-

ne is stationed over that locality. (9) During invasions of Atlan-
tic Maritime air the current is smaller and the oscillations quite

reduced.

Of course all our reasoning would have been better
justified if we had had also the recordings of the air to earth
current and of the conductivity. Nevertheless there must be a

different value of resistivity in the Polar and the Maritime air.

We know that positive ions moving downward are slowed down by
‘the increasing specific resistance of the air.
Polar air is greater than that of the Maritime air.
produce a greater electric potential at least some thousand feet

The density of the
Could that

above the earth’s ecrust? Could that produce a positive charge

‘greater than that of the negative ions which at the same time move

upwards to the ionosphere level?

Agreeing that these ideas may be rightfully consider-

ed as wishful speculations, we will go back to the data collected

in the "General Tables'" of this article.
CLOUDS

_ The 4th column of the "General Tables" gives the
type of clouds which were prevailing on each day. They fit quite

‘well with the type of air mass which was found, by the analysis of
‘the daily weather maps, to be present on the same dates.

As a
matter of fact Polar air conditions are well correlated with blue
skies and high clouds, while the Gulf-Maritime shows the well
'knuwn cumulus of the Trade wind "fair weather''.

The Stratus clouds correspond to frontal conditions

‘and they also show a quite good agreement with such a type of

weather. We have also made a special Table showing the values

The correlation
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found is that already discussed when mentioning the “"fair weather
of the two main air masses. It is not reproduced in this article

as it would not serve any special purpose. Although it is a fore-
gone conclusion that types of clouds and types of air masses go

together, such a correlation should convince the scientists that

the continuous observation of the evolution of clouds is very im-
portant not only for synoptic weather forecasting but also for any
research on the electric potential of the surface atmosphere. It
is not so much the amount of clouds, the only item reported most
of the time, as the types and distribution of these that matters

TYPES OF AIR MASSES AND ATMOSPHERIC PRESSURE

The data are found in column 5 of the "General Tablel
We have already discussed the question of the synoptic aspect of
weather and mentioned that the symbol M. P. meant a Polar air
mass no longer centered over the continent, but covering the Gu

of Mexico.

The pressure values could also have been examined
with a more detailed analysis. The readings of the hourly valug
for both the barograph and the electric potential curve should
then be made. As we were more interested in the general tre
of the electric phenomenon and had used the "equal areas'' tech
que we could not make this special study. The sensitivity of the
recording should have been greatly increased and such a move
would have been contrary to our main purpose. Too many local
and transient variations would have been present.

TEMPERATURE

Column 6 gives the Maximum and Minimum tempe-
ratures in Fahrenheit degrees for each day, according to the
Daily Weather maps of the Washington Weather Bureau. The
total divided by two can give a sufficiently good idea of the mean
daily temperature.

These temperature values were used for checking
discrimination of the air masses, since it is obvious that a Pola
air mass would give a lower Minimum temperature figure than
the one read with Gulf-Maritime air over the place. A similar
reasoning cannot be made concerning the Maximum. With blue
skies, in Polar air, the thermometer can show high readings.

-52-

@twona\ From the ISC collection scanned by SISMOS

Seismological

The reader may have noticea tnat up LU NOW wWe nave
made no mention of the so called '"solar effect'" on the potential
gradient. As a matter of fact we have tried to draw up a reli-
able list of the days when this effect occurred, but with no satis-
fying results. Although this effect does exist and shows clearly
in the Montreal recordings, in those obtained at Loyola Univer-
sity the values are confusing, to say the least. Very often the
trace remains almost flat and near the zero volt value until the
noon hours. On other days the increase of the potential happens
several hours after or before the local astronomical sunrise.
The increase at the expected hour seems to be rather exception-
al. Is there any latitude effect connected with these happenings?
Once more our reduced sensitivity might have been the reason
why we were unable to report on the sunrise effect. Anyhow, on
the numerous days when the increase in the morning hours had
been very gradual, a higher sensitivity would not have helped to
find the beginning in time of this '"solar effect'. We do not know
if elsewhere, in a geographical situation similar to that of New
Orleans, the same failure has been reported. It remains a mys-
terious fact, the more so that, as already stated, in Montreal,
even with a lower sensitivity than the one chosen for Loyola Uni-
versity, the phenomenon does show up.

Concerning the evening variation of the potential gra-
dient, we reach a similar negative result.

; Since the solar radiation can produce ions which will
affect the resistance of the atmospheric column and its electric
factors, we tried to get local ozone data. They do not exist in or
near New Orleans.

y Sudden and great peaks of potential are mentioned in
Column 3 of the "General Tables'. Are they connected with any
ozone variations? We cannot say. At any rate, they do not show
any correlation with the type of clouds present at that same hour.
Of course invisible clouds or trails of atmospheric pollution, ex-
ceptional in our locality, might have caused these sudden and
shortlived increases of the potential. The more so that no rain
was falling in the New Orleans region at that time.

Going back to the statements made by the author and

concerning the necessity of simultaneous synoptic studies of the

electric potential gradient, we would stress the fact that one
should examine very simple and clearly defined air mass condi-
tions. We have said already that the analysis of fronts is an im-
possible task. A tremendous amount of successive and simulta-
neous aerological soundings should be at hand to ascertain the
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volume of the air mass which commands the evolution of the
frontal zone. Fronts are not steady meteorological conditions.
Furthermore the so called '"cold front' is often a double, or may
even be a triple front. A rush of cold air flowing rapidly in the
higher level, where friction is less, does very often overrun the
cold air layer on the surface. At times also, while on the sur-
face the cyclone is occluded, frontal conditions ®till exist in the
upper levels. Air pilots who meet them could testify to this; so
much so that the measurements of the potential gradient in fronts
is necessarily a greatly handicapped task.

Many measurements of the potential gradient have
been made by different authors on high mountains. Can we be
sure that these measurements are better for our purpose than
series made on flat and well chosen locations? We do not belie-
ve so. One has to remember the existence of ""mountain waves"
produced on the slopes of the high summits. These waves can
reach the upper troposphere, and thus the wind, even when slight,
is disturbed by the obstacle. Of course we suppose that forest
trees are absent, otherwise the point-discharge effect would be
very troublesome, even in '"fair weather conditions'. One should
consider also the ever present, though invisible, turbulence re-
vealed by soaring kites. It is not only a question of convections,

So much so that we prefer measurements made at
flat ground stations, if these are immune from industrial pollu-
tion and well away from point-discharge actions. We would also
like that these two or more stations, recording simultaneously,
be located in the same type of air mass, otherwise their mea-
surements would provide different and random wvalues.

And this simultaneity should be that of the same local solar time
and not that of same standard time zone. Namely the recordings
should be obtained on the same longitude line; especially when
analyzing transient phenomena. Only then could one find the ex-
tent of the increases or decreases of the potential and be sure
that these were not strictly local events, but were connected with
the air mass in action at those moments.

In this way the mysterious peaks of intensity and the
baffling negative bays could be attributed to a reliable physical
cause.

In the "Proceedings of the Second Conference on At-
mospheric Electricity'(Foot Note of p. 196) Dolezalek has given
a definition of the adjective "synoptic' which is not the one that
a meteorologist would usually use. It reads: "an investigation
should only be called "synoptic! when the observation-net covers
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Complete different weather situations may occur simultaneously
at the different stations of such a sufficient wide-spread synopti-
cal net'". The definition we prefer, and which we have consider-
ed, would call "synoptic observations of the atmospheric electric
factors'" those made simultaneously in different distant stations
all situated in the body of a same air mass. The '"fair weather"
would be of the same type in all these locations.

While the Dolezalek definition plainly admits the si-
multaneous existence at the stations of '"completely different wea-
ther situations', our definition rejects such a disturbed type of
weather. The study of the electric properties of the air masses

as a function of their thickness, temperature, types and intensity

of aerosols, etc., would greatly facilitate matters.

Of course the meteorological situation considered by
Dolezalek presents some interesting possibilities, for instance,

that of checking if the electric conditions reported by a station in

such a type of air mass will, in due time, together with the dis-
placement of this air mass, cause in a new location similar va-
riations of the potential gradient.

If our distinction of the different types of "fair wea-

‘ther!" based on the different thermodynamic characteristics of

different air masses should be found acceptable and working also
elsewhere, the meteorologist would have been provided with a new
tool for forecasting the "electric weather' and even biologists
might be rightly interested!

Statement which is greatly relevant to our own re-
search has been quoted by Israel (10): Ch. J. Brasefield has re-
ported the following: '""These measurements indicate that clouds
of ions, sometimes positive sometimes negative, frequently pass
overhead at an altitude as low as 10 meters and less. The origin
of the ion clouds is unknown, but it has been observed that they
are more prevalent when the potential gradient is large'. Could

‘these ion clouds be also floating at some higher level? One could
‘then accept as possible the existence of those charges we men-

tioned at the beginning of this article as being rather a wishful
consideration. Anyhow, the '"large potential' referred to by

‘Brasefield could be the one which our research has shown to be
present in the Continental Polar air mass.
‘thor does not attribute these ion clouds to any industrial pollu-

tion, we can infer that they belong to the moving attmosphere lay-

Since the same au-

ers. Otherwise it would be very extraordinary that these ion
clouds should have passed over our collector only in Continental
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Polar air situations.

A word now about the relative humidity value on the
days of the 1959 and 1960 series of observations. It has not been
reported in the "General Tables'. Are we right in believing
with Dobson that 'the effect of the relative humidity seems to be
very small" (l.c. p. 169)?. In order to be consistent with our
distinction of the air masses, we would admit that humidity has
an action on the conductivity of the atmosphere and, as a conse-
quence, also on the electric potential. As a matter of fact, the

Continental Polar air is drier than the Gulf-Maritime air mass,

and humidity is a conservative characteristic of air masses,

And what about the effect of temperature on the po-
tential gradient? The same author Dobson has another skeptical
statement similar to that concerning the relative humidity: "..in
the case of the effect of the temperature, while earlier observa-
tions seemed to show a fairly constant effect, the other set is
very uncertain, and nearly half the months show the effect in one
direction and half in the other'" (p. 169 loco cit.). Of course
Dobson had not considered, as we did, the different types of
"fair weather'. We reported the value of the daily Maximum and
Minimum temperature mostly as a means of distinguishing the
Polar from the Gulf-Maritime air mass. The first should show
temperatures lower than does the other. Since the temperature
affects the density of the air, it should also affect its resistance,
and so also the potential gradient. Notwithstanding the fact that
there is change of density with different temperature values,
one should agree that the temperature will not affect the quality
of the aerosols or nuclei, which will be only more or less apart,
according to warmer or colder air conditions. So much so that
we fail to subscribe totally to the following statement "The va-
riations of the local atmospheric charge must depend on local
agents (and, therefore, on local time) which stir up the atmos-
phere, chiefly the wind and the vertical convection, controlled
by surface heating and the general circulation® (p. 16). We be-
lieve that, besides these local factors, there are factors special
to each type of air mass. In Montreal as in New Orleans, with
powerful Polar air anticyclones, high potential values were re-
gistered at night as well as during the day-light hours. OQur ex-
perience in these two localities does not warrant the following
statement by the same author:'Studies of the effect of meteoro-
logical elements on the potential gradient made at different places
have been so contradictory that...'. Nevertheless, further on
we read: "It appears then safe to assert that it is the wind speed
or the associated turbulence which has so marked an effect on
the potential gradient, but it is probable that some temperature
effect also exists". (p. 13 1l.c.)
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Simpson in his most interesting study (11) has men-
tioned recurring types of patterns in his re cordings. These are
well represented in Montreal at Brébeuf College. In New Orleans
they are almost completely absent. Only those obtained during
rainfall were given some attention. The strong positive or nega-
tive oscillations often have a period of one second or less. Occa-
sionally the negative plunge of the trace remains negative during
several hours and off scale. In some cases it fluctuates up and
down with different intensities of a same polarity. That happens
also when the trace has gone off scale in the positive region.
During these hours the Dines type anemometer shows only steady
strong winds, with no apparent correlation between its continuous
oscillations and those of the electrical potential, which, as al-
ready reported, remains steady in the positive or the negative
side. Some of these rainfall patterns show continuous negative
oscillations which just cross slightly the zero volt line. If they
reach the positive region their intensity is greatly inferior to
that on the negative side. When a thunder-clap has been heard,
it takes several seconds before the electrometer starts record-
ing. We have not been able to find out if this delay was greater
when the thunderstorm region was farther away. We have the
impression, which further checks might prove erroneous, that
the inertia of the recorder is not the only factor involved. Pos-
sibly the complex oscillations registered during a thunderstorm
by a microbarograph could help to find the answer. Since the
lightning travels with the velocity of light, it would be intere sting
to ascertain whether the sound waves would have any pressure
effect on the ion clouds. Of course due attention was given to the
fact that, many times, it is just after the lightning flash has hap-
pened that a rainshower is recorded. That would explain the de-
lay in the recording.

CONCLUSIONS

A few points, not necessarily new, seem to have been
confirmed by the values collected in the "General Tables'" .

1 - The different air masses, Polar, Maritime, and Tropical
(this latter not checked by us), which make the surface
weather, have a specific columnar resistance; this is in-
herent to the body of the air mass and can be attributed, for
instance, to the chemical type of aerosols, to their quanti-
ty, to the water vapor content in the higher levels, etc.

As a consequence, the mean values of the electric potential
in "fair weather" will differ according to the type of the air
mass.
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Such a fact has been confiemed by the recordings made in
Montreal, Canada, and in New Orleans, Louisiana. We
may add, that all the readings of the potential in both places,
were made BEFORE consulting the Daily Weather maps for
ascertaining the synoptic situation of the atmosphere. No
subconscious preconceived idea could have been present.

We find interesting the following statements by Israel and
Dolezalek which appeared in the "Proceedings of the Second
Conference on Atmospheric Electricity'. '"Fluctuations in
the atmospheric electric field arise from changes in the
condenser potential of the global atmospheric condenser or
from changes of the distribution of space charges within
this condenser!. "Air masses of different origin make it 6 -
possible to characterize and differentiate between various
atmospheric electric effects'. These assertions fit in with
our own findings. But should there always be a turbulent
exchange process? (12). We think not.

Dolezalek's words come closer to our opinion, when he

states that, amongthe factors to be considered, are ''the T
chemical nature or the size distribution of aerosols", sin-

ce they "may differ from one air mass to another". (13).

A turbidity factor will not change the chemical nature but

only the space distribution of these aerosols. Of course we
understand this turbidity factor to be a physical and not a

chemical one. 8 -

The "sunrise effect' is at times apparent. Too often it is
impossible to time its beginning. There is a general im-
pression that, if the radioactive probe has not too frequent-
ly been grounded by the dew, there is a recurring maximum
potential around 13h local solar time (19h. U. T.) and a mi-
nimum around 22h local solar time (4h U.T.).

The action of the wind, moderate or strong and from any
quadrant, over a station well protected against industrial
pollution, has not shown any real correlation with the values
of the electric characteristics of the different air masses!
the Continental Polar and the Gulf-Maritime. The Tropi-
cal (or Equatorial) air mass has not been examined, but we
may infer that its type of "fair weather' would make a si-
milar special show.

10 -

The intensity or volume of rainfall has no apparent corre-
lation with the intensity of the electric potential variations,
The polarity of the recordings at the beginning and at the
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end of a shower is generally uigurave: wosiin wogomang -
and some endings have been found positive. It has been
impossible in New Orleans to find and examine rain re-
cordings not caused by local or near-by thunderstorms,
advectional or convectional.

Frontal analysis was not contemplated. It would be well
nigh impossible to discriminate between the two types of
air mass contacting. Fronts are most of the time tran-
sient phenomena. The electric recordings obtained dur-
ing these events cannot be considered useful for a basic
and synoptic knowledge of the atmospheric electricity.

Solar radiation has surely a great influence on the electric
potential. The contradictory results reported by Watson
(page 7 1.c.) will most probably be modified, when a great-
er number of solar cycles and simultaneous potential mea-
surements will be at hand. Such a research was out of the
question in New Orleans.

Days with a 24 hour negative potential and deep negative
bays remain unexplained, but they are not necessarily just
a locally restricted event. The recordings of one station
alone cannot help to find how extensive in time and space
are these phenomena. -

Temperature and humidity affect the potential gradient al-
though their action appears to be slight and most of the time
confined to the place of observation. Nevertheless tempe-
rature inversions and moist air layers in the upper levels
should partly explain the specific electric characteristics
of the atmospheric column of the air mass considered. The
lack of radiosoundings in New Orleans itself made imposs-
ible any research along this line,

The scattered maximum values of the monthly means of the
electric potential related to the yearly mean figure seem

to show that in Polar air the variations of the potential dur-
ing "fair weather! conditions, are greater than those re-
corded in Gulf-Maritime air.

The potential in misty conditions and with calm of wind has
almost always been very low. We have given our point of
view and our definition of reduced visibility: mist, haze
and fog. Such a distinction explains why we could not fore-
cast the clearing of the reduced visibility as it has been
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done elsewhere (Serbu). In New Orleans, at Loyola Uni-
versity, the surface visibility is reduced by mist (called
also wetting fog) or by very low thick Stratus. The dis-
tinction of mist from haze and fog is very important and
these three causes of reduced visibility should not be con-

fused.
11 - Exceptionally very long period oscillations were recorded.
12 - Since no measurements of the air to earth current and of

the conductivity of the air were made at Loyola Univer sity,
we have to admit that the conclusions just formulated are
not absolute. Although incomplete, they might not be to-
tally wrong. Most of the results described are similar to
those obtained elsewhere in better equipped stations.

All the values of the electric potential given in the
preceding pages are those which were read directly from the re-
cordings. Trial measurements were made by means of a long
wire, stretched over a nearby lawn at one meter above ground,
to obtain the reduction factor and to get the absolute volts-per-
meter figures. These measures were apparently not conclusive,
since the long wire technique can at best give only a 30 per cent
accuracy. The corrected potential values obtained appeared to
be too low and puzzling. We tried another technique: a vertical
metal rod, entered into the teflon insulator of the Keithley elec-
trometer (1012 ohms input impedance) and holding the radio-
active probe at one meter above ground. The values obtained,
although still debatable, are relatively interesting in that they
confirm our statements concerning the different electric condi-
tions existing in the body of different air masses. Here they are!

Mean potential for all "fair weather days" 72v/m,
Mean potential for all "fair weather days"

in Polar air. 89v/m.
Mean potential for all "fair weather days"

in Gulf-Marit. air. 51v/m.
Mean monthly maximum for all '"fair weather days''. 108v /m,
Mean monthly minimum for all "fair weather days". 48v [m.
Absolute monthly maximum for all Polar "fair weather

days'. 126v /m.
Absolute monthly minimum for all Polar 'fair weather

days'". 56v (m.
Absolute monthly maximum for all Gulf-Marit. '"fair

weather days'. 67v [m.
Absolute monthly minimum for all Gulf-Marit. '"fair

weather days''. 30v [m.
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Mean total spread about the mean value for all "fair

weather days'. 60volts
Mean total spread about the mean value in Polar 'fair

weather days''. 70volts
Mean total spread about the mean value in Gulf-Marit.

"fair weather days''. 37volts

These low electric potential values might be explained as
being due to an almost year-long high conductivity of the air,
caused by the great ambient humidity. Only in winter, during
strong invasions of the Polar air, does the relative humidity de-
crease appreciably. Nevertheless, even during these days of a
drier atmosphere, the readings obtained were nothing but mode-
rate.

The crucial problem is to find out if the increased (Gulf-
Maritime air conditions) or the decreased (Polar air conditions)
conductivity of the air at Loyola station is always a function of a
very thin layer close to the ground, or if it is due to different
space charges, positive or negative. We are inclined to accept
the latter explanation.

The natural radio activity of the soil at Loyola Station
should be very small. The alluvium is several hundred feet thick
and the underground water level is at a depth of a few feet. No
outcrops of rocks are to be found in the New Orleans region.

We might add that very great care was taken in checking
the accuracy of the Keithley electrometer used for the recordings.

Notwithstanding all these remarks, we hope that the fol-
lowing distressing words of Watson do not apply to Loyola station.
"The absolute value of potential gradient is difficult and in many
places perhaps impossible to determine''(14).

: Pierce had something similar to state in 1958. "The dis-
tribution of ionization, particularly in the bottom meter of the at-
mosphere, will be steadily changing. 1944 is indeed perhaps the
last year that may be considered as representing stable conditions
of ionization in the atmosphere!'. (15).
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GEOMAGNETIC STORMS AND 500 MB TROUGH BEHAVIOR:*
By

Paul F. Twitchell¥:*
Office of Naval Research
Boston Branch Office

RESUME

Le but de ce travail est de sonder 1'hypoth2se selon laquelle
les variations solaires sontreliées aux changementsd'aspects
de la circulation de la basse atmosph&re ou de la troposph&-
re. On passe bridvement en revue les recherches récentes
sur la corrélation entre les données géomagnétiqueset la cir-
culation troposphérique 2 grande échelle. Lestempétes mag-
nétiques furent acceptées comme indices d'invasion de 1'at-
mosphé&re terrestre par les corpuscules solaires et 1'inten-
sité des couloirs dépressionnaires en mouvement 3 500 mb
couvrant 1'hémisphére nord a servi de mesure quotidienne
a la circulation troposphérique. On a remarqué une inten-
sification des couloirs a 500 mb, environ 7 jours et aussi
14 jours apres le début brusque des tempétes magnétiques .

On conclut que des recherches plus poussées sont justifi-
ables, puisqu'il a quelqu'évidence de corrélation entre les
émissions solaires observées et la circulation troposphéri-
que.

* This report is based upon research work performed at
Melpar and is in part a synopsis of the author's Masters
thesis in geophysics submitted to the Department of Geo-
physics, Boston College,

** Formerly with Melpar, Inc.,
Applied Science Division.
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ABSTRACT

The aim of this study is to investigate the hypothesis that
solar variations are correlated to changes in the circula-
tion patterns of the lower atmosphere or troposphere. A
brief review of recent research directed toward correlat-
ing geomagnetic data to large-scale tropospheric circula-
tion is presented. Sudden-commencement magnetic storms
were designated as indices of solar corpuscular invasion of
the earth's atmosphere and the intensity of moving 500 mb
troughs circumventing the northern hemisphere was index-
ed daily as a measure of tropospheric circulation. An in-
crease in the 500 mb trough index was noted at approxima-
tely seven and again at fourteen days following sudden-com-
mencement magnetic storms.

It is concluded that further research is warranted as there
is some evidence that detected solar corpuscular emissions
are related to tropospheric circulation.

INTRODU CTION

Many studies have been published concerning the relation-
Bhl‘p of solar activity and weather parameters, but generally,
the publications of the last decade only are important to the li-
mited investigation to which this report is restricted. This is
in part due to an early emphasis on sunspot numbers and in
part due to the lack of knowledge of atmospheric behavior. More
recent studies include Craig's (1) analyses of the average sur-
face pressure variations after geomagnetically disturbed and
geomagnetically quiet days for a latitude belt 30° to 70° around
the northern hemisphere. A rather consistent negative correl-
ation between pressure variations following both magnetically
quiet and disturbed days were noted by Craig. Shapiro (8) at-
tacked the problem by describing the pressure pattern by ortho-
gonal polynomials then correlating the individual polynomials to
a magnetic index. (11) The polynomial, which indirectly repre-
sents the north-south wind gradient, was shown to be correlated
to selected magnetic key days over the North American Conti-
nent and Western Atlantic Ocean.

About the same time (1956) that Shapiro and his group at
Air Force Cambridge Research Laboratories were running their
computer programs, J. London (5) and his group at New York
University were investigating the possible correlation between
strong magnetic disturbances and days of solar flares to subse-
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ed geographical area considered they reported no significant
correlation.

In 1958 Lethbridge (2) reported her findings on research
directed toward the study of the relation of solar energy va-
riations to changes in tropospheric circulations. This study,
carried out at Pennsylvania State University, consisted of se-
veral separate applications of spectrum analysis and super-
posed epoch analysis to solar weather relations. In the east-
ern half of the northern hemisphere, the analysis of the zonal
index showed a 27-day peak related presumably to the 27-day
recurrence of magnetic storms. An analysis of the cosmic ray
neutron count was reported to show considerable coherence
with the zonal index at 500 mb's at 60°N latitude. This finding
and the relation of polar vortex breakdowns at 100 mb several
days after a magnetic storm may be important clues to the
study of solar-terrestrial relationships.

By 1959, a group at High Altitude Observatory, Boulder,
Colerado, began to publish (12) results of their research con-
cerning the relationship between magnetic storms and 300 mb
flow characteristics. MacDonald and Roberts (6) reported that
300 mb troughs passing over the western-northern hemisphere
deepened significantly several days after a sudden-commence-
ment magnetic storm or the sighting of a bright aurora, The
work of MacDonald and Roberts is an important scientific con-
tribution which, if proven correct, could have many ramifica-
tions. An obvious practical application would be its use as an
aid to upper air forecasts for several days in advance; butmore
important, if the relationship shown by MacDonald and Roberts
is substantiated, then a basis for further research on solar-
terrestrial mechanisms will be established.

The Problem of Indices

On a world-wide basis there are several geomagnetic in-
dices available. Most involve considerable subjective inter-
pretation at each observatory. The one possible exception is
the onset time of a sudden-commencement magnetic storm
which, if recorded at an observatory, cannot be changed sub-
stantially by subjective interpretation.

Actually, there is no index which accurately indicates the
corpuscular or electromagnetic radiation received at the earth's
surface or in the earth's atmosphere. Electromagnetic radia-
tion from the sun has been estimated from solar flares and co-




ronal temperatures, but the presence of corpuscular radiation
is more easily determined from geomagnetic records than
electromagnetic radiation is from estimates of coronal tempe-
ratures, Specifically, it was decided that sudden-commence-
ment magnetic storm observations are the simplest indication
of corpuscular radiation impinging upon the earth's magnetic
field.

A meaningful index of tropospheric weather which would
reflect an extraterrestrial source of perturbation must some-
how describe large scale circulation patterns.

There are available zonal index data for middle latitudes
depicting the over-all atmospheric behavior at the level for
which they are generated. Some of the zonal index data are
presented in averages of a few days duration. For the ultimate
aim of determining whether short term variations of solar ac-
tivity is correlated to tropospheric weather, such indices were
not considered. Atmospheric circulation indices based on the
flow across a fixed longitude were also discarded on the pre-
mise that they would suffer the same disadvantages as those
indices based upon surface weather parameters measured at a
fixed geographic location. The reason for discarding these in-
dices is that there is no assurance that topography may not in-
troduce bias into the data. Other techniques for describing the
circulation in the atmosphere were considered. For example,
variations of the zonal index determined by measuring the length
of a selected contour height circumscribing the northern hemis-
phere was afforded serious study but was eliminated primarily
due to the difficulty in readily obtaining this index. For simpli-
city, physical significance, and uniqueness it was decided that
a trough indexing technique reported by Woodbridge et al (12)
would be best suited for this study; and this will be described
in the next paragraph.

The Design of an Experiment

An important step in a geophysical study is the selection
of representative data to insure that throughout the investiga-
tion the data remains meaningful. It is believed that the index
methods selected for use in this investigation preserve physi-
cal meaning. Since the atmospheric circulation indices were
manually computed, great care was exercised ‘in the initial se-
lection of meteorological data. The data selection, acquisition
and the generation of the indices were accomplished while the
author was on the staff of the Applied Science Division of Mel-
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par, Incorporated. The cost of the research at that time was
under-written by Melpar's in-house research program. This
section, desc¢ribing the data sample and procedure for comput-
ing the indices, is based upon a portion of a Melpar, Incorpo-
rated report (10) prepared by this author.

The majority of previous attempts to correlate atmosphe-
ric circulation characteristics and magnetic field disturbance
data have been restricted fo using atmospheric data from a geo-
graphical area. Therefore, an early decision was made to car-
ry out this program employing data circumventing the entire
northern hemisphere and to select a time period for which no
previous investigations of this nature had been published. Con-
tributing to the selection of the winter of 1960-1961 for this study
were the many solar and geophysical phenomena of interest
which occurred during the period of November 12 to November
20, 1960 and to a lesser extent in early February.

To gain scientific knowledge about atmospheric circula-
tion and its correlation to solar corpuscular emissions detect-
ed by magnetic observatories, it is necessary to employ a tech-
nique for quantitatively describing the circulation characteris-
tics of some fixed level in the troposphere. For practical and
dynamic reasons the 500 millibar (mb) level was determined to
be a good level for use in this study. This level is found about
18,000 feet above mean sea level, which is a useful altitude for
determining wind flow for routine commercial air traffic pur-
poses. It is a level for which meteorologists have devised many
empirical rules for forecasting. In addition, dynamically the
500 mb is the standard chart level which is closest to a level of
non-divergence in the lower atmosphere; and, as a result, this
is a popular level upon which to base dynamic or numerical
weather prediction techniques. Finally, the 500 mb level was
gelected because in previous studies an attempt to correlate
magnetic storms to circulation parameters at 100 mb (53, 000
feet) and 300 mb (30, 000) feet has been reported in the litera-
ture, (5,7, 11)

With the time period and data level determined, ozalid
copies of the 500 mb northern hemisphere charts were ordered
for October 1960 through March 1961 from the National Weather
Analysis Center (NWAC).

The acquisition of magnetic data was also straightforward.
A list of key magnetic days and days of bright aurora was inde-
pendently selected and forwarded to the author from the Natio-
nal Bureau of Standards, Boulder, Colorado. These data were
supplemented by the published (3, 4) geomagnetic data. In ad-
dition, magnetic data in digital and graphical form from West-
on Observatory, Weston Massachusetts were available.
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The objectives of this investigation can be reached with
little or no additional effort in preparing magnetic or meteoro-
logical data. The key days were selected from a list of those
days when a sudden-commencement magnetic storm was observ-
ed at ten or more observatories. The days satisfying the crite-
ria for key days are presented in Table I,

To correlate atmospheric circulation it was necessary to
perform several tasks to convert the meteorological data into a
digital form. It will be useful to describe here the operations
required to obtain a quanfitative index of atmospheric circula-
tion and a description of the tabulated data.

The first operation in reducing the information contained
on the 500 mb charts is to label selected moving troughs. For
the purpose of this study the middle latitudes from about 25°N
to about the Artic circle were established as the area of inte-
rest. Approximately 160 troughs were labeled from October
1960 through March 1961 of which nearly 50 per cent satisfied
the criteria established for indexing.

Before a trough could be indexed, it was ne cessary that it
persist for at least a week, remain within the latitudinal res-
trictions, and also be moving. Many troughs which were label-
ed, either dissipated after two or three days or meandered out-
side the latitudinal belt of interest. The method used to deter-
mine the trough index (I;) involved measuring the width (W) and
depth (D) of the trough and computing the ratio D/W. This was
termed the trough index. Figure 1l illustrates the method for
classical trough and closed low situations. Two contour lines
were selected from which the measurements were made. A
common contour for the lattitude belt in question during the win-
ter season is the 17, 800 foot line. At times, a trough weakened
or remained at relatively low latitudes so the 18, 600 foot line
was the contour from which computations were made. An ave-
rage index value for both 17, 800 and 18, 600 foot contour lines
was obtained for the final analysis.

An important part of any scientific effort is to insure that
the data-recording procedures are complete. Since it is envi-
sioned that the data compiled could be used in a statistical ana-
lysis which would possibly employ data processing machines, it
was mandatory that the data be tabulated in an appropriate fa-
shion. For this purpose, the data-coding procedure was deve-
loped (see ref 10) which would insure the opportunity to recom-
pute indices if necessary. Also the data format allows indepen-
dent studies of the relations of W and D. This is important as
it is felt that the value of D is a good indication of wave ampli-
tude and W could assist in determining the wave number.
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The data sample of 1875 trough indices in itself repre-
sents a result from which many correlation efforts could be fos-
tered. The purpose of this study is to determine if solar cor-
puscular emissions impinging on the earth have any effect upon
the circulation of the atmosphere. For this investigation it has
been decided that the observance of a sudden-commencement
magnetic storm will signal the arrival of a corpuscular impin-
gement on the atmosphere and will be termed a ''key' day. A
simple procedure for relating the behavior of troughs following
a key day is to plot their index against time following the key
day as shown in Figure 2. This can be done individually, then
averaged; or if automatic processing is deemed economical,
then such a graph could be generated by a machine. Regard-
less of how the data is presented the results would be of little
value until the statistical significance of the relationship shown
is tested.

A number of studies could be designed to relate the data
compiled for this investigation. Some, like the one discussed
above, are conceptually very simple and may in themselves be
sufficient to justify further research. However, other analy-
sis techniques can be applied to these data to determine the be-
havior of certain types of troughs, for example, weak, medium
or strong. Also selected geographical areas could be designat-
ed as test areas and studied in detail. Possibly more sophis-
ticated analysis techniques could be applied to reveal charac-
teristics of the data not shown by simpler approaches.

Table II lists the data and hour of sudden-commencement
magnetic storms selected as key days. This is a considerably
shorter list than presented in Table I as it was thought that a
rapid succession of magnetic storms would introduce more in-
formation than desired for this study. To ascertain a corre-
lation between sudden-commencement magnetic storms and
trough indices, it was initially decided to select only those mag-
netic storms which were not preceeded or followed by another
sudden commencement within at least ten days. A rapid scan-
ning of Table I will demonstrate the non-feasibility of such
stringent restrictions. A review of all the magnetic data for
the six-month period led to the compromise of selecting as key
days the last magnetic storm of a series, provided it was not
followed within five days by another magnetic disturbance. Five
of the eight storms listed in Table II satisfy the above criteria;
the remaining three were relatively isolated sudden-commence-
ment storms. The dates of the isolated magnetic disturbances
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TABLE II

Sudden- Commencement Magnetic Storms
selected as "key'" days

Month

October
October
November
December
January
February
February
March

Year

1960
1960
1960
1960
1961
1961
1961
1961

06d
24d
15d
18d
08d
06d
16d
09d

Time

02h
14h
13h
05h
16h
01lh
00h
13h

37Tm
52m
04m
14m
17Tm
06m
43m
27m
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FIGURE 2.
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would be the best key days for th. v ___ __ ____ vy y sauve -
ever, any relationship noted by using only three key d'ays would
be of questionable statistical significance.

With the selection of key days, the index value for the key
day and subsequent 15 days were tabulated for troughs in exist-
ence at the time of the magnetic storm or developed during the
15 days which followed. Figure 3 is a curve representing the
average behavior of all indexed northern hemisphere troughs
following the key days listed in Table II.

The increase in the trough index peaking on the 7th day
suggests an increase in meridional flow or trough deepening
following a2 magnetic storm. This finding is in general agree-
ment with Shapiro (8), MacDonald and Roberts. (6) Further,
concerning the breakdown in the polar vortex at 100 mb, this
finding agrees with the work of Lethbridge et al. (2) The se-
condary peak at ten days does not appear to agree with any pre-
vious work; however, the peak on the 14th day agrees with the
findings of Shapiro.

The trough data were subdivided into those troughs pass-
ing over the western-northern hemisphere. Figure 4 presents
the average trough index of 25 troughs passing over the east-
ern-northern hemisphere following the eight selected sudden-
commencement magnetic storms. Again a general agreement
with previous work is evident with the 14-day rise being more
pronounced and with the peak at 7 days broadened to a double
peak on 6 and 8 days. The rise on the fourth day is not as pro-
nounced and the 10-day peak noted in Figure 3 is not in eviden-
ce,

Since the work of MacDonald and Roberts was limited to
the western-northern hemisphere and the trough indexing tech-
nique was patterned after their work, the results shown by Fi-
gure 5 are of particular interest. The saw-toothed heavy cur-
ve depicting average trough index characteristics for 38 troughs
again shows increases in trough index on the days which pre-
vious investigators have noted, with exception of the pronounc-
ed rise on the 10th day.

The results of Figure 5 precipitated some further inves-
tigation. First a closer look at the key days employed for this
study reveal some definite shortcomings. Figure 6 demonstra-
tes at least one source of '"noise'" in the data employed. Here
the fluctuations of the index of a single trough are shown for a
period when considerable magnetic activity was taking place.

If the storm of 12 November was selected as a key day a sharp
rise in the trough index would be noted 8 days later. For the
storm of 15 November this same rise occurs 5 days later. It
can be speculated that the rise shown on 2 December could be
attributed to storm D or possibly a delayed effect of storm B.
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The problem here is that one can only speculate on which storm
and which peak is related and, certainly, speculation of this
nature does not contribute to establishing a definite correlation
between magnetic disturbances and trough development.

Unfortunately, four of the eight storms selected as key
days in this study were storms associated with a series of mag-
netic disturbances. Also, three of the selected storms were
followed in six or seven days by another magnetic disturbance.
If the premise is that some trough development should follow a
magnetic disturbance by four days, then a possible explanation
of the rise on the 10th day could be advanced.

To overcome some of the difficulties discussed in the pre-
ceding paragraphs, three isolated sudden-commencement mag-
netic storms were selected as key days. Here '"isolated" is de-
fined as a storm for which there were no major sudden-com-
mencements observed for about a week before or after the se-
lected day. The dotted curve on Figure 5 presents the average
index of 12 troughs passing over the western-northern hemis-
phere following relatively isolated sudden-commencement mag-
netic disturbances of 6 October, 24 October 1960 and 9 March
1961. A rise in the index value is noted as beginning about 4
days after the key days, reaching a peak on the 6th day. The
characteristic peak on the 14th day is again in evidence. It is
interesting to note that the peak on the 10th day is not reflected
and this fact may give some credence to the hypothesis advanc-
ed in the preceding paragraph.

Summary and Conclusions

In this study, an effort was made to determine if there is
a detectable relationship between solar corpuscular radiation
impinging upon the earth's atmosphere and subsequent changes
in atmospheric circulation. Sudden-commencement magnetic
storms were selected as an index of solar corpuscular bom-
bardment of the earth and a trough index technique was employ-
ed as a measure of atmospheric circulation. It has been shown
that there is an apparent increase in the trough index at approx-
imately seven and fourteen days following a sudden-commence-
ment magnetic storm. This result agrees in general with that
of previous investigators, but it will be necessary to attach
further statistical basis to the findings reported herein before
any definite conclusions can be stated.

The observance of sudden-commencement magnetic dis-
turbances appears to be a useful index for the exploratory pur-
poses of this study; however, solar variations as detected by
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the increase in cosmic ray activity should be investigated as a
possibly better solar index,

The trough index technique employed appears to be a good
index, but it has a tendency to overemphasize closed lows. This
is particularly true when small symmetric lows of about one de-
gree diameter occur. It is suggested that a minimum low size
for indexing purposes be established in any future studies.

ACKNOWLEDGEMENTS

The author wishes to express his apprecia-
tion to the Boston Branch of the Office of
Naval Research for encouraging the re-
search reported herein. Appreciation is
alsoaccorded to Reverend Daniel Linehan,
S.J., Director Weston Observatory, and
to the staff at WestonObservatoryfor per-
mitting use of the Observatory Library and
facilities.

LIST OF REFERENCES

i1, F:RAIG, R.A., 1952, Surface-Pressure Variations Follow-
ing Geomagnetically Disturbed and Geomagnetically Quiet
days: Journal of Meteo., Vol. 9, No. 2, pp. 126-138,

2. LETHBRIDGE, M.D., PANOFSKY, H.A. and NEUBERGER,
H., 1958, Final Report on Research Directed Toward the
Study of the Relation of Solar Energy Variations to Changes
of the Tropospheric Circulation: AFCRC TR 58-263.

3. LINCOLN, V,J., Editor, 1961, Geomagnetic and Solar
Data: Journal Geoph. Res., Vol. 66, No. 9, pp. 3047-3048

4. LINCOLN, V.J., Editor, 1961, Geomagnetic and Solar
Data: Journal Geoph. Res., Vol. 66, No. 11, Pp. 3947-3948.

=83~



10.

11.

12.

LONDON, J., etal., 1959, The Relationship between Geo-
magnetic Variations and the Circulation of 100 mb, New
York University, Dept. of Meteorology and Oceanography:
Sci. Rpt. No. 8, under contract AF19(604)-1738 AFCRC

TN 59-236.

MAC DONALD, N.J. and ROBERTS, W.O., 1960, Further
Evidence of Solar Corpuscular Influence on Large-Scale
Circulation at 300 mb: Journal of Geoph. Res., Vol. 65,
No. 2, pp. 529-534,

OBAYASHI, T., 1960, Physical State of Outer Atmosphere

and The Origin of Radiation Belts; Proceedings of the First
International Space Science Symposium, Nice 11-16 January
1960, pp. 821-827, North Holland Publishing Co., Amster-

dam.

SHAPIRO, R., 1956, Further Evidence of a Solar-Weather
Effect: Journal of Meteo., Vol. 13, No. 4, pp. 335-340.

Summary Report, January 1961-December 1961, Atmos-
pheric Physics Program, Nonr-710(22), School of Physics,
University of Minnesota.

TWITCHELL, P.F. and LETTENEY, F.K., 1962, Solar-
Terrestrial Relationships: Report No. 103, Applied Science
Division, Melpar, Inc.

WARD, F.W., 1956, Solar, Geomagnetic and Ionospheric
Phenomena as Indices of Solar Activity: Geophysical Re-
search Paper No. 54 AFCRC TR 56-213.

WOODBRIDGE, D.D., MAC DONALD, N.J. and POHRTE,
T.W., 1959, An Apparent Relationship between Geomag-
netic Disturbances and Changes in Atmospheric Circula-
tion at 300 Millibars: Journal of Geoph. Res., Vol. 64,
No. 3, pp. 331-341.

-84-

@twona\ From the ISC collection scanned by SISMOS

Seismological
Centre

RADIATION SOLAIRE A MONTREAL
Juillet 2 Décembre 1962
Radiation solaire globale et diffuse, en calories par cm? par

jour, recue sur une surface horizontale. Aussi moyenne pour
le mois,

Date Juil. Aout Sept. Oct. Now. Dec.
1 660 585 210 M M M
2 765 680 525 425 M
3 M 700 560 390 M
4 675 620 525 210 M
5 540 250 55 65 M
6 490 590 540 M M
7 M 135 M 105 ‘; 70
8 M 155 M 175 = M
9 M 130 M 55 5 40E
10 M 245 M 90 = 20
11 M 155 M 135 O 140
12 460 640 175 175 E 200
13 130 345 375 365 [ M
14 300 230 M 355 a 130
15 380 635 430 320 o 120
16 360 555 340 175 5 70
17 520 540 45 280 [ M
18 515 355 235 195 K 25
19 585 M 410E 295 = 30
20 670 400E 430 M — 180
21 295 200 400 25 g 190
22 675 565 235 260 o 35E
23 370 530 480 50 Z 30
24 685 555 450 205 H 180
25 490 615 75 275 155
26 335 605 35 120 165
27 210 525 310 M 170
28 620 270 115 15 125
29 270 470 30 255 45
30 595 590 130 65 M 105
31 385 565 45 M
Moyenne 479 448 296 190 M 106

M: enregistrement manqué.
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DU 1 JUILLET au 31 DECEMBRE 1962

2 juil. 10.3S., 165.9 E. 5 juil. 23.5N., 107.8 W.
Santa Crusz Isl. / Off Coast of Sinaloa, Mexico
- WAL about 50 km. h about 25 km.
J H 08 32/ 37.9 H 20 49 23.8
iP'Z 08 18.7d aLZ¥.. 21, 0.4
3 juid. 54.68., 132.3W. 6 juil. 13.3N., 58.0 E.

S. Pacific Ocean Arabian Sea E. of Socotra

% - n about 28 km. h about 30 km.
H 18 22 06.3 H 02 12 19:9
/ ePPZ" 18 - 26 elLLZ" 03 04.2
ePSN" 0 48
eSSE" 57.0 6 juil. 38.0 N., 20.2 E.
eSSSE" A9/ 01.0 Ionian Sea
h about 30 s
4 juil, 6 enregistrements d'ondes \bf\ H 09 16 /15.0
longues tous pareils entre iPZ 09 27/ o1mt2"
08 h. 10 et 09.59
ler eLZ" ‘08 10.1 6 juil. 60.3 N., 152.1 W.
2e eLZM 08 56.0 Kenai, Penin. Alaska
3e eLZ" 09 04.5 h about 67 km.
4e eLZ" 09 14.8 H 18 40 59.4
5e eLZ" 09 26.4 iPZ 18 49 19.2¢
6e elLZ" 09 58.8
6 juil, 36.6 N., 70.4E.
4 juil 54.5 N., 36.7TW. Hindu Kush
About 500 miles S. of Greenland ﬁ h about 20/3 km.
h about 25 km. H 23 05 32.2
H 07 57 45.3 iPZ 23 18 19vE
e(P)Z 08 03 31 ipPZ 9 14.5
f isPZ 30
5 juil 2 enregistrements d'ondes iPPZ 22 04.5
longues pareils a'ceux du ipPPZ 49
4 juillet iSKSN | 28 20.5
ler eLZ" 05 51.3 iSKKSE! 35
2e eLZ" 06 14.5
7 juil 51.3 N., 178.6 E.

5 juil 30.9 N., 141.4 E. Rat Isl. Aleutian Isl
S. of Honshu, Japan vk about 6Q km.
h about 23 km. 7\ H 06 12/ 48.9
H 17 40/ 55,3 iPZ 06 2 24.1d
eLZ" 18 29.5 ipPZ /L 38.0

-88-

7 juil. 51.9 N., 158.6 E.
Near S. coast of Kamchatka
h about 33 km.
H 2I8 200 57T
iP 2y 32 27.04d

8 juil 14.4 8., 75.5 W.
Near coast of S. Peru

h about 88 km.

H 02 25 55.8

ePZ 02w a5 52:5

8 juil. 51,5 N..,; I¥8.5W.
Rat Isl. Aleutian Isl.

=l about 60 kin.
H 03 22 /03.8

ePZ 03:., 3 38.7
8 juil. 26 S., 78.0 W.
Ecuador
h about 21 km.
H 05 29 12.0
ePZ 05 38 33
8 juil. 8.1 N., 38.0W.
Mid-Atlantic Ocean
~ h about 25
H 07 30/ 49.7
ePZ 07 3 31
9 juil. 44,0 N., 147.8 E.
Kurile Isl
h about 66 km.
H 13 53 00.0
elLZ" 15 09.5
10 juil 6.5S., 75.2 W.
Central Peru
h about 46 km.
H 19 21 36.9
iPZ 19 30 39.5d
11 juil 31.8 N., 66.9 E.
Afghanistan
h about 25 km.

H 01 03 59.3
eLZ" 01 49
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11 juil. 53.2N., 159.6 E.
Kamchatka
h about 69 k.
\](x H 07 17 7.4
iPZ 07 28/43.1d
A
11 juil eLZ" 16 16
11 juil. 3.9 S., 104.1 W,
S. Pacific Ocean
h about 25 km.
H 22 50 58.8
eSN" 23 08 33
eSSN" 12 14
eSSSN!" 14 52

13 juil. 10.2N., 121.7 E,
Panay, Philippines /
?L h about 157 km.
'/' H 03 32 12.6
iP'Z 03 /50 50.5¢c
13 juil. 56.2 N., Y64.0 E. |

Komandorski Isl. Region
about 59 km.

fides ol
/7\ H 22540
ePZ 22 A0

23.3
14,5
13 juil. 11.9S., 71.1 W.
Peru
h about 91 km.
H 22 55 48.4
iPZ 23 05 28.44d
ipPZ 55,0
14 juil. 51.5N., 179.0 E.
Rat Isl. Aleutian Isl.
h about 25 km.
H 01 02 51.5
iPZ 01 13 28.4d
14 juil. eLZ" 15 38
14 juil 40.3 N., 124.4 W.
N. California
h about 25 km.
H 19 43 52.6
ePZ 19 51 05d
eSN" 56 50



14 juil. 16.9 N., 99.1W.
S. Mexico

h about 25 km.
H 20 23 14.6
iPZ 20 30 12.8d

14 juil. 50.2 N., 155.8 E.
Kurile Isl
h about 60 g
20 38 /01.3
ePZ 20 49/ 40.8 c

15 juil. 39.8 N., 140.9 E./
/ Honshu, Japan j

/ h about 103 km.

 H 06 47 22.5
iPZ 07 00 10.4
ipPZ s 36.0
isPZ 45,0
eSE" 10 50

eE" \, 11 34

15 juil. 40.2 N., 142.4 E.
/ Honshu, Japan
; h about 55 km.
/\)L H 15 1 44,1
ePZ 15 5 33,6

15 juil. iPZ 19 47 38 ¢
16 juil.. 52.1. 5., 138.9:E;
S. of Tasmania
pe. Sy about 14 km.
7~ H 02 04 52,6
elLZ" 03 107

16 juil. 11.2 S., 79.8 W.
Near coast of Peru

h about 75 km.

H 04 49 21.5
iPZ 04 58 59.0d
eSE" 05 06 52
eLE" 13

16 juil, 62.3 N., 153.1W.

, Alaska /
h about km.
JN}\ H 12 40. 6
iPZ 13 3 03.5¢
ipPZ 04 18
iPcPZ' /\ 41

iPPZ! 54
eSE" 09 49
ePSN" 10 03
ePPSE" 10 08
eSSE" 13 06
iNv® 13 36
17 juil. 11,6 N., 87.1W.
Nicaragua
h about 25 km.
H 04 12 45.4
iPZ 04 19 43.0d
elLZ" 3
17 juil. 43.0 8., 74.9 W.
Near coast of Chile
h about 26 km.
‘/\k H 05 32 08.8
iPZ q& 44 57.9d
ePPZ" | 48 28
eSKSE!" / 55 44
eSSN" /06 36
eLE" / 08.2
h %
17 juil. eN" 08 05,0
eLLZ" 08.6

17 juil. 14.8 N., 92.9 W.
Near coast of Guatemala &

Mexico
h about 120 km.
H 09 41 01.4
iPZ 09 47 40.1d
eLzZ" 57

17 juil. 43.1N., 144.5 E.
Hakkaido, Japan

h about 30 km.

i H 17 20 22.9

J’j\ iPZ 17 /32 58.8d

pPZ 33 11.5
eSKSN" 42 20
eN" 40
eSSN™ 49.4
e LGN' 55

18 juil. 9.6 5., 119.8 E;
Sumba Isl.

about/68 km.

h.
~ H 05 53 48.1
eP'Z

06 /13 09

18 juil. e(P)Z 100 22 52

18 juil. 15.3 N.; 148.1 E.
Mariana Isl. region
h about 16 km.
H 1l T L U
eP'Z 1028 19

19 juil. 20.6 S., 68.7 W.
Near Bolivia and Chilean

border
h about 160 km.
H 124 02 3153
iPZ 12003 S 05, 4 e
ipPZ 29.6

20 juil. 51.4 N., 173.6 W.
Fox Isl., Aleutian Isl.

h about 25 km.
H 04 36 41.0
iPZ 04 46 55.4d

eLE" 05 07.0

20 guil. 39.5N., 113.3 W.

Nevada
h about 25 km.
H QRIS02° 083

e LN" 09 919.6

21 juil. iPZ 14 25 09.0c
224il,. 5.9.5., 151.T.E.
New Britain region
h about 81 km.
H 00 21 30.9

ou bien 3.2 S., 137.5 E.

Western New Guinea
h about 104 km.
H 00 16 07.2
elLZ" 01 24

23 juil. 10.7 N., 86.5 W.
Off coast of Costa Rica

h about 44 km.
H 01 12 '52.6
ePZ 0l 19 55.0c
iPZ 56.6 d
ipPZ 20 13.5
eeSN" 25.9

23 juil. iPZ 06 12 19
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23 juil. 22.9 S., 67.8 W.

N. Chile
h about 193 km.
H 07 19 35,0
iPZ 07 30 20.9 ¢
23 juil. 19.0 N., 65.1 W.
Virgin Isl.
h about 25 km.
H 22 11 54,6
ePZ 22497 47.94d
S 18 19.5d
eSE 22, 29
iSE 47.0
e(T)Z 27 21

23 juil. 10.4 N., 85.8 W.
Costa Rica

h about 25 km.

H 03 59 14.4
ePZ 04 06 18.6¢c
iPZ 19.0d
17 56

24 juil., 15.5N., 92.5 W
Mexico-Guatemala borg.ér

h about 129 km.
A m
/ iPZ

21 08/ 22.6

54,8 d
ipPZ 18.8 ¢
isPZ 28.6
iPPZ 17. 6
eSE" 20 15
eScRZ 21 08
iz 24 43
25 juil. 14.4 S., 76.1W.
Near coast of S. Peru
h about 46 km.
H 00 11 b52.2
ePZ 00 21 52.4
ipPZ 22 08.4
25 juil 18.9 N., 8l.1W. /

W. of Jamaica

h about 64
' 04 37 :
04 43/ 32.1d

2 iPZ
iZ 50. 0
X ipPZ 54. 5
isPZ
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/

iPPZ 25.0
/ iPPPE 44/ 36.7
/ iSE" 4 16
Mz 4.0

20 sec 175 micr.

25 juil. 14.3 S., 75.5 W.
Near coast of S. Peru

h about 100 km.

H 06 05 15.9

ePZ 06 15 12,0

26 juil. 4.9 S., 81.3W.
Off coast of N. Peru

h about 25 km.
H 02 33 15.3
iPZ 02 42 13.1d

26 juil. 47.1 N., 153.9 E.
Kurile Isl.

abou 35 km.
04 23 11.9
1PZ 14.8d

26 juil. 07.5 N., 82. 7W
S. of Pa.nama. /

h about 2_1 km.
\ H 08 14 41.8
\}‘\ iPZ 08 22 07.0d
ipPN" 19
iPPN" / 23 39
iPPPN / 24 03
iPcPN" 24
iSN" 28 00
iP 16
iPPS 39
32 sec 250 micr.
iSSE" 30 40
SSSN! 31 16
54 sec 360 micr.
fin Z" 09 12.9

27 juil. 51. 6 N., 174. 1 W.
/ Andreanof Isl. Aleuti

h .
"/ \J\ H 12 35.1
iPZ 1 8 49.7 c
27 juil. Dominion Observatory

470 15' N,, 700 40' W,
about 15 miles S. W. of

Baie St-Paul, Qué.

H 17 56 ©56.5
Mag. 4.3
Py 17 57 42
i 45, 2
S 58 17
A 287 km.
27 juil. iPZ 22 06 50.0d
28 juil. eEY 00 33.5
iE" 39.4
eLZ" 43.5

28 juil. 16.2 8., 173. 2 W,
Samoa Isl. region

h about 40 km.
i H 00 10. 8
\L ePSE" 00 3.6
ePPSE" 34.6
e SSE" 39.4
28 juil, 4.18., 79.7 W.
Ecuador
h about 110 km.
H 02 32 26.0
iPZ 02 40 52.3c¢c
ipPZ 41 27.0

28 mil. '81.0°8., 67.8 W.
San Juan Prov. Argentina
h about 217 km.
H 06 02 24.1
ePZ 06 14 00.9d

28 juil. 14.8N., 93.0 W,
Near coast of Chiapa, Mexico

h about 71 km.
H 13 58 41.2
iPZ 14 05 28.0d
eLZ" 13

28 juil. 36.9 N., 141.9 EL
Off E. coast of Honshu, Japan

{ h about 39 km.
B " 19 43 00.3
ePZ 19 06.0 ¢

28 juil. 44. 6 N., 148.6 E.
Kurile Isl.
h about 32 km.

-92-

@twonal From the ISC collection scanned by SISMOS

Seismological
Centre

H. - 20 26.0 bowp H ve Y ud. &
7L iPZ 20 /58 50.5d 7L eP'Z ° 02/ 38 10.5
; \/ eLLZ" 18
30 juil 2.58., 77.0 W. . .
Ecuador - Peru border 31 juil. 18.8 N., 120.8 E:
h about-146 km. Near N. coast of Luzon
H . 06 58 35.6 f h about 39 km.
iPZ 07 07 32.0d H 05 13 04.1

eLZ" 06 04.3
30 juil, 3.3 S., 143.9 E.

Near N. coast of New Guinea 31 juil.  19.7 S., 67.7 W.
h about 25 km. S. Bolivia

7L H 17 16 44.4 h about 270 km.

iP'z 17 55 49.04d H 11. 25: .05.5
ePPZ 37 40 Pz 10x36: 20,5 ¢
ePKSZ' / 39 25

ePPPZ 40 04 1 Acuts 5u5 N., 125;3-E.
eSKKSE! 44 44 Near coast of Mindanao,
ePPSN! 49 13 Philippines Isl.

e ESSN/! 54 57 h about 33 km.
«SSS 59 14 H 04 28 26.7
e 18 09.5 iPt'Z 04 47 27.2¢c

80 sec 35 micr.

1 Acut: 3.2 8u; 1437

30 juil. 6.6 N., 73.0 W. Near N. coast of

ew Guinea

Central Colombia h t 33 km.
h about 204 km. /\}k‘ H 36 57.6
H L84 57 50,7 iP'Z 56 00.0
ePZ 19 04 00.1d ePPZ" 58 02
iPZ 00.84d eZ! 59 24
e SKKS 04 52
30 juil 5.0 N., 73.3 W. ePPSN/ 10 22
W. Colombia isSs 15 40
h about 45 km. e LG 29.0
\}_ H 20ehilk8 495
iPZ 20 26 j23.2¢c ] Aout 27.18., 176.3 W.
APZ / 23.8d Kermadec Isl region
\/ iPPZ! 28 24 h about 33 km.
iPPPZ' 29 05 H 12 47 46.6
iSE" 32 28 eLZ" 13 49
iPSE' 3. 13
iPPSE!' 22 2 Aout 19.3N., 8l1.0W.
iScSE" 35 52 S. of Cuba
iSSE" 36 32 h about 47 km.
iSS 3T 32 % H 04 41 46.7
iSSSN" 37 46 I ePZ 04 47 35
fin NV 00 10 eLN" 52.3
31 juil. 3.2 S., 144.1 E. 3 Aout 5.2 N., 76.4W.
Near N. coast of New Guinea

W. Colombia

h about 20 km. h about 79 km.
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H 04 06 08.4
iPZ 04 13 39.2d
3aout 51.2N., 176.4 E
Rat Isl. Aleutian Isl
h about 40 km.
H 08 00 09.8
iPZ 08 10 56.5d

3aout 23.285., 67.5MW.
N. Chile - Argentina border
h about 71 km.
J . H 08/56 12.1
71\ iPZ 09/ 07 10.14d
ipPZ!' 36
isPZ! 48
iPPZ! 09 45
iPPPZ' 11 26
iSE! 16 02
iScSE" 56
isSSE" 21 16
iSSsE! 23 40
4 aout 14,1 N., 93.0W.
Near coast of Guatemala
h about 30 km.
H 02 49 44.7

ePZ 02 56 37.6
eLZ" 03 00.5

5aout 74.2N., 52.5 E.
Novaya Zemlya (Nuclear
Explosion)
h about 0 km.
H 09 08 45.8

elLLZ" 09 34

5 aout 13;7 8., 166.6 E.
New Hebredes Isl.
h about 60 km.
H 15 08 34.1

eL.Z" 16 09

6 adout 32,0N., 40.8 W.
N. Atlantic Ocean

h about/ 48 km.

7L H 01 /35 30.5
ePZ 01/41 25.14d
iPZ 26.6 ¢
eSE" 46 17
eSSEY 47 37

6 aout 58,4 N., 25.5W.
Sandwich Isl.
about 54 km.

 h
j\j\ H 08 41 17.8
eP!' Z

09 0 12

6 aout 26.9S., 177.1 W,
Kermadec Isl. ;
h about/50 km.
7& H 20 pl1 56.8

eP'Z 21 \fLOS S 3S
/ ePPSE"Y 21 46
eSSE" 28 26
eLZ" N 45. 6
W/

7 aout 4.8N., 127.8 E.
Molucca Passage
h about 33 km.
H 08 44 43.7

eP'Z 09 03 45

8 aout 52.1N., 170.5 W.
Fox Isl. Aleutian Isl.
h about 40 km.
H 10 54 56.3

ePZ 11 04 56

9 aout 22.4 5., 70.0 W.
N. Chile
h about 160 km.
H 00 21 10.7
iPZ 00 31 49.0d
9 aout 6.7N., 73.1W.
Colombia
h about 180 km.
\/\ H 04 21/ 55.4
iPZ 04 2 03.3¢
iZ 38.0
ipPZ 57.2
iPPPZ 31 48.3
eSN" N 35 52
9 aout 24.185., 66.5W.
Salta Prov. Argentina
h about 33 km.
H 06 19 51.4
iPZ 06 30 49.84d
iZ 31 34.5
eSE" 39 42
eScSE" 41 02

eSSSE" 47.5

9 aout 44.5S., 73.4W.
Near coast of S. Chile

h about 33 km.

H 17 24 48.5

ePZ 17 34 00.54d

10 aout 49.4 N., 27.9 W
N. Atlantic Ocean

/ h about /33 km.

‘/4_\ H 21 59,2
iPZ 21 /10 14.04
eSN™ 15 22
eSSN" 37, 20

eLLZ" i 17.6

11 aout Dominion Observatory
479 32'" N., 700 03" W.
about 10 miles W. of
Kamouraska, Que.

H 03 05 15.8
Mag. 4.1
P 03 06 13
i 47
S1 56
A 356 km.

11 aout 15.7 5., 172.9 W.
Tonga Isl. region
h about 157 km.
H 06 47 41.7
eLZ" 07 43

11 aout 25.2N., 123.3 E.
Off N. E. coast of Formosa
h about 140
H 08 15

>!\ eP'Z 08 34/03.7d
iSKSN"
e SKKSN"
eSN" 1
e SSN™" 9.6
eSSSN" ™\/54.3

12 aout 12.2N., 87.8 W.
Off W. coast of Nicaragua

h about 33 km.
H 05 13 33.1
iPZ 05 20 28.0d
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13 aout 21 N., 83.5 W.
about 300 miles N. W. of

Ec or
h about 33 km.
j H 06 56.0
iPZ 06 /44 03.3d
eZ! 46
PcP+PPZ!'/ 45 52
ePPPZ! 46 29
iSE" 50 34
eSSE" 53 52
iS¢SE" 54 10
iSSSE 54 56

13aout 14.6 N., 93.0 W.
Off coast of Chiapas, Mexico

h about 118 km.
H 10 09 24.9
iPZ 10 16 06.3d
eLZ" 26.5

Iiaout 49.9 S., 143.0 E.
About 300 miles N. of
Macquarie Isl.

eLZI
15 aout 54.6-N., 161.5 E.
Near E. coast of Kamchatka

h about 52 km.

H 08 19 37.8
iPZ 08 30 43.84d
eLZ" 59.0

15 aout 37.58., 73.6W.
Near coast of Central Chile
h about 33 km.
H 16 22 12.3
ePZ 16 33 10

17 aout 7.9 N., 71.4 W.

Venezuela
h about 17 km.
H 03 07 46.7

ePZ 03 k5 03.0¢

17 aout 31.6 S., 67.7 W.
San Juan Prov. Argentina
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|y ‘about 33 km.
HY <L el 08 V238G
iPZ 03 35 23.6¢
iZ 29.:5
17 aout 10.6 N., 12).6 E.
anay region, Philippines Isl

h about 33 km

H 5 04 31.5
eP'7Z 23 25.7c¢
epPZ 39.7
ePPZ 25 06

e SSN" 41 42
eL&‘ 54

17 aout 4.7 S., 79.4 W.
Peru-Ecuador border

h about 96 km.

H 07 26 33.4
iPZ 07 35 20.3d
ipPZ 47,2
isPZ 56.3
iz, 04, 6

1B aout 37.0N., 32.5E.

Turkey
h about 33 km,
H 04 28 56,1
iPZ 04 40 31l.2¢c
18 aout 3.58:; 150,56 E
New Ireland
h about 19 km.
H 05 42 02.8
eLLZ" 06 49
18 aout 0.8 N., 82.3 W,
Off coast of Ecuador
h about 33 km.
H 06 59° 33.2
ePZ 07 07 55.0

18 aout 62.3 N., 152.5
Cen,t’ral Alaska
[ h about/32 km.

H 3 54.3
\’L\\/ ePZ 16.7d

ipPZ 27.0

iPcPZ 56,0

iPPZ v
eSZ" 59 02

18 aout

eSS
"
eScS}N

h

H

ePZ
e

iPcPZ

iPPZ

iPPPZ

e SN!'

ePSN!

es L1
eZ"

18 gont 7.38.,
Solomon Isl.
h
H
eLLZ"

19 aout 19.9 S.,

Bolivia
h
H
iPZ
ipPZ

19 aout 44.6 N.

, 81.7

17 02 20

62.3 N., 152.5 W,
Central Alaska

aboulf/{z km.
17 6 14.
17 /54 36,
37

56N 15
28

57+ 13
8 020
31

04 34
05 10

o~ = O

156.1 E.

about 60 km,
22 49 47.5
23 49.8

66.9W.

about 240 km.

00 23 03.9

00 33 21.8d
34 21.0

N.W. Sinkiang Prpv.

iPZ
ipPZ
iPPZ
iSKSN"!
iSN"

b

abopnt 33 km.
38.6

39 25.1d
36.1

42 57

49 47

50 04

51 04

55 44

19 17.3

27 sec. 54 micr.

19 aout 26.6 S.,

69.8 W.

Near coast of N. Chile

h
Vo
B
ipPZ
iZ
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abotit 51 km.

2 12 50.4
3 24 10,7d

28.6

31.3

iPcPZ /

26 58
iSN" / 33 28
eLN" 47.5

~

\,
20 aout 74.4 N., 51.2 E,

Novaya Zemlya (Nuclear

Explosion)
h about 0 km.
H 09 02 14.5
eLZ" 09 27.0

20 acout 31.1N., 114.1 W,
Gulf of California

h about 14 km.
H 10 43 23.2
ePZ 100 50 12
ePPZ 51 34
eSSSN" 58.3

iNm 01 45
iz" 04 25

20 aout 12,4 S., 112.1 E.
340 miles S. of Java
h about 87 km.
H 12: 58 24.1]
iP'Z 1317 58:74d

20 aout 13.9 N., 92.9 W.
Off coast of Chiapas, Mexico

h about 33 km.
H 13 14 59.2
elZ" 131 32

20 aout 14.7 S., 166.6 E.
New Hebrides Isl.
h about 52 km.
H 23 18 139.8
elLZ" 00 19

21 aout 41.3 N., 127.1 W.
Off coast of N, California

h about 33 km.
H 02 12 42.0
eLLZ" 028 33

2] aout 62.4 N., 152.6 W.
Central Alaska

h about 42 km.

H 17 30 14.0
iPZ 17 38 35.0d
elLZ" 57
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21 aout 41.5 N., 15 .4E.
‘/' Italy
h about 36 km.
V = 8 09 06.8
ePZ L 18 19 20d

21 aout 41.4 N., 15.5 E,

Italy
h about 34'km.
/ H 18 33.3
>< e(P)Z 18 9 48
. ePcPZ 33
ePPZ 32 06
eSN!" 38 06
ePSZ" 18
eScSN" 39 57
jzn 45 16

Easter Isl. region

A il about 33 km,
/ P{ H 21 50. 3
iPZ 21 10.54d
ePPZ" 34
ePPPZ" 26
iSE" 32 34
ePSN" 33 20
eSSN" 37 58
eSSSN" 41 22
eGN"| 41 17
22 aout 28.6 5., 176.7W.
Kermadec Isl.
h about 56 km.
H 05 29 26.6
elLLZM 06 36
22 aout 20.3S., 177.8W.
Fiji Isl.
h about 55 k.
H 09 12 49.7
eZ" 09 27
22 aout 28.6 S., 176.7W.
Karmadec Isl. region
h about 56 km.
H 12 05 54.9

eLLZ" 13 21

23 aout 62.2 N., 152.8 W.
Central Alaska
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h about 25 km.

H 12 46 22.7
iPZ 12 54 46.24d
elLZ" 13 11

23 aout 22,9 N., 120.8 E.
Near S. coast of Formosa

h about 17 km.
H 15 29 46.6
eLZ" 16 35

23 aout 41.8N., 124.1
Del Norte County,
h abo

H 19/ 29

ePZ 19 36

J ePPZ" 37
eSE 41

24 aout iPZ 06 20

24 aout 15.08S., 173.3
Samoa Isl region

alifornia

33 km.

16.0
15,2
44
51

06.54d

h aboyt 33 km.

\ﬂ\ H 09/ 04 22.9
eSKSE" 32124
eSSE"\’ 38 32

25 aout 44,4 N., 148 7 E.
Kurile Isl.

h about 80 km.
H 02 29 04.9
iPZ 02 41 23.0d

25 aout 20.5S., 178.5 W.

Fiji Isl.
h about 561 km.
\}\ H 08 31 48.7
eP'Z 08 /49 25
/  ePPZM /50 32
vV  ePPPzv / 53 24
eSKSE" 55 20
e 57 31
eSPZ! 59 21
ePS 00 28
es 01 16
e 05 50
e8SSN" 09 07
25 aout iPZ 09 00 164

26 aout 34.0N., 139.2 E,
Near E, coast of Honshu,

26 aout 36.5N., 1.6 E,
Near coast of Algeria
h about 15 km,
H 16 30 47.0
iPZ 16 40 22,5d

26 aout 3.7 S., 140.1 E.
ew Guinea

h aboyt 50 km.
H 30 38.0
eP'Z 49 40
ePPZ 51 b5
eSSN™ 09.5
elZ" 31

27 aout 40.2 N., 137.8 E.
Sea of Japan
h about 274 km.
Y. H 02 18/ 58.8
iPZ 02 3)1 29.3d

27 aout 74.7 N., 50,3 E.
Novaya Zemlya (Nuclear

Explosion)
h about 0 km.
H 09 00 50.9
elLzZ" 09 22.8
27 aout 27.1N., 127.4 E.
Ryukyu, Isl
h about 33 km,
H 15 1% 5659

eLZ" 16 11

27 aput 38.3 N., 142.4 E.

Off E. coast of Honshu, Japan

h about 40 km,
p e - 16 20, 04.7
iPZ 16 3% 02.64d
iz 11.6
iz _ 28.9
eLz" 17V 05.5

=08~

2T aout 06.0'S., 149.5 E
New Britain region

h about 48 km.
H 23 28 45
el.zn 00 28.5

28 aout 18.6 N., 105.8 W.
Off Coast of Mexico

mtional From the ISC collection scanned by SISMOS

Seismological
Centre

Fiji Isl,
h about 582 km.
H 19 41 03.9

el.Z2" 21 06

29 aout 34,1 N., 139.1E,
I\}ear E. coast of Honshu,

h about 33 km. / h

H 08 20 31.5 X H

ePZ 08 27 45.74d ePZ

ePPZ 29 15 elLZ"

eSN" 33 46

eLGZ" 39.1 30 acut 17.4 S., 69.8 W,

28 aout 34.2N., 139.3 E.
Near E. coast of Honshu

A

28 aout 38.0N., 23.1E.
Greece

iPPZ 26
iSN" 19 41
isSZ" 20 18
eScSE! 235 XX
eSSE" 24 54
eS 27 48
28 aout eLZ! 1 i 7

29 aout 18.0N. 103.3 W,
Near coast of Mexico

h about 33 km.
H 08850 32,0
iPZ 08 57 41.3¢

29 aout 8.0 S., 73.6 W.

Peru-Brazil border

h about 165 km.
H 12 23 20.8
iPZ 12« 33 12.24d

29 aout 19.4 8., 178.1 W.

Japan,”
about 38 ?!h
08 13 2.4

ePZ 08 gbb‘/ 38.3 ¢

58.5

iPZ 48.1 ¢
ipPZ! 10
isPZ! 17

S. Peru
h about 145 km.
H 06 22 27.6
iPZ 06 32 39,54

30 aout 41.8N., 111.8
Utah-Idaho border

h 37 k.
H 28.7
ePZ 13.34d
ePPZ" 03
eSE" 56
s AL o 14
iMZ"L/ 52.0

2 sec 134 micr,

30 aout 21.2 8., 174.4 W.

Tonga Isl
h aboyf 33 km.
/- H L 519
)( eZM" 46 5)
eSSE" 53.0
eLZ"-\] 03

31 aout 15.38., 177.2 W.
Fiji Isl. region

h about 59 km.
H 09 00 04.8
eLLZ" 09 52

31 aout 15.4 8., 177.3 W/
Fiji Isl region

h about 60 km.

H 10

eSSE" 1)

eLZ! l\/
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31 aout 51.3N., 179.7 W.
Rat Isl Aleutian Is)

h about 26 km.
H 17/ 02 43.4
% iPZ 13 18.0 c
iPcPZ 54
eSE" 21 54
eSSE" 26 16
eSSSE" 29 12
elLGZ" 36

eM‘Z\; 43, 4
6 sec 105 micr

31 aout 51.2N., 179.9YW.
Rat Isl. Aleutian Isl.
h about 43 km.

\b[ H 17/ 56 08.9
/ ePZ \1 06 48

1 sept . .
Rat Isl. Aleutian/Isl.
h ut 25 km.
H 46 05.0
ﬁL ePZ 56 39.4c
ePcPZ 87 15.°5
eSE" 05 16
eSSE" 09 40
e§SS 12 36
1sept 51.1N., 180.0
Rat Isl. Aleutian Isl.
h about 33 km.
H 03 58 21.5
ePZ 04 08 57
1sept 51.3N., 179.9 W.
Rat Isl. Aleutian Isl.
h about km
'/.K H 04 4 41.5
iPZ 04 14.8d
l1sept 15.9S., 168.2

New Hebrides Isl.
44 km.

h about
H 04 2 14.5
eP'Z 05 /10 37.0c¢

ePPZ 12 08

1sept 51.3N., 179.9 W.
Rat Isl. Aleutian Isl.
h about 42 km.

/)

1 sept

1 sept

H 07

ePZ 08

eSE"

eEll

eSSE"

eSSSE"

25,8 N., 65.3 E.
Near coast of W. Pakistan

h about 46 km.

H 15 01 04.6

eL.ZN! 15 50

B &, X5,

35.63 N., 49.87 E.

Iran (12403 morts, plus de
25, 000 habitations détruites

9 km

39.9+
1.4

11.8 ¢

22.5

32

34

40

36

08

40 sec 400 micr.

1 sept 35.3 N., .49.6 E,

N.W. Iran
h about 33 km.
H 200 27 3752
ePZ 20 40 09 c
2sept 51.3N., 179.8W.
Rat Isl. Aleutian Isl.
h about 26 km.
H 03 02 29.3
ePZ 03 13 03
eLZ" 36
2 sept 27.5N., 127.0 E,
Ryukyu Isl.
h about 58 km.
H 05 33 05.4
eLLZ" 06 29
2sept 10.28S., 120.3E.,
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Soemba Isl. region .

h about 33/km.
G |
eP'Z
eSSE"
eLLZ"
2sept 22.48., 68.1W,

Chile-Bolivia border
h about 170 km.
H T6rok3 . 18,1
iPZ 16 24 00.54d

2sept 38.585,, 179.8 W.
Off coast of North Isl. New
Zealand
h about 33 km.
H 20 16 41,7

eLZ" 21 16

3 sept eLZ" 04 49
4 sept eLZ" 04 22.5
4 sept eLZ" 14 09.0
4 sept 15.0N. 91.7 W.

Mexico-CGuatemala boy¥der

h about 217 km.
H 15 42. 4
iPZ 15 07.6 ¢

ipPZ 47.3

41.0N. 124.0 W,

4 sept 24,0 N. 46.4 W:
N. Atlantic Ocean

h about 39 km.

H 21 46 00.7
iPZ 21 52 14.7 ¢
eLz" 22 00.4

4 sept 39.9N., 44.2E.,
Turkey-Armenia, S.S.R.
border
h about 33 km.

MUOMI From the ISC collection scanned by SISMOS

Seismological
Centre

H 22 59 19.4

el Z" 23" 32
5sept 6.6N. 73.4 W.

Colombia

h about 200 km.

H 06 39 16.9

ePZ 06 46 22
S5'sept i 52, TN., 159.1E.,

Near E. coast of Kamchatka

h about 101 km.
H 08 35 56.3
ePZ 08 47 11.3
5sept 40.7N., 112.0W.
Utah
h about 14 km.
H 16 04 29.0
elLLZ" 16 19
6 sept 31.18S., 72.0 W.
Near coast of Central Chile
h about 33 km.
H 06 47 25.3
ePZ 06 59 05.6
6 sept 21.28S. 174.5 W.
Tonga Isl. region
h about 110 km.
H 10 49 00.7
eLzZ" 11 34
6 sept 4.05S., 126.4 E.
Ceram Sea
h about 33 km.
H 11 10 50.3

eL2Z" Y2 15

6 sept 14.3N., 90.7 W.
Near coast of Guatemala
h about 160 km.
H 135539 | 1152
elLLZ" 13 56
6 sept 34.5N., 139.7E.,
Near E. Coast of Honshu,
Japan
h about 33 km.
H 17 38 41.4
eLLz" 18 24
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7 sept 6.38S. 130.0 E.
Banda Sea region
h about 180 km.
X H 07 41 51.0
i iP'Z 08 0 54,1d

10 sept

iPPZ 04, 07.9
Vv
7 sept 39.7N., 78.2 W.
Western Maryland
h about 38 km.
H 14 00 45.9
iZ 14 04 09.7d
8 sept eLZ" 06 16
8 sept 22.45., 171.5 E
Loyalty Isl. region
h about 76 km.
H 07 27 06.7
eLLZ" 08 25.5
8 sept T73.7N., 53.8 E.
Novaya Zemlya (Nuclear
Explosion)
h about 0 km.
H 10 '¥e 87.%

ePZ 10 27 38.6
eLZ" 11 45

8 sept. 16.9 N., 60.9 W.
Leeward Isl. region
h about 83 km.
H 13 03 34.7
eLZ" 13 18.0
9 sept 15.68S., 73.4W.
/Peru _
/ h about' 98 km.
\/ H 03 /21 55.5
\]!\ iPZ 03/ 31 58.8d
ipPZ / 32 25.1
isPZ / 34.9
iPcPZ \.f 46,0
9 sept 41.6N., 111.8 W,
Utah-Idaho border
h about 37 km.
H 14 38 13.0
eLLZ" 15 01
9 sept 14.0N., 8.5W.
-102-

9 sept
Alaska

10 sept

10 sept

10 sept
Nicaragua

El Salvador

h about 89 km.
H 14 45 44,5
iPZ 14 52 23.6d
62.4 N., 152.4 W.
h about 57 km.
H 19 12 37.1
iPZ 19 20 56.64d
eLLZ" 35
35.0N.; 27.1 E.
Dodecanese Isl.
h about 33 km.
H 09 6 24.3
iPZ 09 /47 51.3d
ipPZ 48 01,1
eSN" b7 22
elLZ" 10 06
2318, 179:.2'W.
Isl.
h about 640 km,
H 15 43/ 59.4
iP'Z 16 0 30.3
ePPZ" 2 44
ePPPZ" 48
eSN" 09 39
eSPZ" 13 36
ePSZ" 12 48
esSPZ" 15 22
e SSN" 17 02
eSSSE" 21 48
19.5 8., 173.6 W.
Tonga Isl. region
h about 33 km.
H 17 49 16.1
eLZ" 18 44
13.6 5., 111.6 W. l
Pacific Ocean
h about 33 km.
H 20 07 56.5
ePZ 20 19 o1
elLZ" 42
12.3 N., 86.7W.
h about 178 km.

!

H 21 52 26.6
iPZ 21 59 02.5c¢
ipPZ 41

11 sept 15.2 8., 173.4 W.,
Samoa Isl region
h about 33 km.
H 02 24 22.9
eLLZ" 03 22
11 sept eLZ" 04 45
12 sept 7.08S., 12.4 W,
Ascension Isl. region
h about 33 km.
H 04 50 14.3
eLZ" 05 25

12 sept 23.1S., 68.8W.

N. Chile
h about 150 km.
H 12 28 16,3
iPZ 12 39 03.04
iPcPZ 30.1
ipPZ 42.0

12 sept 4.4 5., 145.4 E.
Near N coast of New Guinea

h about 32 km.
H 18 18 42.9
eLLZ" 19 X7.5
12 sept 36.5N., ¢9.2 E.
Hindu Kush
h about 50 km.
H 20 57 00.4
7L ePZ" 21 Y0 04
ePPZ 13 43
ePPPZ" 15 45
e SKSN" 2032
eSN" 58
ePSN" 22 08
ispz" 16
M 50.3

16 sec 62 micr.

12 sept 7.3 8., 13.3 W,
Ascension Isl. region

h about 33 km.
H 23 58 46.8
el.Z" 00 33

@lwona\ From the ISC collection scanned by SISMOS

Seismological
Centre

13 gept 21.3:8., 174. 7 W.

Tonga Isl
h about 33 km.
H 05 02 22.8
eLzZ" 06 48

13 sept 47.7 N., 157.0 E.

Kurile Isl.
h about 31 km.
H 08 07 49.2
ePZ 08 19 39.34d

13 sept 25.6 N., 109.6 W.
Gulf of California
h about 33 km.
H 13 59 06.2
elLzZ" 14 18

13 sept 11.6 N., 61.3 W.
N. of Trinidad &

%E

5 02.0

ePZ 55
elLZ"

14 sept eLZ" 14 15.0

14 sept 17.9 8., 176.5 E.

Fiji Isl.

h about 33 km.
H 15 52 41.2
eLLZ" 16 49

15 sept 74.4 N., 51.5 E.
Novaya Zemlya (Nuclear

Explosion)
h about 0 km.
H 08 02 13.9
eLZ" 08 29.0

15 sept 20.4 S., 68.1 W.
S. Bolivia

h about 33 km.
H 11 18 23.0
ePZ 1~ 297 35

15 sept 48.5 N., 156.8 E.

Kurile Isl.

h about 323 km.
H 22 46. 3
iPZ 23 2 33.8¢

N
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iz 40.0
iZ 52.4
~_ ippz 05 28
ePPPZ" 07 18
iszn 12 09
eSSE" 17 22

16 sépt 19.3N., 103.1 W.
/Jalisco, Mexico
about 100 km.

' h
\/{H 03 g5 33.0
)

iPZ 03 23.2 ¢
ipPZ 43.7
isPZ 53.7
isPPZ 14 18

iZ 50
eSSZ! 20 44

16 sept T74.2N., 51.6 E
Novaya Zemlya (Nuclear

Explosion)
h about 0 km.
H 10 59 10.5

eLLZ" 11 16.5

16 sept 16.7N., 94.2 E,
Near coast of Burma
h about 33 km.
H 19 06 29.2
eLLZ" 20 12 23.0¢

17 sept 64.3N., 149.3 W.

Alaska
h about 63 km.
H 01 10 ..18.7
iPZ 01 18

18 sept 7.5 N., 82.3 W.
'S. of Panama

' h about 33 km.
‘/ H 00 05.2
\L ePZ 00 A6 25.5

/ ipPZ 38.1
iZ 37 06.0

iPPZ \/ 38 08.3

iPPPZ

iPcPZ
iSE"
iSSE"

MZN

32 sec|490 raicr.

18 sept 7.3 N., 82.4 W.
S. of Panama

h about 4} km.
] H 05" i1 3745
ePZ 05. 2 02
0

eLZ"

18 sept 2.3 N., 126.9 E.
Molucca Passage
h about 33 km.
H 06 10 . 2643
eLZ" 07 20

18 sept 73.2N., 54.7 E.
Novaya Zemlya (Nuclear

(Explosion)
h about 0 km.
H 08 29 02.7

eLZ" 08 56

18 sept 21.0S., 169.9 E.
New Hebrides Isl.
h about 81 km.
H 20 ‘11 47.5
eLLZ" 21’ 10

18 sept 14.8 5., 178.1 W,

Fiji Isl.
h about 526 km.
H 21 47 30.9

eLZ" 22 39

19 sept 52.3 N., 171.4 W.
Andreanof Isl. Aleutian Isl.
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19 sept 73.3N., 53.8 E.
Novaya Zemlya (Nuclear

Explosion)
h about 0 km.
H 11 00 56.4
eLZ" 11 27.4
19 sept eLZ" 15 19

20 sept 15.58., 76.1 W,
Near coast of S. Peru

h about 33 km.
H 09: 25 . 267
ePZ 09 35 36

21 sept eLZ" 08 33

22 sept 26.5N., 97.0 E.

. Burma
/N h about 33 s
o OH 06 5 32. 3
% eSKSN" 07 .5
e SSN! 5.5
22 sept eLzZ" 16 10

23 sept 14.7N., 45.1 W.
N. Atlantic Ocean

h about 33 km.
H: 11 49 53,5
elLZ" 12 08

23 sept 14.7N. 45.1W.
N. Atlantic Ocean
: h about 32/km.
?K H 12 0 34,7
ePZ 1203 01
V

23 sept 60.1N., 151.2 W.
Kenai Penin.,, Alaska

y L about 86 km.
N H 15/ 50 46.4
iPZ 15 59 04.0d

24 sept 42.8 N.\.’ 145. 3 E.
Near E. coast of Hokkaido,

Jap
h about 33 :
N H 14 38 A1.7

iPZ 14 50
eSE" 15

anal From the ISC collection scanned by SISMOS

Seismological
Centre

eLLZ" 15.5

25 sept 55.6S., 124.3 W.

S. Pacific Ocean
T about

H 00 14. 6
eSSE" 00 5.5
eLE" 6.8

25 sept 73.7TN., 55.0 E.
Novaya Zemlya (Nuclear

Explosion)
h about 0 km.
H Y3 .0xE 3317
e L Z" 13 28.5

26 sept 46.5N., 153.0 E.

Kurile Isl.
h about 51 km.
H 02°°53 '29.9

ePZ 03 05 45

26 sept 27.5 8., 176.4 W.
Kermadec Isl. region
h about 33 km.
H 12 44 48.9
ez 13 43

27 sept 31.2S., 67.9 W,
San Juan Prov. Argentina

h about 71 km.
H 06 48 45,8
iPZ 07 00 31.24d

27 sept 47.4S., 34.3 E,
Prince Edward Isl. region
h about 33 km.
H 06 53 30.0
eLZ" 07 54

27 sept 17.9 S., 64.9 W.
Central Bolivia

h about 120 km.
H 07 50 28.3
ePZ 08 00 59
ipPZ 01 31

27 sept 74. 3 N., 52.4 E.
Novaya Zemlya (Nuclear
Explosion)
h about 0 km,
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H 08 03
eLZ" 29

16. 4

27 sept 42.3N., 142.3 E.
Hokkaido, Japan "

Ly o about /47 km.
J~ H 09 8 24.9
iPZ 09 /31 06.14d

27 sept 4.0 8., 151. 2 E.
New Ireland region
h about 51 km.
H 18 26 52,5
eLLZ" 19 30

28 sept 5.2 N., 76.2 W.
W. Colombia
h about 127 km.
bl 1 H 18 56 /08.7

VJ ™~ iPZ 19 03 /34.8¢
ipP Z" 03/ 58
ispPZ" 04 13
VAL 05 30
eSE" pg 38
eSSE" \/_.fl 2 39

28 sept 13.86S., 76.7TW.
Near coast of Central Peru
h about 61 km.
H 22 14 52.7
iPZ 22 24 48d

29 sept 20.0 5., 68.0 W.
S. Bolivia

h about 26 km.
H 05 21 49.6
iPZ 05 32 34,1

29 sept 27.08S., 63.6W.

Santiago Del Estero Prov.
f Argentina
h about 575/km.

o 15 17 /47.7

WV ipz 15 28/ 19.4d

|~ iPcPZ! / 34
ipPZ 20.1
iPPZ 1 11.6
iSN 37 03.6
iScSN 07.7
iSPZ 30
isSE" 40 30
izn 46 07

30 sept. 5.2 S., 152.7TE
New Britain region
h about 33 km
H 10 46 10.3
iP'Z 11 07 05.34d

30 sept. 18. 6 N., 120.9 E.
Near N. coast of Luzon,

Philippines
h about 51 km.
H 21. 57 . 24.8
eLZ" 23 02

/

loct. 47.3N., 15L.5E./

urile Isl.
f h about 127 km.
71\ H 09 53/ 32.9

iPZ 10 05 26.0d
eLZ" ’\/5‘7

1 oct. 27.9 N., 54.9 E.

. Iran
) about 16 :
Y H 12 13 /57.4

iPZ 12 27/ 12.54d
eLZ 13 F
2 oct. eLZ" 23 20
2 oct. Dominion Observatory
H 23 45 32.3
iP1Z 23 45 652
is 46 07
A 123 km Mag 3.2
3 oct. 40.6 N., 29.7 W.

Azores region

h about 33 km.

% H %El;i 22.5
' eLZ" 01/°32.4

3 oct. 57.58., 26.TW.
Sandwich Isl.

h about 33 km.
H 18 48 52
eLLZ" 1952

4 oct. eLLZ" 00 13.0

4 oct. 40.4 N., 29.5W.

Azores region

h about 33 km.
H 04 42 05.8
elLZ" 04 57.0

4 oct. eLLZ" 06 13.0
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@twona\ From the ISC collection scanned by SISMOS

4 oct. 40.9 N., 29.7 W.
Azores region
h about 33 km.
H 13 23 34.4
eLZ" 13 38.5
4 oct. eLLZ" 19 06.5
4 oct. 3808 N., 2200 E.
reece 4
h about’38 km.
H 19 /46 10.1
ePZ 19/ 57 06
eLZ" 2 25
4 oct. 4,1N., 76,2 W,
Central Colombia
h about 67 km,
H 22 47 235.5
iPZ 227 P55 16:0c
eLLZ" 23 2545
5 oct. 40.2 N., 29.5 W,
Azores region
h about 33 km.
H 04 14 39.1
eLLZ" 04 30.3
5 oct. 40.7N., 29.8W.
Azores region
h about 33 km.
H 08 39 32.2
eLZ" 08 55
6 oct. 40.8 N., 29.5W,.,
Azores region
about 33
[ H 03 17 /07.2
ePZ 03 23/ 37
eLLZ" \3_ .6
6 oct. 40.5N., 29.5W.
Azores regioun r
h bouf 33 km.
H 0 54 58.3
eLZ" 04 /087
6 oct. 17.4 8., 167.7 E.

New Hebrides Isl.

h about 33
;/( 5
eP'Z

04 42/ 20

04 23 /24.1

-107-

Seismological

Centre
ePPZ" 43 50
eSKSE" 49 16
eSKKSE" 50 54
ePSE" 53 44
eSS 00.5
eSSS 04.9

6 oct. 17.4 S., 167.9 E.

New Hebrides Isl.

h about 33 km.
H 07 56 20.4
elLZV 08 54

6 oct. 17.4 S., 167.8 E.
New Hebrides Isl.

h about 17 km.
H 11 59 42.3
eLLZ" 12 03.4

6 oct. 17.6 S., 168.0 E.
New Hebrides Isl.
h about 33 km.
H 18 01 05.4
elLZ" 19 04.5

6 oct, 17.5 8., 167.6 E.

ew Hebrides Isl.

R about 42 km.
)k H 27.17
eP'Z 17
ePSE" 01 48

8 oc 24,3 N., 121.7T E.
Near E. coast of Formosa
h about 29 km.
Y H 210561 .22.2
i eP!'Z" 22 1 18
e SKSN" 10" 30
elN" 22 24
eN" \/ 24 42
9 oct. 3.2S5., 148.2 E.
Bismark Sea
h about 33 km.
H 20 14 38.3

eLZ" 21 01

10 oct. 8.9 S., 110.3 E.
Off S. coast of Java

h about 33 km.
H 13 33 10.3
iP'Z 13 52 40.5d




10oect. 34.9 8., 70,1 W,
Mendoza Prov. Argentina
h about 137 km.
H 20/ 53 34.5

ePZ 21. 05 31. 3¢

10066  15.1.8., 473.3 W2
Samoa Isl. region
h about 33 km.
H 21 52 36.8
elLZ" 22 42
11 oct, 1.4 8S., 80,6 W.
Near coast of Central Ecuador
h about 33 km.
H 06 22 45.9
iPZ 06 31 15.4c
12 oct. 20.4 S., 68.9 W.
N. Chile
h about 139 km.
H 07 56 08.4
iPZ 08 06 39.0d
ipPZ 07 07.0
13 oct. 35.5N., 49.8 E,
N.W. Iran
h about 33 km.
H 10:223 .38.2
elLZ" 150 E S0
13 oct. 12.6.8.; 166.6 E.
Santa Cruz Isl.
h about 33 km.
H 18 47 44.5
eLLZ" 18 48

16 fct 51.6N., 175.8 W.
Near Isl., Aleutian/Isl.
h about/27 km.
H 18 24 032,19
N~ iPZ 12 54.54d
ePPZ 154117
eSE" 2] 7 15
eSSSH" 28.4
eLGE" 30
18 oct. 8.9S., 117.0 E
Sumbawa
h about/ 33 km.
H 04 6 00.4
N ip'z 04\) 25 27.3d

18 oct.
Kurile Isl.

SR,

46.5 N.

» 149.6 E.

about 140 km.
08 40 Boh
Q8.+ 52 /55

» FBEYW.

about 179 km.
19 49 59.2
19 56 52.44d

18 oct. 16.2 N,
Chiapas Mexico
h
H
iPZ
1976et.) 31.0 8.

, 69.4 W,

about 120 km.,

/San Juan Prov., Argentina
h

H 04 13 ,03.6
iPZ 04 24/ 40,5 ¢
ipPZ 25 10.0
19 oct. 18.9 S., 66.0 W.
Bolivia
h about 211 km.
H 14 44 56.2
ePZ Fd asb 8 23
19 oct. 19.8 N., 108.3 W.

Off W. coast of Jalisco,

h

H
ePZ
elLZ"

20'cct. 6.7'5.,
Banda Sea

VAR

21 oct. 61.1 N.

Mexico
about 53 km.
21 21 48.8
21 29 05

43

130.'1°E.
about A67 km.

05 0 42,2
05 /49 46

,\'149. 7w,

Vicinity Anchorage, Alaska

h

SL H
ePZ
iPcPZ
eSN"
eSSN"

22 0ct. 3,48,

Bismark Sea

h
H
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about 80 km.

02 05 22.7

02 )3 3233
15 10
20 32
23 36

145 3 E.

about 36 km,
04 34 38.9

eLZ" 05 34

22 oct. T73.4N., 54.9 E.
Novaya Zemlya
(Nuclear Explosion)

h about 0 km.
H 09 06 10.1
eLZ" 09 33

22 oct. 49.8 N., 155.8 E,
N._ Kurile Isl

h about 19
1 H 15 23 /32.9
: ePZ 15 18

ipPZ 21. 8
GBS it |
23 0ct, 9.5 N., 73.3W.
N. Central Venezuela
h about 33 km.
H 09 02 ©02.2
iPZ 09 09 04.4¢

24 oct. 19.4 N., 108.2 W,
Off coast of Jalisco, Mexico
h about 33 km.
H 06 24 16.3

ePZ 06 31 49

25 0ct. 3.0 N,, 126,7 E,
Molucca Passage
J ik about 33

34 / 14. 6

\ H 09
eP!'Z 09 19.0d
elLZ" 10

25 oct. 8.4 N., 82.5W.
Panama - Costa Rica border
' h about 51 km.
\/. H 15 52 ek

jﬁ iPZ 15 59 /43.3
ePPZ" 16 01/ 18
eSN" 30
eSSE" . 04
eSSSE" v 40

25 0ct. 61.4S., 154.9 E.

S.W. of Macquarie Isl

'l/' h about 33
|

| S 6 20 06/ 10.0
eP'Z 20 51.5d
eSSE" 4

@mnal From the ISC collection scanned by SISMOS
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eSSSN" 54,0

26 oct. 121778, , 167. 5. E;
New Hebrides Isl.
ﬂ\ h about km.
H 07 25.8
eP'Z 07 9 18.5 ¢
eSSN" \ 57.6
26 oct. ePZ 100533 ,.26
26 oct. 23.7N., 27.9 E.
Mediterranean Sea
. about 33/km.
Y H 11 26/ 12.4
ePZ 11 " 47.0d

26 oct 55.58., 26.5W.
Sandwich Isl.
h about 33 km.
H 15 58 34.8
elLLZ" 16 55

27 oct. 14.0 N., 90.4 W.
Guatemala - El Salvador
border
h about 107 km.
H 10 08 24.5
iPZ 10 17 05.44d
&7 20..5

27 oct. 11.5N., 86,4 W.
Near W. coast of Nicaragua

h km.
/ \(f H AR e
! iPZ 42.8 ¢
ipPZ 05.0
eLzZ" .5
28 oct. 0,1N., 123.6 E.
N. Celebes
h about 61 km.
H 16" =0l 37 0
1iP'\Z 15 19 26 ¢
28 gét. 16.0 N., 93.6 W.
Chiapas, Mexico 3
/ h about 110 km.
% H 22 01.3
ePZ 22 9 37d

el.ZM 23V 09.5



29 oct. 7.1 N., 82.6 W,
Off S coast of Panama
/ about 21
00 19

1PZ 00 27/ 07.84d
ipPZ 16. 2
iPPPZ 16

29 oct. 13.0N., 88.4W.
Near coast of El Salvador

h about 43 km.
H 10 53 29.9
iPZ 11 00 19.9c¢

30 oct. 12.5N., 88.0 W,
‘Off W. coast of Nicaragua

about 80 kJ}‘)
\f\ H 08 31 /1. 8
iPZ 08 38 /38.8
eSN" 44/1
30 oct. 26.6 N., 93.3 E.
E. India
h about 33 km.
H Y6513 #125.6
eLLZ" 17 07

31 oct. 5.h N., 82.6 W.

/' S. of Panama
\/ h about 33 km.
H 11 32 /29.0

\L ePZ 11 40 /05.5
iPZ 06.7d
ipPZ 19. 6
iPPZ 42.5
iPPPZ 2 10.5
iz 31.0
eSN! 46 16

eSSE" \/;‘ 49 04

1 nov. 1.58., 77.8 W.

Ecuador
h about 181 lkm.
H 11 31 48.7
iPZ 11 40 02.5 ¢
1 nov. 43.9N., 145.2 E.
Kurile Isl.
h about 131 km.
H 23 20 59.6
iPZ 23 33 24.0c
ipPZ 52.5
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2 nov. 10.0 S., 117.8 E.
S. of Sumbawa

, h about 33 km.
™ n 14 46 39.2
eP'Z 15 6 11

eLZ" \ pil

3 nov. 675 104.7W.
S.W. of Galapagos Isl.

h about 33 km.

H 01 35 10.6

ePZ 01 45 09.7

4 nov. 43,2 8., 715.6 W,
Off coast of S. Chile

6 nov. 28.0 N., 55.6 E.
S. Iran
h about 33 km
H 00 09 47.2
eLZ" 55,5

6 noy. 45.8N., 122.5W.
ashington - Oregon border

i h about km.

~u 03 36 46.9

ePZ 03 3 38«
eSSN! 51.5

7 nov. 20.08., 169.5E.
Loyalty Isl.
h about 91 km
H 11 44 37.3
eLZ" 13 09

7 nov. 7.85., 119.8 E.
Flores Sea
h about 156 km.
r’ H 16 03 04.1
eP'Z 16 y22: 11

8 nov. 15.1 8., 75.6 W.
Near coast of S. Peru

h about 33 km.
H 00 02 08.6
iPZ 00 12 16.6¢c

8 nov. 4.48S., 105.5W.

1700 k. S.W. of Galapagos

Isl.
¢ v about 33 2
A H

ePZ 00 42/ 59 c

eS
eSS
9 ndv. 33.4 N., 47.2 E.
Iraq - Iran border region
h 3 km.
H 02. 1
ePZ 36d
9 no 35.8 N., 140.3 E.
ear E. coast of Ho shu,
about
ba 30 8
PZ 34 44
10 nov. 43.8 N., 14’?.2 E.
Kurile Isl
/ h about 6
s EEE 19 0
iPZ 43,8 ¢
ipPZ 08
10 nov. ePZ 19, 12 .07

11 npv. 55.8N,, 113.1 E.
Lake Baikal region U

h about km.
7( H 11 44,5
iPZ 53.7 4
elLZ"
11 nov. 12.9 S., 166.5 E

anta Cruz Isl.

11 nov. 48.9 N., 128.8 W.
Vancouver Isl, region

h about 33 km.
H 21 045 20.5
ePZ 2L. 52 .28

S oy, s 43.2:8, ,. 76, 0:W,
7‘\0ff coast of S. Chile
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13 nov. 42.0N., .
Off coast of Hokkaido,
Japan
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12 nov. 51.,5N., 178.4 W.
Andreanof Isl. Aleutian Isl.
h about 57 km.
H 19 32 38.0
elZ" 20 01

141.9 E.

- Japan
\/\ h about &1 km.
08 54 39.1

ePZ 09 /07 20.0

14 nov. 35.7 N., 140 8. E.
Central Honshu, Japan
/ i about 6 ¢
H 07 4 05.5

ePZ 08 15d

14 nov. 20.3 N., 45.9 W.
N. Atlantic Ocean
h about 33 km.
H 16 11 08.4
elLZ" 16 27

l4 nov. 0.38., 93.2 E.
N. Celebes
h about 92 km.

% H 21y 95 16.1
eP!'Z 22 19
37 \ 2 13

15nov. 8.78S., 79.8 W.
Near coast of N. Peru

h about 45/ km.

K H Ty T
iPZ 23 38.2 ¢
iSE" 16
eSSSE

lé6nov. 1.085., 78.6 W.

Ecuador
h about 33 km.
H 06 39 08.2



iPZ 06 47 38.5c¢ 20 nov. 56.2 N., 159.3 E
Kamchatka
16 nov. 32.38., 111.1 W, , h about 3 1:;
aster Isl. region 7‘“ H 0T & .9
h about 43 . iPZ 07 48,3 ¢
oy 07 37.3
> iPZ 07 07.0 ¢  22mnov. 14.3N., 92.7 W.
iSEM Near coast of S. Chiapas,
e PSN" Mexico
eSSE" /47 14 h about 33 km.
N/ H 01 30 02.5
16 nov. 13.5N., 93.2 eLZ" 01 51
Adaman Isl.
h about’ 33 km. 22iwov: ~ 1. B S e W
/ H 2% 107 01,8 Peru - Ecuador border
X iP'zt 21/ 28 59 h about 147 km.
ePSN" 40 20 H 06 53 34.5
eSSN" - 47,2 iPZ 07 02 33.04d
\ /
17 nov. 19.6 5., 68.8W. 23 ngv, '15.:1:8., T5.3W.
Bolivia Near coast of S. Peru
h about 209 km. h about 33 km,
H 00 00 21.5 ﬁL H 00 30 /04.5
iPZ 00 10 52.0c¢ iPZ 00 40/ 12.6 ¢
iZ 11 19.0 1PcPZ 4 07.5
iSE! 28
17 noy. 16.3N., 98.2W. eScSE" 0 05
axaca, Mexico eSSSE" 55.3
h / about 12 km.
! H 11 07 15.4 23 nov. 15.08., THS.T W,
iPZ 11 14 15.0c¢ Near S. coast of Peru
iPPZ 15 41 h about 40 km.
eSN" 20 06 H 00 44 51.2
eScBN" 24.5 iPZ 00 54 57.2d

18nov 0r2 s, 125, 1,

Molucca Sea /
\/ about 56 km.

06 4 08. 3
1plz 07 0 38.0c¢
\

19 nov.! 6.7 N., T3.0W, 24
Colombia
h about 135 lan. /
H 14 30 29.1
iPZ 14 37 42.5d
20 nov. 55.6 N., 158.8 E. 25
Kamchatka
h about 33 km.
H 06 54 04,1
iPZ 07 05 13.1¢
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24 nov. 49.5 N., 155.8 E.

Kurile Isl. regio
h about 85 km.
\][‘ H 15/ 5820

ePZ 1 04 00.3d
\\'_/’
nov. 9.8 N., 40.7W.
Mid - Atlanhc Ocean
about 35 km.
7{ H 16, 19/ 44.9
ePz (b7 28 03.7
nov., 11.7S., 77.3 W.
Near coast of Central Peru
h about 33 km.
H 12 48 44.3
iPZ 12 58 19.0c¢

25 nov. 16.3N., 94.2W.
Near Coast of Chiapas, 4
Mexico/
h about 100 3
H 17 34 A3.4
ePZ 17 41 J15.6
epPZ 39.5

26 no¥. 39.8 N., 77.2 E.
inkiang Prov, Chiha

)LH

elLLZ"
27 nov. 12.2 N., 143.8 E.
Mariana Isl.
h about 33 km.
H L6F"50, 277

eLZ" 17 43

28 nov., 12.1 N., 143.7 E.
Mariana Isl.

; h about/ 33 km.
- H 02 5 48.8
N eLz" 03 [25

28 nov, 22.4 8., 10.5 W.
S. Atlantic Ocean
h about 33 km.
H 05 02 36.1
elLLZ" 05 50.0
29 noy. 17.3 S., 168.5 E,
ew Hebrides Isl
h about km.
H 19 37.6
eSSE" 19 .0
eLLZ" . 8

30 nov. 17.4N., 99.6 W.

Guerrero, Mexico
h about 51
o W 21 51 /22.9

7’\ iPZ 21 58/ 15.34

iZ 25.5
ePPE 5 44
iZ 22 3 11
eSE! 3 54
eSSE! 6 12
eGZ" 8.4
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Tid€c: iy 1524 N 17043 W

ox Isl Aleutian Isl.
‘h about 38 km.
(L H 01 50 20.4

iPZ 02 00 17.34d
ipPZ 28
eSE" 08.5

eLZ" 16.0

1l déc. 30.8 8., 71.3 w.
Central Chile

h about 68 km.
H 13 32 24.8
iPZ 13 44 19.5 ¢

1déc. Dominion Observatory
459 34' 4+ 25' N., 69° 08" +

30! W. ;
Central Maine
Mag 3.0
H 21T 1298 33
e 240 315 07
i 09
Lg 12
A 350 km.
2déc. 9.9 8., 159.9 E.
Solomon Isl.
h about 34 km,
H 05 30 53.8

eLLZ" 06 29.5

4 déc. 10. 1 N., 103.6 W.
Off coast of Guerrero,

Mexico
h about 33 km.
H 03 29 40.8
iPZ 03 37 48.0 ¢
eSE" 44 16
4 déc 21.8 8., 65.6 W.

8. Bolivia
about 300 km.

h
/)( B/ 07 23 042

iPZ / 07 33 28.2d

5 déec. 39.9 N., 104.6 W.
Colorado
h about 33 km.
H 13 48 00.4

eLZ 14 00

=113~



7 déc.

29.2N., 139.2E.

Bon:’m Isl region

about 411 km.
‘/)ﬁ H 14 03 37.0

8 déc

S
.L

km

iSKSE" 14 26 34

iSE" 27 30
eSPN" 29 02
ePSN" 58
eSSE" 34 44
eSSSE" 38 30

23.6 5., 69.4W.

Near coast of N. Chile

8 déc

h about 100 km
H 18 00 41.1
iPZ . 18 11 36.5¢
ipPZ

PchI 3955
isPZ 12 09.7

15.2 8. ; Y737 W

Tonga Isl region
about 33 km.

/7& H 18 18

eSKSE" 18 43
ePSE" 46
eSSE" 52

29.1
24
33
32

9 déc TS,

el I8

Tonga Isl. region

h
H
elLLZ"

10 déc. 28.38.,

12 déc. 4.8 S.,
New Britain
<"

12 déc.

Indian Ocean

o 5
eP'Z
eL.Z"

H
eP'Z
eSSE"

J e SSSE"M

/ Sumatra

eP'Z
iZ

13 déc. 63.3N.,
S. Central Alaska

about 60 km,
20 54 13.7
21 50

62.7 E.

about 33 km.
04 56 19.4
05 15 434
06 03

153. 8 E.

about 94 km.

10 08 48.5

10 27 34
45 44
50.0

4.6S., 96,5 E.

about 138 km.,

22 56 45.8

23 15 39.84d
18 55.8

149.7 W,

‘/%\ about 47 km.

8 déc. 25.8 5., 63.4 W, 04 21 21.2
Salta-Santiago Del Estero Prov v/ 1PZ 04 29 30.7d
border, Argentina 13 déo. 614N, 1472 W.

h about 620 km. Kena.i Penin. Alaska
~ H 21 ‘27 22.2 about 69 km.
/ iPZ Z1' 37 43.9d \/»L [—I 14 57 27.9
ipPZ' 39 45.5 15 05 28
L a5 5 18 15dgc Dommion Observatory
k' § 32 Sec 75 micr. Probably about 15 miles from
; isSE" 49 50 Sept-Tles, Que. Where it was
V iSSE" 50 44 felt with intensity IV, Mag. 46
iSSSE" 54 15 H 00 58 32
Pn 01 00 05
01 01 13
8 déc. 50.5N., 176.8 W.. iﬂ s
Andreanof Isl. Aleutian Isl g about 715 km.
h about 33 km. -
71\ H 20NES 1.2 17déc. 2.1 N., 122.9 E.
. iP?Z 23 05 29.5¢c Celebes Sea ot Ayd e
\ eSN" 14 04 ‘/ A H 11 40 16.0
9 déc. 43,5 N., 147. 3 E. iP'Z 11 /18 41.4d
Kurile Isl. region ipP'Z 20 22.0
h about 34 km. iSKPZ 21 Z25.9
H 10 17 39.5 ipPPM 22 08.0
ePZ 10 30 08 Y
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18déc. 21.6 N., 143.1E, 21 déc. 52.4 N., 168.5 W,
Mariana Isl. region Fox Isl. Aleutian Isl.
/ h about 306 km., / h about 33 s
vV A H 02 547 47.1 Y H 09 00%:4
eP'Z 03 )3 46 iPZ 09 10/ 33.54d
Vv iz \ 53
18déc. 35.28S., 104.8W.
Easter Isl. region 21 déc. 52.5N., 168.5 W.
h about 33 km. Fox Isl.
H 07 48 36.6 VA about 33 km.
elLZ" 08 31 X H 09 10 01.6

ePZ 0% 19' 53.3
20 déc. Dominion Observatory
52..89'%4 ¥..00 N.; 59.4° + 1. 5%’ 21 déc. 42.4N., 142.3 E.

about 60 miles S E. of Goose ¥ Near S. coast of Hokkaido,
Bay, Labrador / Japan
Mag 4. 4 h about'27 km.
H 04 23 12 H 09 /33 15.5
eLg 04 29 12 iPZ '1’09 45 58.3d
21 déec. 9.08., 112.4 E. 21 déc. 22.88S., 66.5W.

Z/Near S. coast of Java

Bolivia-Argentina border

region
h about 200 km.
H 09 42 46.0
iPZ 09 53 27.44d
ipPZ 54 20.8
21 déc. 52.5 N., 168.7 W, 21 déc. 0.9 S., 80.9 W. p
Fox Isl Aleutian Isl, ,Near coast of Central Ecuador
about 33 km. / h about 33 km.
/% 06 27 /49.1 N 21 27 516
ePZ 06 37/ 42.0c iPZ 21 36 19.84d
ipPZ A / 53 eSN" }/’43 06
BLN“
22 déc. 22.08S., 170.1E.
2]l déc. 52.4 N., 168.5W. Loyalty Isl region S
Fox Isl. Aleutian Isl., / ){ h about 33/km.
h about km. 00 52 23.4
ﬁ H 08 48.3 eP‘Z 01 11 16
ePZ 08/ 52 40 eSSE" /_’70
pPPZ 51.5 )
iSE" 00 42 22déc. 9.2S., 112.4 E,
eScSE" 02 28 Near S. coast of Java
eSSSE 07 10 h about 69 .
A / (\f( H 01 59 /50.3
21 déc. 52.8 N., 168.1W. eP'Z 02 19/ 18d
Fox Isl. Aleutian Isl ]J
h about 33 km. 22déc. 1.18., 81.0W,
H 08 50 08.2 Near coast of Ecuador
ePZ 09 00 00 h about 33 km.
H 06 35 57.1
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ePZ

06 44 43

22déc. 47N., 125.7 E.
Near S. coast of Mindanao,

iP'Z

22 déc. 52.5 N.,

Philippine
about 18 km.
14 09 29.7
14 27 38.7d

168.8 W.

Fox Isl. Aleutian Isl.”

h
71'\ H
f iPZ
iPPPZ
iSE"
eScSE"

24 déc. 73.6 N.,

about 47 km.
15 20 31.0
15 J30. 22.3 d
/ 33 57
38 23

\/ 40 12

L o

Novaya Zemlya (Nuclear

h
H
eLLZ"

25déc. 36.2 8.,

Explosion)
about 0 km.
1 11 42,0
11. 38

100. 2 W.

S. Pacific Ocean

h
H
eLE"

26 déc. 39.3 N.,

about 33 km.
12 09 45.6
12 46

10. 6 W.

Off coast of Portugal ~

g h
1~ SPp7
eGN"

26 déc. 53.9 N.,

Komandorski Isl.

,/\IJ\ iPZ

eSSSE"
eG E“'\/

26 déc. 54.0 N.,
Komandorski
h

about ,l/‘) km.
08 58 11.1
09 /06 33.5¢c
"L’ 18.0

168.7 E.

168. 8 E.
Isl.
about 33 km.
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H 250l 14,7
: iPZ 23 07.5 ¢
27 déc. 28.6S., 67.4W.
Near coast of Central Chile

h about 33 km.
H 1 13 282
ePZ 11  25,.42

28déc. 39.9 N., 142.0 E.
Near W. coast of S. Honshu,

Japan
h about 36 km.
H 18 18 42.0
iPZ 18 31 34.9d
ipPZ 50
e LN" 59
29 déc. 20.08S., 69.9 W.
,N. Chile
/ h about 46
\/ 7{ H 10 41/ 04,1
iPZ 10+ B 43,5 ¢
ePPZ" 54 21
iSE! 11 \90 26
30 déc. 4.7 S., 153.7 E.
New Britain
h about 116 km.
H 18 16 21.4

e LN" 19 07.5

31 déc. 47.1N., 122.0 W.
Pierce County, Washington

h about 33 km.
H 20 49 35.3
eZ 21 05 49

1 jan. 6.9 N., 73.1W.

1963

Colombia
h about 151 km.
H 04 05 27,5
iPZ 04 12 38.0
M. Buist, S.J.
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NOTE ON THE RADIO PROPAGATION

OF A "LORAN'" STATION

by Ernest GHERZI, S, J.

Many articles have been written on the manifold geophy-
sical phenomena observed at sunrise.

As a matter of fact, the temperature of the air, the elec-
tric potential of the atmosphere, the wind, the turbulence,
etc, all show a decided change when the sun is over the ho-
rizon. The ionosphere is also greatly affected at that time,
and the formation of the so called D-layer is one of the
consequences of the direct solar action.

While many observations and measurements have beexx
made at sunrise, only a few have been made at sunset. We
failed to find any complete description of the behaviour of
the ionosphere at sundown. Of course, our documentation may
have been at fault.

We have been receiving during two months, (from June
19th to August 19th 1962) the pulses transmitted on the stan-
dard 2ZMc frequency by a Loran station located on the At-
lantic sea-coast, more than 400 miles from Montreal.

Although we feel that further studies of these radio wa-
ves must be done before venturing any conclusions, we
thought it would be of immediate interest to publish some
of the results already obtained. This phenomenon has not
received adequate attention, and our observations show
some unexpected behaviour.

Our antenna is a large Delta system, vertically polari-
zed. The receiver is a Marconi superheterodyne set, crys-
tal-controlled and with stabilized power. The sensitivity on
the ZMc band is around 5 microvolts, and the input impe-
dance 300 ohms at room temperature.

As itis commonly admitted, during daylight hours the



presence of the D-layer will interfere with the propagation of
the 2Mec radio waves by the absorption that it causes. On the
contrary during the night hours, the reception of the ZMc ra-
dio waves will be made possible by the presence of an unobs-
tructed and reflecting E-layer, since the daytime D-layer will
have either greatly decreased or even disappeared. Mariners
who make use of the Loran pulses for ascertaining their posi-
tion at sea, know that at night the sky wave is re ceived very
far away and that it is difficult to isolate the ground wave for
their measurements.

The disappearance of the D-layer is consequent to a par-
tial or a total recombination, due to the cessation of a direct
solar action. We have examined how fast that D-layer dis-
solves at sundown and how fast it forms again at sunrise.

The recordings (Fig. 1) show a very interesting phenomenon.
At sunset the D-layer fades away rather sharply and the Lo-
ran pulses come in suddenly, while at sunrise, the reverse
happens, i-e: the reception decreases slowly.. The time re-
quired for the signal received with maximum intensity to
fade out completely and to disappear in the re ceiver's noise
is approximalely twice longer than the time required at sun-
set fot the signal to emerge from the noise and reach its
peak value.

Since during the daylight hours the Loran waves are not
received, although the station is transmitting 24 hours a day,
some change must happens in the ionosphere at sunset: nam-
ly, as we said, the E-layer is no more obstructed by the den-
se and absorbing D-layer.

Nevertheless, once in a while, there has not been much

difference in the time required for the signal to reach its max-

value or to fade out completely. When many more data are ob-
tained, it will become possible to make a statistical analy-
sis and to see whether or not this phenomenon corresponds

to any special ionospheric event,

The lenght of time during which the signal was received
seems to coincide with the night hours, Fig. 2. At the sum-
mer solstice, it lasted from 6 to 7 hours and in the middle of
August, it reached 10 and 11 hours on some days. It has been
found difficult to ascertain these times with an accuracy grea-
ter than ten minutes. Sferics do interfere, and while at night
the arrival is clearly noticable, in the morning hours disap-
pearance is not so apparent, because the curve decreases
slowly, Fig. 3.
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Unfortunately continuous soundings are not made in Mon-
treal, and no measurements of the refractive index of the tro-
posphere are at hand. Measurements are made in Toron-
to and in Cttawa, but cannot be used because of the distance
from our station. Meteorology in the Province of Quebec is
still in the making. In these circumstances, the peculiar fa-
dings and the sudden increases in the intensity of the recor-
dings cannot be examined in a plausible way.

No complete reports of Auroral phenomena over our skies
are available for the two months of our study. Only once, on
the 4th of July, was a bright aurora visible over our region.
No special modification of the reception curve of the Loran
pulses is apparent at that date

Local thunderstorms with their sferics have masked occa-
sionally the exact time of the arrivals and disappearances of
the radio waves. Nevertheless, the reception has been some-
times so strong that, although on the lower frequency of 20Kc
the thunder discharges were very numerous, the 2Mc Loran
trace remained undisturbed and steady.

We have been able to check with ionospheric soundings that,
when the Loran transmission on the 2Mc band was received,
a steady E-layer was present. Unfortunately, we are not
equipped for getting the D-layer reflections. The D-layer is
still a controversial subject, (1) and to get reflections from
it, is a rather difficult enterprise. But granted that this
layer is formed by the photoionization of NO by the solar Ly-
man-alpha flux, (2) we are entitled to conclude that, when
this direct action of the sun has ceased, this layer must de-
crease in such a way as to become transparent to the 2Mc
frequency. The unobstructed E-layer would then be respons-
sable for the sky wave from the Loran station under study.

Nevertheless, we are well aware that theoretically, ac-
cording to the diurnal variation of the E-layer ionization,
this layer also should disappear at night. Actually, as Mi-
tl:a says, '"this residual ionization density of the E-layer at
night hours has been observed to be greater than expected."(3)
These words would confirm our statement that the reception
of the Loran pulses at dusk is due to the action of the E-la-
yer. And we have to report that, when pulsing on the 2Mc
frequency, although we detected the E-layer, we failed to
get any F-layer reflection. That E-layer appeared to be the
normal F.-layer and not the sporadic Es. So much so that we
agree with the statement that ""the D-region exists practical-
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ly only in day time' (4). The sferics reflected at night by a la-
yer at a height at 75-95 Km, which were studied by Dr. J. Rie-
ker in a very interesting publication, were of a very low fre-
quency: 27Kc. (5). They might have been reflected by a dif-
fused night D-layer. We have had many similar recordings on
20Kc. Nevertheless we feel safe in saying that on 2Mc and on
27Kc things are different: night receptions of these two fre-
quencies cannot be attributed to a same reflecting layer.

A more pertinent problem is to consider whether we have
been receiving only the surface wave with great intensity, or
the sky wave? Although the striking aspect of the sudden arri-
val of the pulses at sundown, and their slower disappearance
at dawn, would yet remain to be clarified, we are not inclined
to accept as an explanation of the whole phenomenon the pre-
vailing influence of the ground wave.

R. Naismith and E. Bramley have published some years
ago (1951) a paper concerning the time dealy between the ar-
rival of the sky wave and the arrival of the ground wave (6).
They have also studied Loran pulses transmissions. While
admitting that we have possibly received either the ground
wave simultaneously with the sky wave or only the ionos-
pheric reflections, we nevertheless note that the two authors
reported that "the signal-noise ratio for the sky wave had a
maximum at night whereas for the ground wave it was maxi-
mum during day-time!'. Since in Montreal the day-time re-
ception of the Loran pulses was null, the logical consequen-
ce of the chosen statement by the British scientists, seems
to be that the night reception in Montreal was due mostly
to the sky wave.

The same authors attribute the existence of the sky wave
to the E as well as to the Es-layers. At times, they would
even accept that the F-layer had been the reflecting one.

We agree that even in our case such a possibility should be
admitted. Since the purpose of their research was to find
out by how many microseconds the ground wave had arrived
before the sky wave, they did not notice, as we have been
able to do, that at sundown the reception of a distant Lo-
ran transmission comes in muchmore suddenly than it dis-
appears at sunrise.
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CHAPTER I
INTRODUCTION TO THXZ PROBLEM
The Scientific Philosophy

In a study of the Universe, or any part of it, the observ-
er is impressed by a single governing principle. This unique
factor is the apparently perpetual motion of its various parts.
Motion is recorded in space and time, and though it seemingly
has little regard for these dimensions this behaviour is only
apparent on our scale of observation. The sciences have shown
that natural laws are unique at each dimensional level and by
intuition we understand that the whole system of laws are in-
terdependent - also in a unique manner. Thus in the last an-
alysis scientists are obliged to probe the natural laws and re-
late them, rather than attempt to explain phenomena recorded
at different levels of observation by any one set of laws.

The Problem

In recording observations on the surface, geologists are
obliged to maintain a working hypothesis.

Indian geology is subject to the hypothesis of a Y"drifting"
Indian Peninsula, based on such gross features as the distort-
ed Himalayan and Burmese Mountain Arcs.

There is geological evidence for the subsidence of the
northern edge of the Indian Peninsula in Tertiary Epochs.

This corresponds to the last stages of Himalayan diastrophism.
The subsidence described above and consequent formation of
the Indo-Gangetic Trough is used in support of the hypothesis.

The writer is of the opinion however that the Trough for-
mation loses impetus as support of the "drift" hypothesis when
a proposed hypothesis of Himalayan diastrophism, on a lesser
scale and based on systematic definition from the view-point of
tectonics, reveals no unified "drift" of the Indian Peninsula.

The problem is complicated by the absence of any geo-
logic studies in vast portions of the Sino- Tibetan area. (Pl. 2)

The Indo-Gangetic Plain

Attention is thus drawn to the zone lying between East
Longitude 68 and 96 degrees and in the vicinity of North Lati-
tude 27 degrees. (Pl. 1) This area corresponds to the central
portion of India and Pakistan and consists of the alluvium-fill-
ed valleys of the Rivers Indus, Ganges and Bramaputra form-
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ing an almost continuous plain for some 2700 kilometers. The
width of the plain decreases from West to East being an ave-
rage of 500 km. in the Indus valley, 300 km. in the central
Ganges valley and 75km. in the narrow Bramaputra valley.

Historical Study of the Trough

In 1911, Burrard (of the Geologic Survey of India) is
known to have made gravity studies in Peninsula India. He
ascribes this depression to be a !'fore-deep' with sediments
estimated at 50, 000 ft. (1) The implication apparently is that
this area represents an existing geosyncline in which diastro-
phism is inevitable. Wadia, a pioneer in Indian Geology, is
similarly intrigued by the structure and significance of this
region. (2) Geophysical measurements in 1934, show the
Bihar area (25 N 84 E) to have a depth of 6000 ft. of sediments.
To the west, Pre-Cambrian out-liers well within the depress-
ed zone, indicate a shallow depth to basement.

Most recently, Krishnan states in this connection (3) that
"the general direction of the Tethyan geosynclinal belt from
Iraq through Iran ..... points directly towards Sumatra and is
l'yiolently distorted and pushed to the north by the foreign mass
of India ... "

On the basis of this hypothesis he computes the migra-
tion to be "about 13 or 14 degrees of Latitude or some 800
miles." He also describes the Punjab and Assam areas as
"wedges' (with the connotation of independent movement) such
that ""the effect of these wedges is felt as far north as the Pamir
region in the North-West and South-West China in the North-
East, " by way of the "conspicuous sharp bends' in these loca-
tions. Thus he attributes the "bending down of the Northern
edge of India' to the "Opposition of the Central Asian mass. 2

There is evidence, however, in East Central Asia, that
some in the Pre-Cambrian, Variscan and Mesozoic have a si-
milar tectonic sequence as the zone in question. This indi-
cates that the present zone is not unique from the point of view
of geologic time and hence does not warrant the unique theory
of the disruption and migration of a wholly Archean Gondwana-

land.
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CHAPTER II
GRAVITY ANOMALIES OF THE INDIAN REGION
Role of the Gravity Anomaly

Gravity anomalies are important in the hypothesis that is
advanced herein. Frequently the interpretation of gravity mea-
surements is subject to controversy, so that an analysis is un-
dertaken to determine the extent to which it may be used with
reasonable confidence.

Definition

The earth as a whole has a quasi-spherical shape and
cannot be precisely represented by a geometrical configuration.
A close approximation however is the ellipsoid of rotation about
the minor polar axis. If 'a' be the minor axis and 'b' the major
axis of the ellipsoid of rotation the flattening of the figure is de-

fined as f = R=a - _1 :
o 297 (approximately).

The theoretical value (4) of gravity at an equipotential
surface corresponding to this figure is given by

: 2
go: ge l +(§—Hf} W.ZD SlnG-i{SW.b-f) Sin 29+.-¢
A < A 8 Ee

where ge = gravity at sea-level at the equator, w = angular ve-
locity of the earth's rotation and 6 = geographic latitude.

The theoretical value (so obtained) is compared with the
measured value, at the appropriate latitude, after corrections
have been made to the latter quantity so as to approach the theo-
retical configuration. The difference between these two is de-
fined as the gravity anomaly.

The most obvious of these corrections is the elevation of
the point of observation above the equi-potential surface at sea-
level (the geoid). This is the free-air reduction. It ignores
the effect of mass (or absence of mass) in the intervening space
between the point of observation and the geoid, as also, the ef-
fect of the mass (if there be any) above the station elevation. A
correction made for the latter factor is the terrain correction
These two corrections are entirely valid and in accordance .
with the approach to the theoretical geoid.

Pierre Bouger proposes the idea of the i >moval of the ef-
fect of the mass between the station and the geoid for positive
elevations (Termed here as the '"elevation mass'). This
amounts to a virtual removal of the '"elevation mass" itself, as

-18-
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far as gravity observations are concerned. Similarly, a cor-
rection of this type (the Bouger correction) results in the vir-
tual placement of mass or negative elevations. The difference
between the observed gravity (so corrected) and the theoretical
value is the Bouger anomaly. It is found that this quantity has
the consistent property of being strongly po sitive over the oceans
and strongly negative over mountainous regions. This in turn
reflects mass excess in the former and mass deficiency in the
latter. However, the very correction itself virtually places
elevation mass" in the oceans and virtually removes the same
from mountainous regions. The conclusion is that the Bouger
anomaly is created by the Bouger correction.

Isostasy

This leads to the idea that mountain masses and oceanic
basins are required in order to maintain equilibrium. Thus
the concept of a vitreous layer emerges, which tends to move
so that equilibrium of the topography (isostasy) is maintained.
The concept has been strengthened by the rapid uplift of Fenno-
Scandia (100 cm. per century in the Baltic) since the decline of
the last continental ice sheet.

The Isostatic Anomaly

To correct the Bouger anomaly various hypothesis have
been proposed on the common basis of perfect isostasy.

Pratt assumes different (but constant) densities of the
crust in mountainous and oceanic areas. Airy proposes a crust
of constant density. Density and mass corrections are applied
therefore, on the basis of these and other hypotheses, to the
lower part of the crust.

The corrected Bouger anomaly is defined as the Isostatic
anomaly. Its value is evidentally dependent on the isostatic hy-
pothesis used. In other words, it is dependent on the existence
of isostasy as well as the degree of approximation whereby the
density distributions assumed in the hypothesis approach real-

ity.
Distribution
World-wide gravity studies have shown that a mean value
of only 19 milligals from zero are in evidence (5). The inter-
pretation (on a gross scale of observation) is that isostasy has

been attained, as suggested by the Bouger anomaly, and that
density assumptions (based on Pratt's theory) approach reality

=19~



on this scale.

On a smaller scale however, the hypotheses make assump-
tions as to the local variation in density of the masses involved
at depth. This is demonstrated by a comparison of isostatic
anomalies based on different hypotheses, for a given type loca-
tion, which results in differences of 10 (or more) milligals. (6)

Actual values of gravity anomalies apparently lose sig-
nificance with a reduction in scale.

v

This reduction emphasizes

the local depth of density anomalies (not accounted for by the : i

hypotheses), which factor is negligible on a world-wide scale. 1

Without regard to the hypothesis used however, large |
gravity anomalies can be traced on either side of the Nicobar-
Andaman arc. (Fig. 1) Apparently therefore local differentials
in the gravity anomalies, based on any isostatic hypothesis,
have significance.

The conclusion is reached that local gravity differentials
are related to the local depth to density anomalies,

Burma and the Himalayas

Linear zones of large negative differentials are traced
from the Sunda Arc into Burma. (Fig. 1) There is a sug-
gestion that the linearity is not continuous near the Assam Syn-
tax. Beyond this the trend resumes. There are evidences (7)
of a linear zone of free-air anomalies be yond the crystalline
axis of the Great Himalaya in the order of 150 milligals. These
linear zones of high negative differentials are characteristical-
ly associated with oceanic trenches of modern Island Arcs.
Sediments of a relatively small density are demonstrated to ex-
plain the gravity anomalies in the Puerto Rico trench. (8) The
local depth of density anomalies is thus associated with the
trench sediments. Linear zones of high negative differentials
in the Indian Region are therefore intepreted to delineate se-
diment-filled trenches and are essentially surface phenomena.

The upper edge of the Central Indo-Gangetic Trough dis-

plays high negative zonal anomalies. (Fig. 1) These are like- R
wise attributed to sediments. | ©
|

The Peninsula

The Peninsula of India displays a differential of some 60
milligals along Latitude 20N. where a broad positive zone south
of the Indo-Gangetic Trough comes into juxtaposition with the
negative belt. (Fig. 1) Geological evidence indicates a ter-
tiary and recent uplift of this zone along Latitude 23N. (9) A
sub-crustal movement is therefore ascribed to this differential

-20-
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and dense material below the crust is attributed to be in com-
parative excess. Towards the syntax even higher positive dif-

ferentials exist.
Isolated Zones

Isolated positive zones are displayed in the Assam Pla-
teau and the Nilgiri complex. The former is surrounded by
faults and outlined by shallow earth-quakes. Topographically
the Plateau rises 5000 ft. above the surrounding plain. The
positive differentials are therefore attributed to density excess
in sub-crustal regions coupled with the "horst' development.
Significantly both these isolated zones lie at the juxtaposition
of structural trends. (Pl. 1)

A zomne of high negative differentials exist in the Palk
Straits between India and Ceylon. Indian geologists regard the
similarity of rock sequence between these two areas as eviden-
ce of a continuous crust. It is possible that the same causative
mechanism is evidenced topographically by the Palk Straits as
in the similar negative zones discussed.
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CHAPTER III

A SEISMIC STUDY OF INDIA AND ITS NORTHERN
ENVIRONMENT

Seismicity

The Peninsula portion of India is found to be a seismical-
ly stable area at present, inasmuch as only three major shallow
earth-quakes have been recorded in its vicinity during the pe-
riod of 1904-1954. The region north of the Indian Peninsula, in
contrast, has been designated as an active seismic area since
the Cutch Earth-quake of 1819 (10). The continuous activity
during this period allows an intuitive extrapolation of seismici-
ty into the past so that we are faced at the onset by the record
of a mere fragment of the seismic history of the region.

This idea cannot be over-emphasized in this thesis. A
map (11) locating the epicentres of earth-quakes in the period
of 1904-1954, (prepared from data compiled by Gutenberg and
Richter and supplemented by the local observatories) shows
notable concentrations of epicentres in the Pamir and Burmese
Regions (Fig. 2). The epicentral distribution occurs primarily
in zones of knows Himalayan diastrophism.

Gutenberg writes (12) "Seismic data alone does not suffice
to settle the question of connection between the Burma Arc,
which is the first of the Alpide series of Asia, and the Sunda
Arc." However, the linear trend along longitude 95 degrees E
(in association with the linear zones of negative anomalies) can-
not be ignored.

Correlation with Fault Zones

The San Andreas Fault of the Western United States, gives
the greatest support to the direct relationship between earth-
quakes and the shearing of rock masses on a large scale. This
relationship has been borne out quite frequently in other parts
of the world. It is, therefore, imputed that all epicentres at
depth involve such movements, even though this is not evidenc-
ed on the surface. Thus, an attempt is made to correlate the
major fault scarps with the zone of fracture as delineated by the
foci of recorded earth-quakes in the Pamir and Burma areas.
The data compiled by Gutenberg and Richter is used because it
is the most complete and systematic (13).

Tables 1 and 2 list the shallow and intermediate epicen-
tres which have been located (Pl. 2) on a geologic map. (14)

-27-
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CHAPTER IV

OUTLINE OF GEOTECTONICS OF INDIA
AND EAST-CENTRAL ASIA

Definitions

For general descriptive purposes, it is necessary to out-
line the definitions of the terms used.

Vast, relatively undisturbed sediments outline stable seg-
ments of the crust. These are described as Platforms. Cratons
are defined as those segments of the crust with little evidence of
mobility (19). Thus, all portions of the earth's crust with a
small variation from zero of the isostatic anomaly may be de-
scribed as Cratons.

An examination of the Tectonic Scheme of the USSR (P1. 1)
show that Hercynian and Caledonian trends dip without distinc-
tion beneath the relatively undisturbed Mesozoic and Cenozoic
Sediments of the West Siberian Platform. The crust of this
area is composed of "Paleozoic and Pre-Paleozoic strata that
are metamorphosed to varying degrees and invaded by intrusions
(20). Thus, Platforms are Cratons with a sedimentary cover,
Further, up-warped and down-warped portions of a platform are
described as anticlises and synclises respectively.

In contrast to Cratonic areas, Marshall Kay defines a eu-
geosynclime, (as) a '"surface (of the earth's crust) that has sub-
sided deeply in a belt having active volcanism?!'. (21) Later, the
author writes, '"the (eugeosynclinal) belts are believed to have
been similar to modern island arcs and associated troughs and
basins at some stage in their histories and modern arcs are
thought to be long enduring eugeosynclinal belts. " The associat-
ing of syn-tectonic plutonism and volcanism in Island Arcs is
further supported by the author who writes, "Batholiths of acid
plutonics are in both arcs, particularly in the inner one capped
by volcanoes, and ultrabasic intrusions are prevalent in and
beside the outer arc.'" (22)

However, the phenomena of diastrophism in Island Arcs,
namely, linear structural trends, high seismicity, linear zones
of high negative isostatic anomalies and deep sea troughs, per-
mit easier correlation in comparison with volcanism in eugeo-
synclimes.

The Indian Peninsula

The peninsula of India exposes Archean rocks in more
than half its area. No comparable area of such exposure is
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found in East Central Asia. The oldest Archean formation is at
present believed to be the Bundelkhand Gneiss. (HF. 1) Surround-
ing this area, the structural trends in the Archean zones divide
themselves into four distinct trends. The Aravalli trend in the
north-western portion of the peninsula has a characteristic
strike to the N. E. At the Gulf of Cambay it diverges with trends
to the North and N. W. This latter trend persists in the Dharwar
trends which merge in the Nilgiri complex in south India. From
here the Eastern Ghats trend follows the east coast with a gene-
ral N, E, strike. This trend persists in the eastern portion of
the Archean Assam Plateau. The fourth major trend, the Sat-
pura, strikes E, N, E.

The relative ages of these trends has not been definitely
established. It is believed that the Satpura trend is the most
newly formed. Uraninite-bearing pegmatites in this trend in-
dicate ages in the order of 955 T 40 million years. (23) :

The Cuddapah depression is occupied by Late Proterozoic
Cuddapah and Kurnool sediments. (Fig. 4) The Cuddapahs are
folded on their eastern margin parallel to the Eastern Ghats
trend while the later Kurnool formations are relatively undis-
turbed. The Vindhyan depression is occupied by the disturbed
and folded Semri series and the overlying Upper Vindhyans com-
posed largely of undisturbed gypsiferous sandstones and shales.
This latter system is correlated with the Kurnools of the
Cuddapah basin by Indian Geologists.

The Vindhyan area comprises some 40, 000 square miles
and is strategically located in the central part of the Peninsula
with respect to the Cuddapah area in the south. The generally
stable character of the Peninsula has thus, been established
since the beginning of the Paleozoic. Block faulting is however
in evidence from the 'graben' of the Mahanadi and Godavari
rivers in which Gondwana sediments of Carboniferous age have
accumulated,

In west central India, extrusive sheets of Deccan Trap
occupy some 200,000 square miles. Dike clusters, from which
the material is believed to have been extruded, strike in the
general E. W. direction along the Satpura trend and also paral-
lel to the west coast as far north as the Kathiawar Peninsula.
Thicknesses of the Traps have been estimated at 6000 feet in
the west coast, but average about 2000 feet in the east. The
age of the Traps are considered Eocene from a study of plants,
fish and foraminfera found in the intercalated sedimentary beds. ‘
(24) In general, the flows are practically horizontal (25) but
have been subject to monoclinal folding and block faulting es-
pecially along the dike trends.

ILLUSTRATING THE RELATION OF CUDDAPAH

2.Cuddapah Traps(T),Limestona(L),Quartzite(Q)
(L.Torr.)

AND KURNOOL ROCKS IN THE CUDDAPAH BASIN
3. Kurnool ss.

Dharwar Schists (Huron.)

8 Shale(S) (Algon.)

FIG.4. A STRUCTURAL (SKETCH) SECTION
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sisted throughout Phanerozoic time and it may be defined as a
Craton. The definition of a Craton, however, undergoes a mo-
dification whereby the descriptive usage of 'general stability'
does not preclude the resettlement of a highly block-faulted
Craton.

Correlation Between Cratons and Island Arcs

The diastrophism of the Archean formations composing
the main body of the Craton, will not be deciphered without de-
tailed petrographic studies. Most progress has been made in
the Eastern Ghats Trend. In general, they are composed of
felspathic schists that are consistently in evidence of plutonic
bodies along the central trend zones. These are the Charnoc-
kites and the Khondalites. They are composed of hypersthene
granulites in the larger bodies with ultrabasic members of en-
stative - hypersthene. Augite, garnets and blue quartz are
distinctive but amphibole is rarely found (26). They exhibit in
general the characteristics of igneous intrusives. (27) At the
same time they show evidence of being folded (28). Thus, there
is evidence of syn-tectonic plutonism in the Eastern Ghats.

The structural trends, the syn-tectonic plutonism and the
possibility of seismic activity (as evidenced in a highly fractur-
ed Peninsula Craton) constitute factors which approach modern
diastrophism in Island Arcs. There is even a suggestion near
the Nilgiri complex of isostatic anomalies parallel to the trend
fcompare Fig. 1 and Pl. 1). Hence, the conversion of Island
Arcs into Cratons must be entertained in any study of the latter.

Further Definitions

The age of a Craton thus becomes of importance and is
defined as the geological epoch in which it was formed. In this
connection, Massifs may be defined as old Cratons surrounded
by those of younger age. These are invariably limited in size
in comparison with surrounding Cratons. (Pl. 1)

Burma

The general structural trends in this region are distinct-
ly arcuate to the east. Adjoining the Assam Plateau are Paleo-
gene and Mesozoic folded sediments in a zone of high negative
anomalies (Pl. 2) which are similar to the outer arc of the
Andaman - Nicobar system. The Halflong - Disang Thrust
marks the western extremety of Eocene Disang Series in North
Burma. Parallel thrusts to the north-west are in evidence (29).
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East of the sedimentary zone and parallel to it there occurs
a volcanic zone. Geological evidence shows that these volcanoes
were active in the upper Miocene and Pleistocene times (30). Neo-
gene sediments surrounding these volcanics indicate the submer- |
gence of the zone at the period of active volcanism. To the east
and closely parallel to the volcanics are the folded and faulted
Paleozoics of the Shan Plateau. (Fig. 5)

The Himalayas

This region has not been studied completely. However,
traverses made at isolated areas allow a sub-division (31) of
the Himalayas into four broad tectonic zones. (Fig. 6)

Adjoining the Siwalik System to the north is an apparently
continuous overthrust zone of Paleozoic and Genozoic sediments.
The Soan Basin and the Kashmir Valley represent this zone
(Figs. 7TA and 7B). These two areas enclose the awe-inspiring
Himalayan syntax. (Pl. 1) The Assam Syntax is similarly en-
closed by two thrust zones but little else is known about this
area.

The Great Himalaya lies to the north and is composed of
meta-sediments with granite plutons. Further north lies the
Tethyan zone of folded Paleozoic and Mesozoic sediments with
allocthonous Cretaceous limestone overthrust from Tibet.

The extreme zone of Himalayan diastrophism is bounded
on the north by the Tarim Massif and Cratonic areas formed
during the Paleozoic.

(After La Touche G.S.1.)

4. Nemshim ss. (Upper Sil.)
5. Plateau Limstone (D-F)

6. Namyau Beds (J)

Correlation Between Island Arcs and Cratons

There is much evidence to indicate that the Burmese re-
gion is an erstwhile Island Arc. The sequence of fracture zone,
large negative anomalies (which have been associated with tren-
ches) and recent volcanics may be aligned with similar pheno-
mena in the modern Nocobar-Andaman Arc System.

The arcuate structure of the Pamir is also well distin-
guished (P1. 1). The relative location of the fault zone with
respect to the Pamir Trough and Plutonism bear a strong re-
lationship to the Burmese Arc. (Fig. 3A and 3B)

Nonetheless Arcs, which represent the final stages of
diastrophism, exhibit structural trends and syn-tectonic pluto-
nism. These factors are also determined in even the most
ancient cratonic areas (P1l. 1).

Hence, the concept of the conversion of Island Arcs into
Cratons must be entertained for a more thorough understand-
ing of diastrophism.

OF THE SHANPLATEAU

I.Chaung Magyi Series (€) 7
2. Naoungkangyi Beds (0)

FI1G.5. A STRUCTURAL (SKETCH) SECTION ILLUSTRATING THE PALEOZOIC SYSTEMS
Z.Graptolite Beds (Lower Sil.)
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Indo-Gangetic Plain
- Siwaliks

-

-2 Main Boundary Fault

Overthrust Zone
(Paleozoic)

Crystalline Axis

Tethys (Paleozoic)
Thrust Zone

Allocthonous Tibet:
Zone (Mesozoic)

FIG.6 A STRUCTURAL (SKETCH)SECTION OF THE HIMALAYAS
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