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Observations of the Andromeda 

Galaxy at 11-Centimeter Wavelength 

Abstract. Observations of the An- 
dromeda galaxy (M31) at 2695 mega- 
hertz reveal more detail than do 
earlier measurements at lower frequen- 
cy. The region is highly confused but 
there is apparently a more dense clus- 
tering of sources within the optical out- 
line of the galaxy than without. One 
source (OA33) near M31 has an in- 
teresting, flat spectrum. 

During August 1966, the 140-foot 
(42.7-m) radio telescope (1) at Green 
Bank was used to observe M31, the 
Andromeda galaxy, at a frequency 
of 2695 Mhz. The principal result of 
these observations is the map of Fig. 1, 
in which the discrete sources are super- 
imposed upon a simplified optical iso- 
phote derived from the dimensions giv- 
en by Holmberg (2). The general back- 
ground radiation has not been drawn 
in; at 0.02?K antenna temperature and 
below, the radio isophotes become very 
difficult to describe because of noise 
and complex low-level radiation from 
the region of M31. Derived fluxes of 
the discrete sources have a correspond- 
ing uncertainty of 0.05 flux unit. 

Comparison of this map with earlier 
maps at lower frequencies shows only 
general similarity. The 1415-Mhz map 
by Kraus et al. (3) was made with a 
fan-shaped beam which blends sources 
with the same right ascension and 
small declination differences. Similar- 
ly, the map by MacLeod (4) and by 
Dickel et al. (5) at 610 Mhz was 
made with an antenna beamwidth of 
16' (arc) which blends sources in a 
different way than does the 11' beam 
used in the present survey. Compari- 
son of the source positions obtained 
at these three frequencies shows good 
agreement for sources outside the opti- 
cal outline of the galaxy and rather 
poor agreement within the optical out- 
line. This discrepancy is presumably 
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fact suggests that some, at least, of the 
"interior" sources may actually be as- 
sociated with M31. Beam blending of 
the complex of sources near and within 
the optical image of M31 may also 
account for the appearance of a "halo" 
in those radio maps (6) derived from 
wide-beam observations. 

Spectral indices have been computed 
from the 610- and 2695-Mhz flux 
densities. These are termed "composite 
indices" in Table 1 to emphasize the 
possibility that confusion may have 
biased the flux densities, especially at 
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the lower frequency. The generally 
broader beamwidths obtained at the 
lower frequencies would tend to result 
in steeper spectra than would be ob- 
tained were confusion not present. 
This reasoning follows from the fact 
that more sources are included in the 
beam at lower than at higher frequen- 
cies. One would thus expect to find 
steeper spectra in a region with a high 
density of sources than in a region 
with a low density, provided that all 
sources are measured with respect to 
the background of the low-density re- 
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Table 1. Characteristics of radio sources in the vicinity of M31. 

2695-Mhz position 
S e 2695-Mh0z position Flux density (1026 watt m-1 hz-1) omposite Source (1950.0) spectral No. Right Decli- 178 610 1415 2,695 index 

ascension nation Mhz (8) Mhz (5) Mhz (3) Mhz 

1 001 46.ml 40?29' 0.6 0.1 -1.0 
2 44.0 41?52' .2 
3 42.0 41013' .3 
4 41.3 41 30' .2 
5 41.2 40036' 1.6 .1 -1.7 
6 38.3 40026' 1.7 .2 -1.3 
7 37.2 40? 07' .1 
8 35.9 41?00' .1 
9 30.1 41012' .1 

OA28.1 (3) 2.5 1.0 0.3 -1.4t 
OA33 35.7 41020' 0.6 .4 .5 -0.1 
OA35.3 39.7 41 12' 1.9 .4 .4 -1.0 
OA35.5 1.3 .3 -1.6t 
OA36 39.7 39053' 1.6 .7 .4 -1.0 
OA37t 45.4 40?06' 3.2 1.3 .8 .4 -0.9 
OA38? 3.2 2.0 .8 -1.0t 
* Identified with VRO 40.00.02, SRH; VRO determined by MacLeod et al. (7) and SRH determined 
by Scott et al. (8). ' Spectral index determined between 610 and 1415 Mhz. Identified 
with VRO 40.00.03, SRH. ? Identified with VRO 40.00.05, 3C24, SRH. 
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Fig. 2. Spectra of sources. Spectra are 
arbitrarily displaced for clarity. 

gion. Following this line of reasoning 
one finds the average spectral index 
within the optical outline of M31 to 
be -1.4 and outside the optical out- 
line to be -0.9. If one omits the 
source OA33, which is anomalous, 
the average index outside the optical 
outline is -1.1. 

Source OA33 has a flat spectrum, 
similar to the spectra of thermal 
sources and many quasars. Preliminary 
measurement at Green Bank at 6-cm 
wavelength gives a flux density for 
OA33 of 0.5 flux unit (9). 

No obvious HII region in the area 
of OA33 is visible on the atlas prints 
from the 48-inch (1.2-m) Palomar tele- 
scope. This source deserves further 
study. 
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M. S. ROBERTS 
G. W. SWENSON, JR.* 

National Radio Astronomy Observatory, 
Green Bank, West Virginia 

References and Notes 

1. J. W. M. Baars and P. G. Mezger, Sky and 
Telescope 31, 7 (1966). 

2. E. Holmberg, Medd. Lunds Astron. Obs. 14, 
Ser. 11, No. 136 (1958). 

3. J. D. Kraus, R. S. Dixon, R. O. Fisher, 
Astroplh, s. J. 144, 559 (1966). 

4. J. M. MacLeod, Science 145, 389 (1964). 
5. J. R. Dickel, J. M. MacLeod, G. W. Swenson, 

Jr., ibid. 150, 883 (1965). 
6. See J. D. Kraus, Nature 202, 1202 (1964) for 

a summary of continuum observations of M31. 
7. J. M. MacLeod, G. W. Swenson, Jr., K. S. 

Yang, J. R. Dickel, Astron. J. 70, 756 (1965). 
8. P. F. Scott, M. Ryle, A. Hewish, Monthly 

Notices Roy. Astron. Soc. 122, 95 (1961). 
9. K. I. Kellerman and I. I. K. Pauliny-Toth, 

personal communication (1967). 
10. Support for R.C.C. was supplied by grant 

Nonr 1834(22). The National Radio Astron- 
omy Observatory is operated by Associated 
Universities, Inc. under contract with the Na- 
tional Science Foundation. 
On leave of absence from the University of 
Illinois, Urbana. 

13 Marct 1967 

1088 

v (MHz) 

Fig. 2. Spectra of sources. Spectra are 
arbitrarily displaced for clarity. 

gion. Following this line of reasoning 
one finds the average spectral index 
within the optical outline of M31 to 
be -1.4 and outside the optical out- 
line to be -0.9. If one omits the 
source OA33, which is anomalous, 
the average index outside the optical 
outline is -1.1. 

Source OA33 has a flat spectrum, 
similar to the spectra of thermal 
sources and many quasars. Preliminary 
measurement at Green Bank at 6-cm 
wavelength gives a flux density for 
OA33 of 0.5 flux unit (9). 

No obvious HII region in the area 
of OA33 is visible on the atlas prints 
from the 48-inch (1.2-m) Palomar tele- 
scope. This source deserves further 
study. 

R. C. COOLEY 

Vermnilionl River Observatory, 
University of Illinois, Urbana 

M. S. ROBERTS 
G. W. SWENSON, JR.* 

National Radio Astronomy Observatory, 
Green Bank, West Virginia 

References and Notes 

1. J. W. M. Baars and P. G. Mezger, Sky and 
Telescope 31, 7 (1966). 

2. E. Holmberg, Medd. Lunds Astron. Obs. 14, 
Ser. 11, No. 136 (1958). 

3. J. D. Kraus, R. S. Dixon, R. O. Fisher, 
Astroplh, s. J. 144, 559 (1966). 

4. J. M. MacLeod, Science 145, 389 (1964). 
5. J. R. Dickel, J. M. MacLeod, G. W. Swenson, 

Jr., ibid. 150, 883 (1965). 
6. See J. D. Kraus, Nature 202, 1202 (1964) for 

a summary of continuum observations of M31. 
7. J. M. MacLeod, G. W. Swenson, Jr., K. S. 

Yang, J. R. Dickel, Astron. J. 70, 756 (1965). 
8. P. F. Scott, M. Ryle, A. Hewish, Monthly 

Notices Roy. Astron. Soc. 122, 95 (1961). 
9. K. I. Kellerman and I. I. K. Pauliny-Toth, 

personal communication (1967). 
10. Support for R.C.C. was supplied by grant 

Nonr 1834(22). The National Radio Astron- 
omy Observatory is operated by Associated 
Universities, Inc. under contract with the Na- 
tional Science Foundation. 
On leave of absence from the University of 
Illinois, Urbana. 

13 Marct 1967 

1088 

Drilling on Midway Atoll, Hawaii 

Abstract. Two holes drilled through reef sediments into basalt have established 
a geologic section through the Miocene. Midway was built above the sea by 
flows that were weathered and partially truncated in pre-Miocene time. After 
submergence, volcanic clays were reworked and covered by limestones. Overall 
submergence was interrupted at least twice by emergence. The limestones have 
been leached, recrystallized, and partially dolomitized. 
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Midway atoll and its neighbor Kure. 
at the northwest end of the Hawaiian 
chain that stretches for 1 600 miles 
(2550 km) across the central Pacific 
(Figs. 1 and 2), have long been re- 
garded by geologists as the oldest mem- 
bers of this island group. Field evidence 
suggests that volcanism was initiated on 
the northwest, progressing southeast- 
ward to the Island of Hawaii, where 
volcanic activity still persists (1). As 
lavas were piled upon the sea floor to 
form the first islands, the load depressed 
the crust and the islands slowly slub 
sided. This apparently was a slow proc- 
ess; coral reefs capping some of the 
former islands were able to maintain 
their tops near sea level by growing 
upward. Thus the islands at the north- 
west end of the chain are now atolls: 
the younger islands to the southeast 
are composed of volcanic mountains 
fringed with coral reefs. If such, in 
brief, has been the history of the -Ha- 
waiian Islands, there should be a geo- 
logic section beneath the reef islands re- 

cording much of Hawaii's history. To 
test this postulated history, Ladd pro- 
posed in 1960 that a deep hole be 
drilled on Midway, this atoll being se- 
lected over its neighbor Kure for logis- 
tical reasons. 

Before the expensive process of drill- 
ing was attempted, seismic and magnet- 
ic surveys were carried out to deter- 
mine the approximate thickness of the 
postulated cap of reef rock. Two brief 
seismic surveys were made by George 
Shor and his associates of the Scripps 
Institution of Oceanography. The first. 
strictly a land survey along the south 
side of Sand Island, was made in 1963 
(2); the second survey was made in 
the lagoon, in December 1964. spe- 
cifically to determine the thickness of 
coral beneath the northern part of the 
lagoon (3), where a magnetic low had 
been reported by the Naval Oceano- 
graphic Office (Project Magnet) (4). 
The geophysical surveys indicated the 
presence of a significant section of sedi- 
ments beneath the islands on the south, 
with a progressive thickening north- 
ward under the lagoon. 
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Two holes were drilled during the 
summer of 1.965 (Fig. 1). The first, 
on Sand Island, entered basalt at 516 
feet (1550 m) and was continued to 
568 feet. The second, the Reef hole, 
was drilled from a barge resting on the 
northern edge of the lagoon floor. It 
entered basalt at 1261 feet and was 
continued to 1654 feet. In each hole 
some 400 feet of post-Miocene lime- 
stones were penetrated, below which 
was a thin zone of upper Miocene 

(Tertiary g) sediments. In the Reef hole 
the upper Miocene sediments were un- 
derlain by approximately 500 feet of 
lower Miocene limestones (Tertiary e), 
and these, by about 170 feet of re- 
worked volcanic clays, some lignitic, 
also of early Miocene age. 

The drill was a truck-mounted Fail- 
ing Model 2500 with reinforced tow- 
er (5). Cuttings and cores to a depth 
of 70 feet were taken with rock bit 
and conventional diamond core barrel. 
At depths greater than 70 feet a rubber- 
sleeve core barrel, yielding a 3-inch 
(7 t-cm) core, was used almost exclu- 
sively. In the deeper of the two holes, 
three 1-inch oriented cores were taken 
(6). The size and amount of casing 
used and the amounts of core recovered 
are shown in Table I. Sea water was 
used as drilling fluid with salt-water 
mud. 

The first hole was drilled on Sand 
Island without difficulty. The geophysi- 
cal surveys had indicated a thickening 
of the section to the north under the 
lagoon; consequently the site for the 
second hole was a flat sandy area just 
inside the reef on the north side of the 
lagoon, where the depth of water at 
high tide was 8 feet. This site was 
cleared of minor coral growth, and a 
course through the coral-studded la- 
goonal terrace was mapped by divers 
and marked with buoys. 

The drill and all equipment, weigh- 
ing 120 tons, were loaded aboard a 
steel barge measuring 120 by 30 feet. 
The barge, furnished by the U.S. 

Navy, was then towed to the drill site 
by a Navy LCM. After being jockeyed 
into position at the drill site, the barge 
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