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Abstract

The results from ASCA observations of the Abell 1060 cluster of galaxies are presented. Spatially sorted
X-ray spectra were used to derive the distributions of the temperature and metallicity in the X-ray emitting
gas of the cluster. Within ~ 20’ (or 400 kpc assuming Hq = 50 km s~! Mpc™!) of the cluster center, the
gas temperature has been found to be radially constant at 3.170% keV (or 3.1 £ 0.2 keV within ~ 10),
and the 2-10 keV luminosity was estimated to be 2 x 10*3 erg s™! . An upper limit on the cool emission
component at the cluster center was derived to be 6 x 10! erg s~! in 0.5-3 keV, assuming that it has a
temperature of 1 keV. Although the metallicity is consistent with being radially constant at 0.3 relative
to solar value, the present observations do not constrain the abundance well beyond 10/, allowing values
in the range from 0.2 to 0.4 solar value. There is some indication that O, Ne, and Si are more abundant
than Fe and Ni, when compared to the solar-abundance ratios. These results suggest the importance of
galactic winds driven by type-II supernovae during the early phase of galaxy formation. In comparison
with the Centaurus and Virgo clusters, discussions are made concerning the possible role of the cD galaxy
in generating a metal concentration and a cool X-ray component at the cluster center.

Key words: Galaxies: abundances — Galaxies: clustering — Galaxies: clusters: individual: (Abell
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1. Introduction the ICM has an iron abundance of 0.2-0.4 solar value.
Furthermore, Ginga observations of the Virgo cluster by
Koyama et al. (1991) have revealed a strong iron concen-
tration around its cD galaxy, M87. The recent ROSAT
observations have revealed metallicity distributions in

some groups of galaxies and poor clusters. For exam-

Clusters of galaxies are filled with an X-ray emitting in-
tracluster medium (ICM) of temperature 1-10 keV (e.g.,
Sarazin 1988). Soft X-ray imaging observations with
Einstein Observatory (e.g., Jones, Forman 1984) have

shown that the observed X-ray surface-brightness pro-
files are consistent with the hydrostatic isothermal ICM
model in most clusters, except in the central regions of
some clusters with cD galaxies. The isothermality (ex-
cept in the central regions) has generally been confirmed
in subsequent X-ray observations, with ROSAT in par-
ticular.

The metallicity of the ICM provides key information
concerning the dynamical and chemical evolution of clus-
ters. Measurements with non-imaging instruments (e.g.,
Mushotzky 1984; Okumura et al. 1988; Edge, Stewart
1991; Hatsukade 1989; Yamashita 1992) have shown that

ple, David et al. (1994) found that the iron abundance
in the NGC 5044 group is relatively uniform throughout
the ICM. However, in other clusters, the ICM metallicity
gradient has remained unknown, or controversial, as in
the case of the Perseus cluster (Mushotzky et al. 1981;
Ponman et al. 1990; Arnaud et al. 1993; Kowalski et al.
1993). :

Accurate measurements of the spatial distributions of
the major elements have been enabled for the first time
by ASCA (Tanaka et al. 1994). Early ASCA observa-
tions show that the iron abundance is relatively uniform
in a fair number of clusters (Ohashi et al. 1994), ex-
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cept in rich clusters with substructures (Briel et al. 1991;
Markevitch et al. 1994; Arnaud et al. 1994). However,
in the Centaurus cluster, Fukazawa et al. (1994) have
discovered a strong metal concentration around its cD
galaxy, NGC 4696, where a cool emission component with
a temperature of kT ~ 1 keV is also seen (Fabian et al.
1994). This is reminiscent of the Virgo cluster (Koyama
et al. 1991; Matsumoto et al. 1994).

In order to further investigate the issue of spatial vari-
ations of the ICM properties, we analyze here the ASCA
data of the poor cluster Abell 1060 (A1060 for short).
At a redshift of z = 0.0114, A1060 is one of the near-
est members in the Abell clusters, and has a relatively
low temperature (~ 3 keV) according to previous ob-
servations (Mitchell, Mushotzky 1980; Singh et al. 1988;
Hatsukade 1989; David et al. 1993). In addition, only
a relatively low level of cooling flow has been quoted for
A1060 (Stewart et al. 1984; Singh et al. 1988) among poor
clusters. These properties make A1060 ideal for spatially
resolved spectroscopy.

Our results show that the ICM temperature and metal-
licity are spatially both quite uniform in A1060, in con-
trast to the case of the Centaurus and Virgo clusters. We
discuss possible causes for these differences. We assume
Hy =50 km s~ Mpc~! throughout.

2. Observations

ASCA observations of A1060 were performed on 1993
June 28 and 29 during the performance-verification (PV)
phase. We obtained a net exposure time of ~ 30 ks with
the GIS (Gas Imaging Spectrometer; Ohashi et al. 1996)
in the PH normal mode and the SIS (Solid-state Imaging
Spectrometer; Burke et al. 1991) in the 4-CCD bright
mode. Some spectroscopic results from these observa-
tions have already been reported by Mushotzky et al.
(1996; hereafter MLA96), together with those of three
other clusters. In this paper we report on more detailed
results concerning A1060.

Figure 1 shows an X-ray image of A1060 in 0.6-8.0 keV'
obtained with the GIS. The X-ray emission is thus dis-
tributed fairly symmetrically, with the brightness cen-
troid coincident with a pair of massive elliptical galaxies,
NGC 3311 and NGC 3309. Note that NGC 3311 is clas-
sified as a cD galaxy, while NGC 3309 is a giant elliptical
(Vasterberg et al. 1991).

3. Data Analysis and Results

3.1. Awverage Spectra

For spectroscopy, we have screened events from each
detector using the standard data-selection criteria; i.e.,
geomagnetic cutoff rigidity > 6 and > 8 GeV ¢! for the
SIS and GIS, respectively, earth elevation angle > 10°
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Fig. 1. X-ray image of the Abell 1060 taken with the GIS
in 0.6-8 keV. This is smoothed with a Gaussian fil-
ter with 0 = 0!/5, but not corrected for the XRT
vignetting or partial shadows due to the detec-
tor support ribs. The contour levels are logarith-
mically spaced. The sky coordinates are J2000,
in which NGC 3311 (marked ¢) and NGC 3309
(marked O) are located at (10"34™43%, —27°31/41")
and (10236™36°, —27°31'6'"), respectively. The cir-
cle roughly corresponds to the GIS FOV.

for the GIS, while > 10° (dark earth) and > 25° (sunlit
earth) for the SIS. The GIS events were then summed
over the two detectors (GIS-S2 and GIS-S3), and the SIS
events were summed over CCD chips after appropriate
gain corrections, but separately for the two detectors,
SIS-S0 and SIS-S1. Figure 2 shows the GIS spectra of
A1060 thus accumulated over three concentric regions
with different projected radii (r < 3’, »r = 3’-10/, and
r = 10'-20’) from the emission centroid, while figure 3
shows the SIS spectra accumulated for two concentric re-
gions (< 3’ and 3'-10’). Note that the GIS has a circular
field of view (FOV) of ~ 45’ diameter, while the SIS (in
4-CCD mode) has a 22’ x 22’ rectangular FOV. Each
spectrum is presented after subtracting the correspond-
ing background spectrum, which was made by extracting
events over the identical region on the same detector us-
ing the data from blank-sky pointings. No significant
difference can be seen among the three GIS spectra, nor
between the two SIS spectra.

In order to study the spatially averaged properties of
the emission, we jointly fitted the GIS and SIS spec-
tra within 10’ of the cluster center, with an isothermal
Raymond-Smith (1977) plasma emission model modified
by the photoelectric absorption. (In practice, the S0, S1,
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Table 1. Results of the single-temperature Raymond-Smith model fits.*
Inner region (r < 10') Outer region (10’ < r < 20")
Detector GIS + SIS GIS

Abundance ratio Solar ratios

Variable ratios*

Solar ratios

kT (keV)

Ny (10%cm™2)
Metallicity’

O, Ne, Si

Mg

S

Ar, Ca

Fe, Ni

x*/v

3.1 (3.05-3.15)
7.6 (7.3-8.5)
0.31 (0.29-0.34)

1058/882

3.10 (3.06-3.17)

0.43 (0.35-0.54)

0.31 (0.29-0.34)

3.03 (2.92-3.15)
6.00 (fixed)
0.30 (0.21-0.39)

8.3 (7.7-8.8)

0.16 (< 0.40)

0.25 (0.14-0.35)

0.0 (< 0.09)

1032/878 193.9/176

* The error regions in parentheses refer to single-parameter 90% confidence limits.
t Overall metallicity in solar unit, mainly determined by the Fe-K line.
¥ Abundances of He, C, and N relative to H are assumed to be 1.0, 0.5, and 0.5 times the solar ratios.
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Fig. 2. GIS spectra (sum of the two sensors) of A1060
for three regions: (a) r < 3’, (b) 3’ < r < 10/, and
(c) 10/ < r < 20', where r is the projected radius
from the emission centroid. The background spectra
of the blank sky were subtracted. For clarity, the
spectra are vertically offset from one another.

and S2 + S3 spectra were fitted simultaneously with the
common model spectrum.) The abundance ratios among
elements heavier than helium were fixed to be solar, and
the solar Fe/H ratio was taken to be 4.68 x 107° by num-
ber. As shown in table 1 (left column), the fit is roughly
acceptable, yielding a temperature of ~ 3.1 keV and a
metal abundance of ~ 0.3-times solar (which is mostly
determined by the iron K-line). Here, and hereafter, all
of the errors and limits refer to single-parameter 90%
confidence levels. The derived neutral column density of
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Fig. 3. SIS-S0 spectra (sum of all chips) for two regions:
(a) » < 3/, and (b) 3’ < r < 10’. The background
spectra of the blank sky were subtracted. The SIS-
S1 spectra (not shown) are similar.

Ny = 7.6 x 102° cm™2 is similar to the galactic value of
6 x 102 cm2 .

To evaluate the spectrum falling outside the SIS FOV,
we fitted the GIS spectrum for a ring-shaped region
with projected radii of 10'-20’ using the same isother-
mal model. The fit is acceptable, and the obtained best-
fit parameters (table 1; right column) agree with those
for < 10’ derived with the SIS and GIS. Furthermore,
the temperature of 3.4+ 0.5 keV, derived by Singh et al.
(1988) using the EXOSAT ME having a 45’ FWHM field
of view, is consistent with our results. We therefore sug-
gest that the ICM properties of A1060 are spatially rela-

© Astronomical Society of Japan ¢ Provided by the NASA Astrophysics Data System


http://ads.nao.ac.jp/cgi-bin/nph-bib_query?1996PASJ...48..671T&db_key=AST

BPASY _.48. Z671T

rt

674 T. Tamura et al. [Vol. 48,

tively uniform. The 2-10 keV X-ray luminosity becomes
~ 2x10% erg s~1 within 20, or ~ 400 kpc, in agreement
with the past results (e.g., Jones, Forman 1984). The
Einstein MPC measurement indicated a slightly higher
temperature (3.6-4.3 keV; David et al. 1993). Further-
more, the ASCA results are inconsistent with the two-
temperature nature of the A1060 emission observed with
Ginga (kT ~ 2.6 keV and ~ 7.4 keV; Hatsukade 1989)
as well as HEAO-1 (Mitchell, Mushotzky 1980). We sug-
gest that the larger fields of view of the Ginga LAC and
the HEAO-A2 were contaminated by a hard background
source. When we ignore the hotter component in the
Ginga spectrum and assume the continuum temperature
to be 3.1 keV, the iron abundance of 0.40 £ 0.03 solar,
quoted by Hatsukade (1989), translates to 0.36 +0.07, in
agreement with the present measurements.

3.2. Temperature and Metallicity Gradients

To further investigate the spatial variations of the ICM
properties, we next derived the spectra in finer annuli
around the X-ray centroid, and fit each with the same
model. Within 10’ we jointly used the SIS-SO, SIS-S1,
and GIS-(S2 + S3) data, while outside 10’ we used only
the GIS data.

The fit has been successful for all annuli, with the re-
duced chi-squared in the range 1.02-1.18 and 0.98-1.08
for a typical degree of freedom of 527 and 322 for the joint
SIS/GIS fits and the GIS fits, respectively. The thus ob-
tained best-fit parameters and the 90% confidence errors
are shown in figure 4 as a function of the projected ra-
dius from the cluster center. Thus, as measured in eight
annuli within ~ 20’ around the cluster center, the ra-
dial distributions of the temperature and metallicity are
both consistent with being constant. The temperature
lies in the range 3.1f8:g keV, and is better constrained
to be 3.1+ 0.2 keV within ~ 10’. The metallicity within
~ 10’ of the cluster center falls in the range 0.3 + 0.1
solar value, although it is not well constrained beyond
~ 10’. The column density of the absorbing matter is
also constant, with an almost insignificant excess above
the galactic value. These results confirm our inference
made in the previous subsection that the ICM in A1060
has spatially uniform properties.

3.8. Limits on the Central Cool Emission

Through a deprojection analysis of the X-ray sur-
face brightness profiles obtained with. the Einstein IPC
(Stewart et al. 1984) and the EXOSAT LE (Singh et
al. 1988), a weak cooling flow was indicated in the
core region of A1060 with a mass deposition rate M of
~10 Mg yr~!. An approximate formula relates M to
the bolometric excess luminosity L. associated with the

cooling flow as L. = 521\4ch
7

(e.g., Fabian et al. 1991),
Mp
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Fig. 4. Best-fit parameters vs. projected radius derived
from spectral fits. (a) Column density, (b) gas tem-
perature, and (c) metal abundance in solar units ;
the vertical error bars show the 90% confidence lim-
its. For r < 10/, the GIS and SIS data are jointly
used. For r > 10/, only the GIS data were used, and
the column density was fixed to the galactic value.

where k7. is the temperature at the edge of the cooling
region, my, is the proton mass, and p ~ 0.6 is the mean
molecular weight. Assuming kT, = 3.1 keV, as observed,
we obtain a prediction of L. ~ 8 x 1042 erg s~ for A1060,
which is in fact quite large.

In a search for the predicted cool emission, we added
another Raymond-Smith component to fit the innermost
(r < 3') SIS and GIS spectra. We allowed the hotter
Raymond-Smith component to be absorbed by a column,
Ny, while the cooler Raymond-Smith component to be
absorbed by Ny + N, where N{; > 0 represents possi-
ble internal excess absorption (White et al. 1991). The
metal abundances of both components were assumed to
be the same, while the two temperatures as well as Ny
and Ny were left free. However, the fit was not improved
by introducing the cooler component (x2/v changed from
610/519 to 609/516), as compared to the single temper-
ature fit (¥7' = 3.17 keV, Ny = 8.2 cm~2 | metallicity
= 0.29), implying that the ASCA spectra do not require
an additional cool component.
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To set an upper limit on the cool emission, we then
fixed the cooler temperature to be 1.0 keV and the metal-
licity to be 0.3 solar. We also fixed Ny at the galac-
tic value, and Nj at 1 x 10%! em~2, which is typically
found in cooling flows (White et al. 1991). The thus ob-
tained 90% upper limit on the 0.5-3 keV cool-component
flux is 5 x 10713 erg s~! cm™2, while the hotter tem-
perature turned out to be 3.2 keV. If there is no ex-
cess absorption (Nf; = 0), the upper limit would be
4 x 10713 erg s~! ecm™2, and if the metallicity of the
cooler component is higher than the global value, the
upper limit would become small (e.g., the upper limit
of 3 x 10713 erg s~ cm~2 for the metallicity of 1 solar
value). The nominal upper-limit flux yields a 0.5-3.0 keV
upper-limit luminosity of ~ 6 x 10*lerg s~!, after cor-
recting for the event spill-over outside the 3’ integration
radius. This luminosity is ~ 3% of the total luminosity
in the same band and by an order of magnitude lower
than the expected L., although the discrepancy may be
relaxed by taking into acount the more complex temper-
ature distribution in a cooling flow.

3.4. Abundance Ratios

The uniformity of the ICM properties in A1060, to-
gether with the relatively low temperature, provides an
excellent opportunity to determine the relative metal
abundances, and hence, the relative importance of type-I
and type-Il supernovae (MLA96), since around this
temperature we expect to (and actually we do) see
K-emission lines from various elements from O through
Fe (MLA96).

For a quantitative evaluation of the abundance ratios,
we return to the SIS and GIS spectra from r < 10/,
and fit them simultaneously using a variable-abundance
Raymond-Smith model. The major elements were
grouped into five in the fitting, and a common (but free)
abundance was assigned to each group. The five groups
are: (1) O, Ne, and Si, (2) Mg, (3) S, (4) Ar and Ca,
and (5) Fe and Ni. The reason to single out Mg is to
avoid a false coupling between the Mg-K and Fe-L lines,
as pointed out by Fabian et al. (1994).

We show the results of this variable abundance fit in
table 1 (middle column). The obtained O-Ne-Si abun-
dance is marginally larger than the Fe-Ni abundance.
The S abundance seems to be similar to the Fe abun-
dance, or somewhat lower, while the Ar-Ca abundance
is rather low. The Mg abundance should be neglected
(Fabian et al. 1994). The fit is no longer improved by
further allowing the O, Ne, and Si abundances to vary
independently (their best-fit abundances become similar
with one another within relatively large uncertainties).
In our analysis we used the same ASCA data sets as used
for MLA96. Our analysis differed in that they excluded
the central 3’ region, which we did not, and they pri-
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marily used SIS data, while we jointly used the SIS/GIS
data. Our results are thus consistent with theirs.

4. Discussion

4.1.  Origin of Heavy Elements

Through spatially sorted spectroscopy incorporating
eight annular spectra, we have found that the ICM in
A1060 has rather uniform properties from the center out
to ~ 200 kpc, and possibly to ~ 400 kpc. Therefore,
the ICM in this cluster is supposed to be well virialized,
and the metal-rich gas ejected from individual member
galaxies may be thoroughly mixed into ICM via, e.g.,
ram-pressure stripping. .

The present studies and those of MLA96 suggest that
O, Ne, and Si are overabundant relative to Fe in A1060
(and in some other clusters; MLA96). This supports
the earlier suggestion that frequent type-II supernovae
(SNe), presumably during the burst-like star formation
stage early in the cluster evolution, were the dominant
origin of the heavy elements in the ICM (Arimoto, Yoshii
1987; White et al. 1991; David et al. 1991). Therefore, in
addition to the ram-pressure stripping, a strong galactic
wind driven by a series of type-II SN explosions may have
efficiently transported the metals away from the vicinity
of individual galaxies. Such a scenario is at least in qual-
itative agreement with the surprisingly low metallicities
in the hot gas of non-cD elliptical galaxies, as observed
with BBXRT (Serlemitsos et al. 1993), ROSAT (Forman
et al. 1993), and ASCA (Awaki et al. 1994; Loewenstein
et al. 1994; Matsushita et al. 1994). However, quantita-
tive models of metal transport are obviously yet to be
constructed.

The ICM is generally thought to exhibit a more ex-
tended mass distribution than the stellar component,
which would predict a gradual abundance decrease out-
wards. It is yet to be examined whether the present
results from A1060 are consistent with this simple view.

4.2. Comparison with the Virgo and Centaurus Clusters

As argued by Ohashi et al. (1994) based on early ASCA
results, the abundance gradient in the cluster ICM is a
complicated issue. Some rich clusters show non-radial
variations in the temperature and/or abundance (Briel
et al. 1991; Arnaud et al. 1994; Markevich et al. 1994).
Even putting these examples aside, the present results on
A1060 make an outstanding contrast to the two poor-cD
clusters with comparable luminosities: the Virgo cluster
and the Centaurus cluster. In fact, Virgo (Koyama et
al. 1991; Matsumoto et al. 1994) and Centaurus clusters
(Fukazawa et al. 1994; Ikebe 1995) both exhibit a fac-
tor of 3-5 metallicity increase at the center, as well as a
strong cool emission with k7" ~ 1 keV, whose luminosity
amounts to 10-20% of the total luminosity.
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A comparison among these ASCA results on poor clus-
ters suggests a close correlation between the metal con-
centration and the central cool emission (Ohashi et al.
1994). Virgo and Centaurus clusters can be considered
to be on one extreme of this correlation, clearly exhibiting
both phenomena. On the contrary, A1060, showing nei-
ther phenomenon, can be regarded as the other extreme.
The Fornax cluster, with a rather uniform temperature
and metallicity, is similar to A1060 in this respect. An
intermediate case may be AWM 7, which exhibits a mild
(factor ~ 1.5) metal concentration and some evidence
of a central temperature drop (Ohashi et al. 1994; Xu
et al. 1996). Furthermore, the two phenomena appear
to be closely related to the presence of a cD galaxy, be-
cause they take place over a typical region (50-100 kpc in
radius) governed by the cD galaxy. Above all, the abun-
dance concentration would be difficult to explain without
invoking the metal-rich gas produced by the cD galaxy,
even though the temperature drop could be explained in
terms of the cooling flow. Then, what makes the dif-
ference between the A1060/Fornax type objects and the
Virgo/Centaurus type ones?

We notice that the cD galaxy of A1060, NGC 3311, is
optically ~ 3-times fainter than more typical cD galax-
ies, e.g., M8T7 in the Virgo cluster and NGC 4696 in the
Centaurus cluster. Furthermore, NGC 3311 is apparently
interacting with the giant elliptical companion NGC 3309
at a projected separation of only 35 kpc. Their relative
motion is expected to disturb the cooling flow by agi-
tating the ICM. Also, this makes NGC 3311 subject to
ram-pressure stripping, like in the case of ordinary non-
cD galaxies. Then, the metal-rich interstellar medium
(ISM) of NGC 3311, which is intrinsically less substan-
tial, will be continuously stripped by the ICM, leaving lit-
tle trace of the metal concentration. A similar case may
be the Fornax cluster, in which the ¢D galaxy NGC 1399
has a close companion, NGC 1404, and is offset from the
cluster center (Makishima 1995b; Ikebe et al. 1995). In-
deed, the emission from Fornax/NGC 1399 is isothermal
at 1.2 keV, except for the central 30 kpc (Rangarajan et
al. 1995), with an insignificant metallicity concentration.

In contrast, M87 and NGC 4696 are very massive, and
likely to be sitting still at the bottom of the cluster po-
tential. Thus, the ram-pressure stripping will not work,
and much of their ISM will remain trapped in the lo-
cal galaxy potential, which has a virial temperature of
~ 1 keV. To insulate the ISM against heat conduction
from ICM (Takahara, Takahara 1979), and to suppress
the radiative cooling instability, magnetic fileds may be
needed (Rosner, Tucker 1989; Makishima 1994, 1995a,
1995b). Since the ISM must be metal enriched by the
type-Ia SNe in the cD galaxy over the Hubble time, we
thus expect a metal concentration and cool emission to
occur within the cD potential. Actually, Fukazawa et al.
(1994) have shown that the iron in the metal-enriched
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portion of the Centaurus ICM can be supplied by the
cD galaxy over the Hubble time. Thus, the differences
in the efficiency of the ISM confinement may discrimi-
nate “genuine” cD galaxies against interacting cD’s and
non-cD ellipticals.

5. Conclusion and Future Prospect

The present ASCA results concerning A1060 can be
summarized by the following three points:

1. The metallicity of the ICM in A1060 is consistent
with being radially uniform at ~ 0.3 times the solar
value up to ~ 400 kpc from the cluster center.

2. The emission is consistent with being isothermal at
kT ~ 3.1 keV.

3. The 0.5-3 keV luminosity of cool emission in the
central region is at most ~ 3% of the total luminosity
of the cluster in the same band.

The first result, along with our derived abundance ra-
tios, points to the possibility that the heavy elements in
the ICM were produced mainly by type-II SNe in mem-
ber galaxies, and transported to the intra-cluster space
via ram-pressure stripping and the galactic wind. How-
ever, the relatively low Ar and Ca abundances are some-
what puzzling, since these must be produced by type-
IT SNe. From the latter two results, we infer that the
kT = 3.1 keV ICM almost completely fills the local po-
tential well of the ¢D galaxy NGC 3311. Such a condition
may be realized if the cD galaxy is to some extent subject
to ram-pressure stripping, because the metal-rich cool
gas ejected from the cD galaxy will be swept away, just
like in ordinary cluster member galaxies. If instead the
gas ejected from the c¢D galaxy mostly remains trapped
within the c¢D potential, we expect a cool emission and
abundance increase to take place at the center. We asso-
ciate such a condition to the Centaurus and Virgo clus-
ters of galaxies.

Finally, these considerations lead us to speculate that
the heavy elements in the cluster ICM are made up of two
separate components. One has a uniform spatial distribu-
tion and an enhanced Si/Fe ratio, presumably ejected by
many member galaxies during the early wind phase. The
other component, which is not always seen, is confined to
the vicinity of the c¢D galaxy, and has a more solar-type
abundance ratios, presumably contributed mainly by the
type-Ia SNe and stellar mass loss of the ¢D galaxy. A fur-
ther study of the abundance ratios in the metal-enriched
regions of the Virgo/Centaurus type clusters will be of
great importance.

The authors wish to express their thanks to A.C.
Fabian for helpful comments on this paper.
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