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ABSTRACT

A catalogue of early-type galaxies containing anomalous amounts and/or distributions of dust is com-
piled from the literature. The biases inherent in the catalogue are discussed. New CCD observations of
selected dusty elliptical galaxies are presented that help to clarify the configuration of the dust. The
morphological types, radio properties, radio-source orientations, neutral-hydrogen contents, and kine-
matics of the catalogue galaxies are reviewed, and the possible correlations between the presence and
distribution of dust, on the one hand, are compared to other attributes of these galaxies, on the other

hand.

L. INTRODUCTION

Attention has recently been drawn to a class of apparently
elliptical galaxies which contain various quantities of dust,
usually (but not always) in a lane along an optical axis of the
galaxy (Bertola and Galletta 1978; Kotanyi and Ekers 1979;
Bertola 1981; Hawarden et al. 1981; Kotanyi 1981; Tohline,
Simonson, and Caldwell 1982). The archetypal “dusty ellip-
tical” is the well-known radio galaxy NGC 5128 (Centaurus
A,; for a recent review, see Ebneter and Balick 1983), which
appears to be a normal elliptical galaxy bisected by a thick,
warped dust lane which lies along the galaxy’s minor axis.
The presence of dust in early-type systems which are nor-
mally found to be free of dust and gas has led to a great deal
of interest in this class of galaxies. The fact that many such
galaxies are found to be radio sources has also promoted the
suggestion that the gas associated with the dust in these gal-
axies provides a source of fuel for the active nucleus (see
Gunn 1979). Hence, the dusty ellipticals may also be impor-
tant for our understanding of the origins of activity in ellipti-
cal galaxies. Furthermore, the dust lanes in some of these
galaxies provide information about the dynamics and the
true, three-dimensional figures of the galaxies.

The study of dusty ellipticals has been somewhat ham-
pered by the lack of any single, large list of early-type sys-
tems containing dust, although many such galaxies have
been identified in the literature. This paper contains a cata-
log of some one hundred dusty ellipticals and some related
objects, culled from the literature (the literature search was
completed in 1984 April). A number of examples are illus-
trated. Section II contains the catalog and a description of
the various types of dusty ellipticals; a morphological classi-
fication system is proposed. Observations of a sample of
dusty ellipticals are discussed in Sec. III. In Sec. IV, the
known properties of the sample are discussed; the hypoth-
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eses which have been proposed to explain these galaxies and
their relationship to other types of peculiar galaxies are dis-
cussed in Sec. V.

II. THE CATALOG -

The present catalog (Table I) was compiled primarily from
previously published lists of dusty early-type galaxies and
from published reports of dust in individual objects. (Some-
what surprisingly, most of these lists do not overlap very
much). In particular, all objects from the list of Hawarden et
al. (1981), and most of the galaxies observed by Longmore
and Sharples (1982), have been included. (A few of the latter
have been excluded as being more probably of the M82 type;
another, 0547 — 245, was excluded because it could not be
positively identified.) All elliptical galaxies identified in pub-
lished papers as containing dust have been included. In addi-
tion, The Hubble Atlas of Galaxies (Sandage 1961) and the
Atlas of Peculiar Galaxies (Arp 1966) were searched for can-
didates. Some galaxies from the latter source are more or less
disturbed in appearance, but were included on the grounds
that they resemble ellipticals more than anything else. Final-
ly, all galaxies classified as Ep by Morgan (1958, 1959) were
investigated; most of these were already known from other
sources. All galaxies which were expected to show large-
scale dust structures were then inspected on either the Palo-
mar Sky Survey prints or the ESO(B) Sky Survey film copies
(occasionally both) to confirm the presence of dust and the
dust-lane morphology.

Generally, borderline cases have been included. Galaxies
which seemed to be of the M82 class of irregular or amor-
phous galaxies were excluded (see Sec. IV); these galaxies
tend to be highly flattened. The catalog does, however, differ
from that of Hawarden et al. (1981) in that the present list
does not discriminate against galaxies in which the dust is
not in a well-defined lane. Four severely distorted systems
were excluded from the main catalog (see Table II) but are
discussed in the present paper because they may be impor-
tant for understanding the origins of the dusty ellipticals.

While every attempt has been made to include all known
dusty early-type galaxies, the catalog is in no sense complete,
for a number of reasons. There are several selection effects to
which this catalog is particularly susceptible. More of the
galaxies in the southern hemisphere were discovered for
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TABLE 1. Elliptical galaxies with dust.
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(1) (2) (3) (1) (5) (6) 7 (8) (9) (10) (11) (12)

I RA(1950) DEC(1950) TYPE B v HI S(1.4 GHz) REFERENCES NOTES PHOTO COMMENTS

0036+481 00 36 11 48 03 42 D 10.1 ] em <0.10 20,55,60 1,8 60 NGC 185; Local Group

00374414 00 37 38 41 2454 D 8.85 1 em <0.05 20,55,60 1,8 60 NGC 205; Local Group

0041-04Y 00 41 01 =04 22 15 P,BE 1,2,36 10 40 IC 1575=Arp 231

0052-323 005231 =-321806 O 2 MCG -5-3-13

0055+300 00 55 06 30 0454 D 12,5 5218 ab 1.8 3,65,68 1,3,4 NGC 315; DW 0055+26

0104+321 01 04 38 320842 0 12.9 50% nd 4.7 3,65 1,3, NGC 383; 3C31=PKS 0104+32

0106+355 01 06 36 35 27 P 178 em <0.05 20,60 60 NGC 404; Local Group?

0123-019 01 23 52 =01 53 54 0 5715 2 5 IC 1703

0131-367 01 31 44 =36 44 54 O,BE  14.1 9049 10.9 5,6 3,4 6 NGC 612; PKS 0131-36

0132-246 01 32 36 =24 41 47 0? 36 10

01414374 01 41 54 37 26 S?P? .7 5885 2,57 NC 662

0147-269 01 47 06 -26 59 57 S, W

0149+359 01 49 54 35 55 P/S 14.8 5023 nd 0.17 8,9,65 5,6 y NGC 708; B2 0149+35B

0151-498 01 51 16 =49 48 18 P 14.1 6170 1,2,7 1,712

0206+355 02 06 39 3533 M P 1.7 11075 2.08 8,9 3 9 UGC 01651; B2 0206+35
=4C35.05

0219-345 02 19 10 -34 32 34 s 1 5 1

0226-109 02 26 54 -10 58 0 40 9 40 NGC 943=zArp 309

0238-085 023837 -082806 P 15 1434 em+ab  1.20 37 1,4,5 37 NGC 1052

0301-158 03 01 19 -15 48 36 U 2645 42,57 NGC 1199

0316-193 03 16 58 -19 16 48 P? 12.6 1471 <0.05 NGC 1297

0320-374 03 20 47 -37 23 06 D,P 9.7 1632 nd 115 10,36 3,4,5,9,10 10 NGC 1316; Fornax A

0326-312 03 26 18 ~31 14 30 U(D?) 11.2 1088 49 10 NGC 1344

0413562 04 13 32 -56 1106 O 12.5 935 2 5 NGC 1546

0418-583 04 1803 582236 U 2

0526-638 05 26 29 -63 4807 P 1.8 653 0.046 1,2,11,12,48 11,12 NGC 1947

0532-527 05 3205 -52 4 30 O 2

0544-168 05 44 35 -16 u8 0 2 NGC 2076

0557-524 05 57 56 =52 27 06 O 1

0609-331 06 0950 =~33 07 01 P 1

0632629 06 3252 -6257 19 P 1,36(2) 5,10(?)

0639-346 06 3951 =-34 41 41 0 1

0641412 06 41 52 -41 16 44 0 1

07454560 07 45 47 56 02 00 D 10688 3.8 50 50 MCG 9-13-57; DA 240=4056.16

08084558 08 08 56 55 49 16 I 3625 <0.05 1 NGC 2534

0828+411 08 28 08 41 06 48 I 1,2,51

0907+602 09 07 45 60 14 30 D 10.9 1502 em <0.05 4,39,43 4 NGC 2768

0929-165 092915 =16 31 00 O 13.0 1811 <0.05 2,39 39 NGC 2907

0931+104 09 31 05 10 22 54 D 12.6 3026 em+ab 0.18 y 4,5 40 NGC 2911=Arp 232

0940+322 09 40 13 32 10 S 12.8 1564 0.10 2 5,9 NGC 2968; B2 0940+32B

09%58-314 095828 -312524 U 56 NGC 3100

1000-314 10 00 16 =31 26 06 P(M?) 14,56 56 NGC 3108

1029-459 10 29 03  -45 5931 0O 13.6 2597 0.032 1,46,47,51 3,5 1

1029+544 10 29 22 54 39 24  P,D 1693 40,57 40 Arp 233

1033-321 1033271 -3206 23 O 1 9 NGC 3302

1034-273A 10 34 14 -27 1536 D 12.9 3818 44,57 5,9 4y NGC 3309

1034-273B 10 34 22 -27 16 06 D 12.5 3354 15,44 ,57 1,5,9 4y NGC 3311

1040+776 10 40 18 77 37 0/5,W 40 40 Arp 156

1104-392 11 0450 -391150 O 1 NGC 3523

1104-192 11 0450 -191206 O 2 5,9,11 * NGC 3528

1118-291 1118 25 -29 07 48 O,W 0.0522 1,51 11 . MCG =5-27-10

11204541 11 20 49 54 07 06 P,D 2910 <0.10 49 40 NGC 3656=Arp 155

11224390 11 22 01 390211 o0 1.7 2012 nd 0.11 2,5,8,16 3,4,5,11 16 NGC 3665; B2 1122439

1137+180 11 31 41 18 00 214 M 13.0 3174 em+ab 0.09 64,65 9 NGC 3801; 4C17.52

1148-285 11 48 30 -28 31 42 D 1.1 1546 nd <0.15 36,49 1,5,10 36 NGC 3923

11534433 11 53 00 43 19 o 2 UGC 06901

1205+655 12 05 35 6527 18 S 10.7 1482 nd 0.06 52 NGC 4125

1217+296 12 17 42 29 34 D 651 em 0.50 53,58 1 NGC 4278; B2 1217429

12224077 12 22 23 07 43 13 [ 141 68 em 1,2,41 1" * NGC 4370

12224132 12 22 31 13 09 48 P 10.3 84  nd 0.6 1,2,19,41,65 3,4,5 4,19 NGC 4374=M BU4; 3C272 (Virgo)

1235+337 12 35 35 33 44 P 2 1 * NGC 4583

1246-410 12 46 03 -U41 02 18 O 1.7 2690 3.93 4,54 5 54 NGC 4696; PKS 1246-U41

1249-009 12 49 48 -00 55 52 5,D 10.8 1137 1 1 60 NGC 4753

1307-467 13 07 39 =46 43 29  S(D?) 13.0 1620 1,46,47

1310-301 13 10 10 -30 10 10 o 0.0068 1,2,51 1"

1310-193 13 10 20 =19 15 12 u(p?) 11.8 2729 49 49 NGC 5018 (disturbed)

1320-324 13 20 08 -32 28 21 0.024 1,51 5,11

1322-428 13 22 32 -42 4 30 P,BE,W 7.9 323 em+ab 1330 1,21,36 3,4,5,10 21,60 NGC 5128; Centaurus A

1339-479 13 3956 -47 54 49 P, W 12.3 2983 <0.05 1,47,56 5 1,14,56  NGC 5266

1341-269 13 41 15 -26 58 48 P 6739 1,2,38 12,38 IC 4320 (misidentified as
IC 4370 in ref.1)

13504317 13 50 03 31 41 34 S >15.0 13558 4.55 22,45,57,59 3,4,11 45 UGC 08782; 3C293

13514405 13 51 21 40 3232 2.5 3096 <0.10 u 5 NGC 5354

1352-336 135237 -333925 I 1,2 5

13534055 13 53 36 05 29 58 M,D 1.2 1081 em+ab  0.25 1,23,24,32 4,9,11 7,23,% NGC 5363

14054552 14 05 27 55 14 28 P R 2136 Y 5,11 - NGC 5485

1426-29%5 14 26 51 -29 31 34 1(0?) 6845 1,2,7 5,11 [4 NGC 5626

1442-137 14 42 17 -13 44 05 O 0.017 1,51 3,7,11 . NGC 5745 (see Table 2)

1444-304 14 44 27 -30 26 09 S 1

14484635 14 48 09 63 28 30 S 14.3 12564 3.71 4,25,57 1 61 IC 1065; 3C305=4C63.21

1459-72Y 1459 29 =72 25 12 S(+0?) 1

1500-722 15 00 27 =72 14 17 S 13.5 2933 <0.040 1,46,47 NGC 5799

15324237 15 32 48 23 4o I 1. 5558 em 0.42 40,57 1 40,% IC 4553=Arp 220 (disturbed)

1637+826 16 37 57 82 38 18  P(S?) 7131 2.3 26,33,57 6,11 NGC 6251

1934-638 19 34 49 -63 49 12 P 54481 16.0 27,34,35,57 27 PKS 1934-63

195 7+405 19 57 44 40 35 45 P(?) 17119 1495 28, 3,4,5 28 Cygnus A=3C405

2048-573 20 48 12 -57 15 30 0 13.0 3405 em 1.95 2,29,30,41 5 29,30 IC 5063; PKS 2048-57 (radio
ID uncertain)

2105-365 21 05 12 -36 35 40 P 0.007 1,51

2116+262 21 16 06 26 14 06 0 5128 nd 0.018 4 NGC 7052; B2 2116+26

2128-430 21 28 34 -43 03 48 S 13.4 2402 0.0032 1,2,7,46,47 7 NGC 7070A

2137-428 21 37 06 <42 46 U 12.4 2677 46,47 NeC 7097

2206-474 22 06 12 -47 25 00 O 1.4 1731 0.30 2,48,62 62 NGC 7213 (x-ray source:
H 2209-471)

2210-264 221019 =26 2342 o0 2 NGC 7225

2229+391 22 29 06 39 06 11 0 14.3 5413 3.21 3,63 3Cu49

22554129 22 55 34 1251 58 P 0.054 1,2,51 6 NGC 7432

2317+169 23 18 00 16 57 12 D,P 12.8 1864 em 0.054 1,2,31 40 NGC 7625 (misidentified as
NGC 7624 in ref.1)

2323-400 23 23 31 =40 02 47 O 0.029 1,51

2336+157 23 36 14 15 41 o 2 NGC 7722

2350-297 23 50 45 =29 43 15 I 1

2353-301 2353 13 =-300910 O 1

2357-287 23 57 57 =28 46 00 I 1
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TABLE II. Galaxies which may be related to the dusty ellipticals.

[§] (2) (3) ) (5) (6) m (& (9) (10) {11) (12)
o] RA(1950)  DEC(19%50) TYPE B v HI S(1.4 GHz) REFERENCES NOTES PHOTO COMMENTS
01224035 01 22 00 03 31 54 [ 12.05 2272 em 0.25 13 2,3,4 40 NGC 520
0610+784 06 10 U5 782230 O 1.2 1028 em 1.20 13,66,67 2,3,4 40 NGC 2146; 4C78.06
1225+133 12 25 13 131706 O 1.9 18 em 0.30 13 2,3,4 340 NGC 4438
1442-137 14 42 17 =13 4405 O 0.017 51 2,3,7 * NGC 5745
NOTES FOR TABLES 1 AND 2

1. Small amount of dust T. Observed by Balick at CTIO, 1983

2. Probable merger in progress 8. Dwarf elliptical

3. Extended radio source 9. Has close or interacting companion

4, Compact radio source or radio source has compact core 10. Has shells or "ripples”

5. In cluster or group 11. Observed by Ebneter and Balick at KPNO, 1983 May

6. Dust lane very thin or weak

REFERENCES FOR TABLES 1 AND 2

Hawarden et al. 1981

Longnore and Sharples 1982

Butcher et al. 1980

Kotanyi 1981

Rotanyi and Ekers 1979

Ekers et al. 1978

Sharples et al., 1983

Fanti et al. 1977

Battistini et al. 1980

10. Schweizer 1980

11. Mollenhoff 1982

12. Bertola 1981

13. de Vaucouleurs, de Vaucouleurs,
and Corwin 1976

14. Tohline, Simonson, and Caldwell
1982

15. Lindblad 1978

16. FKotanyi 1979

17. Lauberts 1982

18. Jenkins 1982

19. van Albada, Kotanyi, and

Scwarzschild 1982

VOOV EWN =

20. Haynes et al. 1975

21. Ebneter and Balick 1983

22. Baan and Haschick 1981

23. Bertola and Galletta 1978

24, Haynes and Giovanelli 1981

25. Heckman et al. 1982

26. Nieto et al. 1983

27. Penston and Fosbury 1978

28. Thompson 1984

29. Danziger et al. 1981

30. Caldwell and Phillips 1980

31. Knapp, Kerr and Williams 1978

32. Tovmassian 19%8

33. Waggett, Warner, and Baldwin
1977

34, FKellermann 1966

35. Peterson and Bolton 1972

purely optical reasons than in the northern hemisphere sam-
ple, because it is easier to identify the dust lanes on the south-
ern sky survey than on the Palomar Sky Survey. This effect
was discussed by Hawarden et a/. (1981). Galaxies with dif-
fuse, irregular dust are very difficult to identify on either sky
survey. Small dusty galaxies like NGC 185, NGC 205, and,
possibly, NGC 404, are impossible to identify as dusty sys-
tems at even moderate distances and are therefore certain to
be severely under-represented. Ellipticals like NGC 315 and
NGC 1052 which contain only small amounts of dust will
also be poorly represented, as this type of dust is usually
discovered only when the nuclear regions of a galaxy are
carefully scrutinized. There may be a bias against galaxies
with dust lanes along the optical major axis; they are difficult
to distinguish from early-type spirals. (The difference
between a dusty elliptical and normal SO or Sa galaxy fre-
quently becomes a matter of opinion which can not properly
be decided by consideration of bulge flatness.) Finally, there
may be a bias towards radio galaxies, particularly in the case
of galaxies with small amounts of dust, as such galaxies are
more likely to have been subjected to careful study.

The dusty ellipticals present a problem for conventional
classification schemes because they do not fit easily into

36. Malin and Carter 1983

37. Carter et al. 1983

38. Warren-Smith and Berry 1983
39. Sandage and Brucato 1979

42, Nieto 1983

43. Boroson et al. 1983

44, Wirth and Gallagher 1980

45. van Breugel et al.1984

46. Sadler 1984a

47. Sadler 1984b

48. Sadler 198ic

49. Schweizer 1983

50. van Breugel et al. 1983

51. Kotanyi, Hummel, and Laing ——
in preparation

52. Bertola et al. 1984

53. Gunn 1979

54. Jorgensen et al. 1983

55. Gottesman and Johnson 1983

56. Caldwell 1984

57. Palumbo, Tanzella-Nitti, and
Vettolani 1983

58. Raimond et al. 1981

59. Shostak et al. 1982

60. Sandage 1965

61. Sandage 3C305 paper

62. Phillips 1979

63. Miley et al. 1983

64, van Breugel et al. in preparation

65. Heckman et al. 1983

66. Fisher and Tully 1976

67. Kronberg and Biermann 1981

68. van Breugel 1980

them. These galaxies are most commonly classified as I Op
and S0, with a few described as Sap (e.g., NGC 7625). How-
ever, as noted by Kotanyi (1981), they are better described as
ellipticals with dust. It would seem, therefore, that some
means of organizing and classifying dusty ellipticals would
be useful. Hawarden et al. (1981) proposed such a scheme,
and it has been adopted here in a somewhat modified form.
In particular, two new classes have been added and one has
been deleted. The system used in this paper, therefore, is as
follows:

O = oblate—dust lane lies parallel to the optical major
axis of the galaxy (this class may be contaminated by normal
SO or Sa galaxies)

P = prolate—dust lane lies parallel to the optical minor
axis of the galaxy

S = skew—dust lane does not lie parallel to either optical
axis of the galaxy

I = indeterminate—stellar component of galaxy appears
spherical; dust is in a well-defined lane

D = diffuse—dust is distributed in irregular patches in
the galaxy

M = multiple—galaxy has two dust lanes, one on the op-
tical major axis, one on the optical minor axis
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(The terms “oblate” and “prolate’ are purely mnemonic and
are not meant to imply anything about the true figure of the
galaxy.) These classes could be profitably appended to the
conventional classifications; for instance, NGC 5128 (Cen-
taurus A) could be described as an E1 dP, where the “d”
would be for dust, with the dust morphology afterwards.

Table I is the catalog. All galaxies are identified on the
IAU system, with NGC, IC, and other identifications given
in column 13, “comments.” The “type,”or morphological
classification, is given in column 4; these are taken from the
literature in most cases, as verified by inspection on the sky
surveys. The classes are given as above, with three additional
descriptive symbols:

W = warped—dust lane is warped

BE = bright edge—dust lane has a bright edge, possibly
due to a stellar disk

U = unknown—dust type could not be determined but
galaxy has been identified as containing dust
These symbols are intended to convey the appearance of the
galaxy. Column 7 indicates whether or not neutral hydrogen
has been observed in the galaxy: “em” = H I emission de-
tected; “ab” = H 1 absorption detected; “em + ab” = both
emission and absorption detected; and “nd” = not detected.
A reference is given in column 10 where appropriate. Col-
umn 8 gives the radio flux (in Jy) at 1.4 GHz. If a flux at 1.4
GHz was not available, the flux was estimated from the pub-
lished flux (usually at 5 GHz) using a spectralindex of — 0.7.
An asterisk (*) in column 12 means that a photograph of the
galaxy appears in this paper (see Sec. III).

Table II lists four galaxies which may be related to the
dusty ellipticals. One of these, NGC 5745 (see Fig. 1 and Fig.
2 [Plate 14]), is included in both tables. All of these galaxies
show evidence of a recent interaction, but all have dust lanes
which are remarkably settled in appearance. All these galax-
ies are radio sources, and the three which have been investi-
gated all contain neutral hydrogen. (This list is by no means
exhaustive; the galaxies were chosen on the basis of their
resemblance to NGC 5745, which appears to be a normal
dusty elliptical on short exposures.) We note that none of the
various H 1 velocities measured for NGC 4438 are in accord
with its otherwise almost certain membership in the Virgo
cluster.

III. OBSERVATIONS OF DUST LANES

The literature is replete with overexposed photographs of
early-type galaxies in which evidence of dust absorption is
impossible to discern. An optimum strategy for the detection
of the dust would be far-infrared imaging, since the dust can
be seen in emission against a dark background. The requisite
instrumentation is not yet available. Still, the question of
whether small or faint dust lanes are common, or even ubi-
quitous, in early-type galaxies is a haunting one which might
bear directly on questions of the figures of ellipticals systems
and the source of “fuel” for galactic activity.

In view of the limited linearity of photographic detectors,
we have attempted to investigate the occurrence and distri-
bution of dust in a variety of early-type systems using an
optical detector with very large dynamic range. The sample
includes many objects from Table I visible in the late spring,
as well as ellipticals of comparable luminosity in which dust
lanes have not been reported previously. The hope is both to
detect dust lanes and to investigate their geometry and rela-
tion to the nucleus. To this end, a CCD detector was used
with the Cassegrain camera on the #1 0.9-m telescope at
Kitt Peak National Observatory in 1983 May. The sky was

186

photometric, and the seeing better than 2” throughout the
run; indeed, the image quality is limited primarily by the
guiding of the telescope and the alignment of its optical ele-
ments. Repeated exposures were obtained so that the full
dynamic range of the CCD detector could be utilized while
obtaining reasonable signal-to-noise levels in regions of low
surface brightness in the presence of moonlight. Typically
two to four 5-min exposures were obtained in each of stan-
dard B and R filters for each galaxy. The ratios of nuclear
count rates to sky background to rms pixel-to-pixel noise
levels are 1000:10:1, although this varies from galaxy to gal-
axy. At the f/7.5 Cassegrain focus, one pixel corresponds to
0”.85, and a typical stellar image has a FWHM of 2-3 pixels.
Each frame was convolved with a circular Gaussian with a
FWHM of 3 pixels in order to reduce the effect of random
noise still further.

Because of the (uncalibrated) variations of detector re-
sponse as a function of wavelength within the filter bands,
the present data are not on any standard photometric sys-
tem. Nevertheless, a standard star was observed so that
changesin B — R could, in principle, be mapped across each
galaxy. The B and R frames were spatially aligned using a
two-dimensional cross-correlation program (written by
Robert Braun), and then divided by one another (after sub-
tracting the average sky level from the entire frame). R and
B — R frames of selected galaxies are shown in Figs. 1(a)~(h).
At low isophotal levels, gradients in the sky brightness, re-
sulting from moonlight scattered in the telescope, affect the
color distributions. The effect of sky gradients is not subtle
and can be clearly seen in the figures.

Variations in B — R can occur because of reddening from
the dust, from intrinsic color variations in the stars (i.e., stel-
lar abundance gradients), or from line emission in one or
both of the filter passbands; e.g., Ha). Shown in Fig. 1 are
cases in which increases in B — R are correlated with local
absorption regions seen in both the B and R frames. This
selects in favor of narrow, well-delineated dust features (in-
deed, every galaxy we found with such red absorption lanes
was already known from earlier photographs to be dusty).
Thus, the figures primarily help to clarify the geometry of
the dust distribution. Further data processing is required in
order to detect dust lanes in galaxies in which dust features
have not hitherto been seen. (The results of this processing
will be published in due course.) However, with the excep-
tion of NGC 6251 and a galaxy with a very small angular
diameter (in which the details were obliterated by the limited
spatial resolution of the images), the B — R images confirm
the presence of dust lanes already known to exist.

A brief discussion of individual galaxies and the geometry
of their dust distributions follows.

NGC 3528. The dust appears in a disk lying along the
major axis of the galaxy. The near side of the disk lies NW of
the nucleus. The disk seems to have about the same extent as
the galaxy itself. No starlight appears to be coincident with
the disk. Whether the galaxy is a true elliptical is problemati-
cal, especially since the spheroidal component of the galaxy
appears to be highly flattened [see Fig. 1(a)].

NGC 3665. Much like NGC 3528, except that the dusk
disk is much smaller than the galaxy. Conceivably, the dust
lies in a small ring centered on the nucleus. A similar situa-
tion occurs in the radio galaxy NGC 383 = 3C31; NGC
3665 is also a radio galaxy [see Fig. 1(b)]. Note that only
because of its compact dust configuration NGC 3665 is more
likely to be classified as an elliptical system than NGC 3528
is.
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FIG. 1. Distribution of surface brightness observed through an R filter (left-hand panels) and variationsin B — R (right-hand panels) for selected dusty
elliptical galaxies. For the R frames (256 X 256 pixels), grey levels are shown at lower light levels and contours at higher levels. Contours are drawn
every half magnitude (logarithmic spacing), whereas grey levels change in linear steps. Absolute brightness levels have not been calibrated. The B — R
variations are indicated by greys (dark implies red colors) with intervals between grey levels in equal fractions of a magnitude. The pixel spacing is
0”.862, and tic marks are drawn every 16 pixels (13”.8). Stars have a FWHM of 2".6 (after smoothing).
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NGC 4370. Similar, again, to 3528, except that the dust
lane projects almost directly onto the nucleus [Fig. 1(c)].

IC 4553. This galaxy [Fig. 1(h)] appears at first sight to be
a double-nucleus galaxy with long tidal tails. If this is true,
then the dust lane lies in projection midway between the
nuclei. However, the prominence of the dust lane may imply
that there is only a single nucleus obscured by the same lane.
Infrared observations can clarify this situation. The possibil-
ity that the red lane results from Ha emission can not be
discounted.

NGC 4583. The dust lane lies along the minor axis of the
galaxy. Note that if the dust lane were removed the galaxy
would appear almost spherical, so the classification of the
system as type P is somewhat problematical [Fig. 1(d)].

NGC 5363. The more prominent dust lane lies SW of the
nucleus near the major axis. A small second dust lane ex-
tends from the nucleus SW to the larger lane [Fig. 1(e)].

NGC 5485. The geometry of the dust lane is that of a very
thin, highly inclined disk passing close to the nucleus in'pro-
jection [Fig. 1(f)]. The dust lane lies perpendicular to the
galaxy’s major axis. Were the dust lane only slightly more
inclined, its presence would be extremely difficult to detect.
Cases like this argue that dust lanes may be far more com-
mon than previously suspected. Note that there is an overall
radial color gradient which, we presume, is intrinsic to the
stellar component.

NGC 5745. The system shows a striking similarity to
NGC 2146, except that NGC 5745 is considerably more dis-
tant. A deep CCD image obtained at the 4-m telescope at
Cerro Tololo is shown in Fig. 2. Both bright regions in the
inner part of the galaxy should be considered part of the
highly distorted sytem. The dust lane lies along the longest
dimension of this irregularly shaped system. A loop of low-
surface-brightness emission extends in projection from the
central part of NGC 5745 to a bright foreground star 90" to
the SW.

IV. PROPERTIES OF DUSTY ELLIPTICALS
™ a) Distribution of ‘Morphological Types

While the present catalog is by no means complete (see
above), it does provide a reasonably large sample for discuss-
ing the general properties of dusty ellipticals. Of the 94 gal-
axies with known morphological types, 33 (35%) are type O,
and 25 (27%) are type P. Only 13 (14%) are type D; however,
this type may be seriously under-represented in the catalog,
as discussed above. Another 13 type S, a small but by no
means insignificant fraction of the catalog (two others, NGC
4374 and NGC 708, here classified as P, may in fact be type
S; see Kotanyi 1981). These systems are particularly interest-
ing (see below), but very poorly studied. The most unusual
type is type M, with only two representatives, NGC 3801
and NGC 5363. Both galaxies have a small dust lane along
the minor axis near the nucleus and a larger dust lane along
the major axis in the outer parts of the galaxy. Other galaxies
are known with orthogonal disks of gas but not dust (NGC
2685, for example, has orthogonal disks of H 1: Shane 1980).

The statistics given above differ somewhat from those of
Hawarden et al. (1981), who found galaxies of type O to be
only slightly more common than those of type P (13 vs 11,
out of a sample of 40). However, they did not include galaxies
of type D, and the present list includes a number of galaxies
from the list of Longmore and Sharples (1982) which are
borderline in the sense that they may include a stellar disk
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(and would therefore be better classified as early-type spir-
als). These galaxies were included in this catalog on the basis
of their appearance on the sky surveys (and, in the case of
NGC 2907, on the basis of a published photograph: Sandage
and Brucato 1979), in the absence of any kinematic or photo-
metric evidence for a stellar disk.

b) Radio Properties of Dusty Ellipticals

Astronomical folklore has it that ellipticals with dust are
more likely to be active than are “normal” ellipticals. The
archetypal dusty elliptical is NGC 5128, which is the well-
known radio source Centaurus A, and the powerful radio
galaxies Cygnus A and PKS 1934 — 63 are also dusty ellipti-
cals. [A recent CCD study of Cygnus A by Thompson (1984)
demonstrates fairly convincingly that the commonly drawn
analogy between Cyg A and Cen A is probably incorrect, in
the sense that the peculiar double appearance of Cyg A is
probably real and not an optical effect caused by the pres-
ence of a lane of dust like that in Cen A. However, his images
also indicate that, nevertheless, Cyg A probably does con-
tain dust in patches near the nucleus, possibly in a thin lane.
None of this disqualifies Cyg A from inclusion in this cata-
log.] A fairly large fraction (32%) of the galaxies in Table I
have radio fluxes of 30 mJy or more, which is somewhat
unusual for a sample this size; Disney and Wall (1977), in a
survey of southern E and SO galaxies at 5 GHz, detected 39 of
181 galaxies, or 22%, with a detection limit of 12 mJy (12
mJy at 5 GHz is roughly comparable to 30 mJy at 1.4 GHz).
This result should be treated with caution, however, as the
selection effects in the present catalog may be rather insid-
ious.

Other types of activity (e.g., x-ray emission, nuclear emis-
sion lines, etc.) in dusty ellipticals have not been systemati-
cally studied.

¢) Radio Source Orientation

Kotani and Ekers (1979) and Kotani (1981) have noted a
tendency for the radio sources in dusty ellipticals to be ori-
ented roughly perpendicular to the dust lane. None of the
galaxies in the present catalog alter this result significantly,
although two more galaxies with extended radio sources
may be added to the list, NGC 5745 and 1029 — 459; both
have relatively weak radio sources which are oriented ap-
proximately perpendicular to the respective dust lanes (Ko-
tani, private communication). There are, however, two
points worthy of comment. First, two galaxies, IC 5063 and
NGC 6251, have been offered as counterexamples to the
above suggestion (Danziger et al. 1981; Nieto et al. 1983);
both galaxies have radio sources that are parallel to their
dust lanes. However, it is not certain that the weak western
“lobe” of the radio source PKS 2048-57 is really associated
with IC 5063 (if it is, the radio source would be single lobed
and highly asymmetric), and the dust lane in NGC 6251 has
not yet been confirmed. Further study of these two examples
is therefore needed. Second, in two well-studied galaxies of
type S, IC 1065 (3C305) and 3C293 [see Heckman et al.
(1982) and van Breugel et al. (1984), respectively], and one
type-M galaxy, NGC 3801 (van Breugel et al., in prepara-
tion), the radio sources are distorted and rather small; they
resemble the extended radio sources found in some Seyfert
galaxies, particularly NGC 1068 (Wilson and Willis 1980;
see also Wilson 1982). It has been suggested that these
sources are distorted by the interaction of the radio plasma
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with the gas in the disk, but it is not clear why the radio
source in these galaxies should emerge into the disk rather
than perpendicular to it, nor why these sources should suffer
this type of distortion while that in NGC 6251 apparently
does not. None of the remaining S-type galaxies in the cata-
log are strong radio sources, with the possible exceptions of
NGC 4374 and NGC 708, in which the dust lanes are, how-
ever, only weakly skewed. (Both radio sources in these galax-
ies are almost perpendicular to their respective dust lanes.)

d) Neutral Hydrogen

Fourteen of the one hundred galaxies in Table I have neu-
tral hydrogen in either emission or absorption, occasionally
both; upper limits on 21-cm emission are available for six
others. The others have not been studied. The neutral-hy-
drogen content is in itself not terribly surprising—where one
finds dust, one ought to also find gas—but the quantitative
results are interesting. NGC 5128 has been well studied and
has been found to contain about 10° M, of H 1(Gardner and
Whiteoak 1976), which VLA maps (Shostak er al. 1983)
show to be in the same configuration as the dust. However,
NGC 1316 (Fornax A) contains very little H 1, despite its
superficial resemblance to NGC 5128 (Jenkins 1983) [al-
though it does contain a disk of ionized gas (Schweizer
1980)]; and M84 also contains very little, if any, neutral hy-
drogen (Heckman et al. 1983). There is no reason to assume
that the gas must be neutral, of course, so studies of the
ionized and/or molecular gas content of the sample would
be very interesting. [Caldwell (1984(b)] has recently looked
for [O 1] emission in a sample of about one hundred ellipti-
cal galaxies, including some 15 dusty ellipticals. He detects
almost all of the dusty galaxies.] It is also interesting to note
that there does not seem to be any preference for radio galax-
ies in the sample to be the ones which contain neutral hydro-
gen, except that very few of the radio-quiet galaxies have
been searched.

e) Kinematics and Dynamics

The kinematics of a small number of these galaxies have
been studied by various authors; they may provide impor-
tant clues to both the origin of the dust and gas and the
intrinsic figure of the underlying elliptical galaxy. Galaxies
with well-studied kinematics are NGC 5128 (Graham 1979);
NGC 1316 (Schweizer 1980); NGC 1947 (Mollenhoff 1982);
NGC 5626, NGC 5363, NGC 7070A, and the anonymous
galaxy 0151-498 (Sharples et al. 1983); NGC 3108 and NGC
5266 (Caldwell 1984a); NGC 612 (Goss ez al. 1980); and IC
5063 (Caldwell and Phillips 1981). In all cases, the dust and
associated gas appear to be in a disk configuration which is
rotating, as would be expected. The stellar kinematics vary
from galaxy to galaxy. In NGC 1947 (Mollenhoff 1982),
NGC 5128 (Graham 1979), and 0151 — 498 (Sharples et al.
1983), all of which are type-P galaxies, the gas disks are
found to rotate about the optical major axis of the galaxy,
while the stellar component rotates very slowly, if at all.
There is no evidence in NGC 1947 for rotation of the stellar
component about either axis; in NGC 5128 there is weak
(and unverified) evidence for rotation of the stellar compo-
nent about the minor axis, i.e., perpendicular to the rotation
of the dust lane (Danziger et al., quoted in Lake and Normal
1983). Such a situation is known to occur in NGC 5266
(Caldwell 1984a) and in NGC 1316 (Schweizer 1980), where
the measurements are based on ionized gas not directly asso-
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ciated with the dust, which has a more irregular distribution.
The same thing occurs in a number of southern dusty ellipti-
cals of type P which have recently been studied (Mollenhoff,
private communication). Caldwell (1984a) concluded from
his measurements of NGC 5266 that the galaxy must be
triaxial, a conclusion which probably also applies to the oth-
er cases where the dust and stars have very different rota-
tions. Another case which is extremely interesting is that of
NGC 5363, the only one of the type-M galaxies which has
been studied kinematically. In NGC 5363, Sharples ef al.
(1983) found that the gas rotates about the major axis near
the nucleus, and about the minor axis in the outer regions of
the galaxy; the stellar component rotates about the minor
axis. NGC 70704, the only type-S galaxy to have been stud-
ied, shows no stellar rotation (Sharples ez al. 1983). In IC
5063 (Caldwell and Phillips 1981), NGC 612 (Goss et al.
1980), and NGC 5626 (Sharples ez al. 1983), the gas and stars
co-rotate around the minor axis (these are all type-O sys-
tems). Two of these systems show some evidence for the pres-
ence of a stellar disk.

[f) Relationship to Other Types of Peculiar Galaxies

The dusty elliptical galaxies may be related to several oth-
er types of peculiar systems, specifically the M82-type irreg-
ular of “amorphous” galaxies, elliptical galaxies.with large
gas content (but not apparent dust), and the so-called SO
galaxies with polar rings. The hypotheses which have been
proposed to explain all three types of galaxies are very simi-
lar.

The so-called Irr II galaxies form a rather heterogeneous
class in the sense that the class encompasses a variety of
morphological types; a number of the galaxies in the present
catalog have previously been classified as Irr II. There are a
fair number of Irr ITs which resemble the well-known galaxy
MB82; these were described by Sandage and Brucato (1979) as
amorphous. These systems tend to be highly flattened (at
least those examples that are seen edge-on) and contain large
amounts of dust in irregular patterns; however, they show no
evidence for spiral structure. Some examples contain gase-
ous filaments (Krienke and Hodge 1974). Many such galax-
ies are found in close proximity to large spiral galaxies (e.g.,
MB82 and NGC 3077, which are in a group with the spiral
M381). This close relationship with spiral galaxies suggests
that an interaction with the spiral has resulted in the acquisi-
tion of gas by the smaller galaxy. (Something similar may
have happened with the dwarf ellipticals NGC 185 and
NGC 205.) However, other examples, for instance NGC
5253, are more or less isolated. Most of the amorphous gal-
axies seem to have recently undergone a burst of star forma-
tion, possibly due to the recent infall of gas into a previous
gas-free system. The highly irregular distribution of the dust
in these systems may imply that the dust and gas are, in fact,
newly acquired; since small ellipticals do seem to be rota-
tionally flattened, unlike giant ellipticals (Davies et al. 1983),
one would perhaps expect that the gas would settle down
into a preferred plane rather quickly.

A small but significant number of ellipticals are known
which contain neutral hydrogen (see Knapp 1983 for a re-
view); many of these are also dusty ellipticals, but few are not
known to contain any dust (although the possibility of dust
being found in a careful search, especially of the nuclear
regions, should not be ignored). A number of other ellipticals
are known which contain ionized gas (see, e.g., Caldwell
1984b). Since ellipticals are traditionally believed to be gas
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poor as well as dust free, it is obvious that there may be some
connection to the dusty ellipticals. Many of these “gassy”
ellipticals are active (as are many dusty ellipticals), but this
may, of course, be a selection effect due to the tendency to
look for gas in active ellipticals as a source of fuel for the
nucleus. The number of inactive ellipticals which are gassy is
not known, since it is not as easy to search for gas as for dust.
The origin of the gas is also a subject of debate; see below.
A number of galaxies have been found which appear to be
S0 galaxies with a ring of material (typically stars, gas, and
dust) in a polar orbit. The archetype for this class is NGC
2685, sometimes called the “spindle”, although there is con-
siderable evidence that the so-called spindle is in fact a disk
(Schechter and Gunn 1978). Shane (1980) found that NGC
2685 contains two disks of H 1 which are oriented more or
less perpendicularly to each other. A number of other galax-
ies of this type have been discovered recently; the best known
is NGC 4650A, but all present the same general appearance.
Those for which the kinematics have been studied have gen-
erally been found to be disk systems, rather than prolate
spheroids (Schweizer e al. 1983) as was once believed.

V. CONCLUSION

The dusty elliptical galaxies form an interesting class for
several reasons: they seem to be more active than non-dusty
ellipticals; they provide information about the true figures of
elliptical galaxies and may therefore be important to our un-
derstanding of all ellipticals; they may be the merger rem-
nants that many authors believe should be found. The num-
ber of dusty early-type galaxies is in fact consistent with the
number of expected merger remnants; many of the known
examples demonstrate characteristics which some authors
believe to be indicative of mergers (Schweizer 1983): shells,
tails, a generally disturbed appearance. Furthermore, it is
difficult to understand the presence of significant amounts of
gas and dust in ellipticals without invoking some type of
accretion event; in no example of a dusty elliptical are the
kinematics consistent with the gas coming from stellar mass
loss or ejection from the nucleus; nor can Kotanyi’s (1981)
idea that active ellipticals can “protect”, and therefore re-
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tain, their gas explain the presence of significant gas/dust
disks in nonactive ellipticals. It therefore seems more likely
that the (suspected) high rate of activity in dusty ellipticals
means that the disk provides a source of fuel for the nucleus,
although this of course begs the question of how the “mon-
ster” formed.

Dusty ellipticals may also be important to the study of
activity in galaxies in another way. It is well known that
active spirals rarely, if ever, possess giant double-lobed radio
sources of the type that are commonly found in radio ellipti-
cals. One theory to explain this result has been that spirals of
course contain a disk which contains a great deal of gas, and
the presence of this gas disk may inhibit the formation of a
classical double-lobed radio source. However, some dusty
ellipticals have substantial disks of gas (e.g., NGC
5128 = Centaurus A), but also have large double-lobed ra-
dio sources. This suggests that perhaps the galaxy must ac-
quire a large central engine before it acquires a gas disk, or
perhaps there is some qualitative difference between the en-
gines formed by spiral galaxies and the engines formed by
ellipticals.

Further study of the dusty ellipticals is clearly necessary.
Searches for dust in both active and inactive ellipticals
should help to clarify the suspected connection between dust
and radio sources. Information is also needed on other types
of activity in dusty ellipticals, e.g., x-ray sources or nuclear
emission-line sources, etc. The search for dust in ellipticals
would ideally be carried out in the far infrared, where the
orientation of the dust and gas disk is less important than it is
in the visual. Further kinematic studies of dusty ellipticals
are necessary both to clarify our understanding of the figures
of elliptical galaxies and to search for clues to the origin of
the gas and dust in these systems.
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PLATE 14
FiG. 2. CCD frame of NGC 5745 obtained at the 4-m telescope at Cerro Tololo through a
V filter. The data were obtained under conditions of approximately 15 and variable
atmospheric transparency. Standard dark count and flat-field correction have been ap-
plied.
K. Ebneter and B. Balick (see page 186)
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