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ABSTRACT

We present an analysis of high resolution VLT-FLAMES specifr 61 B-type stars with relatively narrow-lined spectredied in 4
fields centered on the Milky Way clusters; NGC3293 & NGC4768 the Large and Small Magellanic cloud clusters; NGC20@4 an
NGC330. For each object a quantitative analysis was caaug¢dising the non-LTE model atmosphere code TLUSTY; rasylith
the determination of their atmospheric parameters andppberic abundances of the dominant metal species (C, NgOSMFe).
The results are discussed in relation to our earlier work gaudhger clusters in these galaxies; NGC6611, N11 and NG@ayitg
particular attention to the nitrogen abundances which arengortant probe of the role of rotation in the evolution tdrs. This
work along with that of the younger clusters provides a csipsit dataset of abundances and atmospheric parametengefot00
B-type stars in the three galaxies. We providkeetive temperature scales for B-type dwarfs in all threexgas and for giants and
supergiants in the SMC and LMC. In each galaxy a dependent@unosity is found between the three classes with the ukedo
dwarf objects having significantly higheffective temperatures. A metallicity dependence is presetmiden the SMC and Galactic
dwarf objects, and whilst the LMC stars are only slightly leodhan the SMC stars, they are significantly hotter thair tRalactic
counterparts.

Key words. stars: atmospheres — stars: early-type — stars: B-typa's: staundances - Magellanic Clouds - Galaxies: abundances -
open clusters and associations: individual: NGC3293, NIBE4NGC2004, NGC330 — stars: evolution

1. Introduction. mixing at earlier stages of evolution than the models ptedic
(Lennon et al. 2006).
Rotation was introduced as a crucial dynamical process in un In recent years there has been a strong motivation in ob-
derstanding the evolution of massive stars due to a numbersefvational astronomy to study the correlation of rotailore-
discrepancies found between stellar evolution models dnd docities of OB-type stars and their surface compositioretbgr
servations|(Meynet & Maeder 1997). Amongst these were thgth understanding the roles of metallicity and the density
discovery of surface enrichments of helium and nitrogen the stellar environment. Keller (2004) presented the fixstae
OBA-type supergiants (Jaschek & Jaschek 1967; Dufton|19¢Rilactic study of the distribution of rotational velocgtief B-
Walborm 1972; Venn 1999) and helium excesses in fast rgfatitype main-sequence stars. They showed that young cluster ob
O-type stars (Herrero etlal. 1992), which provided obsé@mat jects rotate more rapidly than field objects, whilst LMC ob-
evidence that additional mixing mechanisms were requined jects rotate faster than their Galactic counterparts, liggh
the models. Important breakthroughs by Zghn (1992) on e thing the existence of a metallicity dependence. Confirmirey th
ory of the transport mechanisms caused by rotation, ancesubgport byl Keller, Strom et all_(2005) found that BA-type star
guent work in that area has allowed for the introduction ef rglose to the ZAMS in the h and Persei clusters had projected
tation in the stellar evolution models (Meynet & Maeder 200Qotational velocities twice that of a similar aged field ptapu
Heger & Langer 2000). Additionally metallicity may play an4  tion.[Martayan et all (2006) investigated the projectedtiohal
portant role in the evolution of rotational velocities in sstve velocity distribution of both B-type and Be stars in the Larg
stars through the more compact structures and lower mass-Iglagellanic Cloud cluster, NGC2004, with the result that the
rates predicted at low metallicities (Maeder & Meynet 2001)atter population are rotating faster in their initial astalong
Yet discrepancies still remain as previous studies showifsig the main-sequence. Subsequehtly #vet al. [2007) have stud-
cant surface enrichments which require mdfent rotational ied the role of the initial density conditions of the starrfing
regions on the rotational velocity distributions in sevexiag-
tic clusters. They found that stars formed in low densityarg
Send gprint requests toC.Trundle, e-mailc. trundle@qub.ac.uk. have a higher number of slow rotators in comparison to those
* Based on observations at the European Southern Obseryyry formed in high density clusters.
Large Telescope in programmes 68.D-0369 and 171.D-0237.
** Tables [AJECH are only available in electronic form at To study the roles of rotation, mass-loss and metallicity on
httpy//www.edpsciences.org the evolution of massive stars, we have undertaken a high res
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Table 1. Observational details of the telescdpstrument combinations used for this paper. The secongnmuolpresents the
complete wavelength coverage of the data, whilst the nusnibeparentheses are the number of wavelength settingsreelgtoi
obtain this coverage. The third and fourth columns dispt@yrhean signal-to-noise/($) ratio and resolution of the data.

Telescopgnstrument A-range (A) 9N R

VLT /FLAMES 3850-4755, 6380-6620 (6) 100-150 20000-30000
VLT /UVES! 3750-5000, 5900-7700, 7750-9600 (3) 40 20000
ESO2.2nFEROS 3600-9300 (1) >100 48000

TUVES data only used for one object NGC330-124

olution spectroscopic survey of approximately 750 OB sta(Bltraviolet and Visual Echelle Spectrograph). In additgpec-
towards seven young clusters in the Galaxy, LMC and SMiga from the Fibre-Fed Extended Range Optical Spectrograph
(the VLT-FLAMES Survey of Massive Stars). The Galactic an(FEROS) and UVES (without FLAMES feed) were obtained
Magellanic Cloud samples have been discussed in Evans ef@l.a number of targets in the Galactic clusters. The former
(2005, 2006) respectively. The O stars in the sample werk arfzad been omitted from the FLAMES setups as they were too
ysed byl Mokiem et al.| (2006, 2007), who derive their atmdsright, whilst the UVES data had been obtained prior to the
spheric & wind parameters, helium abundances and rotdtiokarge survey. As explained in SeCt. 2.1, we have enforced cer
velocities. Helium enrichments were found to be presentat ttain criteria to select the dataset for this analysis whiett |
surface of many of these stars, implying significant rotalo only one suitable UVES target. The properties of the dasaset
mixing. However the models considered by Mokiem ét al. stilre summarised in Tablé 1, while the target selection, data r
underpredicted the degree of helium enrichment observesl T duction and observational details of all the observaticangeh
also found that the more evolved objects rotated slowertiran been discussed in_Evans et al. (2005, hereafter Paper I) and
unevolved stars and that within the population of unevobtads [Evans et al.| (2006, hereafter Paper Il). Their target idieati
there was an excess of fast rotators in the SMC comparedtitins will be used throughout this paper. Whilst the survey-c
Galactic objects. ers seven clusters in three distinct metallicity regimesiaGtic
Analysis of the much larger sample of B-type stars is cuNGC6611, NGC4755, NGC3293), LMC (N11, NGC2004) and
rently underway; Dufton et al. (2006) have derived the fotatl SMC (NGC346, NGC330), this paper will concentrate on the
velocities of all the Galactic stars. They confirmed the itesfu narrow lined starsife. those with small projected rotational ve-
Strom et al. that the cluster objects rotate faster tham fleddl locities) in the older clusters NGC4755, NGC3293, NGC2004,
counterparts and confirm predictions that the higher-m@ss s and NGC330.
with strong stellar winds have lower rotational velocitikse to
the loss of surface angular momentum. To understandftire
ciency of rotation in mixing chemically processed matefriain
the interior of a star to the photospheric layers, it is int@orto  Our selection of objects follows closely the criteria set wu
study the surface chemical composition of these objectsiin ¢ Paper V. The main objective was to select the highest qualit
junction with their rotational velocity distribution. Hter et al. spectra suitable for a reliable model atmosphere anallyast
(2007, hereafter Paper 1V) have derived the atmospheranpar rotators were excluded because rotational-broadenimglbléne
eters and surface composition of 50 narrow lined B-typesstar absorption lines, thereby decreasing the accuracy witlchwvhi
the youngest of our target clusters (NGC6611, N11, NGC34@)quivalent widths can be measured. The criteria applied wer
In this paper we extend that analysis to the older clustetisén as follows:
survey studying 61 narrow lined stars in NGC3293, NGC4755, )
NGC2004 & NGC330. As these stars have low projected ro= Spectral types earlier than O9 were excluded as they are

e2.1. Selection of narrow lined stars.

tational velocities, a detailed atmospheric analysis aawige more suited to analyses which utilise unified model atmo-
highly accurate atmospheric parameters and surface compos SPhere codes, and can model the stronger stellar winds of
tion, thus providing the baseline metallicities of theseesere- these stars (Mokiem etlal. 2006, 2007).

gions and an insight into the evolution of nitrogen as a fiomct ) }

of environment. Additionally we will providefEective tempera- — Any object whose spectrum was deemed to be contaminated
ture scales as a function of spectral type, luminosity antalne by @ secondary object and for which the lines were not
licity for these narrow lined objects which can be applieth® clearly separated from those of the secondary, was omitted
fast rotators, in which the blending of the lines makes itsg- from the analysis.

ble to determineféective temperatures directly from the spectra. _ ] )

These fective temperature scales will have important applica= Only objects for which the féective temperature could be
tions in many areas of astrophysics such as for comparistin wi accurately measured using the silicon ionisation equiiror
stellar evolution models, determining cluster propersied un- (viz. Simy/Sitv or Sim/Sin) were considered.

derstanding the properties of ionising stars. In the case of the NGC2004 targets, theiSlines at 4560
A, used for the temperature determination, were observiddn
wavelength settings. Therefore in addition to the critéiseed
above, if the measurement of the equivalent widths fromwiee t
The spectroscopic data analysed in this paper are from spectra did not agree to within 10% the object was omittechfro
ESO large programme using the Fibre Large Array Multthis analysis.

Element Spectrograph (FLAMES) on the VLT, primarily with  After applying the above criteria, we were left with 61
the Girdfe spectrograph, but also using the fibre-feed to UVESbjects in total; 8 stars in NGC3293, 10 in NGC4755, 23

2. Observations.
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Fig. 1. Examples of the FLAMES-Gitfée Spectra for B1.5 stars in NGC2004, additional exampleseaseen in Papers 1 & 2.
The spectra are shifted to rest wavelengths. The identified bre: Nt 13995, Her 114009, 4026, 4120, @ 114069, 4072,4076,
Si1vA14089, 4116 and Hé. Note the range in line intensity of theiNine at 3995 A.

in NGC2004 and 20 in NGC330. These objects are listed Table 2. Details of the Magellanic Cloud observations for

TabledB &4, whilst comments on two objects which were cofLAMES. Columns denoted by (a) give the number of expo-

sidered during object selection, but that did not fulfill alir sures, where as columns denoted by (b) give the maximum sep-

criteria, are included in Appendix A. aration in days between exposures. Only single exposures we
_obta_ined for the galactic objects and hence they are natdecl

2.2. Data Reduction. in this table.

The FLAMES-Girdfe spectra were reduced using the G&a ASetting  Ac (A) NGC2004 NGC330

Base-Line Reduction Software (Blecha e al. 2003, girBLDRS @ (b @ (b

as discussed in Paper | & Il. An inherent drawback in multi-

fibre spectroscopy is the fliculty in sky subtraction particu- :Sgg 2222 Z 8 g Z
larly when treating nebular emission. To deal with this,ityp HRO4 297 6 2 6 4
cally 15 sky fibres were allocated in each FLAMES plate, those HRO5 4471 6 1 3 3
with significant nebular emission were omitted prior to nmaki HRO6 4656 6 0 6 3
a master sky spectrum. The maximum variations in counts from HR14 6515 6 34 6 1

the sky fibres across the FLAMES plate were on the order of
10%, which is comparable to the fibre throughputs and would be
difficult to disentangle from thisfiect. We carried out signifi-

cant testing of the sky subtraction. Initially the sky spaatere

smoothed but this did not remove very narrow absorptiortslingngth settings were observed over an extended period ! d
in the fainter targets. Finally we used a master sky, which wip" NGC2004 and 4 days for NGC330) careful corrections for

scaled to the appropriate fibre throughput and subtracted fr VelOCity shifts were required. For each wavelength sefiagh

all objects. Further to these steps and those outlined iprBap &XPosure was cross-correlated with the others, idengfyiny
& Il additional steps were required before the spectra weite s radial velocity shifts. Stars were classified @sssiblesingle-

able for analysis with the model atmosphere codes and these!/#€d Spectroscopic binaries if the mean radial velocitany
outlined here. two sets of exposuresftiéred at the & level, and are noted as

such in Tabl€}. This method of cross-correlation to deteeri
there were any radial velocity shifts was dependent on sampl
FLAMES observations were taken in six separate wav#ie binaries over a significant part of their orbit. Henceatvef
length settings, and in the case of the Magellanic Cloudsdijeldimited utility for some of the clusters analysed here, angar-
multiple exposures were taken for each setting. These ane suicular for the NGC330 cluster where it was unlikely to idént
marized in Tabl€12 together with the maximum time separatidong period binaries. For the Galactic cluster objects aedne
of the individual exposures for a given wavelength regiam: f UVES object, NGC330-124, no cross correlation was possible
ther information can be found in Paper I. As some of the wavas only one exposure was taken for each of these objects.
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A few objects were identified with significant radial velochttpy/star.pst.qub.ac.ykpld/lineidentifications.html.
ity shifts and are likely to be in binary systems, but a number
of objects have also been identified with very small shiftsof 4, Stellar parameters
5 kms. Objects with similarly low velocity shifts were high- . ] )
lighted in Paper IV. These shifts may be significant but rezjuiA static stellar atmosphere is characterised by four patensie
further sampling in time for corroboration and we simplydab Te, 1099, & and metallicity (Z). These parameters are interde-
these objects as radial velocity variables (see Table 4). pendent and hence are determined through an iterative proce
Once the spectra had been cross-correlated, the individd#le; that assumes an appropriate metallicity (which dépen
exposures were combined and any cosmic rays were remo clustefgalaxy) and estimates of the atmosphenc parameters
using thescomsiNe procedure irlRAF{ﬁf The combined spectra, ased on the spectral type of the star. By choosing suitable i
and in the case of the Galactic stars the single exposures, Wil estimates of the stars properties, one can signifizaeduce
then normalised and individual wavelength settings merged the number of iterations required. The stellar parameteosio
ing the spectral analysis packageso (Howarth et all 1994). targets, are presented in Taklés BI& 4.

The spectra from the four clusters were then inspected for 53 Effective temperatureswere determined using the silicon
prominent metal lines, the equivalent widths of these livege  10Nisation balancee. that the abundance estimates derived from

measured if they were clearly visible and unblended witigiei the Sim lines (4552, 4567 & 4574 A) agree with that from the Si
bouring lines. The low order Balmer lines plus the neutral hev line (4116 A) for hot objects, or those from theSines (4128
lium lines in each star were then normalised for comparisitimw & 4131 A) for cooler objects. Several of the B1 & B2 objects
the theoretical models. Additionally when observed, timglsi in the galactic cluster, NGC3293, had all three ionisatiaigss
ionised helium lines at 4199, 4541 and 4686 A were also nditesent in their spectra. However the temperatures detethi
malised as they provide useful supplementary checks orfthefgom the Siu/iv and Simy/u ionisation stages ffered, with the
fective temperature estimates. Figlile 1 displays some jgbesm latter generally requiring higher temperatures. For NGEZ332

of the FLAMES-Girdfe spectra of B1.5 type stars in NGC2004007 where the Siv line is relatively strong and well observed
additional examp|es can be seen in Papers 1&2. this difference is Only 200 K, but for NGC3293-010,-018, &-026

the diferences are 2000 to 2500 K. As the Si spectrum is the
weakest of the three ionisation stagesTheestimated from the

Si m/iv lines have been adopted for these stars. NGC4755-004
also has the three silicon ionisation stages present ipéstsa

and for this object the estimates were in excellent agreemen

Our analysis follows the methodology presented in Paper Iy, For the hotter objects (with spectral types earlier than, B1)
as we have strived to provide a consistent analysis of thieeenthe Hen 4541 and 4199 A lines were used as an additional check
FLAMES dataset. This is important as later in this paper i1 the temperature. The estimates from the two elements nor-
implications from the results of both the young and old @ust Mally agreed to within 500K with the He lines implying slight
will be discussed together. Due to the similarities with&@dly higher temperature. For one star, NGC2004-090, a signtfican
the details of the spectral analysis will not be reiteratecttbut - discrepancy was found with the estimate from the Si lineadei
we will simply provide a summary. 31750 K, whilst th_e Hen lines |mpI|_ed a temperature of 33000

The spectra were analysed with the Queen’s Universt However the Siu lines are relatively weak in this spectrum

Belfast (QUB) B-type star grid (Ryans et al. 2003; Duftonlét a creasing_the uncertainty in_thiﬁective temperature estimate.
200%), which was generated l]si'ng the non-LTE model atmo- e believe that our féective temperature estimates should

sphere code TLUSTY and line formation code SYNSPE®@Ve an uncertainty of typically1000 K. However there are
For Hydrogen Lyman and Balmer lines the broadening ta.number of other objects for which larger error estimates ar

bles of|[Vidal etal. [(1973) were used, whilst for the highe®PPropriate, due to either the Si lines from one of the icnisa
members of the spectral series the approach described Ugf Stages being very weak or theffiiulty in constraining the

Hubeny et al.[(1994) was applied. Further details can bedoufficroturbulence. In these cases, errors of up to 2000 K have
- r n adopted when estimating uncertainties in the derived-a

in the SYNSPEC user manual. The QUB grid has been creal
specifically for B-type stars of all luminosity classes, edag 9ances. L _ _ _
the dfective temperaturesT), surface gravities (logg) and Surface gravitieswere determln_ed by comparing theoreti-
microturbulent velocities & appropriate for late O to late qal spectra with the.observed proflles of the hydrogen Balmer
B-type stars Ter: 35-12 kK, steps of 2.5 kK; logg: 4.5 downlines, H, and H. _Th|s was _ach|eved using automated proce-
to the Eddington limit, steps of 0.2%: 0, 5, 10, 15, 20 and dures developed in IDL, to fit models within the TLUSTY grids

30 kms™1). The grid covers a range of metallicities appropria‘déSir,‘gX2 techniques. To increase the accuracy of our estimates,
to the Milky Way, LMC and SMC. In addition, for each of2 higher resolution TLUSTY grid has been generated in grav-

these metallicity grids the light elements are varied adouify SPace, with steps of 0.1 dex in log g from 4.5 dex down to
their normal abundances by0.8, +0.4, -0.4 and -0.8. The the Eddlngton limit. The estlmatgs derived erm the tv_vo loydr
atmospheric parameters along with the photospheric ab@" lines normally agree to within 0.1 dex, with anffeliences
dances were determined for each star by interpolation mitHp@inly arising from errors in the normalisation of the obser
this grid via QUB IDL routines (Ryans etlal. 2003). The energ§Pectra.

levels and oscillator strengths relating to the transgidar Microturbulences have been derived from the Si lines
the metal lines considered in this work are available ondine 4552, 4567 & 4574 A, by ensuring that the abundance estimates

were consistentig. a slope of zero is obtained in a plot of
1 |RAF is distributed by the National Optical Astronomyeduivalent widths against abundance estimates). For a eumb
Observatories, which are operated by the Association ofiassities ~ Of objects in our sample, and those presented in Paper IV; a mi
for Research in Astronomy, Inc., under agreement with théoNal ~croturbulence of 0 kmis has been adopted. Unfortunately this
Science Foundation. did not produce a slope of zero in the equivalent-width versu

3. Spectral Analysis: tools and techniques.
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Table 3. Atmospheric parameters for B-type stars in NGC3293 & NGGA&S derived from non-LTE TLUSTY model atmo-
spheres. The majority of the data comes from FEROS howewsettaken with FLAMES are marked with Identifications and
spectral classifications are taken from Paper |. Both th@&lrand corrected atmospheric parameters are shown fiolgpthe dis-
cussilon in Secf]4. The uncertainties in these parametertypically 1000K forTeg, 0.20 dex for logg, 3-5 kn$ for ¢ and 5
kms™ for vsini.

Initial Parameters Corrected Parameters

Star Sp.Typ T logg &si Tesr logg &si vsini M, log(L,)

(K) (cm?) (kms™) (K) (cm? (kms?) (kms!) (M) (Lo)
NGC3293-003 B1 il 20700 2.75 15 20500 2.75 13 80 +IB 492
NGC3293-004 B1 Il 22700 3.13 13 22700 3.13 13 105 =+17 4.76
NGC3293-007 B1 il 22700 3.10 12 22600 3.10 11 65 j§15 4.86
NGC3293-010 B1 il 21325 3.20 10 21450 3.20 11 70 +12 4.37
NGC3293-012 B1lll 21150 3.30 10 21500 3.30 11 100 +12 4.37
NGC3293-018 B1V 23250 3.75 3 23450 3.75 5 26 +12 4.23
NGC3293-026 B2l 21700 3.65 <0 22100 3.65 2 30 o1 3.83
NGC3293-043 B3V 19500 4.05 <0 19500 4.05 <0 14 1 3.32
NGC4755-002 B3 la 15950 2.20 19 15950 2.20 18 70 +22 5.15
NGC4755-003 B2 lll 17600 2.50 17 17700 2.50 15 38 119 497
NGC4755-004 B1.5I1b 19400 2.60 18 19550 2.60 17 75 519 5.00
NGC4755-006 B1 Il 19000 2.85 14 19900 2.95 17 100 +M 4.36
NGC4755-015 B1V 21800 3.65 2 22400 3.70 5 48 +10 3.98
NGC4755-017 B1.5V 20500 3.90 6 20400 3.90 3 75 +19 3.83
NGC4755-0206 B2V 21800 3.95 3 21700 3.95 1 120 +9 3.78
NGC4755-033 B3V 18000 3.90 10 17300 3.85 6 75 +@ 3.11
NGC4755-040 B2.5V 18250 4.00 <0 18900 4.10 2 65 61 3.25
NGC4755-048 B3V 18200 3.95 6 17800 3.95 4 55 +@ 2.98

ISpectra from FLAMES with Girlie spectrograph.

abundance-estimate diagram but was the value of microturb2. For each star in a cluster, the microturbulence was varied

lence which brought the slope the closest to zero (theseesalu until the abundance estimate from thenSlines was that of

are denoted in Tablds 3 & 4 with 0 kms?!). The cause for the median silicon abundance of the cluster. The abundances
this discrepancy is unclear and has been discussed in detail of other elements were then recalculated with this new value

Paper IV. The uncertainties in the adopted microturbuletece of microturbulence (see Talle’A.2).

pend on the accuracy of the measured equivalent widths wigh Finally, since the ionisation balance and microturbcdesre

typical errors of 3-5 kmig'. Uncertainties of 5 kns are only reliant on the silicon lines, th&.s and logg were reiter-
required for those objects with large microturbulendes § > ated, where necessary, for the new value of microturbulence
10 kms?), whose derived silicon (and indeed other) abundances whilst maintaining the median silicon abundance of the<clus
are less sensitive to the value adopted. The microturbaleac ter. This required, on occasions, an additional reitenatib

also be estimated from other species and this can lead to val-the microturbulence due to the interdependency of the pa-
ues that are generally consistent with our adopted unoégai rameters. The other abundances were then recalculated with
Again a detailed discussion of this can be found in Paper &/ an these parameters resulting in the abundances presented in
will not be repeated here. Table[®.

In Paper IV, a microturbulence for each object which pro-
vides a silicon abundance equal to the median of that from @he estimates of the atmospheric parameters from step @he an
targets in the cluster was also considered. This significaet three are listed in Tablds 3 Bl 4 as initial and corrected pa-
duces the scatter in the abundances derived for elements (@xneters, respectively. Nine out of the sixty-one targets-a
cluding nitrogen) within a cluster. The changes in the ntioro ysed in this work have microturbulent velocities in the ramd
bulence are normally consistent with the errors discusbedea 15-18 kms?. These velocities are typical of the sound speeds
and in most cases thefect of these changes on the other ain NLTE model atmospheres at the line formation depths of
mospheric parameters are minor, typically less than 200rK fthe metal lines considered in the abundance analysis o€ thes
Ter and negligible for log g. However for a small number of obstars. (The sound speeds of such models have been discyssed b
jects the changes in microturbulence had a significBiesteon |McErlean et al.[(1998) and the reader is referred there for fu
the other atmospheric parameters due to their interdepeedether details.) Assuming that microturbulence represerttsié
Hence, we decided to carry out our abundance analysis ia thraicroscopic velocity field in the atmospheres and as thisutur
steps: lent velocity is a significant fraction of the sound speechiese
nine stars, one would expect this to result in the formatibn o
shocks. This casts some doubt on the validity of applyinticsta
1. Using the microturbulence determined from theiSiines atmospheres rather than hydrodynamical atmospheres in-the
we derived the stellar parameters and surface abundancetegsretation of these stars. However this should ritgch the
described above (see Table'A.1). main results of this paper, in particular the large rangeathogen
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Table 4. Atmospheric parameters for B-type stars in NGC2004 & NGC3a30derived from non-LTE TLUSTY models.
Identifications and spectral classifications are taken fPaper II. The uncertainties are as described in Table 3.

Initial Parameters Corrected Parameters

Star Sp.Typ Terr logg &si Test logg &si vsini M,/Ms  log(L./Ls)

(K)  (ecm?® (kms™ (K)  (ecm?® (kms™ (kmsh)  (Mo) (Lo)
NGC2004-00% B5la 14450 2.10 14 14450 2.10 15 42 20 5.10
NGC2004-008° B8 la 12600 1.90 24: 12390 1.90 12 31 12 4,93
NGC2004-007 B8 la 12560 2.00 29: 12250 2.00 10 25 +17 4.88
NGC2004-010 B2.5 lab 17050 2.40 16 17160 2.40 14 45 + P9 5.02
NGC2004-011 Bl.5la 21300 2.75 14 21250 2.75 13 62 +24 5.22
NGC2004-012 B1.5 lab 21270 2.87 12 21270 2.87 12 47 + P8 4,92
NGC2004-014 B31Ib 17660 2.85 14 17800 2.85 10 20 25 4.72
NGC2004-021 B1.5Ib 21400 3.00 12 21450 3.00 14 59 t%lG 4.82
NGC2004-022 B1.51b 21700 3.15 10 21780 3.15 11 42 16 4,79
NGC2004-028 B2l 22700 3.65 1 22900 3.65 0 19 1 4.68
NGC2004-028 Bl5e 23100 3.50 1 23100 3.50 1 30 44 4.65
NGC2004-036 B1.51ll 22200 3.35 5 22870 3.35 7 42 +3B 4,58
NGC2004-042 B2.51ll 20930 3.45 3 20980 3.45 2 42 +12 4.45
NGC2004-046 B1.51ll 25770 3.80 <0 26090 3.85 2 32 181 4.62
NGC2004-053 B0.2Ve 32000 4.15 3 31500 4.15 6 7 +1B 4.77
NGC2004-061 B2 lll 21090 3.35 <0 20990 3.35 1 40 111 4.31
NGC2004-064 B0.7-B1 11l 25700 3.70 3 25900 3.70 6 28 +1B 4.48
NGC2004-070 B0.7-B11ll 27200 3.90 <0 27400 3.90 4 46 141 4,51
NGC2004-084 B1.51ll 27170 4.00 <0 27395 4.00 3 36 141 4.46
NGC2004-090 09.511 31750 4.05 3 32500 410 <O 16 17+ 1 4.64
NGC2004-09% B1.5 1l 26600 4.05 1 26520 4.05 0 40 31 4.42
NGC2004-108 B2.51ll 22600 4.00 <0 22600 4.00 <0 13 10+ 1 4.21
NGC2004-119 B2 lll 23210 3.75 <0 23210 3.75 <0 15 10+ 1 4,15
NGC330-002 B3 Ib 14500 2.15 20 14590 2.15 16 14 +15 4,73
NGC330-003 B2 Ib 17250 2.25 15 17210 2.25 20 49 j§16 4.84
NGC330-004 B2.51b 17000 2.30 16 17000 2.30 16 36 +15 4.77
NGC330-005 B5Ib 13700 2.25 8 13700 2.25 8 16 +3 4,54
NGC330-009 B5Ib 14000 2.45 10 13940 2.45 6 29 +12 4.41
NGC330-010 B5 Ib 14900 2.60 9 14820 2.60 4 0 +2 4.40
NGC330-014 B1.51b 20000 2.75 15 20130 2.75 18 81 +M4 4.64
NGC330-016 B5: Il 14300 2.60 10 14220 2.60 5 40 0 4.20
NGC330-017 B2 Il 22000 3.35 <0 22000 3.35 <0 14 14+ 1 4.62
NGC330-018 B3Il 18000 2.95 5 18000 2.95 5 46 A2 4.41
NGC330-020 B3Il 16400 2.85 2 16720 2.85 5 44 A1 4.31
NGC330-022 B3Il 18450 3.00 7 18860 3.00 1 23 A2 4.38
NGC330-026 B2.5 1l 22500 3.40 <0 22500 3.40 <0 71 12+ 1 4.46
NGC330-027 B1V 22000 3.20 6 22040 3.20 7 80 +2 4.42
NGC330-032 B0.5V 29700 4.15 <0 29700 4.15 <0 17 16+ 1 4.63
NGC330-042 B2 Il 25650 3.75 3 25450 3.75 1 26 A2 4.34
NGC330-047 B1V 26700 4.05 0 26700 4.05 0 28 +12 4.30
NGC330-074 BOV 32300 4.20 2 32020 4.20 4 29 5 4.31
NGC330-114 B2 lll 23800 3.90 3 23800 3.90 4 17 +9 3.79
NGC330-124 B0.2V 31150 4.25 <0 30980 4.25 2 95 181 4.38

R'Radial velocity variations detected at the Rvel, these objects are candidates for binaries, see[5Sact.
‘R5’ indicates that the radial velocity variation is lesathbkms?.

abundances observed in these stars. Whilst these ningsajec velocity (vsini) was greater than 50 km'sand from the Sin
amongst those with the highest nitrogen abundances theparelines where it was less than 50 kmsDetails of the method-
the only objects with significant enrichments of nitrogethieir ology have been presented in Paper IV_& Hunter et al. (2007,
atmospheres. hereafter Paper V) and the estimates are listed in TablesI3 & 4

In order to fit theoretical spectra to the observed data, any In the case of dwarfs and giants these estimates can be
additional broadening of the spectral lines due to, for gdam safely considered to be a measurement of the projected rota-
rotation or macroturbulence must be included. Here we have &@onal velocity as the instrumental broadening and miaitmitl
sumed that rotational broadening will be the dominant mechance have been taken into account. However for most of the
nism and have estimated its magnitude from the line profiles supergiants this excess broadening is likely to be a cotieolu
the Her 4026 A line for objects where the projected rotationaif rotational broadening and other broadening mechanisms a
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has been discussed by Ryans etlal. (2002), Dufton et al. [200khe former two will be decreased for species for which there

Simon-Diaz et al.| (2006) & Simon-Diaz & Herrero (200%). are many lines, whereas the latter arises mainly from the-int

Paper V, a Fourier method (Simon-Diaz & Herfrero 2007) haependence of the parameters. The random uncertaintgarisi

been applied to these supergiants to deconvolve the m#tiofrom the atomic data and observational data are accountéa fo

broadening from other mechanisms and more realistic ewanahe standard error in the mean of the abundances. The system-

of the projected rotational velocities were obtained. Hesveve atic errors which arise from the uncertainties in the atrhesio

emphasize that the values quoted here have only been used tparameters were then accounted for by changing these in turn

count for additional broadening in the line profile when camp by their relevant uncertainties and re-determining thendbace

ing observation and theory, for which purpose we believentheestimates. The random and systematic errors (from eacimpara

to be adequate. eter) were then summed in quadrature to give the unceeainti
Luminosities and massesvere estimated for each objectlisted in Table§ Al AR, &6. In the case of species for which

and are presented in Tablek 3[& 4. Luminosities for all thenly one or two lines (viz. Siv and Mgu) were observed, we

Milky Way cluster targets in our survey have been presentbedve adopted the random error of a better-sampled spedies (v

in Paper Ill, but here we have recalculated them following troxygen). Since we have not explicitly accounted for therinte

same technique, based on the new, more accurate atmospldaendence of the stellar parameters, specifidajiyand log g,

parameters. For the Magellanic Cloud stars, the lumiressasf the uncertainties may be slightly overestimated.

each object were determined by assuming a constant redgenin

towards each cluster, Bolometric correction from the erogir .

solutions of Vacca et all_(1996) ahd Balbha (1994), and the ap?- Effect of Microturbulence on abundances.

parent magnitudes presented in Paper Il. For the LMC a stdnd

ﬁgg%té%%gqgg%‘ Ia_WZO%VE:B?’\'/lEr(grhvéz’)ﬁ:shgi?,\i’;’h('llsgt;gr ficult to obtain a microturbulence from the silicon lines
Vo= e (B-v) T )'the silicon abundance in each star was fixed to the mean cluste
We adopt an E(B-V) of 0.09 for NGC2004 (Sagar & Richtle bundance (NGC3293: [Bi]=7.45; NGC4755; [$H]=7.41;

1991) and NGC330 (Lennon 1997). The distance moduli (D GC2004: [SiH]=7.21; NGC330: [H]=6.81) b "

) : =7.21; : =6. y adjusting
adop{tledlw(ekrreldl_tS.r?ltar}dzlofz).gfg(_)rrNr(]SC??;Oz%%ds N%?ZOOA" tfe microturbulence. The abundances derived using thialinit
spectively (Hildiich el dl. cUV9, Lieren etal, ). Thesses Ter and log g but with the microturbulence fixed to give the de-
were then derived by plotting luminosity and temperatune f%ired Si abundance4e) are presented in Talle A.2. A compar-

each object on a Hertzsprung-Russell (HR) diagram and—int%ron with Tabld_A.l shows that the 8i abundances are now
polating between stellar evolutionary tracks of varyingsses. %mre consistent within the clusters. Nevertheless, in @mp
[

The evolutionary tracks adopted are from Meynet et al. (199 : ; el
; 2 — the Sim abundances with those from the other Si ionisation
together with those of Schaller et &l. (1992) for the M|Iky9(/\las,[glges one can see that the ionisation balance is no londer ma

clusters, and Schaerer et al. (1993) and Charbonnel e08I3)1 ;_. : - :
. . »~ tained. Tabl€l presents the abundances derived with thennew
for NGC2004 and NGC330, respectively. Quoted uncertaam'froturbulence ffnd appropriafe; and logg [e. using the cor-

in the derived Masses assumed an uncertai_nty pf 0.1 d?x in 88ted atmospheric parameters from Tables[3 & 4) to maintain
:‘e*ré] LGe?QSJ ;':lenees%llrglall:)tléaserror from the uncertainty in tféeetive the mean cluster Si abundance in each object, whilst alsp-mai
P : taining the ionisation balance. By fixing the microturbuderthe
scatter in Si abundances is greatly reduced as those obijilats
5. Photospheric Abundances. [Si/H] > [Si/H]custer can be easily brought into agreement with
the [SiH]cwustes bY increasing: (see TableE-Al2 &16). This pro-

This Paper is concerned with analyzing the photospherin-ab : ;
dance patterns, specifically of C, N. and O, of the selected t:%zdure only slightly reduces the scatter in abundances finem

&s discussed in Sectidd 4, for a number of objects it was dif-

. her elements (by less than 0.03 dex), except for the megan ox
gets. Th_erefore we have us_ed the atmqspherlc parameters, fi., ahndance. For those targets withHiBsignificantly (~ 0.2
cussed in the previous sections, to derive absolute aburada

of these stars by interpolating between models with the sa

atmospheric parameters butfering light elemen_t ab.undancesturbulence in these objects, their silicon and oxygen abnoes
Using the eqU|vaIentW|dths_ measured for each Ime in thetspe are reduced putting them into better agreement with the mean
arising from C, N, O, Mg, Si and Fe we have derived abundangg, o< of the cluster (see Table 6). For some objects, where t
gﬁt(;"f]g‘r?]st;oersia&gl'rgzg gl?llj\;\%giggg%sésgﬁ\?eprs%é-% iligon abundance was significantly lower than the desitas-c

. . abundance ([Bil] < [Si/H]custe), it was not possible to in-
mined and are p_resentgd n T‘?"@Ahﬂ& 6. Abundagclescq ase the silicon abundance as the microturbulence was clo
C, N, O, Mg & Si were determined using the non-LTE mode atb/or at zero and would need to be lowered further still (see for
mospheres and line formation calculations. As will be diseal example NGC2004: #91, #108, #119)
later in this section, the Fe abundances were also deriviagd us ' ’ ’ '
non-LTE model atmosphere structures but with LTE line forma
tion calculations. Table’Al1 presents the abundancesatetis- 5.3, Abundances of individual species.
ing the initial atmospheric parameters from Talples[3 & 4.

ex) above the mean cluster [8], their oxygen abundances
WEre also quite high (see Talle A.1). By increasing the micro

Before discussing the final results it is worth mentioningwa f

, general points on the mean abundances for the individual ele
5.1. Errors in abundances. ments:

There are several factors which contribute to the unceitsim Carbon is a problematic species in B-type stars, a result of
the mean abundances derived in the manner described abovehie Cu lines being very sensitive to non-LTHects. In the spec-
cluding the atomic data adopted in the model atmosphere, cold@ of our targets the strongest carbon lines are at 39217,426
errors in EW measurements from normalisation problems 6578 & 6582 A. The carbon model atom in TLUSTY fails to re-
blending with other lines and errors in the stellar paranseteproduce consistent abundances from these 4 lines, withathe c
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Table 5. Results of analysis of HR3468. The first columrabsolute carbon abundances are those derived from tH267
are the TLUSTY atmospheric parameters and abundances Aline without any applied fisets but with the caveat that the
tained following the procedures described in Seis. Z1& dbsolute value is likely to bsignificantlylower than the true
the third column are the TLUSTY results using the paramgalue and should only be usedi@rentially. The abundances es-
ters from_Nieva & Przybillal(2007), and the fourth column arémated from the other carbon lines are presented in TablBs C
those from_Nieva & Przybilla. Nieva & Przybilla estimate thelC.4 for comparison.

in the TLUSTY analysis. Abundances are presented as1X] element being present in the photosphere through some, much

+ log([X/H]) in units of dex. debated, mechanism. The range of nitrogen abundances in our
targets are again large: NGC3293: 7.45- 7.66 dex, NGC4755:
HR 3468 . 7.43 - 8.18 dex, NGC2004: 6.81 - 8.16 dex, NGC330: 6.76 -
Tlusty Nieva & Przybilla 7.83 dex. The spread in the nitrogen abundances of the stars i
the Galactic cluster NGC3293, is smaller that of NGC47580al
I;’g (gK(lmsz) 232?5%0 2322%0 232280 a Galactic cluster), but the former has no supergiants ptése
1 ' . : ' the analysed data. The three objects in NGC4755 with signifi-
£(kms?) 10 (S) 5 5 (C) ; ; ) ;
cant nitrogen enrichments are the three most massive arid lum
Cu3921 7.92 8.14 8.34 nous Galactic objects in our sample. In each of the otheteaisis
Cu 4267 7.83 7.95 8.33 it is the supergiants which have the highest nitrogen abures
Cn 6578 8.05 8.37 8.40 although there is a significant range in nitrogen abundadees
Cn 6582 7.96 8.17 8.40 rived from the main sequence and dwarf objects. The nitrogen

abundances will be discussed further in Selct. 6.

Oxygenhas several strong features in the spectra of B-type
stars and as such its mean abundance is very dependent on the

bon abundance estimated from the 4267 A line normally foufiycroturbulence adopted for a given star. It has been previ-
ously noted that microturbulent velocities when deriveshfra

to be lower than for the other three lines. range of oxygen lines are generally higher than that defivad
R tly_Nieva & Przybillal (2006, 2007) h truct . .
ecentyl mieva fzyuria, ; ) have constructe e Sim 4560 A multiplet (Vrancken et &l. 2000; Trundle et al.

a new comprehensive non-LTE carbon model atom and h 3502 ) ; h hat b lecting th
shown that for six slowly-rotating early B-type stars theindel 2002). However in Paper IV it was shown that by selecting the

can produce consistent carbon abundances from 2dliges IN€S from a single oxygen multiplet, the microturbulensé-e
(including those mentioned above) in the visible spectrlion. mated from both oxygen and silicon were in better agreement
investigate the fisets between the C abundances derived wif) SOMe cases to within 1 km§. The oxygen abundances
TLUSTY in this work and those derived by Nieva & PrzyHilla2r€ reasonably consistent within a cluster but a compaogon
using their Cu model atom and a hybrid approach to the non-ablemm’ &L6 reveals the strong dependence of oxygen
LTE line formation, we have analysed one of their stars in ttf! the microturbulence. For example, the oxygen abundamees
same way as our targets. Using the same equivalent widths Si4er than the mean cluster abundances for a number of sbject
spectra as Nieva & Przybilla, we analysed HR3468 a Galaclit'®® the microturbulence adopted was 0 but for which an even
B1.5 Il star. In Tabld b we present the results of this corpatOWer value, if realistic, could have been adopted (NGC3293
son, theT¢; and log g estimated in the two analyses are in goc%S' NGC2004-108, NGC330-017 & -026). The two B8la ob-
agreement. This is reassuring as there were a numbeffef-di JECtS IN NGC2004 (#005 & #007) have large oxygen abundances
ences in the analyses viz. (1) Nieva & Przybilla estimatesl tifoMPared to the cluster mean, by almost a factor of 3. Althoug
Tei from the Ci/C i ionisation equilibrium and (2) they derivedth® Ter and logg derived for these objects are reasonable, the
the microturbulence from the 17 carbon lines. This last pigin oxygen abundances O.f these objects are highly dependelmﬂaont
the reason for the tferences in the values of microturbulence iifticroturbulence, varying from 8.56 & 8.46 dex to 8.84 dex in
Table[B. The dference in abundances from the two analyses a&p8th Obiects. These objects are also very luminous lyingecto
quite significant, and vary from line to line. Then@267 A line the elc(ijgbe of the g”d. ?]nd have a very weak oxygen spectrum so
differs the most by 0.5 dex, thisfiirence is reduced to a fac-Snould be tr.eate_ W't_ .caut!on.
tor of 2.5 if the carbon abundances are derived using therlowe Magnesium like silicon is ana-processed element and so
microturbulence of 5 kntd in the TLUSTY analysis. s_hould follow the same trend as silicon. There is only onEngfr
Two factors prevent us from adopting thesfsets and line which can be seen over our wavelength range, that is the
applying them to the carbon abundances derived here gdeublet at Mgu 4481 A. The derived Mg abundances are nor-
ing TLUSTY. Firstly, the carbon abundances derived bpally in very good agreement throughout the clusters.
Nieva & Przybilla were estimated using a profile fitting tech-  Silicon is one of the main diagnostic elements. As a result of
nique and not the curve-of-growth technique applied heligs sensitivity to both temperature and microturbulence tend
Profile fitting is very reliant on the'sini values adopted and to see a large range in silicon abundances (Table A.1). Hewev
results in uncertainties of up to 0.15 dex. More importaraly as discussed above we have fixed the Si abundance in each star
comparison with only one object does not allow us to get arcle@ reflect the median abundance of the cluster, where pessibl
picture of the dsets in the carbon abundances derived throughhose objects which have0 in the microturbulence column for
out the entire parameter range covered by our targets. As eg@ite corrected parameters in Tablés 31& 4 are those for which
of the carbon lines behavesfigirently and since the @ 4267 we could not obtain the desired Si abundance by changing the
A'line is the only line detectable throughout our spectrabyg microturbulence. For these objects a zero microturbulevas
we have taken the absolute abundance of this line to regresaaiopted as this provided the closest possible Si abundance t
the carbon abundance in these stars. In TAbled A1, AL2, & 6 that desired.
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During our analysis we have encountered a problem with the
Siu spectrum, where the Si abundances from the two IBies
at 4128 & 4131 A dfer on average by 0.13 dex with the former
resulting in a higher abundance. We expect that this iseelat
to the oscillator strengths (log gf) included in TLUSTY aali-
tions which have a ratio of 0.66. If the two lines were to fallo
LS coupling we would expect the ratio to be approximately0.7



Table 6. Absolute Abundances of NGC3293, NGC4755, NGC2004 & NGC3afssPresented are the mean of the absolute abundancexfosgecies studied, obtained®
using the final corrected atmospheric parameters from $8o0&[4. Those objects witk0 in the microturbulence column are those for which the ntigtmilence could not be
lowered any further to obtain a Si abundance close to or anisan silicon abundance of the cluster. Carbon abundanessnied here are based solely on the4267 A line

and should only be used as a guide to the relative carbon ahoadetween the stars (see Jecl. 5.3). Uncertainties abtimelances account for both random and systematic
errors as discussed in Sdct]5.1. Abundances are preserié=a2 + log([X/H]) in units of dex, T« in K, log g in cms? andé in kms™2.

Star Sp.Typ T logg éae Cu N 1t On Mg o Sin Sim Sitv Femr
NGC3293-003 B1lll 20500 2.75 13 7.84 7.80.07 8.75:0.28 7.29+0.27 7.48+0.33 7.49+0.64 7.27+0.31
NGC3293-004 B1lll 22700 3.13 13 7.89 7.5.09 8.74+0.23 7.44+0.29 7.45+0.22 7.45+0.60
NGC3293-007 B1lll 22600 3.10 11 7.86 7.5®M.08 8.71+0.22 7.26+0.23 7.32+0.39 7.44+0.24 7.44+059 7.24+0.24 o
NGC3293-010 B1lll 21450 3.20 11 7.66 7.49.11 8.82+0.31 7.17+0.24 6.89+0.26 7.49+0.33 7.53+0.58 7.30+0.24 4
NGC3293-012 B1lll 21500 3.30 11 7.67 7.49.16 8.83+0.33 7.29:0.21 7.50+0.33 7.51+ 0.56 c
NGC3293-018 Bl1lV 23450 3.75 5 7.66 7.5®.11 8.71+0.28 7.15+0.18 6.88:£0.23 7.49+0.36 7.49+£0.57 7.70+0.26 3
NGC3293-026 B2lll 22100 365 2 7.79 7.68.17 8.75:0.31 7.22+0.29 6.95:0.25 7.47+0.35 7.46:£0.64 7.66+0.18 8
NGC3293-043 B3V 19500 4.05 <0 791 7.550.26 850+0.34 7.14+0.26 7.31+0.37 7.31+0.34 7.51+ 0.25 §
<
NGC4755-002 B3la 15950 220 18 7.87 84831 859+0.43 7.30+0.32 7.40+0.30 7.40+0.46 7.54+ 0.22 ;
NGC4755-003 B2 Il 17700 250 15 7.78 8.120.27 852:+0.36 7.33:0.26 7.40+0.26 7.40+0.43 7.47+0.18 o
NGC4755-004 Bl1l5Ib 19550 2.60 17 7.76 8€0.14 8.64+0.28 7.29+0.29 7.39£0.35 7.38+0.38 7.32£0.67 7.38+0.25 %
NGC4755-006 B1lll 19900 295 17 7.60 7.63.19 8.90+0.32 7.21+0.21 7.43+0.37 7.47£0.52 i
NGC4755-015 Bl1V 22400 3.70 5 7.64 7.8D.21 8.80+0.33 7.09+0.23 7.47+0.38 7.46+0.64 7.73+0.38 €
NGC4755-017 B15V 20400 390 3 7.93 7¥037 8.71+x045 7.32£0.34 7.44+0.36 7.44+0.44 3
NGC4755-020 B2V 21700 395 1 8.01 7.68.22 851+0.31 7.44+0.29 7.38£0.29 7.39+0.34 7.84+ 0.25 S
NGC4755-033 B3V 17300 385 6 8.17 7.4M.36 8.72+043 7.15+0.35 7.38:t0.49 7.39+0.39 %,
NGC4755-040 B25V 18900 4.10 2 831 769.39 8.98+040 7.19+0.40 7.43+044 7.44+0.34 S
NGC4755-048 B3V 17800 3.95 4 830 7.49.34 9.00+£0.36 7.08+0.30 7.36:£0.40 7.39+0.34 o
Ro
P4
NGC2004-003 B5la 14450 210 15 7.66 788.40 8.45:055 7.02+0.26 7.22+0.25 7.22+0.50 7.29+0.23 =h
NGC2004-005 BS8la 12390 190 12 7.77 786.37 8.84+0.57 6.98:£0.46 7.22+0.36 7.22+0.44 7.20+0.23 g
NGC2004-007 B8 la 12250 200 10 7.73 7#8.28 8.84+0.53 6.95:+043 7.21+0.39 7.21+0.44 7.11+ 0.26 53
NGC2004-010 B25Ilab 17160 2.40 14 7.53 8#6.29 8.29+0.37 7.11+0.26 7.21+0.25 7.20+0.43 7.26+ 0.12 3
NGC2004-011 Bl5la 21250 275 13 745 748.07 8.41+0.23 7.15+0.26 7.19+0.34 7.22+0.66 7.14+0.23 ]
NGC2004-012 Bl5lab 21270 2.87 12 7.44 7#6.09 8.43+0.24 7.08+0.23 7.19+0.35 7.21+0.64 7.12+0.19 o
NGC2004-014 B31b 17800 285 10 7.58 75D.26 8.24+0.37 7.06+0.22 7.22+0.22 7.20+0.40 7.17+0.18 ®
NGC2004-021 Bl1l5Ib 21450 3.00 14 755 7£0.10 847+0.26 7.07+0.22 7.18+0.33 7.23+0.57 7.19+0.17 <
NGC2004-022 Bl5Ib 21780 3.15 11 7.32 768.11 855:0.27 6.94+0.19 7.23+0.34 7.22:+0.58 7.00+0.22 B
NGC2004-026 B2l 22900 365 O 753 7.810.12 8.18:0.27 7.08£0.17 7.24+0.22 7.25+0.36 7.35+ 0.17 23
NGC2004-029 Bl5e 23100 350 1 743 680.05 8.29+0.26 7.03+0.19 7.21+0.35 7.20+0.56 7.35+0.17 %
NGC2004-036 B1.51l 22870 335 7 751 7.28%.07 8.48+0.26 6.93+0.18 7.21+0.32 7.18:0.56 7.29+0.21 ’
NGC2004-042 B25I1Il 20980 345 2 7.64 6.20.19 8.16+0.32 7.14+£0.22 7.18:0.24 7.19+0.36 7.20+0.21
NGC2004-046 B1.511l 26090 3.85 2 752 7.60.11 8.44+0.13 7.02£0.19 7.22+0.26 7.22+ 0.50




Table 6. Contd.

Star Sp.Typ Terr logg éae Cun N 1t Onu Mg o Sin Sim Sitv Femr
NGC2004-053 BO0.2 Ve 31500 4.15 6 7.83 7860815 8.39+0.17 7.24+0.22 7.18+0.26 7.18+0.53
NGC2004-061 B2 Il 20990 335 1 7.75 6.990.24 8.30+045 7.13+0.28 7.16+0.29 7.17+0.47

NGC2004-064 BO0.7-B11ll 25900 3.70 6 749 7.53.09 8.37£0.12 7.08+0.25 7.18+0.25 7.18+0.53
NGC2004-070 BO.7-B11ll 27400 3.90 4 758 7.43.11 850:£0.20 7.15+0.22 7.19+0.36 7.20+ 0.56
NGC2004-084 B1.51l 27395 4.00 3 7.64 7.28€.15 8.42+0.13 7.17+0.20 7.25+0.24 7.25+0.47
NGC2004-090 09.51l 32500 4.10 <0 7.63 7.65:0.21 8.44+0.24 6.97+0.20 7.15+0.27 7.16+0.41
NGC2004-091 B1.51l 26520 4.05 O 7.80 7.29.09 8.38+0.14 7.29+0.25 7.26+0.27 7.26x0.52
NGC2004-108 B2.51ll 22600 4.00 <0 7.29 6.89:+0.14 8.23+0.30 6.99+0.20 6.98+0.23 6.98+0.31

NGC2004-119 B2lll 23210 3.75 <0 7.48 6.95:0.09 8.35+0.27 7.17+0.25 7.14+0.24 7.14+0.34

NGC330-002 B3 1b 14590 2.15 16 7.09 759.33 7.98+0.49 6.60+0.23 6.81+0.23 6.82+0.46 6.70+ 0.24
NGC330-003 B2 1b 17210 225 20 725 769.19 8.07+0.34 6.79+0.27 6.82+0.25 6.81+0.39 6.87+ 0.22
NGC330-004 B2.51b 17000 2.30 16 6.84 788.14 7.86+0.32 6.73:+0.21 6.76£0.21 6.82+0.39 6.83+0.14
NGC330-005 B5Ib 13700 225 8 6.77 7.49.37 7.82+045 6.58+0.19 6.76+£0.23 6.81+0.43

NGC330-009 B5 Ib 13940 245 6 7.05 7.20.41 8.30:£0.53 6.66+0.31 6.80£0.33 6.81+0.49

NGC330-010 B5Ib 14820 2.60 4 717 71835 7.71+043 6.63+0.21 6.81+0.30 6.84+0.43

NGC330-014 B1.51b 20130 2.75 18 6.94 758.13 8.11+0.24 6.72+0.21 6.83+0.29 6.83+0.52
NGC330-016 B5: 11 14220 260 5 7.36 7.30.37 8.07+0.51 6.69+0.21 6.80+0.31 6.81+ 0.47

NGC330-017 B2l 22000 3.35 <0 7.07 7.12:0.12 7.64+0.25 6.47+0.17 6.74+ 0.33 6.90+ 0.21
NGC330-018 B3Il 18000 295 5 7.17 7.240.26 8.05+0.37 6.61+0.18 6.74+0.18 6.80+ 0.36 7.14+0.21
NGC330-020 B3Il 16720 285 5 7.05 7.81044 7.80+059 6.64+0.28 6.82+0.31 6.83+0.57

NGC330-022 B3Il 18860 3.00 1 7.14 7.290.25 7.76+0.39 6.85+0.17 6.82+0.20 6.83+0.39

NGC330-026 B2.51l 22500 340 <0 7.30 7.23x0.19 7.74+0.30 7.02+0.23 6.64+ 0.39

NGC330-027 B1V 22040 320 7 7.13 7.4®0.21 8.27+0.43 6.44+0.21 6.81+0.36 6.82+ 0.78
NGC330-032 BO.5V 29700 4.15 <0 7.16 7.3A#0.10 7.90+0.07 6.80+0.20 6.77+0.19 6.77+ 0.45
NGC330-042 B2l 25450 375 1 7.04 7.20.05 7.73:+0.15 6.88+0.18 6.82+ 0.34 6.83+0.52
NGC330-047 B1V 26700 405 O 720 6.#0.11 8.07+0.13 6.57+0.15 6.83+0.23 6.84+ 0.46
NGC330-074 BOV 32020 4.20 4 729 7.4%.19 7.87+0.17 6.81+0.18 6.83+ 0.25 6.83+0.47
NGC330-114 B211 23800 390 4 7.23 7.320.18 8.00+0.27 6.97+0.22 6.83+ 0.32

NGC330-124 B0.2V 30980 4.25 2 755 72®.25 7.75:£0.17 6.75+0.18 6.84+ 0.23 6.84+ 0.47

"sre)s adAl-g Jo saouepunge N % sajeds * LAanins sawej4-17A e 193|punil -
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Indeed from theoretical calculations involving 10,000 fig;m Table 7. Comparison of NGC2004 analyses in this Paper
rations the ratio of these two lines is found to be 0.69-0p#DB ( with that from|[Korn et al. [(2000, KO0). In KOO, NGC2004-
vate comm.: A. Hibbert, Queen’s University Belfast). Howev 022 is labeled with the Robertsan (1974) identification - B30
from the observations of these stars we would require a oitioKOO use LTE model atmospheres with NLTE line formations.
0.89 for these gf-values, to obtain consistent abundanmoes f Abundances are presented as$XP + log([X/H]) in units of
this multiplet. It is beyond the scope of this paper but ths d dex.
crepancy clearly merits further investigation of the datilr

NGC2004-022

strengths in the future. In estimating theetive temperatures

of these stars we have simply taken the mean of the two lines This Paper Y
to represent the Si abundance as determined from thes|@c-
trum. Tar(K) 21780 23450
Iron lines from Fem at 4419 and 4430 A have been de- IOE g(c;ns ) 3.15 345
tected in many of our targets, particularly in the more metl ¢(kms™) 1 14
environs of the LMC and Milky Way Clusters. Unfortunately, c 732 7 60
whilst the Fe model atom is included in TLUSTY, apart from N 7.68+0.11 7.50+ 0.20
the ground level the higher energy states are bundled iqtersu o) 8.55+ 0.27 8.35+ 0.20
levels to simplify and speed up the calculations. As a result Mg 6.94+0.19 7.00+ 0.30
is difficult to isolate the levels associated with these transtion Si 7.23+0.58 6.90+0.20
and hence their departure ¢heients. It was therefore necessary Fe 7.00£0.22 7.08+0.30

to calculate the abundances in LTE, as Thompsoni €t al. (2007)
have shown that non-LTHlects appear to be small.

In the Galactic clusters the Fe abundances from the higher
gravity objects (log ¢ 3.3 dex), are higher in comparison to the
lower gravity targets. For example, in NGC3293 the mean®f tihndeed solar abundances suggest that the Mg to Si ratio @salm
Fe abundance is 7.27 dex from the 3 stars with leag3)3 dex, 1:1 (Asplund et al. 2005, and references therein), but tigp@-
whereas the mean is 7.62 dex from the 3 stars with log333 star results suggest something closer to 0.69:1. As dieduas
dex. The weighted mean of this cluster is 7.49 dex and is reas8ect[5.B, there is a large spread in Fe abundances withisizcl
able for the Galaxy, yet clearly there is a large spread astongnd between the Galactic clusters, although the mean Fe abun
the objects, which could be due to the microturbulencestadiop dances from each cluster agree within the uncertaintiesyéth
In addition to the objects analysed for this paper we havie eghe solar estimate.
mated the Fe abundances for a number of the objects from Papenn Paper IV, we found that the oxygen abundances of
IV (see Tabl¢ B.IL &B). NGC6611 were in very good agreement with those determined
from H u regions. Yet both the stellar and idregions whilst
agreeing within the errors, were approximately 0.1 dex lowe
than the solar abundances from_Asplund et al.. The oxygen
abundances from the two older clusters are 8.73 dex, approx-
imately 0.2 dex higher than those in NGC6611. As these two
In the following discussion we will compare the abundanaes dclusters are situated in the Carina arm of the Milky Way, itndo
rived for the older clusters analysed here with the younlies-c be conceivable that the NGC6611 cluster hasfzdint compo-
ters presented in Paper IV. In addition we will discuss adisth sition to these clusters. However the good agreement ofitke S
results in relation to those available in the literaturee Thean Mg abundances would not support this. There are 3 objects wit
abundances for each cluster are presented in Table 9, andpaneicularly high oxygen abundance in NGC4755 (#006, #040,
based on the results presented in Table 6 weighted by their §e#048). The latter two objects have a very weak oxygen spec-
gree of uncertainty. Carbon has been omitted from Table 9 dwem, whilst the oxygen abundance in #006 is very sensitive t
to the uncertainties in the absolute abundances as distirssethe adopted microturbulence. Omitting these three objeatsd
Sect[5.B. Objects for which the median silicon abundance lefver the mean abundance of NGC4755 to 8.66 dex, in better
the cluster could not be reproduced, were omitted from the cagreement with the solar abundance. It is therefore moegylik
culation of the mean cluster abundance. those objects with that the diference is due to an artifact of the small number of
£ave < 0). The abundances of the young clusters (NGC661dbjects per cluster, and the scatter from object to objatier
N11 & NGC346) were taken from Paper IV except for the Feghan a real metallicity dierence between these clusters and their
abundances which were calculated in LTE using the methagls/ironments.
described in Sedt. 5.3. An LTE analysis of B-type stars in these three clusters
by [Rolleston et &l.| (2000), shows very good agreement in the
oxygen abundances between these clusters. Besides the work
by [Rolleston et &l., a number of the objects in NGC3293 and
The a-processed elements, Mg & Si, and the heavier Fe nNGC4755 have been analysed by Mathys et al. (2002). However
clei provide good estimates of the metallicity of a cluster ahere are significant fierences in the techniques used to deter-
they should be urfiected by any nuclear processes in the cor@sine the parameters in this work as they use Stromgren photo
of these relatively young stars. As discussed above the-Si etry to determine the atmospheric parameters. Whilst tloeani
sults are sensitive to the atmospheric parameters, buttheve turbulences agree well in all the objects, for the hotteeotsy
less the mean Si abundances of the three clusters are in wapTe; and log g values dlier significantly. This maybe a result
good agreement as are those for Mg. In comparison to the saéthe insensitivity of the Stromgren colour index at higimt
composition from_Asplund et al. (2005) these B-type star esperatures. Due to the largefiirences between these analyses
mates are approximately 0.3 and 0.1 dex lower for Mg and 8ie have not attempted any further comparisons.

6. Discussion
6.1. Cluster Metallicities

6.1.1. Galactic Clusters: NGC3293, NGC4755, NGC6611
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Table 8. Comparison of NGC330 analyses in this Paper with those frenmbn et al. (2003, L03), and Korn et al. (2000, KOO).
In LO3 and KOO, NGC330-002,-004 and -018 are labeled witheRisbn [(1974) identifications, which are A02, B37 and B30. Fe
has been omitted from this comparison as the other analyge®mtconsider this element. Abundances are presented|ad ¢
log([X/H]) in units of dex.

NGC330-002 NGC330-004 NGC330-018

This Paper LO3 This Paper LO3 This Paper K00
Ter(K) 14590 16000 17000 18000 18000 16950
log g(cms?) 2.15 2.30 2.30 2.40 2.95 2.77
£(kms™) 16 8 16 10 5 6
C 7.09 6.91 6.84 6.71 7.17 7.30:
N 7.59+ 0.33 7.71 7.8%0.14 7.89 7.24- 0.26
] 7.98+0.49 8.14 7.86:0.32 7.98 8.05-0.37 8.25+ 0.30
Mg 6.60+ 0.23 6.69 6.73% 0.21 6.79 6.61- 0.18 6.85+0.40
Si 6.82+0.46  6.82 6.820.39 7.12 6.8 0.36 6.82+ 0.30

Table 9. Weighted average abundances of the FLAMES clusters. Rdsuthe clusters NGC6611, N11 & NGC346 are taken from
Paper I, except for the Fe abundances which were derived ETE calculations following the method described in SB&. Solar
abundances are taken from Asplund et/al. (2005). Abundaaregzresented as [X]L2 + log([X/H]) in units of dex.

Milky Way LMC SMC
Solar NGC6611 NGC3293  NGCA4755 N11 NGC2004 NGC346  NGC330

N 7.78+0.06 7.59+0.10 7.52+0.07 7.85+0.26 7.54+0.40 7.33+0.36 7.17+0.29 7.27+0.24
(0] 8.66+0.05 8.55+0.04 8.76+£0.05 8.73+0.18 8.33+ 0.08 8.40+0.18 8.06+£ 0.10 7.90+0.19
Mg 7.53+0.09 7.32+0.06 7.24+0.10 7.23+0.12 7.06+0.09 7.08+0.10 6.74+ 0.07 6.72+0.12
Si 7.51+0.04 7.41+0.05 7.47+0.06 7.41+0.04 7.19+ 0.07 7.21+0.03 6.79+ 0.05 6.81+0.02
Fe 7.45+0.15 7.62+0.15 7.49+0.21 7.56+0.19 7.23+0.10 7.24+0.12 6.98+ 0.13 6.88+0.16

6.1.2. LMC clusters: NGC2004, N11 6.1.3. SMC Clusters: NGC330, NGC346

_The mean elemental abundan_ces of NGC330 _presented he_re are
From a literature search we found only one object in NGC20 rVﬁg(:sJSOfgir?gprZSgelr&,_I\_I\rl]ltehg gle::ggasn’dglrfgetg?ns?\lggg%
V\%gg sz(ijn bel_?l'nE aggg’slegtrﬁgiv'ﬁgf& ;ﬁgzﬁz)’nfjﬁfrg?iwee;:%}e 0.10 & 0.16 dex higher than those in NGC330, but this is
(mat'or)1$ Thge comparison of thgr results with ours is sho within the uncertainties and the excellent agreement betlee
mations. ompari neir resuts wi urs | Vmagnesium and silicon abundances suggest it is insignifican
in Table[7. Whilst there are significantfiirences in the de- Three of our tarcets have been analvsed breviousl
rived atmospheric parameters, the abundances agree \trat wi NGC330-002 NGC338-OO4 and NGCS30-018y The fgrmer tW())/,
the errors, particularly the Fe & Mg abundances. A comparisq o " a1used by Lennon et 4. (2003) using LTE model atmo-
c_)f the silicon equivalent widths (A. Korn, private commuanc spheres and mdking some non-LTE corrections to the abun-
t|9n) show \'/&erly gopd agriem.entr:‘or thelﬁ“ges’ alihough t.hel dances. Their estimatedfective temperatures are hotter in both
Siv 4116 A line is weaker in the UVES data of Korn et al.cages whilst the microturbulences are lower (see Tabte@e

than in our spectr;im. This h?""f\?’gg"}zobmd not exrrl)lam thiee | differences are mainly due to theffdrent analysis techniques.
tive temperature dierence ok~ etween the two anal-|, particular, they use oxygen lines to determine the migrot

yses and would in fact require that the estimated tempe@®itupjance and flux distributions to determine thieetive tem-

of [Korn et al. should be lower. We conclude that there is a Sigérature Nevertheless, the abundances are in good agreeme
nificant diference in the fitting to the Balmer lines to deterNGC330.-018 was anal§/sed by Korn et al. and again, whilsequit

mine the surface gravity, being 0.2 dex higher in the analysj: ; ;
by IKorn et al. and this would lead to the high&g. Such a ?ilfgirgg;t;rzg%qeunﬁnaﬂir;\ggr(]a(ljgtnrg(e):pheres were applied, there
high gravity does not seem appropriate from the FLAMES data. '

There is also a dlierence in the adopted microturbulence which

may explain some of the discrepancies in the abundancesg Uss.2. Evolution of Nitrogen Abundances.
the Simr equivalent widths provided by Korn etlal. however w
reproduce the value of 11 km'sas obtained from the FLAMES
data.

%hotospheric nitrogen abundances of B-type stars are ktmwn
be good tracers of their evolution due to the wide range ofabu
dances that have been estimated from their spectra, asnevide
from Table[®. Whilst it is clear that nitrogen can be produced

Apart from the nitrogen abundances, the mean abundangethe core of these stars via the CNO cycle, the mechanism for
in the two LMC clusters are in excellent agreement. transferring this nitrogen enriched material to the sierfiacstill
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Fig. 2. Hertzsprung-Russell Diagrams of NGC3293, NGC4755, NG@ZNGC330 objects. Binaries are represented by squares,
and single stars by solid circles. The nitrogen abundamctei stars are represented by the size of the symbols, akekey in
each diagrami. the larger the symbol the more nitrogen at the surface o$tg. The evolutionary tracks are shown as dotted
lines and represent the non-rotating tracks ftom Meynelt €1894) and Schaller et al. (1992) for the Milky Way clusteand
Schaerer et all (1993) and Charbonnel et al. (1993) for NG@€2hd NGC330, respectively. Isochrones are presentedsagdia
lines, but in the case of the Magellanic cloud HRDs they sthbel considered to be illustrative only (see Seci. 6.2).

under debate. In this section we will discuss the nitrogamab thought to be a non-cluster member, this is NGC4755-033 (see
dances of these stars in terms of their evolution in an atteniaper Il1).

to decipher the correlation of nitrogen with surface graeind It is important to note that these are intermediate age clus-
mass. ters or in the case of the Magellanic clouds, fields around suc
clusters and hence these objects are relatively low massaand

The targets from each field are shown on separa%@ly be compared to the similarly low mass stars analysed in

Hertzsprung-Russell diagrams (HRD) in Fig. 2, with the re[2Per IV. This can be seen in Fig. 2.Where all but two objects,
ative sizes of the symbols representing the degree of nitfaeoC4755-002 and NGC2004-011, lie below or on the 20 so-
gen in their atmospheres. The evolutionary tracks incluated lar mass track. Meynet & Maeder (2000) and Mae_der & Meynet
non-rotating tracks from Meynet et/dl. (1994) and Schaliefle (2001) have shown that mass-loss becomes an important facto

(1992) for the Milky Way clusters, arid Schaerer étal. (199 the evolution of stars with initial solar masses greakemt

and[Charbonnel et all_(1993) for NGC2004 and NGC330, r 0 to 25 M,, particularly for the evolution of the surface rota-
spectively. Isochrones are also presented, but in the dabe o tional velocities and angular momentum. We therefore eleclu

Magellanic cloud HRD’s they should be used for informatio@‘ecwss'002 and NGC2004-011 from most of the following

only. The majority of the stars in these two sets of MagedianfiSCussions and assume that mass-loss does not play an-impor
Cloud FLAMES observations are expected to be field stars (tfit F0l€ in the evolution of the surface nitrogen abundarme
compactness of the clusters causefidiilties in putting fibres (N€Se€ stars.

on objects close to their centre, see discussion in Paper Il) From Fig.[2, it is immediately clear that the more mas-

On the contrary, amongst the Galactic objects only one starsive and evolved objects have the larger absolute nitrolgen-a
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dances. This has been discussed by Meynet & Maeder |(200@nd-side panel of Figl 4. Whilst the gigupergiant samples
who showed that the surface nitrogen enrichments are more gnave objects with a similar range of surface nitrogen abnoes:
nounced as the stellar mass is increased in their models. Hsethe dwarf objects, they also have a number of objects with
HRDs of the Galactic clusters show that there is little M@oia higher nitrogen abundances. These latter objects are figrma
in the nitrogen abundances of these objects, except fohthe t the more luminous supergiants, however not all the supaigia
most massive and evolved objects in NGC4755 (#002, #003 h&ave highly nitrogen enriched atmospheres as a number 4 the
#004). supergiants have abundances similar to the giant and darf o

In Fig.[3 the absolute nitrogen abundances are shown ajeets (see Fid.]3). These low nitrogen abundances can again b
function of the stellar surface gravity for each clustendethe accounted for by the objects evolving from a population afst
main-sequence objects are to the right of the plot at higlaser with a range of initial rotational velocities.
gravities and tend towards the more evolved objects at Idwega Our observations indicate that there are quite significant n
of log g. The baseline nitrogen abundances of the Galaxy, LM@gen enhancements during the supergiant phase in a# thre
and SMC are marked on these plots as adopted frantégiion galaxies. The SMC evolutionary models from the Geneva group
analyses (see Paper IV and references therein). The Gatacti (Meynet & Maeder_2000; Maeder & Meynet 2001) show that
trogen abundance as estimated fronn Fegions is higher than between the end of the main sequence and the red supergiant
the mean nitrogen abundances in these clusters. As can e gg®@se at loger) = 3.9, there is a low level of nitrogen enrich-
from Fig.[3, the majority of Galactic objects have absolute nment for 15-25M,, stars of approx 0.1 dex in the SMC. Lower
trogen abundances below this baseline value. Omittinghiteet mass objects that go through even a partial blue-loop show
low gravity objects with log [INH] > 8.0 dex (NGC4755-002,- more significant nitrogen enrichments (see Fig.16 of Maé&der
003,-004) the mean nitrogen abundance from the three cdustifleynet, 2001). However these N excesses are not produced in
is 7.58 dex, whereas that fromiHregions is approx 7.64 dex, the Galactic models for stars crossing the HR diagram. Hence
which is consistent within the errors of the analysis. it is unclear if the unevolved Galactic objects exhibit sg ni-

The NGC2004 & NGC330 objects span a very large range @bgen enrichments or the scatter in their abundances gsin
nitrogen abundances, even if we exclude the supergianttsbjeresult of the uncertainties in the analysis.
In NGC2004 the luminosity class V-l objects span a range of In paper IV two distinct populations of radial velocity vari
nitrogen abundances from the baseline LMC abundance to aple objects were found, (1) a group of unevolved objecth wit
proximately 7.65 dex, whilst similar objects in NGC330 span normal nitrogen abundances and (2) a group of evolved abject
range from 6.75 dex (0.15 dex above baseline SMC abundanceil large surface nitrogen enrichments. In this work weehav
to approx. 7.45 dex. We do not find many “normal” N abundiscovered a number of objects which also fall into thesedate
dance objects in NGC330 and indeed there is only one objegories, as can be seen in fif. 3. The first group are condgivab
(#47) with a nitrogen abundance in the range of 6.5 to 7 ddxnary objects with low initial rotational velocities andiice
However there are very few unevolved objects in our NGC33@ve small or negligible surface nitrogen enrichments.srhall
sample, as can be seen from [Ei. 2. rotational velocities may arise from tidal locking with tloe-

In the right panel of Fid.J3 we compare our results with thodatal velocity of the system within the main-sequence ilifet
from Paper IV for the objects with masses less than 20 Mof the primary, thus slowing down these objects (Zahn 1992;
The LMC and Galactic objects from the young clusters analyskluang & Gies 2006). There are two unevolved objects thattdon’
in Paper IV and the relatively older clusters studied heneehafall into these categories, these are N11-075 and NGC330-07
the same range of abundances. In the SMC, the young clusteth of which have reasonably high nitrogen abundances. The
NGC346 has more objects than NGC330 with abundances cléegond group of objects are all luminous objects, most ofwhi
to the SMC baseline N abundance due to the larger sample of have very small radial velocity variations o kms*. However
evolved objects. The range of abundances for the relatiuely further observations are required to determine if theseatdj
evolved objects in the Magellanic clouds could be explaimgd are true binary systems. If these objects are in binary syste
the stellar sample having a range of initial rotational eiles. the nitrogen excesses we are observing could suggest that th
Hence if rotation is the dominant factor in producing thef@ue have gone through a mass-transfer process. That said ttbe ni
nitrogen enrichment one would expect a range in the nitroggan abundances are similar to other luminous objects fochwhi
abundances. However, as stated in Paper IV and reconfirntégihave not detected any radial velocity variations and nudy n
here, at least for the Magellanic Clouds, large nitrogericear necessarily be connected to binarity.
ment occurs for the stars close to the zero-age main-seguenc
Additionally the nitrogen excesses for the luminosity slasl|
objects in the Magellanic Clouds would results in an inceezs
a factor of two or less for the baseline Galactic nitrogennabuEffective temperature scales of OB-type stars as a function of
dance, which is consistent with our results but indistisbable spectral type are important for determining their progsitsuch
from our uncertainties. as luminosities and the number of ionising photons. In tilmese

The majority of our supergiant or luminosity class | objectstellar properties are crucial for many topics in astropds;gor
have higher surface nitrogen enrichments than seen in thef dwwomparisons with stellar evolution models, determiningsel
or giant objects. In Fid.]4 we present histograms of the géro ter properties such as age and distance and for undersgandin
abundances, separating the targets from each galaxy imtwp g the properties of ionising stars. Due to most of their flux be-
of dwarfs and another of giants and supergiants. In the &ft p ing emitted in the far-UV, thefective temperatures of OB-type
els of Fig[4 are histograms which only include the object-an stars can only be determined using indirect techniqueshinvo
ysed in this paper, it is clear from these that the more edblving the complex modelling of their atmospheres. These sephi
objects have higher nitrogen abundances. As the histodi@msticated model atmospheres need to take into account non-LTE
these intermediate aged stars agree well with those pezbant effects, line blanketing and in some cases stellar wiffielces.
Paper IV for the younger objects in the survey, we present hlg recent years several revisions have been made to O and B-
tograms of the complete sample of lesini objects in the right type star temperature scales in particular due to the irorius

6.3. Effective Temperatures Scales.
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Fig.5. Temperature Scales based on 107 B-type stars from fig. 6. Temperature Scales based on 107 B-type stars from the
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line blanketing and non-LTEfkects in the model atmosphere$80.2) for the dwarf and giarile; scales in the LMC. However,
(Martins et al. 2002; Crowther etlal. 2002, 2006; Massey.et & the SMC, the O star dwarf scale is approximately 1500 K
2004, 2005). These have revealed cledifedences in the tem- hotter than for the B-type star dwarf scale at BO where the two
perature scales depending on luminosity class and mdtallicscales cross. Mokiem etial. (2006) have analysed two BO stars
In Paper lll, the temperatures of 49 B-type stars in the spectwith FASTWIND, theTg; of one agreeing well with the mean
range of 09.5 to B2 were presented. The best sampled lumithe four BO objects analysed with TLUSTY, the other howeve
nosity group in that work was the main sequence objects foas aTt of 34400, 2300 K higher than derived with TLUSTY.
which a clear dierence in the temperature scales with metaHowever, the error on th€g; estimation of this object is 2200
licity was shown for the SMC and Galaxy, where the latter was. In addition the slope of the fit to the mean of the O-typesstar
cooler. Here we present th&fective temperature scales based ois affected by the lowl ¢ of two O4 stars, omitting these objects
the consistent analysis of 107 B-type stars studied in tHexga would make the agreement at the crossover much better, dhd we
LMC and SMC from the FLAMES dataset (60 from this papewithin the uncertainties in th&@; estimations| Martins et al.
and 47 from Paper IV, thus excluding O9 stars). In addition wWg005) have produced observationfieetive temperature scales
have included nine supergiants from the work_of Dufton et gbr Galactic O-type stars and their 09.5 dwarf point on the ob
(2005%), bringing the total to 116. Dufton et al. applied theng servational scale appears to be in good agreement, as 06 12
analysis techniques and so their results should be consigith K hotter than the BO point on our scale.
those presented here. In Fig.[d theTes scale from each luminosity class is consid-

Firstly, the objects need to be separated inffedént lumi- ered as a function of metallicity. In the case of the dwarf ob-
nosity classes. This is, in theory, easily done by adoptitgy tjects the SMC stars are substantially hotter than the Gelact
luminosity classes assigned to the objects in Paper | & léBasstars ¢ 1300 at BO to 4000 K at B2), as expected due to the
on the widths of the high order hydrogen Balmer lines. A smdficreased line blanketing in the more metal rich Galactie ob
number of objects have atmospheric parameters that ara-ingects. Surprisingly, there is no apparent metallicity dejence
sistent with their assigned classifications. This refldatsun- on theTer between the SMC and LMC objects, with all lumi-
certainties of precise classification (e.g. with respecotation) nosity classes showing a close agreement between the LMC and
and also the continuous nature of the physical gravitiesrwh8MC objects. The largestfiierence is in the dwarf objects where
compared to the discrete luminosity classes. For the pesofs the SMC stars are hotter by800 K at BO to 100 K at B2.
investigating physical trends we have therefore reasdignme The analysis in this paper and Paper IV has provided an un-
of the objects. Any luminosity class Il objects with highagr precedented, large and consistent set of atmospheric pégesn
ities (> 3.7) were grouped with the class V objects, whilst anjased on non-LTE and line-blanketed model atmospheres. As
luminosity class V stars with low surface gravities3.7) were such it is important to provide an up-to-date calibratioeftéc-
grouped with the luminosity class Il objects. The lumingsi tive temperatures with spectral type. Using the linear @itthe
class Il objects, as assigned in Paper | & Il, were assignednean at each spectral type we present the results in Table 10.
the luminosity class Il or | scales depending on their stefa This table is based on 116 objects analysed between B0-B8 in
gravity. Apart from the luminosity class Il objects, thifexted this paper, Paper IV and Dufton et al. (2005). Whilst we have
only 4 objects in the SMC: NGC346-039, NGC330-027, -042hosen to present the LMC and SMC scales separately thereade
-114, the former two having very high gravities for giantsda should note the close agreement between these, partjcidarl
the latter two having too low gravities for dwarfs. In the LMCthe case of the luminosity class Il and | objects.
5 objects werefiected; NGC2004-014, -046, -064, -119 having
higher gravities than those expected for a giant, whereds N
037 has a lower gravity and was included with the supergiant

In Fig.[3 the &ective temperatures of our sample are plottejeh this paper we have completed a spectral analysis of 61pB-ty
as a function of spectral type for the Galaxy, LMC and SMGitars, located in four fields; two centered on the Galactis-cl
where the luminosity classes are identified witffetient sym- ters, NGC3293 & NGC4755, in the Carina arm, one centered on
bols. For the LMC and SMC, there is a clear separation of temGC2004 in the Large Magellanic cloud and the fourth centere
perature scales depending on the luminosity class of ttext#)j on NGC330 in the Small Magellanic cloud. We have presented
the more luminous the object the cooler it is. From BO to B25oth their atmospheric parameters and abundances (C, NgO, M
the dtective temperatures of the dwarfs are higher than thoseSij estimated using non-LTE line-blanketed TLUSTY model at
the giants by~ 2300-3000 K in the LMC ané 3100-3700 K in mospheres. In addition we have calculated the LTE iron abun-
the SMC, whereas the supergiants are cooler than the gigntsiinces for these objects plus 17 objects from Paper IV Idcate
~ 550-3000 K in the LMC and 1600-2650 K in the SMC. For in three fields toward the younger clusters observed withén t
the Galactic sample there is iffaient sampling of luminosity FLAMES project for massive stars; NGC6611, N11, NGC346.
classes lll or | to characterize this separation, altholnghlti- In paper IV we presented the present day chemical compositio
minosity class V objects are clearly the hottest object® félst of the LMC and SMC, these results are verified here and can
that the more evolved giants and supergiants are progedssivnow be extended to include the Fe abundances for these galax-
cooler than the dwarfs is as expected since the former tveseta ies. In the LMC we derive an Fe abundance of 7.23 dex, and in
are more evolved objects with lower gravities and henceirequthe SMC 6.93 dex, this can be compared with that derived from
lower temperatures to fit the silicon ionisation equililoniu the Galactic B-type stars, 7.53 dex, suggesting that the i9C

In the SMC and LMC plots we also show fits to the O-typéactor of 2 less abundant than the Galaxy and the SMC is arfacto
star data, presented [in Mokiem et al. (2006, 2007), for tfie dof factor of 4 less abundant.
ferent luminosity classes and which are based on all theidata We have studied the nitrogen abundances of the 107 low
the O3-B0.2 range. The sample size only allows a good fit wsini B-type stars within the FLAMES survey of massive stars,
the dwarf and giant objects in the LMC and the dwarf objecend discussed them in terms of their evolution. We have ob-
in the SMC. There appears to be good agreement (within 5@G&rved a large range of nitrogen abundances in the LMC and
700 K) in the crossover region from O to B-type stars (i.e OBMC main-sequence objects which is likely to reflect the eang

17. Conclusions
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Table 10. Effective temperature scales of B-type stars in the Milky Wayid and SMC for diferent luminosity classes. These
scales are based on parameters presented in this Papermard\Ras well as a number of SMC stars from Dufton etlal. (3005
The values in parenthesis are those for which we have notshijethe spectral type bin but for which we could interpaldtee
Tex Values are presented in units of K.

Milky Way LMC SMC
Sp. Typ. v [ I Vv [ I Vv

BO 30650 28550 29100 31400 27200 32000
B0.2 [29050]  [26950] [27850] 30250  [25750] 30800
BO.5 27500 25350  [26650] 29100  [24300] 29650
BO.7 [25000] 23750 [25400] [27950] [22850] 25300 28450
B1 24300 22150 24150 26800 22350 23950 27300
B1.5 22700 20550 22950 25700 20650 [22550] [26100]
B2 22100 18950 21700 24550 18950 21200 24950
B2.5 19550 17350 20450 23400 17200 19850

B3 17950 15750 19250 15500 18450

B5 14150 13800

B8 12550

of rotational velocities, and hence rotational-mixingitiglly —a function of spectral type for B-type stars from BO down to
present in these stars. Whilst mass-loss may play somerroleBB, for each of the galaxies and have shown that they are con-
the evolution of these stars, the stars considered in thik waistent with éective temperatures from O-type stars. In each of
have masses less than 8, masses and it is unlikely that itthe three metallicity environments we have detected a depen
has a dominant role in altering their surface abundances. Thency on luminosity, where the most luminous objects are the
is not the case for higher mass objects considered in Paperdbdolest. Due to the lower metallicity of the Magellanic Giisu
The large spread of nitrogen abundances seen in the LMC adl hence the expected reduction in line-blanketing, onddvo
SMC main-sequence objects does not seem to be present inekggect to detect higher temperatures with decreasing Ietal
Galactic objects but if we assume that these Galactic dtardd ity. Whilst we do see that the Galactic dwarf objects are eool
undergo the same degree of enrichment as the LMC and SMGhan the Magellanic cloud objects, we do not detect a sigrific
simple calculation shows that this would amount to only &diac difference in the temperature scales of the SMC and LMC su-
of two or 0.30 dex enhancement of nitrogen in the Galaxy. Thigrgiants and giants and the less luminous dwarf objectsein t
is similar to our degree of uncertainty so it is unclear if we atwo clouds dffer at the most by 600 K. We therefore present
observing the scatter due to our uncertainties or the raitgéss  the afective temperature calibration of dwarf B-type stars in the
tional velocities of this population of stars. The supentgan the Galaxy, LMC and SMC and giant and supergiant calibrations fo
sample are significantly more enriched than their main-sege LMC and SMC objects with the caveat that the latter are very
counterparts, and hence there must be some method of enhamilar.

ing the photospheric nitrogen abundance as the star evoffes  This work has focused on the lawgini population of B-type

the main-sequence and across the HRD. Models of single ststesrs in 7 fields in 3 distinct metallicity environments. Hewer

in the SMC (Meynet & Maeder 2000; Maeder & Meynet 2001)we require knowledge of their highsini counterparts to get a
do not predict such large degrees of nitrogen enrichmerds aromplete picture of the evolution of their surface abunéano
would require moreféicient mixing mechanisms to match theséerms of their rotational velocities. We also require aiddil
observations. knowledge on whether or not these objects are binary or sin-

Two populations of binary objects were identified in PapdHe Stars, to unravel the evolution of these two distincugs
IV and in this paper we have detected additional objectsrigelo Of stars. Future work will focus on these points, to placeeret
ing to these groups; (1) unevolved, ‘normal’ nitrogen s@)s Constraints on the evolution of massive stars.
evolved, nitrogen-rich stars. The former group have sigaift
radial velocity variations, whilst the evolved objects baxery
small shifts which require verification by observationsravell- Acknowledgments

tiple epochs. Binary evolution can be invoked to explairsthe cT would like to thank A. Hibbert, N. Pryzbilla, M.F. Nievadn
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Appendix A: Notes on Individual Objects:

Nieva, M. F., & Przybilla, N. 2007, in prep
Robertson, J. W. 1974, A&AS, 15, 261

NGC4755-005: Revisiting this spectrum we noticed weakRolleston, W. R. J., Smartt, S. J., Dufton, P. L. & Ryans, RL 2000, A&A,

absorption features from S 41164089 A and Her 4686 A,

that are inconsistent with the B2classification from Paper I.
These lines are blue-shifted from their rest wavelengths

363, 537
Ryans, R. S. I., Dufton, P. L., Rolleston, W. R. J., et al. 200RIRAS, 336, 577
g ans, R. S. |, Dufton, P. L., Mooney, C. J., et al. 2003, A&A1, 1119
gar, R. & Richtler, T. 1991, A&AS, 90, 387

5 kms, whereas the majority of the absorption lines in thgchaerer, D., Meynet, G., Maeder, A. & Schaller, G. 1993, A%A8, 523
spectrum are red-shifted by 40 kmisIn addition, the metal Schaller, G., Schaerer, D., Meynet, G. & Maeder, A. 1992, AXA6, 269

lines are quite asymmetric and broad. Contrary to the s&tém
in Paper I, this star appears to be a double-lined spectpasc

binary.

Simoén-Diaz, S. & Herrero, A. 2007, A&A, in press (astrg@pr02363)
Simoén-Diaz, S., Herrero, A., Esteban, C. & Najarro, F.@088A, 448,351

%trom, S. E.,Wdt, S. C., & Dror, D. H. A. 2005, AJ, 129, 809

Trundle, C., Lennon, D. J., Dufton,P. L., Smartt, S. J. & Urlja, M. A. 2002,
A&A, 395, 519

NGC4755-011: This object is also a possible double-linedrundle, C., Lennon, D. J., Puls, J. & Dufton, P. L. 2004, A&7, 217

spectroscopic binary. There are clear signs of double rfestu

in the Sim multiplet at 4560 A and the Mg line at 4481 A is
highly asymmetric.
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Fig. 3. Nitrogen abundances as a function of surface gravity (Idggkeach galaxy. Only those objects with masses less than
20 solar masses are included. The left panel shows a ploafdr ef the galaxies with only those objects analysed in thjgep
included, whereas the right panel also contains objecta fPaper IV with similar masses. Open circles represent uippés to

the nitrogen abundances, circled symbols are possible asitebjects. Dotted lines in each plot represent the imesabundance

of the appropriate galaxy as estimated from kgions.
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C. Trundleet al.: VLT-Flames surveyT; scales & N abundances of B-type staf@nline Material p 1

Online Material



Table A.1. Absolute Abundances of NGC3293, NGC4755, NGC2004 & NGC38ssThe abundances presented below are the mean abdmlntgaaces of each species
studied, using the initial atmospheric parameters fromegad & [4. Numbers in the parentheses represent the numbieesfdf each species observed in the star, only 1 line
was considered for @, Mg u & Si 1v, 2 lines for Siu and 3 for Sim.Uncertainties on the abundances account for both randdnsystematic errors as discussed in Ject. 5.1.
Abundances are presented as$X? + log([X/H]) in units of dex.

Star Sp.Typ G N 1 Ou Mg 1 Sin Sim Sitv Fem
NGC3293-003 B1lll 7.83 752005 (5 8.66:0.24 (27) 7.30:0.26 7.31+0.34 7.30£0.65 7.27+0.27 (1)
NGC3293-004 B1lll 789 75%0.09 (5 8.740.23 (21) 7.44-0.29 7.45+0.31 7.45+0.62

NGC3293-007 B1lll 7.86 7.5@0.08 (4) 867020 (28) 7.25:0.21 7.35+0.41 7.36:£0.30 7.34+0.60 7.26+0.22 (2)
NGC3293-010 B1lll 766 7468012 (6) 8.88:0.33 (28) 7.1A0.25 6.86+0.26 7.60+£0.43 7.63+0.62 7.31+0.26 (1)
NGC3293-012 B1lll 7.67 75017 (4) 896:0.36 (25) 7.280.23 7.66+0.42 7.69+ 0.61

NGC3293-018 B1V 767 762013 (5 8.840.30 (27) 7.20:0.20 6.87+0.22 7.71+0.37 7.70£055 7.68:£0.19 (2)
NGC3293-026 B2 Il 781 7.78021 (4) 896:0.33 (30) 7.29-0.31 6.95+0.25 7.76+£0.38 7.80+0.56 7.66+0.19 (2)
NGC3293-043 B3V 791 758026 (7) 8.50:0.34 (19) 7.140.26 7.31+0.37 7.31+0.34 751+ 025 (1)
NGC4755-002 B3la 784 816030 (7) 854043 (26) 7.280.32 7.38:0.28 7.37+0.45 7.53+0.22 (2
NGC4755-003 B2l 7.74 8.020.26 (7) 850:0.37 (27) 7.2+ 0.26 7.34+0.25 7.34+0.41 7.46+0.18 (2)
NGC4755-004 B1.51b 7.73 8.060.14 (7) 865028 (31) 7.25:0.28 7.34:£0.34 7.37+0.37 7.35:0.69 7.37+0.24 (1)
NGC4755-006 B1lll 764 776023 (4) 9.16:00.38 (24) 7.18:0.23 7.76+£0.43 7.78+0.54

NGC4755-015 B1V 766 7.980.25 (5 9.040.33 (30) 7.16:0.26 7.83+0.35 7.84+052 7.72£0.23 (1)
NGC4755-017 B1.5V 783 7.68035 (4 854045 (14) 7.19%0.31 7.22+0.29 7.20+0.42

NGC4755-020 B2V 795 7.620.20 (6) 8.42:0.30 (29) 7.340.27 7.24+0.25 7.20£0.32 7.83:+0.29 (1)

NGC4755-033 B3V 792 728027 (2) 841+036 (3) 7.02:0.25 7.06+0.22 7.05+0.31
NGC4755-040 B25V 845 7.87039 (2) 919032 (3) 7.28:042 7.71+058 7.70+0.35
NGC4755-048 B3V 8.15 732031 (2) 8.81+0.38 (4) 7.03:0.27 7.19+0.30 7.18+0.33

NGC2004-003 BS5 la 7.68 7.860.40 (7) 8.46:0.55 (20) 7.04t0.26 7.24+0.26 7.25:0.50 730023 (2)
NGC2004-005 B8 la 750 7.6¢0.37 (5) 8.56:0.57 (4) 6.78:0.46 6.95:0.36 6.94+0.44 7.13:023 (2)
NGC2004-007 B8 la 736 7.47028 (2) 8.46:053 (3) 6.67:0.43 6.82:0.39 6.82+0.44 7.02:0.26 (2)
NGC2004-010 B25lab 7.50 8.130.28 (7) 8.29:0.36 (27) 7.06:0.26 7.15:0.24 7.160.41 7.25:0.12 (2)
NGC2004-011 Bl5la 7.45 7.7220.07 (7) 839021 (30) 7.15:0.26 7.13:0.32 7.16:0.64 7.14:022 (2)
NGC2004-012 Bl5lab 7.44 7.250.09 (7) 8.43:0.24 (31) 7.08 0.23 7.19:0.35 7.21+0.64 7.12:0.19 (2)
NGC2004-014 B3Ib  7.52 7.5t0.25 (7) 8.22:0.37 (23) 6.96:0.20 7.09:0.19 7.080.38 7.16:0.17 (2)
NGC2004-021 B15lb 7.56 7.200.10 (6) 8.53:0.28 (29) 7.0%0.23 7.31+0.37 7.32:0.60 7.19:0.20 (2)
NGC2004-022 B15lb 7.31 7.700.13 (7) 859:0.28 (32) 6.940.19 7.31+0.37 7.31+059 7.00:0.25 (1)
NGC2004-026 B2II 751 7.020.11 (4) 8.19:0.28 (30) 7.03:0.18 7.16:0.21 7.17+0.34 7.31£0.15 (2)
NGC2004-029 Bl5e  7.43 6.810.05 (4) 8.29:0.26 (30) 7.030.19 7.21+0.35 7.20:0.56 7.35:0.17 (2)
NGC2004-036 B15Ill 7.46 7.4830.11 (6) 8.72:0.32 (28) 6.88: 0.20 7.57+0.41 7.59:+058 7.32:0.28 (1)
NGC2004-042 B25Il 7.62 6.820.18 (2) 8.14:0.31 (16) 7.0%0.21 7.11+0.22 7.11+0.36 717020 (1)
NGC2004-046 B151l 7.54 7.620.11 (6) 8.53:0.17 (30) 7.05:0.22 7.43:0.33 7.43:0.53
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Table A.1. Abundances of NGC3293, NGC4755, NGC2004 & NGC330 starstdCon

Star Sp.Typ G N 1 Ou Mg 1 Sin Sim Siv Fem
NGC2004-053 BO0.2 Ve 793 7.70.16 (3) 8.51+0.19 (28) 7.31x0.24 7.41+0.30 7.41+0.60

NGC2004-061 B2 Il 7.78 7.060.24 (3) 832046 (16) 7.20:0.30 7.26+0.31 7.27+0.48 7.53:0.34 (1)
NGC2004-064 B2l 750 75&0.09 (5 850:0.16 (29) 7.120.29 0.00+0.00 7.47+0.31 7.49:£0.55

NGC2004-070 BO.7-B11ll 759 7.480.12 (4) 8.730.19 (21) 7.23:0.29 0.00+0.00 7.60+0.33 7.61+0.51

NGC2004-084 BO0.7-B11ll 7.64 7.280.14 (4) 8570.16 (26) 7.22:0.23 0.00£0.00 7.56+£0.32 7.57+0.48

NGC2004-090 09.511 753 754019 (3) 832023 (24) 6.91+0.19 0.00+£0.00 6.94+0.29 6.93+0.39

NGC2004-091 B1.51ll 780 7.280.08 (5) 8.34:0.13 (27) 7.26:0.24 0.00+0.00 7.16+0.24 7.16+0.51

NGC2004-108 B2.51l 729 6.820.14 (3) 8.23:0.30 (28) 6.99:0.20 6.98+0.23 6.98:0.31 0.00+0.00 7.35:0.21 (1)
NGC2004-119 B2l 748 6.9%0.09 (3) 8.35:0.27 (290 714025 7.14+0.24 7.14+0.34 0.00£0.00 7.34+0.25 (1)
NGC330-002 B3 1b 7.08 758033 (8 7.99-0.52 (14) 6.55:0.22 6.74£0.22 6.78+0.46 6.70+0.25 (1)
NGC330-003 B2 Ib 728 7.740.19 (8) 8.11+0.36 (24) 6.820.27 6.89+0.27 6.95+0.43 6.90+0.25 (1)
NGC330-004 B2.51b 6.84 7.880.14 (8) 7.86:0.32 (15) 6.73:0.21 6.76:0.21 6.82+0.39 6.83+0.14 (1)
NGC330-005 B51b 6.77 7492037 (4) 7.82045 (2) 658019 6.76:0.23 6.81+0.43

NGC330-009 B5 Ib 6.99 7.14037 (2) 819052 (3) 6.540.26 6.61+0.22 6.65+0.45

NGC330-010 B51b 707 7.08031 (2) 7.62:040 (3) 6.52-0.17 6.57+0.18 6.65+0.38

NGC330-014 B1.51b 6.93 7.560.16 (7) 8.18:0.27 (20) 6.72:0.21 6.96+ 0.33 6.96+ 0.54

NGC330-016 B5: 1l 724 708035 (1) 794050 (2) 657+0.17 6.55-+0.16 6.61+0.44

NGC330-017 B2l 7.07 712012 (8) 7.64:0.25 (24) 6.47%0.17 6.74+ 0.33 6.90+0.21 (1)
NGC330-018 B3 1l 717 724026 (3) 8.05:0.37 (7) 6.61+x0.18 6.74+0.18 6.80+0.36 7.14+0.21 (1)
NGC330-020 B3Il 714 7.1%049 (2) 7.99064 (4) 6.73:0.34 7.05:+0.45 7.11+0.60

NGC330-022 B3 1l 710 7.2#024 (8) 7.76:6035 (8) 6.64-0.14 6.53+0.14 6.58+0.34

NGC330-026 B2.51I 730 7.280.19 (3) 7.74:0.30 (6) 7.02:£0.23 6.64+ 0.39

NGC330-027 B1V 713 745023 (2) 833045 (8) 6.44:0.22 6.90+ 0.39 6.88+0.79

NGC330-032 BO.5V 7.16 7.3¥0.10 (3) 7.90:0.07 (22) 6.80:0.20 6.77+0.19 6.77+ 0.45

NGC330-042 B2 1l 7.06 7.2@0.06 (7) 7.69-0.12 (19) 6.86-0.17 6.67+ 0.28 6.66+ 0.49

NGC330-047 B1V 720 6.7€0.11 (2) 8.0+0.13 (24) 6.5%0.15 6.83+0.23 6.84+ 0.46

NGC330-074 BOV 729 752021 (2) 7.93¢0.17 (7) 6.83:0.18 6.94+ 0.24 6.95+ 0.50

NGC330-114 B2l 724 7.340.18 (3) 8.02:0.28 (18) 6.99:0.22 6.90+ 0.34

NGC330-124 B0.2V 757 7.41026 (1) 7.81+x0.18 (3) 6.78:0.18 6.98+ 0.26 6.98+ 0.48
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Table A.2. Absolute Abundances of the NGC3293, NGC4755, NGC2004 & N&CGRars. The abundances presented below are the meantafadmlndances of each species
studied, using the initial atmospheric parameters fromega® & [4 but with the microturbulence corrected to obtainrttean Cluster silicon abundance in each star Uncertainties
on the abundances account for both random and systematis as discussed in Sect.]5.1. Abundances are presentefd2Xlog([X/H]) in units of dex, and in kms™.

Star Sp.Typ  éae Esi Cu N 1 Ou Mg o Sin Sim Sitv Fem
NGC3293-003 B1lll 13 15 7.87 7.580.05 8.72+0.26 7.33+0.28 7.45+0.38 7.39+0.67 7.29+0.31 o
NGC3293-004 B1lll 13 13 7.89 7.550.09 8.74+0.23 7.44+0.29 7.45+0.31 7.45£0.62 -
NGC3293-007 B1lll 11 12 7.88 7.540.08 8.70+0.21 7.27£0.22 7.36:+0.40 7.43:+0.33 7.40+0.61 7.26+0.24 c
NGC3293-010 B1lll 11 10 7.65 7.450.12 8.84+0.32 7.15:+0.24 6.86+0.26 7.51+0.40 7.58+0.61 7.30£0.24 =
NGC3293-012 BL1lll 11 10 7.65 7.490.17 8.92+0.35 7.25+0.22 7.58+0.41 7.64+0.61 o
NGC3293-018 Bl1V 5 3 7.64 756012 8.74+0.30 7.14£0.19 6.83+0.21 7.51+0.37 7.58+0.56 7.68+0.27 o
NGC3293-026 B2 Il 2 <0 7.75 7.70£0.20 8.85+0.32 7.18:0.28 6.88+0.24 7.54+0.36 7.67+0.59 7.66+0.19 =
NGC3293-043 B3V <0 <0 791 755026 850:0.34 7.14+£0.26 7.31+0.37 7.31+0.34 7.51+ 0.25 E
f
o
NGC4755-002 B3la 18 19 7.87 8.380.31 859043 7.30+£0.32 7.40+0.30 7.40+0.46 7.54+ 0.22 %
NGC4755-003 B2 Il 15 17 7.79 8.140.28 8.54+0.38 7.31x0.26 7.39+0.25 7.43+0.43 7.48+0.18 o
NGC4755-004 Bl5Ilb 17 18 7.75 8.880.15 8.67+0.29 7.26+0.28 7.35:+0.33 7.42+0.39 7.38:0.70 7.38+0.26 c
NGC4755-006 B1lll 21 14 754 7.6/0.19 8.95:0.36 7.07+=0.20 7.41+0.37 7.55+ 0.56 &
NGC4755-015 Bl1V 6 2 758 7.800.22 8.85:+0.33 7.02+0.23 7.43+0.36 7.60+0.59 7.56+0.31 S
NGC4755-017 B15V 3 6 7.92 7.720.37 8.68+046 7.33:0.33 7.45:0.36 7.41+0.44 %
NGC4755-020 B2V 1 3 8.02 7.6/0.21 8.49+0.31 7.45:0.29 7.39+0.29 7.37+0.34 7.83+0.25 §
NGC4755-033 B3V 2 10 8.19 7.390.33 8.63:0.40 7.44+0.43 8.00£0.80 7.39+0.39 ®
NGC4755-040 B25V 5 <0 828 7.720.36 9.02+0.38 6.98:0.35 7.03+0.32 7.41+0.33 ;;o
NGC4755-048 B3V 2 6 8.29 7.390.33 8.93+0.37 7.25:0.34 7.74+051 7.38:0.34 =
2
NGC2004-003 B5la 15 14 7.66 7.850.40 8.45+055 7.02£0.26 7.22+0.25 7.22+0.50 7.29+0.23 §
NGC2004-005 B8 la 9 24 779 7.820.37 8.78:0.57 7.17+0.46 7.49:+0.36 7.20+0.44 7.19+0.23 3
NGC2004-007 B8la 6 29 7.74 7.350.28 8.74+0.53 7.37+0.43 8.02£0.39 7.20+0.44 7.10+ 0.26 o
NGC2004-010 B25lab 14 16 753 8.48.29 8.32:£0.37 7.10+0.27 7.19:+0.25 7.24+0.43 7.26+0.12 o
NGC2004-011 Bl5la 13 14 7.46 7.#0.07 8.41+0.22 7.16+0.26 7.18+0.33 7.20£0.64 7.14+0.23 w
NGC2004-012 Bl5lab 12 12 7.44 7.3%.09 843:0.24 7.08+0.23 7.19+0.35 7.21+0.64 7.12+0.19 Z
NGC2004-014 B31b 11 14 758 7.540.26 8.26:£0.39 7.02+0.22 7.16£0.21 7.19+0.40 7.18+0.17 B
NGC2004-021 Bl5Ilb 13 12 7,55 7.200.10 8.50+£0.27 7.08+0.23 7.25+0.35 7.28:0.59 7.19+0.18 21
NGC2004-022 Bl5I1b 11 10 7.31 7.680.12 8.56+0.28 6.94+0.19 7.24+0.34 7.26+0.58 7.00+ 0.22 %
NGC2004-026 B2l 0 1 7.52 7.020.12 8.22£0.28 7.07+0.19 7.21+0.22 7.29+0.37 7.35+0.17 =1
NGC2004-029 Bl5e 1 1 743 6.810.05 8.29+0.26 7.03+0.19 7.21+0.35 7.20+£0.56 7.35+0.17 g'
NGC2004-036 B1511 8 5 7.42 7.380.09 8.57+0.27 6.84+0.16 7.22+0.31 7.38:0.58 7.26+0.20 =
NGC2004-042 B25I11 2 3 764 6.940.19 8.17+0.32 7.13:0.22 7.17+0.23 7.20+0.36 7.21+0.21 )
NGC2004-046 B151 2 <0 750 754010 8.43:0.14 7.01=0.20 7.20+0.26 7.26+ 0.51 f'__tf
Y
°
IS



Table A.2. Contd.

Star Sp.Typ Ene  Esi Cu N 1t On Mg o Sin Sim Sitv Femr
NGC2004-053 BO0.2 Ve 7 3 7.89 7.200.16 8.44+0.18 7.25+0.22 7.23+0.26 6.98+ 0.46
NGC2004-061 B2 Il 1 <0 7.75 6.98:0.23 8.28+045 7.14+0.28 7.18:0.29 7.15+0.47 7.44+ 0.31
NGC2004-064 B2 Il 6 3 7.48 7.5%0.08 8.37+0.13 7.06+0.25 7.17+0.25 7.24+0.54
NGC2004-070 BO.7-B11ll 4 <0 756 7.42:0.11 8.51+0.20 7.14+0.22 7.19+0.36 7.26+ 0.56
NGC2004-084 BO0.7-B11ll 3 <0 7.61 7.26£0.14 8.43+0.13 7.15:£0.19 7.24+0.24 7.31+0.47
NGC2004-090 09.511 <0 3 754 757 0.19 8.36+0.23 6.94+0.19 7.05+£0.29 7.24+0.42
NGC2004-091 B1.51l 0 1 7.81 7.290.09 8.38+0.14 7.29:£0.25 7.26+0.27 7.24+0.52
NGC2004-108 B2.51ll <0 <0 7.29 6.89:0.14 8.23+0.30 6.99+0.20 6.98+0.23 6.98+0.31 7.35+ 0.21
NGC2004-119 B2lll <0 <0 7.48 6.95:0.09 8.35:0.27 7.17+0.25 7.14+0.24 7.14+0.34 7.34+ 0.25
NGC330-002 B3 1b 18 20 7.09 7.600.32 8.00+0.52 6.57£0.23 6.77+0.23 6.81+0.47 6.70+ 0.24
NGC330-003 B2 1b 19 15 7.25 7.690.19 8.07+0.34 6.80+0.27 6.85:0.26 6.82+0.39 6.88+ 0.22
NGC330-004 B2.51b 16 16 6.84 7.830.14 7.86+0.32 6.73+0.21 6.76:0.21 6.82+0.39 6.83+0.14
NGC330-005 B5Ib 8 8 6.77 7.49037 7.82+045 6.58:0.19 6.76+0.23 6.81+0.43

NGC330-009 B5Ib 6 10 7.04 7.18041 8.27+0.53 6.67+0.31 6.81+0.32 6.78+0.49

NGC330-010 B5Ib 4 9 715 7.14033 7.69+041 6.64+0.20 6.82+0.31 6.82+0.42

NGC330-014 B1.51b 19 15 6.93 7.530.15 8.12+0.24 6.70+0.21 6.82+0.29 6.89+0.51
NGC330-016 B5: 1l 4 10 7.36 7.1¥0.38 8.06+£0.52 6.77+0.25 6.91+0.38 6.82+0.48

NGC330-017 B2l <0 <0 7.07 7.12:0.12 7.64+0.25 6.47£0.17 6.74+ 0.33 6.90+ 0.21
NGC330-018 B3Il 5 5 7.17 7.240.26 8.05+0.37 6.61+0.18 6.74+0.18 6.80+0.36 7.14+ 0.19
NGC330-020 B3Il 8 2 7.06 7.06044 7.87+0.61 6.55:£0.26 6.66+0.27 6.81+0.55

NGC330-022 B3Il 3 7 7.13 7.380.26 7.84+0.37 6.73:+0.16 6.66+0.17 6.80+0.37

NGC330-026 B2.51l <0 <0 730 723019 7.74+0.30 7.02:0.23 6.64+ 0.39

NGC330-027 B1V 7 6 7.13 7.400.22 8.28+0.44 6.44+0.22 6.82+ 0.36 6.84+ 0.78
NGC330-032 BO.5V <0 <0 716 7.3%0.10 7.90+0.07 6.80+0.20 6.77£0.19 6.77+ 0.50
NGC330-042 B2l 1 3 7.06 7.220.06 7.73+0.13 6.89+0.18 6.83+0.34 6.76+0.52
NGC330-047 B1V 0 0 720 6.760.11 8.07+0.13 6.57+0.15 6.83+0.23 6.84+ 0.46
NGC330-074 BOV 6 2 731 7.490.21 7.88:0.17 6.81+0.19 6.81+0.25 6.62+0.39
NGC330-114 B211 4 3 7.23 7.320.18 8.00+£0.27 6.97+0.22 6.83+ 0.32

NGC330-124 B0.2V 3 <0 757 73%025 7.76:0.18 6.75:0.18 6.82+ 0.23 6.73+ 0.45
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C. Trundleet al.: VLT-Flames surveyT; scales & N abundances of B-type staf@nline Material p 6

Table B.1. Iron equivalent widths and absolute abundances for thectsbgnalysed in Paper IV. The last column contains the
weighted mean abundance and uncertainties of the iron abgedn each star.

ID Fem 4419 A Fem 4431 A
EW(mA) Abund. EW(mA) Abund [F&H]

NGC6611-030 24 7.55 19 769  7.620.15
N11-001 92 7.59 34 7.30  7.450.17
N11-002 55 7.27 41 7.41  7.240.15
N11-009 38 7.20 26 7.29  7.240.13
N11-012 42 7.20 14 7.00 7.190.27
N11-014 52 7.25 28 7.22  7.280.17
N11-015 23 7.21 7.2 0.26
N11-016 44 7.26 7.26 0.28
N11-017 47 7.21 26 720 7.200.15
N11-024 36 7.15 16 7.07 7.10.16
N11-036 23 7.17 7.1%0.23
N11-110 27 7.17 12 7.08  7.120.16
NGC346-021 17 7.14 7.140.18
NGC346-037 11 6.83 6.880.21
NGC346-039 10 6.94 6.940.17

NGC346-044 18 6.99 6.990.18
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Table C.1. Equivalent widths and line by line absolute abundanceseoNBC3293 stars:#3, #4, #7. The first and second columns
represent the ion and wavelength of the line. There are folunans per star the first represents the equivalent widtheofihe, the
following three are abundance estimates from the lineslaeyghow the results from the 3 steps in determining the adnoes as
described in Sectl4. The energy levels and oscillator ghsrelating to the transitions for the metal lines arelatée online at
httpy/star.pst.qub.ac.ybld/line_identifications.html.

NGC3293-003

NGC3293-004

NGC3293-007

ION Pl EWmA) @ @ @ EwmA) @ @ @® EwWmMA) @O @ @3
cl 3920.68 146 8.03 8.07 8.03 110 8.03 8.04 8.03
Cl(B)  4267.00 237 7.83 7.87 7.84 214 7.89 7.89 7.89 200 7.8688 7 7.86
cl 6578.05

cl 6582.88

NI 3955.85 27 7.57 7.57 7.56
NI 3995.00 127 7.39 743 7.41 115 7.39 7.39 7.39 123 7.47  7.4%8
NI 4447.03 65 751 752 7.52 78 7.63 7.63 7.63 59 749 749974
NI 4601.48 68 7.63 7.65 7.64 69 771 771 7.71

NI 4613.86 37 7.55 755 7.55 35 7.58 7.58 7.58

NI 4630.54 115 749 751 7.50 94 7.43 7.43 7.43 101 749 7.5049 7
NI 4643.08

Oll(B)  3912.00 94 8.42 8.45 8.48 140 8.66 8.68 8.69
oll 3945.04 78 851 8.54 8.56 105 8.67 8.67 8.67 92 8.58 8.6061 8.
oll 3954.36 118 8.45 850 8.53 151 8.61 861 861 121 8.44 8.8648
oll 3982.71 106 8.70 8.74 8.77 89 8.55 8.57 8.58
Oll(B)  4069.00 242 8.62 8.69 8.73 361 9.12 912 9.12 271 8.7276 8 8.78
oll 4072.15 209 8.65 8.77 8.81 208 8.61 861 8.61 220 8.74 8.883
oll 4075.86 261 8.74 8.88 8.93 313 9.03 9.03 9.03 243 8.68 8.8G78
oll 4078.84 58 8.45 8.49 851 55 8.36 8.38 8.38
oll 4132.80 89 8.54 854 854 87 8.54 8.55 8.56
oll 4156.53 41 8.89 8.92 8.93

Oll(B)  4317.00 182 8.91 9.00 9.04 188 8.91 891 8091 176 8.8893 8 8.94
oll 4319.63 178 8.88 897 9.01 189 8.92 892 8.92 184 8.93 8.990
oll 4325.76 39 8.55 8.57 8.59 64 8.81 8.83 8.84
oll 4349.43

Oll(B)  4351.00

oll 4353.58

Oll(B)  4366.00 180 8.81 8.89 8.93 222 9.01 9.01 9.01 191 8.8793 8 8.94
oll 4369.27 30 8.39 8.40 842 40 8.47 8.48 8.49
oll 4395.94 72 871 8.73 8.76 67 8.59 8.59 859 70 8.62 8.634 8.6
oll 4414.90 267 8.77 8.87 8.92 274 8.77 877 877 253 8.71 8.8678
oll 4416.98 194 8.69 8.77 881 196 8.66 8.66 8.66 190 8.66 8.8071
oll 4452.38 81 8.77 8.81 8.3 79 8.70 870 8.70 82 8.74 8.756 8.7
oll 4590.97 179 8.63 8.71 8.75 201 8.68 8.68 8.68 186 8.63 8.8%9
Oll(B)  4596.18 148 8.57 8.63 8.67 173 8.64 864 8.64 161 8.5962 8 8.64
oll 4638.86 195 8.83 8.90 8.94 206 8.83 883 883 193 8.79 8.845
oll 4641.81 395 9.21 921 921 296 8.82 8.89 8.90
Oll(B)  4650.00

oll 4661.63 206 8.80 8.87 8.91 233 8.88 8.88 8.88 206 8.78 8.883
oll 4673.73 57 8.77 8.79 881 65 8.80 8.81 8.82
oll 4676.23 195 8.88 8.95 8.99 138 8.54 8.57 8.58
oll 4699.00 105 8.32 8.35 8.38 97 8.19 819 8.19 135 8.41 8.434 8
oll 4705.35 120 8.41 8.46 8.0 134 8.41 841 841 148 8.51 8.B&5
oll 4710.00 49 8.73 8.76 8.79 40 8.55 855 8.55 61 8.80 8.82388
Mg II(B) 4481.00 191 7.30 7.33 7.29 198 744 744 7.44 152 7.2627 7.26
Sill 4128.05 24 7.42 7.43 7.39
Sill 4130.89 27 7.28 7.29 7.25
Silll 4552.62 393 7.31 7.49 7.53 390 7.44 7.44 7.44 350 7.33437.7.44
Silll 4567.84 321 7.30 7.44 7.8 330 7.46 7.46 7.46 300 7.38477.7.48
Silll 4574.75 199 7.33 7.41 7.44 206 7.44 7.44 7.44 184 7.36407.7.41
Silv 4116.10 91 7.30 7.39 7.49 121 745 7.45 7.45 110 7.34  7.40%4
Felll 4419.60 52 7.27 729 7.27 33 7.23 723 7.22
Felll 4431.02 20 7.28 7.28 7.27
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Table C.1. Contd. STARS:#10, #12, #18

NGC3293-010 NGC3293-012 NGC3293-018
ION Pl EWmA) @ @ @ EwmA) @ @ @® EwWmMA) @O @ @3
cl 3920.68 97 771 770 7.71 72 7.80 7.74 7.77
Cl(B)  4267.00 194 7.66 7.65 7.66 201 7.67 7.65 7.67 155 7.6764 7 7.66
cl 6578.05
cl 6582.88
NI 3955.85 27 752 751 751 22 7.58 7.56 7.57
NI 3995.00 116 740 7.38 7.37 94 7.27 726 7.23 94 7.55 7.4747 7.
NI 4447.03 49 7.36 7.35 7.34 50 7.54 7.50 7.50
NI 4601.48 39 7.38 7.38 7.37 40 7.43 7.43 7.0
NI 4613.86 46 7.69 7.68 7.67 47 7.75 774 1.71
NI 4630.54 95 744 743 7.42 101 7.54 752 7.48 83 7.66 7.5858 7.
NI 4643.08 51 7.73 7.69 7.69
Oll(B)  3912.00 124 8.83 8.80 8.78 103 8.76 8.73 8.66 94 8.8275 8.8.72
oll 3945.04 77 8.69 8.67 8.65 88 8.80 886 8.80 55 8.67 8.618 8.5
oll 3954.36 90 8.48 8.45 843 99 8.66 8.63 8.56 82 8.72 8.630 8.6
oll 3982.71 92 8.95 892 885 56 8.73 8.66 8.63
Oll(B)  4069.00 245 8.98 8.93 8.90 254 9.16 9.10 9.01 185 8.9785 8 8.81
oll 4072.15 196 9.04 895 892 187 9.09 9.01 891 105 8.71 8.8%/4
oll 4075.86 203 8.89 8.81 8.78 230 9.22 9.12 9.02 131 8.86 8.8%67
oll 4078.84 59 8.65 8.63 8.60 53 8.65 8.63 857 43 8.62 8.56 3 8.5
oll 4132.80 92 8.83 8.79 8.77 54 8.60 8.53 8.50
oll 4156.53 35 8.89 8.88 8.86
Oll(B)  4317.00 164 9.17 9.11 9.08 142 9.10 9.05 8.97 96 8.9785 8. 8.83
oll 4319.63 165 9.17 9.11 9.09 137 9.06 9.01 893 102 9.06 8.8®1
oll 4325.76 51 8.87 8.85 8.83
oll 4349.43
Oll(B)  4351.00
oll 4353.58
Oll(B)  4366.00 164 9.07 9.01 8098 147 9.04 9.00 891 100 8.9480 8 8.78
oll 4369.27 45 8.74 873 871 29 859 8.55 8.53
oll 4395.94 78 8.95 8.93 8.90 72 8.98 8.96 8.89 60 8.99 8.91888
oll 4414.90 215 8.95 8.88 8.85 168 8.76 871 8.62 140 8.85 8.8370
oll 4416.98 167 891 885 8.82 135 8.78 874 8.66 116 8.92 8.8007
oll 4452.38 83 9.01 898 896 71 8.97 895 8.88 58 8.95 8.8858.8
oll 4590.97 154 8.87 882 8.79 149 8.97 892 8.82 100 8.80 8.8%5
Oll(B)  4596.18 146 8.89 8.85 8.82 146 9.03 898 8.89 104 8.8577 8 8.73
oll 4638.86 172 9.07 9.01 8.98 152 9.05 9.00 8.91 112 9.02 8.88B6
oll 4641.81 212 8.84 8.78 8.75 268 9.31 923 913 142 8.88 8.8%9
Oll(B)  4650.00
oll 4661.63 88 8.32 8.30 8.28 159 9.01 8.96 8.87 111 8.92 8.8076 8
oll 4673.73 63 9.02 9.00 8.98 56 9.03 9.01 8.94 40 8.88 8.8308.8
oll 4676.23 137 8.86 8.82 8.80 145 9.05 9.00 892 92 8.83 8.7%9 8
oll 4699.00 130 8.73 8.70 8.67 106 8.67 864 856 108 8.71 8.8®2
oll 4705.35 126 8.74 8.71 8.68 112 8.76 8.72 8.64 86 8.65 8.5%4 8
oll 4710.00 71 9.24 921 9.18 48 9.05 9.02 895 49 9.19 9.117 9.0
Mg II(B)  4481.00 168 717 715 7.17 199 7.28 725 7.29 126 7.2014 7.15
Sill 4128.05 24 6.95 6.94 6.97 19 712 7.07 7.12
Sill 4130.89 25 6.78 6.77 6.80 12 6.62 6.59 6.63
Silll 4552.62 313 7.59 7.49 7.46 306 7.66 7.57 7.48 192 7.6948 7.7.46
Silll 4567.84 269 7.62 7.53 7.50 256 7.66 7.57 7.49 164 7.7150 7.7.49
Silll 4574.75 174 7.58 7.52 7.50 172 7.67 7.61 7.54 113 7.72547.7.53
Silv 4116.10 64 7.63 7.58 7.53 54 7.69 7.64 751 44 7.70 7.5849 7.
Felll 4419.60 46 7.31 7.30 7.30 33 771 771 7.72

Fe lll 4431.02 22 766 7.66 7.68
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Table C.1. Contd. STARS:#26, #43

NGC3293-026 NGC3293-043
ION Pl EWmA) @ @ @ EwWmMA) @ @ @
cl 3920.68 90 8.06 7.94 7.97 74 8.02 8.02 8.02
Cl(B)  4267.00 181 7.81 7.75 7.79 169 791 791 791
cl 6578.05 131 8.01 7.90 7.93 104 8.14 814 8.14
cl 6582.88 112 8.08 7.97 8.00 65 7.89 7.89 7.89
NI 3955.85 26 7.79 774 7.72 10 7.74 7.74 774
NI 3995.00 89 7.74 7.62 7.58 34 7.35 7.35 7.35
NI 4447.03 55 781 7.74 7.69 18 7.56 7.56 7.56
NI 4601.48 42 7.78 771 7.67 11 742 742 7.42
NI 4613.86 11 7.64 7.64 7.64
NI 4630.54 25 749 7.49 7.49
NI 4643.08 17 7.67 7.67 7.67
Oll(B)  3912.00 71 8.90 8.82 8.73

oll 3945.04 45 8.83 8.75 8.66 13 8.64 8.64 8.64
oll 3954.36 66 8.92 8.80 8.70 20 871 871 871
oll 3982.71 45 8.90 8.81 872

Oll(B)  4069.00 131 8.95 8.83 8.73 31 8.36 8.36 8.36
oll 4072.15 83 8.92 8.76 8.65 25 8.47 8.47 847
oll 4075.86 113 9.20 9.01 891 40 8.76 8.76 8.76
oll 4078.84 39 891 8.81 873

oll 4132.80

oll 4156.53 46 9.54 9.47 9.42

Oll(B)  4317.00 76 9.13 899 890 18 8.55 8.55 8.55
oll 4319.63 71 9.03 890 881 13 8.32 8.32 832
oll 4325.76 32 9.04 897 889

oll 4349.43

Oll(B)  4351.00

oll 4353.58

Oll(B)  4366.00 75 9.05 890 881 15 8.38 8.38 8.38
oll 4369.27 22 8.69 8.64 8.56

oll 4395.94 50 9.23 9.13 9.03 14 9.03 9.03 9.03
oll 4414.90 104 8.94 881 871 29 8.43 843 843
oll 4416.98 89 9.08 894 884 23 8.55 8.55 8.5
oll 4452.38 42 9.01 893 884

oll 4590.97 73 8.93 8.80 8.69 15 8.41 841 841
Oll(B)  4596.18 76 8.95 8.86 8.75 13 841 841 841
oll 4638.86 78 9.06 893 882 19 859 8.59 859
oll 4641.81 100 8.95 8.78 8.67 24 8.36 8.36 8.36
Oll(B)  4650.00 117 831 821 8.11

oll 4661.63 77 8.97 8.83 8.73 17 8.44 8.44 844
oll 4673.73 30 8.98 8.92 8.3

oll 4676.23 67 8.93 8.81 871 15 8.47 8.47 847
oll 4699.00 79 8.81 8.75 8.64 11 8.22 822 822
oll 4705.35 66 8.83 8.74 8.63 14 8.41 841 841
oll 4710.00 38 9.38 9.28 9.18

Mg II(B)  4481.00 135 7.29 718 7.22 151 714 714 7.4
Sill 4128.05 22 7.09 7.00 7.07 35 7.36 7.36 7.36
Sill 4130.89 21 6.82 6.75 6.82 41 7.25 7.25 7.25
Silll 4552.62 141 7.73 750 7.43 60 7.34 734 734
Silll 4567.84 116 7.72 749 7.42 43 7.24 724 724
Silll 4574.75 85 7.84 7.63 7.56 28 7.34 7.34 734
Silv 4116.10 24 7.80 7.67 7.46

Felll 4419.60 33 7.69 7.69 7.68 17 751 751 751

Fe lll 4431.02 22 764 764 7.64
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Table C.2. Equivalent widths and line by line absolute abundances oEMTES for stars:#2, #3, #4. Columns are as for Tablé C.1.

NGC4755-002 NGC4755-003 NGC4755-004

ION Pl EWmA) @ @ @® EwmMAd @ @ @B EwWmMA) @O @ ®
cl 3920.68 164 786 7.88 7.88 172 7.88 793 7.93 115 771 7774
Cli(B)  4267.00 289 784 787 7.87 274 774 779 7.78 240 7.737157 7.76
cl 6578.05

cl 6582.88

NI 3955.85 66 823 825 8.25 62 8.04 807 8.05 78 8.06 8.07 68.0
NI 3995.00 192 8.02 8.06 8.06 219 7.98 806 8.04 269 7.97 8.009
NI 4447.03 85 8.02 8.04 8.04 106 7.99 803 801 140 8.00 8.0200 8
NI 4601.48 103 822 824 824 118 8.16 820 8.18 161 8.19 8.83%20
NI 4613.86 65 8.14 815 8.5 78 8.10 813 8.11 99 8.09 8.1098.0
NI 4630.54 189 8.24 827 827 211 8.16 824 8.21 264 8.09 8.mil1
NI 4643.08 103 823 825 8.25 122 8.18 823 8.21 128 8.02 8.832
Oll(B)  3912.00 46 8.65 8.67 8.67 52 8.45 848 8.45 105 8.60 2 8.8.59
oll 3945.04 38 8.45 847 8.45 71 853 855 8.52
oll 3954.36 38 8.36 8.38 8.38 48 8.27 829 827 102 8.43 8.4%2 8.
oll 3982.71

OlI(B)  4069.00 72 8.37 8.38 8.38 102 835 839 8.36 192 8.4951 8. 8.47
oll 4072.15 84 858 861 8.61 113 857 864 861 204 8.69 8.7470 8
oll 4075.86 95 852 855 8.55 118 8.43 851 8.48 219 859 8.6%9 8
oll 4078.84 37 825 826 8.24
oll 4132.80 48 8.61 864 8.62 76 8.61 8.63 8.60
oll 4156.53 24 870 870 8.68
Oll(B)  4317.00 59 8.72 874 8.74 75 8.64 868 8.65 154 8.83 68.8.83
oll 4319.63 62 8.76 878 8.78 78 8.66 871 8.68 168 8.91 8.941 8.
oll 4325.76 15 859 8.60 8.60 20 852 854 852 41 8.65 8.66 4 8.6
oll 4349.43 87 8.67 8.69 8.69 246 892 896 892
Oll(B)  4351.00 93 8.36 8.37 8.35
oll 4353.58

Oll(B)  4366.00 55 859 8.60 8.60 78 859 863 861 161 8.79 28.8.78
oll 4369.27 26 9.00 9.01 9.01

oll 4395.94 49 9.24 926 9.26 51 8.96 899 897 65 8.75 877487
oll 4414.90 85 850 853 8.53 111 8.46 852 8.49 233 8.70 8.7370 8
oll 4416.98 61 8.49 852 852 86 850 855 8.53 169 8.65 8.6%4 8.
oll 4452.38 19 852 853 853 29 853 856 8.54 66 873 874287
oll 4590.97 42 8.40 842 8.42 64 8.41 845 8.42 146 8.57 8.5%6 8.
Oll(B)  4596.18 44 855 857 857 59 8.47 850 8.47 123 8.55 7 8.8.53
oll 4638.86 56 859 861 861 74 854 859 8.6 166 8.78 8.8077 8.
oll 4641.81 101 8.61 8.63 8.63 121 850 856 8.53 295 8.89 8.8389
Oll(B)  4650.00 105 8.19 820 8.20 136 8.11 815 8.12 421 8.6366 8 8.62
oll 4661.63 44 8.36 8.37 8.37 84 856 861 8.58 184 8.79 8.8178 8.
oll 4673.73 24 891 892 892 27 8.73 875 8.73 64 8.93 895289
oll 4676.23 54 8.63 8.64 8.64 73 859 863 861 161 8.80 8.8379 8.
oll 4699.00 26 8.27 828 8.8 48 835 838 8.35 84 831 832982
oll 4705.35 36 8.44 8.46 8.6 48 833 837 8.34 108 8.46 8.4844 8.
oll 4710.00 20 8.72 874 8.72 42 8.76 877 8.74
Mg lI(B) 4481.00 350 728 7.30 7.30 294 727 731 7.33 215 7.2626 7.29
Sill 4128.05 141 745 7.48 7.48 107 740 7.45 7.47 61 7.38 7.3%4
Sill 4130.89 149 730 7.33 7.33 118 728 7.32 7.34 73 7.29 7.3135
S 4552.62 241 737 741 741 281 734 746 7.42 415 7.36427.7.38
Siln 4567.84 192 737 741 741 224 733 7.43 7.40 343 7.36427.7.38
S 4574.75 108 736 7.39 7.39 132 734 7.41 7.38 208 7.38417.7.38
Silv 4116.10 77 735 738 7.32
Fe Il 4419.60 78 747 748 7.48 77 7.44 747 7.46 70 7.37 7.3887
Fe lll 4431.02 57 759 7.60 7.60 48 748 750 7.49
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Table C.2. Contd. STARS:#6, #15, #17

NGC4755-006 NGC4755-015 NGC4755-017
ION Pl EWmA) @ @ @ EwmA) @ @ @® EwWmMA) @O @ @3
cl 3920.68 286 8.59 8.27 8.41 63 759 7.50 7.57 95 7.86 8.0102 8.
Cl(B)  4267.00 223 7.64 754 7.60 165 7.66 7.58 7.64 203 7.83927 7.93
cl 6578.05
cl 6582.88
NI 3955.85 40 8.06 7.95 7.96
NI 3995.00 131 7.53 7.41 7.39 117 7.96 771 7.74 61 741 751537
NI 4447.03 45 7.56 7.48 7.46 52 7.91 800 8.02
NI 4601.48 88 7.94 785 781
NI 4613.86 54 7.86 7.80 7.75
NI 4630.54 127 7.72 7.61 7.58 117 8.26 7.96 8.00 49 7.53 7.63%57
NI 4643.08 64 8.06 791 791 30 7.67 7.73 7.75
Oll(B)  3912.00 120 8.99 8.82 877 96 9.13 895 8.90
oll 3945.04 96 9.03 8.88 883 50 8.83 868 8.63
oll 3954.36 129 8.96 8.77 8.73 80 9.00 8.78 8.74
oll 3982.71 104 9.12 894 890
Oll(B)  4069.00 246 9.18 893 8.88 153 9.02 879 873 65 8.4352 8. 8.55
oll 4072.15 205 9.19 886 885 118 9.25 890 8.90 56 8.58 8.7376 8
oll 4075.86 251 9.29 891 891 116 9.03 8.69 8.68 78 8.76 8.947 8
oll 4078.84 50 9.05 8.86 8.82
oll 4132.80 118 9.24 9.04 899
oll 4156.53 36 9.10 9.01 8.94 24 8.91 8.83 877
Oll(B)  4317.00 164 9.31 9.07 9.03 107 9.43 914 9.12 46 8.7688 8. 8.91
oll 4319.63 172 9.36 9.12 9.08 87 9.14 889 8.86 31 8.45 8.5%6 8.
oll 4325.76
oll 4349.43 104 9.10 8.81 877
Oll(B)  4351.00 86 8.97 881 873
oll 4353.58
Oll(B)  4366.00 197 9.44 918 9.14 93 9.15 8.88 8.85 40 8.57 88.8.71
oll 4369.27 33 8.93 881 875
oll 4395.94 60 9.28 9.09 9.04 33 9.11 921 9.24
oll 4414.90 204 9.03 876 8.73 123 9.00 875 871 40 8.15 8.247 8
oll 4416.98 150 8.95 8.73 8.68 117 9.26 8.98 896 43 8.49 8.6164 8
oll 4452.38 85 9.21 9.06 9.00 46 8.99 885 8.80
oll 4590.97 171 9.18 894 888 91 9.04 879 874 46 8.72 8.8487 8.
Oll(B)  4596.18 156 9.18 897 8.90 103 9.17 897 8091 40 8.6977 8. 8.80
oll 4638.86 178 9.27 9.03 8.99 100 9.22 895 891 40 8.62 8.7Z/5 8
oll 4641.81 124 9.05 8.73 8.70 41 8.21 831 834
Oll(B)  4650.00 190 8.74 850 8.45
oll 4661.63 198 9.31 9.05 9.01 99 9.12 8.85 881 34 8.42 8.5155 8.
oll 4673.73 44 8.96 8.86 8.80 39 9.12 899 893
oll 4676.23 204 9.48 922 9.8 93 9.18 893 8.89
oll 4699.00 113 8.87 8.73 8.65 96 8.92 879 8.70
oll 4705.35 136 9.06 8.85 8.79 84 8.97 8.78 871
oll 4710.00 42 9.07 897 8.89 57 9.58 9.42 9.38
Mg II(B) 4481.00 230 718 7.07 7.21 131 7.16 7.02 7.09 184 7.1933 7.32
Sill 4128.05 50 7.33 759 7.58
Sill 4130.89 51 710 7.32 731
Silll 4552.62 357 7.75 7.34 7.38 179 7.84 7.40 7.46 111 7.24497.7.51
Silll 4567.84 304 7.77 7.40 7.43 144 7.78 7.37 741 79 7.12 37.3.36
Silll 4574.75 196 7.77 750 7.49 104 7.87 751 7.53 52 7.25 17.4.44
Silv 4116.10 54 7.78 755 7.47 30 7.84 7.60 7.46
Felll 4419.60 34 7.72 756 7.73

Fe lll 4431.02
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Table C.2. Contd. STARS:#20, #33, #40

NGC4755-020

NGC4755-033

NGC4755-040

ION Pl EWmA) @ @ @ EwmA) @ @ @® EwWmMA) @O @ @3
cl 3920.68 96 7.99 811 811 76 7.75 8.0 8.01 99 8.58 8.26 8 8.3
Cl(B)  4267.00 213 7.95 802 801 190 7.92 819 817 219 8.4528 8 8.31
cl 6578.05 155 8.14 8.28 8.28 111 8.02 829 826 144 8.80 8.8%7
cl 6582.88 137 8.24 8.39 8.39 98 8.10 840 8.35 138 9.03 8.6479 8
NI 3955.85 15 753 756 7.57

NI 3995.00 67 7.42 749 751 21 712 7.18 7.23 39 7.75 759875
NI 4447.03

NI 4601.48 40 7.78 7.84 7.85

NI 4613.86 24 7.66 7.70 7.71

NI 4630.54 58 7.57 7.65 7.67 21 745 7.59 7.63 33 7.99 784178
NI 4643.08 37 7.70 7.75 7.76

Oll(B)  3912.00 39 8.45 8.50 8.52

oll 3945.04 27 8.48 8.53 8.56

oll 3954.36 37 8.43 850 853

oll 3982.71 20 8.38 8.42 845

Oll(B)  4069.00 75 8.35 8.42 8.45 22 8.31 844 853 36 8.84 8.R®64
oll 4072.15 57 8.43 8.54 8.56 18 8.30 8.1 857 36 9.18 8.984 89
oll 4075.86 86 8.74 8.87 8.89 35 8.63 893 895 63 9.54 9.35509.3
oll 4078.84 16 8.26 8.29 8.32

oll 4132.80 22 8.28 8.32 8.35

oll 4156.53 12 850 8.53 8.5

Oll(B)  4317.00 47 8.61 8.69 8.71

oll 4319.63 38 8.42 8.49 851

oll 4325.76

oll 4349.43

Oll(B)  4351.00

oll 4353.58

Oll(B)  4366.00 41 8.42 850 852

oll 4369.27

oll 4395.94 34 8.93 9.00 9.03

oll 4414.90 62 8.36 8.44 847

oll 4416.98 51 8.47 8.56 8.59

oll 4452.38 23 8.60 8.64 8.66

oll 4590.97 36 8.29 8.35 8.38

Oll(B)  4596.18 36 8.37 8.42 845

oll 4638.86 46 8.54 8.61 8.64

oll 4641.81 61 8.37 8.47 850

Oll(B)  4650.00 57 7.76 7.81 7.83

oll 4661.63 40 8.35 8.42 8.44

oll 4673.73 15 8.60 8.63 8.65

oll 4676.23 36 8.39 845 847

oll 4699.00 37 8.29 8.32 8.35

oll 4705.35 35 8.33 8.38 841

oll 4710.00 18 8.87 8.92 8.95

Mg li(B)  4481.00 167 7.34 7.45 7.44 233 7.02 7.44 7.09 185 7.2898 7.19
Sill 4128.05 34 7.31 7.46 7.45 75 7.15 815 7.36 51 7.84 7.1356 7.
Sill 4130.89 38 7.17 7.31 7.30 77 6.96 7.85 7.12 54 7.58 6.9430 7.
Silll 4552.62 111 7.23 7.42 7.44 62 7.09 754 7.44 62 7.68 7.3540
Silll 4567.84 83 713 7.30 7.32 35 6.91 7.23 7.19 49 7.67 7.37417
Silll 4574.75 56 7.24 7.38 7.40 24 7.14 741 7.39 32 7.76 7.50527
Silv 4116.10

Felll 4419.60 33 7.83 7.83 7.84

Felll 4431.02
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Table C.2. Contd. STARS:#48

NGC4755-048

ION Pl EWmA) @@ (@ @)
cl 3920.68 90 8.07 8.29 825
Cl(B)  4267.00 207 8.15 8.29 8.30
cl 6578.05 109 8.12 8.27 827
cl 6582.88 107 8.29 8.49 847
NI 3955.85
NI 3995.00 24 719 725 7.30
NI 4447.03
NI 4601.48
NI 4613.86
NI 4630.54 20 7.46 753 7.59
NI 4643.08
Oli(B)  3912.00
ol 3945.04
ol 3954.36
oll 3982.71
Oli(B)  4069.00 29 8.52 8.60 8.69
oll 4072.15 30 8.75 8.90 8.96
oll 4075.86 50 9.06 9.24 9.28
oll 4078.84
oll 4132.80 15 8.89 8.99 9.08
oll 4156.53
Oli(B)  4317.00
ol 4319.63
ol 4325.76
ol 4349.43
Oli(B)  4351.00
oll 4353.58
Oli(B)  4366.00
oll 4369.27
oll 4395.94
ol 4414.90
ol 4416.98
oll 4452.38
ol 4590.97
Oll(B)  4596.18
ol 4638.86
ol 4641.81
Oli(B)  4650.00
ol 4661.63
ol 4673.73
ol 4676.23
ol 4699.00
ol 4705.35
ol 4710.00
Mg II(B)  4481.00 202 7.03 7.25 7.08
Sill 4128.05 60 7.22 7.75 7.38
Sill 4130.89 72 7.17 774 7.35
Silll 4552.62 59 7.22 7.46 7.45
Silll 4567.84 35 701 720 7.22
Silll 4574.75 27 7.31 7.48 7.50
Si v 4116.10
Fe lll 4419.60

Fe lll 4431.02
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Table C.3. Equivalent widths and line by line absolute abundances cER@4 for stars #3, #5, & #7. Columns are as for TRbIé C.1.

NGC2004-003 NGC2004-005 NGC2004-007
ION Pl EW (mA) Abundance EW (mA) Abundance EW (mA) Abundance
cl 3920.68 90 7.68 7.66 7.66 49 748 7.70 7.68 42 740 774976
C(B) 4267.00 173 7.68 7.66 7.66 105 750 7.79 71.77 86 7.36747.7.73
cl 6578.05
Cl 6582.88
N I 3955.85 21 790 7.89 7.89
NIl 3995.00 83 781 7.79 7.79 34 752 7.76 71.77 28 743 7.78 8 7.7
NIl 4447.03 31 782 781 781 11 769 7.79 7.85
NIl 4601.48 31 7.88 7.86 7.86 11 7.72 7.82 7.87
N I 4613.86 19 781 7.80 7.80
NIl 4630.54 60 7.86 7.84 7.84 27 7.75 7.94 7.98 15 751 772777
NIl 4643.08 34 794 793 7.93 10 7.69 7.77 7.83
O lI(B) 3912.00 12 8.39 8.38 8.38
Ooll 3945.04 8 8.31 830 8.30
oll 3954.36 15 8.35 8.33 8.33
Ooll 3982.71 8 8.31 830 8.30
O lI(B) 4069.00 29 8.36 8.35 8.35
ol 4072.15 28 8.45 843 8.43
oll 4075.86 37 8.50 8.47 8.47
Ooll 4078.84
oll 4132.80
Ooll 4156.53
O lI(B) 4317.00 19 8.49 8.48 8.48
oll 4319.63 23 8.63 8.62 8.62
Ooll 4325.76
oll 4349.43
Ol(B)  4351.00
oll 4353.58
O lI(B) 4366.00 18 8.38 837 8.37
oll 4369.27
ol 4395.94
oll 4414.90 32 8.43 841 841 26 8.82 9.13 9.15
ol 4416.98 30 8.63 861 8.61 17 8.79 9.07 9.10 12 8.64 9.006 9.0
oll 4452.38 10 8.69 8.68 8.68
ol 4590.97 17 850 848 8.48
O lI(B) 4596.18 16 8.57 855 855
ol 4638.86 20 851 849 8.49 8 853 869 8.78 8 8.61 8.89 9.02
oll 4641.81 37 8.50 8.48 8.48 8 8.12 8.24 8.32 7 8.13 8.34 8.45
Ol(B)  4650.00
ol 4661.63
ol 4673.73
oll 4676.23 21 8.61 859 8.59
ol 4699.00 8 822 821 821
oll 4705.35 11 8.38 8.37 8.37
ol 4710.00
Mg lI(B) 4481.00 302 7.04 7.02 7.02 370 6.78 7.17 6.98 363 6.67.37 6.95
Sill 4128.05 133 731 7.28 7.28 167 7.02 756 7.28 164 6.90 3 8.7.28
Sill 4130.89 144 718 7.15 7.15 177 6.88 7.43 7.15 171 6.74 2 7.9.14
Silll 4552.62 107 727 723 7.23 44 6.97 730 7.30 34 6.85 7.3431
Silll 4567.84 77 721 7.18 7.18 27 6.87 7.14 7.16 20 6.76 7.13147
Silll 4574.75 44 727 724 7.24 14 6.98 7.16 7.20 10 6.86 7.12187
Silv 4116.10
Fe lll 4419.60 37 726 7.25 7.25 18 7.08 7.15 7.16 14 7.02 71237

Fe lll 4431.02 25 734 733 7.33 12 718 7.23 7.25 7 7.01 7.0710 7.
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Table C.3. Contd. STARS:#10, #11, #12

NGC2004-010

NGC2004-011

NGC2004-012

ION Pl EWmA) @ @ @ EwmA) @ @ @® EwWmMA) @O @ @3
cl 3920.68 91 7.46 7.48 7.48 51 7.46 7.46 7.45

Cl(B)  4267.00 194 750 7.53 7.53 130 745 7.46 7.45 134 7.44447 7.44
cl 6578.05 75 7.46 7.46 7.46
cl 6582.88 56 7.48 7.48 7.48
NI 3955.85 64 8.17 8.21 8.9 52 7.84 785 7.85 48 7.80 7.8007.8
NI 3995.00 202 8.05 8.13 8.11 196 7.74 776 7.76 177 7.69 7.6%9
NI 4447.03 93 8.03 8.07 8.04 76 7.59 7.60 7.60 69 7.54 754475
NI 4601.48 97 8.15 8.20 8.17 95 7.84 785 7.85 105 7.94 7.9494 7.
NI 4613.86 65 810 8.14 8.11 60 7.80 7.81 781 56 777 177777
NI 4630.54 180 8.17 8.24 821 153 7.66 7.68 7.68 152 7.71  7.771
NI 4643.08 108 8.24 8.29 8.26 58 7.55 755 7.55 83 7.77 7.9777 7.
Oll(B)  3912.00 29 8.25 8.27 8.24 84 8.30 8.32 832 86 8.39 8.339
oll 3945.04 19 819 8.21 8.8 57 8.28 829 8.30 56 8.34 8.34483
oll 3954.36 30 8.13 8.15 8.12 86 8.20 821 822 84 8.27 8.27782
oll 3982.71 20 8.22 824 821 75 8.44 845 8.46 55 8.32 8.32283
Oll(B)  4069.00 62 8.15 8.17 8.14 188 8.30 832 833 189 8.4343 8.8.43
oll 4072.15 74 8.40 8.46 8.42 181 8.45 8.0 851 170 8.55 8.5%5 8
oll 4075.86 69 8.17 8.22 8.9 190 8.31 8.36 8.37 173 8.38 8.3®8 8
oll 4078.84 31 8.03 8.04 8.04 37 8.19 8.19 8.19
oll 4132.80 60 8.31 832 833 71 8.48 8.48 8.48
oll 4156.53 15 8.32 832 832 21 851 851 851
Oll(B)  4317.00 43 8.38 8.41 8.38 133 8.57 859 8.60 117 8.5757 8.8.57
oll 4319.63 43 8.38 8.41 8.38 142 8.62 865 8.66 127 8.64 8.6464 8
oll 4325.76 14 8.46 8.47 8.44 34 8.43 844 8.44 33 8.47 847784
oll 4349.43 74 8.43 8.47 843 227 8.67 872 873 193 8.67 8.677 8
Oll(B)  4351.00 24 8.04 8.06 8.02 87 8.10 8.11 8.12 88 8.20 8.820
oll 4353.58

Oll(B)  4366.00 36 8.18 8.20 8.18 127 8.44 8.46 8.47 122 8.5252 8. 8.52
oll 4369.27 13 8.03 8.03 8.03
oll 4395.94 29 8.78 8.81 8.77 45 8.41 842 842 45 8.46 8.466 8.4
oll 4414.90 65 821 8.26 8.22 223 8.54 858 859 188 8.52 8.552 8
oll 4416.98 46 8.21 8.25 8.22 154 8.45 8.48 8.8 143 8.51 8.5151 8
oll 4452.38 19 8.44 8.46 8.43 54 8.48 849 850 54 8.55 8.555 8.5
oll 4590.97 36 8.20 8.23 8.9 137 8.33 835 836 124 8.39 8.38B9 8
Oll(B)  4596.18 30 8.20 8.22 8.9 109 8.27 828 829 103 8.3434 8.8.34
oll 4638.86 42 8.30 8.32 8.29 155 8.55 857 8.58 139 8.58 8.5%8 8
oll 4641.81 75 8.27 8.31 8.28 272 8.64 869 8.70 229 8.62 8.6%2 8
Oll(B)  4650.00

oll 4661.63 51 8.35 8.39 8.35 170 8.55 857 8.58 152 8.58 8.5%8 8
oll 4673.73 11 8.38 8.40 8.37 41 8.52 853 853 33 8.46 8.466 8.4
oll 4676.23 41 8.34 8.37 8.33 154 8.59 862 8.63 131 8.58 8.5%8 8
oll 4699.00 20 8.03 8.04 8.1 64 8.02 8.02 8.02 69 811 811181
oll 4705.35 26 8.14 8.16 8.13 82 8.13 8.15 8.5 87 8.26 8.26 6 8.2
oll 4710.00 15 873 875 871 23 8.30 8.30 831 32 8.53 8.53385
Mg II(B)  4481.00 228 7.06 7.10 7.11 136 715 7.16 7.15 132 7.0808 7.08
Sill 4128.05 84 7.22 726 7.28

Sill 4130.89 91 7.08 712 7.14

Silll 4552.62 205 7.16 7.26 7.22 350 712 720 7.21 308 7.18187.7.18
Silll 4567.84 161 716 724 7.21 286 713 719 7.20 256 7.20207.7.20
Silll 4574.75 89 7.16 7.21 7.18 166 713 7.16 7.17 151 7.18 87.7.18
Silv 4116.10 87 7.16 720 7.22 69 721 721 7.21
Felll 4419.60 45 719 7.20 7.19 40 7.17 717 717 32 7.08 7.0808 7
Felll 4431.02 33 7.31 7.33 7.32 19 711 711 711 21 7.16 7.1616 7
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Table C.3. Contd. STARS:#14, #21, #22

NGC2004-014 NGC2004-021 NGC2004-022

ION Pl EWmA) @ @ @ EwmA) @ @ @® EwWmMA) @O @ @3
cl 3920.68 98 7.55 7.60 7.61 83 7.63 7.62 7.62 46 7.29 729073
Cl(B)  4267.00 191 7.52 758 7.58 167 7.56 7.55 7.55 119 7.31317 7.32
cl 6578.05 273 8.06 8.16 8.17 61 731 731 731
cl 6582.88 207 8.05 8.13 8.14 47 7.34 734 735
NI 3955.85 19 7.56 7.58 7.56 18 7.27 727 7.26 38 771 770077
NI 3995.00 82 741 7.47 7.47 82 7.10 7.09 7.07 149 7.61 7.5858 7.
NI 4447.03 33 7.48 751 7.49 22 6.93 6.93 6.93 68 7.55 7.54 475
NI 4601.48 30 754 757 755 42 7.38 7.38 7.37 88 7.88 7.8667.8
NI 4613.86 17 7.47 7.48 7.46 30 742 7.42 7.42 55 780 7.79977
NI 4630.54 59 749 753 751 59 7.13 7.13 7.13 118 7.58 7.5656 7.
NI 4643.08 34 7.62 7.65 7.63 73 7.74 773 7.73
Oll(B)  3912.00 23 8.23 8.26 8.23 94 8.48 846 8.43 94 8.55 8.®51
oll 3945.04 18 8.30 8.33 831 67 8.48 847 8.5 59 8.46 8.454 84
oll 3954.36 25 8.17 8.21 8.9 88 8.34 832 830 86 8.41 8.38783
oll 3982.71 10 8.03 8.04 8.02 59 8.47 8.45 8.44
Oll(B)  4069.00 48 8.14 8.18 8.15 197 8.52 8.48 8.44 192 8.6056 8. 8.54
oll 4072.15 39 8.10 8.17 8.15 159 8.52 8.47 841 153 8.63 8.565 8
oll 4075.86 55 8.19 8.28 8.27 182 8.49 8.43 837 157 8.47 8.4139 8
oll 4078.84 42 8.29 828 826 41 8.34 8.32 831
oll 4132.80 54 8.30 828 826 58 8.41 8.39 8.38
oll 4156.53 20 8.49 849 8.48 28 8.72 871 8.70
Oll(B)  4317.00 29 8.29 8.32 8.30 128 8.70 8.67 8.63 120 8.7571 8.8.70
oll 4319.63 32 8.35 8.40 8.38 135 8.75 8.71 8.67 119 8.74 8.7(69 8
oll 4325.76 38 8.57 856 854 35 8.58 8.57 8.56
oll 4349.43 48 8.36 8.41 8.38 198 8.77 8.73 8.67 183 8.84 8.797 8
Oll(B)  4351.00 17 8.06 8.08 8.06 86 8.23 8.22 819 100 8.44 18.8.40
oll 4353.58 24 8.55 8.54 8.52
Oll(B)  4366.00 25 812 8.15 8.12 136 8.67 8.63 859 124 8.6965 8. 8.63
oll 4369.27 14 8.06 8.06 8.06 24 8.36 8.35 8.34
oll 4395.94 53 8.58 857 855 48 8.57 8.56 8.55
oll 4414.90 44 811 8.17 8.16 201 8.65 861 8.56 179 8.67 8.6160 8
oll 4416.98 38 8.27 8.33 831 153 8.63 859 855 136 8.63 8.5%8 8
oll 4452.38 17 8.53 8.57 8.5 61 8.66 8.65 8.62 56 8.67 8.654 8.6
oll 4590.97 20 8.06 8.09 8.07 140 8.56 8.53 8.49 126 8.59 8.5%3 8
Oll(B)  4596.18 19 8.14 8.17 8.5 116 8.50 8.48 8.45 109 8.5552 8. 8.51
oll 4638.86 36 8.41 8.46 8.44 163 8.79 875 8.70 145 8.80 8.7574 8
oll 4641.81 57 8.30 8.36 8.35 212 8.75 8.70 8.68
Oll(B)  4650.00

oll 4661.63 35 8.32 8.37 8.34 171 8.75 8.71 8.67 148 8.73 8.6%7 8
oll 4673.73 41 8.61 860 8.58 44 8.72 8.70 8.69
oll 4676.23 30 8.35 8.39 8.37 149 8.75 8.72 8.67 130 8.74 8.7(69 8
oll 4699.00 16 8.08 8.10 8.07 80 8.24 823 821 84 8.34 8.32183
oll 4705.35 19 8.15 8.18 8.16 95 8.37 8.35 832 92 8.43 8.41983
oll 4710.00 28 8.51 850 8.48 43 8.83 8.81 8.80
Mg II(B)  4481.00 214 6.96 7.02 7.06 144 7.09 7.08 7.07 116 6.8194 6.94
Sill 4128.05 80 7.15 7.23 7.28

Sill 4130.89 89 7.02 7.10 7.16

Silll 4552.62 146 7.08 7.22 7.24 318 730 722 7.14 270 7.28207.7.19
Silll 4567.84 112 7.08 720 7.21 266 7.32 725 7.18 231 7.3426 7.7.25
Silll 4574.75 60 7.08 7.16 7.15 163 7.31 727 7.22 142 7.31 67.7.25
Silv 4116.10 63 7.32 728 7.23 52 731 726 7.22
Felll 4419.60 30 7.14 716 7.15 39 7.17 717 7.16 23 7.00 7.0000 7

Fe lll 4431.02 18 719 720 7.19 24 722 722 7.22
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Table C.3. Contd. STARS:#26, #29, #36

NGC2004-026

NGC2004-029

NGC2004-036

ION Pl EWmA) @ @ @ EwmA) @ @ @® EwWmMA) @O @ @3
cl 3920.68 64 7.70 7.74 7.75 56 7.64 7.64 7.64 56 749 745475
Cl(B)  4267.00 131 751 752 7.53 112 7.43 7.43 7.43 131 7.4642 7 7.51
cl 6578.05 124 7.91 797 7.98 85 759 759 7.59 95 7.54 7.4%6 7.
cl 6582.88 98 791 796 7.97 77 771 771 7.71 68 751 7.48575
NI 3955.85 22 7.49 7.45 7.46
NI 3995.00 41 6.87 6.87 6.87 88 7.37 727 7.28
NI 4447.03 12 6.75 6.75 6.75 41 7.35 7.31 7.30
NI 4601.48 21 721 7.22 7.20

NI 4613.86 10 7.04 7.05 7.03 30 755 751 7.51
NI 4630.54 27 6.91 6.91 6.90 23 6.80 6.80 6.80 65 734 728772
NI 4643.08 12 6.92 6.91 6.90 10 6.82 6.82 6.82 42 751 747674
Oll(B)  3912.00 42 8.24 8.27 8.23 48 8.20 820 820 88 8.69 8.W49
oll 3945.04 26 8.20 8.22 8.9 37 8.33 833 833 54 8.58 8.48184
oll 3954.36 35 8.10 8.13 8.09 52 8.27 8.27 827 80 859 8.45783
oll 3982.71 23 8.17 8.19 8.5 32 8.24 824 824 53 8.58 8.48184
Oll(B)  4069.00 87 8.22 8.26 8.22 107 8.27 8.27 827 174 8.7960 8. 8.51
oll 4072.15 51 8.05 8.10 8.06 74 8.30 830 8.30 130 8.93 8.6(64 8.
oll 4075.86 63 8.10 8.16 8.12 80 8.21 821 821 133 8.76 8.4437 8.
oll 4078.84 20 8.15 8.17 8.14 27 8.23 823 823 45 8.61 8.49284
oll 4132.80 27 8.17 8.20 8.16 29 8.09 8.09 8.09 49 8.46 8.3688.2
oll 4156.53 9 8.14 8.15 8.3 25 8.74 8.69 8.62
Oll(B)  4317.00 44 8.27 8.31 8.27 64 8.50 850 8.50

oll 4319.63 47 8.33 8.38 8.3 67 8.55 855 8.55 106 8.99 8.7659 8.
oll 4325.76 13 8.22 8.23 8.20 19 8.32 8.32 832 33 8.69 8.614 85
oll 4349.43 56 8.23 8.28 8.23 75 8.33 833 8.33

Oll(B)  4351.00 35 8.03 8.05 8.01 44 8.00 8.00 8.00 103 8.70 7 8.8.45
oll 4353.58

Oll(B)  4366.00 46 8.26 8.31 8.26 63 8.42 8.42 842 101 8.82 18.8.54
oll 4369.27 11 810 8.11 8.08 16 8.18 8.18 8.18 24 8.44 8.40283
oll 4395.94 30 8.57 8.60 8.56 36 8.56 856 8.56

oll 4414.90 62 811 8.16 8.12 82 8.24 824 824 157 8.91 8.6659 8.
oll 4416.98 46 8.14 8.18 8.14 68 8.36 8.36 8.36 127 8.94 8.7063 8.
oll 4452.38 21 8.29 8.31 8.28 28 8.36 8.36 8.36 53 8.82 8.71386
oll 4590.97 47 8.20 8.24 8.9 60 8.23 823 823 109 8.80 8.538 8.
Oll(B)  4596.18 39 812 8.14 8.10 65 8.36 8.36 8.36 95 8.67 8.843
oll 4638.86 49 8.29 8.33 8.8 68 8.43 843 843 114 8.91 8.6%0 8.
oll 4641.81 70 8.21 8.27 8.22 88 8.28 828 8.28 162 8.90 8.6153 8.
Oll(B)  4650.00

oll 4661.63 48 8.20 8.24 8.20 65 8.31 8.31 831 115 8.83 8.6153 8.
oll 4673.73 16 8.36 8.37 8.34 22 8.42 8.42 842 36 8.74 8.66 8 8.5
oll 4676.23 42 8.21 8.24 8.20 54 8.25 825 825 92 871 854584
oll 4699.00 38 8.02 8.03 8.00 51 8.07 8.07 8.07 75 8.37 8.32182
oll 4705.35 33 7.99 801 7.97 44 8.05 8.05 8.05 74 8.47 8.35582
oll 4710.00 19 8.44 8.44 8.44 34 8.83 8.75 8.65
Mg II(B) 4481.00 100 7.03 7.07 7.08 93 7.03 7.03 7.03 96 6.88846. 6.93
Sill 4128.05 24 7.28 7.34 7.37

Sill 4130.89 24 7.04 7.08 7.12

Silll 4552.62 114 7.17 7.30 7.26 129 7.22 722 722 205 7.56147.7.14
Silll 4567.84 95 718 7.31 7.27 106 719 7.9 7.19 180 7.62 47.7.23
Silll 4574.75 60 7.17 727 7.23 69 721 721 721 115 7.54 7.7M25
Silv 4116.10 28 7.20 7.20 7.20 46 759 7.38 7.18
Felll 4419.60 24 7.33 7.38 7.38 27 7.37 7.37 7.37 35 7.32 726297
Felll 4431.02 14 722 731 731 16 7.28 7.32 7.32
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Table C.3. Contd. STARS:#42, #46, #53

NGC2004-042

NGC2004-046

NGC2004-053

ION Pl EWmA) @ @ @ EwmA) @ @ @® EwWmMA) @O @ @3
cl 3920.68 82 7.77 781 781 29 745 7.44 7.47 17 7.93 793478
Cl(B)  4267.00 165 7.62 7.64 7.64 95 752 750 7.52 76 7.93 97.9.83
cl 6578.05 147 7.91 796 7.96 62 7.58 7.54 7.56 37 7.81 7.8071 7.
cl 6582.88 111 7.86 7.90 7.90 48 7.61 7.58 7.60 21 7.76  7.7657 7.
NI 3955.85 13 743 7.41 7.44

NI 3995.00 37 6.87 6.89 6.88 81 759 752 7.54 50 7.74 770376
NI 4447.03 42 751 7.47 7.49

NI 4601.48

NI 4613.86 33 7.88 7.83 7.86

NI 4630.54 25 6.92 6.93 6.92 68 7.69 7.61 7.64 35 771 766176
NI 4643.08 34 7.61 758 7.61 16 7.75 7.73 7.67
Oll(B)  3912.00 34 8.27 8.29 8.28 68 8.39 834 835 50 8.38 8.®]29
oll 3945.04 17 8.09 8.10 8.09 48 8.48 842 843 31 8.47 8.43983
oll 3954.36 26 8.05 8.07 8.06 60 8.33 8.26 827 49 8.42 8.36283
oll 3982.71 44 8.43 838 839 29 8.44 841 8.36
Oll(B)  4069.00 58 8.05 8.08 8.07 144 8.53 8.41 841 145 8.6552 8. 8.49
oll 4072.15 36 7.91 795 7.93 93 8.53 835 8.35 66 8.18 8.07 4 8.0
oll 4075.86 55 8.15 8.20 8.18 98 8.40 8.22 822 82 8.21 8.06 4 8.0
oll 4078.84 12 8.00 8.01 8.00 33 8.31 825 826 40 8.70 8.61785
oll 4132.80 54 8.51 843 8.43

oll 4156.53 16 8.35 8.33 834

Oll(B)  4317.00 34 8.23 8.25 8.24 75 8.66 853 8.54 55 8.70 8.&857
oll 4319.63 28 8.07 8.09 8.08 74 8.63 8.51 852 60 8.77 8.692 8.6
oll 4325.76 27 8.54 850 852

oll 4349.43 120 9.07 8.82 883

Oll(B)  4351.00 79 8.32 826 826 55 8.09 8.04 8.1
oll 4353.58 12 8.20 8.18 8.16
Oll(B)  4366.00 33 8.13 8.17 8.15 74 8.57 8.43 8.44 58 8.67 8.8053
oll 4369.27 12 8.22 8.22 817
oll 4395.94 54 8.81 872 873 30 851 8.48 8.45
oll 4414.90 47 8.04 8.07 8.06 111 8.49 838 8.39 79 8.49 8.4135 8.
oll 4416.98 38 8.15 8.19 8.18 100 8.70 857 858 69 8.62 8.548 8.
oll 4452.38 23 8.53 8.56 8.55 48 8.70 864 8.65 25 8.65 8.636 8.5
oll 4590.97 91 8.59 8.45 8.46 69 8.45 8.35 8.31
Oll(B)  4596.18 87 8.53 844 8.45 59 8.42 8.36 8.30
oll 4638.86 42 8.36 8.39 8.38 86 8.61 850 850 73 8.77 8.67 186
oll 4641.81 52 811 8.16 8.14 118 8.60 8.42 8.43 107 8.73 8.552 8
Oll(B)  4650.00

oll 4661.63 36 8.16 8.19 8.18 85 8.52 8.41 842 72 8.69 8.59 385
oll 4673.73 37 8.73 868 8.69 30 9.01 897 8.89
oll 4676.23 68 8.39 831 832 49 8.52 8.48 841
oll 4699.00 77 8.22 819 819 61 8.30 8.29 8.23
oll 4705.35 61 8.17 8.12 812 57 830 8.25 8.20
oll 4710.00 38 8.83 876 8.76 26 8.67 8.63 8.60
Mg II(B)  4481.00 134 7.09 713 7.14 76 7.05 7.01 7.02 80 7.31257.7.24
Sill 4128.05 27 7.04 7.09 7.10

Sill 4130.89 41 717 7.25 7.26

Silll 4552.62 111 7.15 7.25 7.24 129 7.36 7.10 7.13 103 7.37137.7.09
Silll 4567.84 83 7.04 713 7.12 113 743 719 721 89 7.46 7.7621
Silll 4574.75 55 714 721 7.20 79 750 7.30 7.33 45 7.41 7.30237
Silv 4116.10 54 743 726 7.22 133 741 698 7.18
Felll 4419.60 22 7.17 721 7.20

Felll 4431.02
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Table C.3. Contd. STARS:#61, #64, #70

NGC2004-061

NGC2004-064

NGC2004-070

ION Pl EWmA) @ @ @ EwmA) @ @ @® EwWmMA) @O @ @3

cl 3920.68 84 7.97 7.90 7.90

Cl(B)  4267.00 175 7.78 7.75 17.75 94 7.50 7.48 7.49 88 7.59 6 7.5.58

cl 6578.05 138 7.98 7.92 7.92 47 7.37 7.35 7.36 67 7.75 7.6768 7.
cl 6582.88 110 7.97 7.92 7.92 40 748 7.46 7.47 47 7.71 7.6658 7.
NI 3955.85 17 756 7.53 7.55

NI 3995.00 41 6.95 6.93 6.94 96 7.65 7.54 7.56 82 7.70 758975
NI 4447.03 18 6.99 6.98 6.99 46 7.52 7.47 7.48 34 745 740274
NI 4601.48 31 7.52 7.48 7.50

NI 4613.86

NI 4630.54 33 7.05 7.04 7.05 45 7.44 7.38 7.40

NI 4643.08 34 7.56 7.52 7.54 17 7.32 731 7.33
Oll(B)  3912.00 28 8.09 8.07 8.09 27 7.70 7.68 7.68

oll 3945.04 52 8.44 837 837 53 8.55 8.45 8.45
oll 3954.36 36 8.27 8.24 8.26 68 8.31 822 822 62 8.34 8.23282
oll 3982.71 18 812 8.10 8.12 54 8.48 8.41 841 51 8.54 8.44484
Oll(B)  4069.00 71 8.23 8.19 821 169 8.55 8.38 8.38 180 8.8456 8. 8.55

oll 4072.15 54 8.36 8.30 8.32 113 8.55 8.30 8.29 127 9.06 8.6%2 8
oll 4075.86 65 8.41 8.34 8.37 112 8.32 8.09 8.08 133 8.92 8.4%8 8
oll 4078.84 18 8.23 8.20 8.22 35 8.26 8.19 8.19 51 8.70 8.54 385
oll 4132.80 54 8.47 8.34 833

oll 4156.53

Oll(B)  4317.00 32 8.15 8.12 8.4 88 8.65 8.49 8.49 90 8.92 8.@164

oll 4319.63 39 8.33 8.29 8.32 103 8.87 8.66 8.66 103 9.16 8.8181 8
oll 4325.76 43 8.82 873 874 42 8.93 8.80 8.80
oll 4349.43 137 8.90 861 862 117 9.00 859 859
Oll(B)  4351.00 91 8.32 822 822 86 8.33 8.21 8.20
oll 4353.58

Oll(B)  4366.00 30 8.05 8.02 8.04 87 8.54 8.38 8.39 88 8.80 8.®51

oll 4369.27 14 8.02 801 8.01 25 8.36 8.32 831
oll 4395.94 35 8.35 8.30 8.30 50 8.69 8.57 8.56
oll 4414.90 63 8.35 8.30 8.32 128 8.47 833 833 131 8.69 8.4646 8
oll 4416.98 53 8.49 8.44 8.46 125 8.76 858 8.58 119 8.90 8.6%4 8
oll 4452.38 37 8.91 8.87 8.90 49 8.61 855 8.55 48 8.69 8.599 85
oll 4590.97 112 8.62 8.44 8.43

Oll(B)  4596.18 91 842 832 831

oll 4638.86 46 8.44 8.39 8.42 107 8.67 8.51 851 119 9.08 8.7675 8
oll 4641.81 66 8.39 8.32 835 154 8.70 845 8.45 95 8.26 8.0805 8.
Oll(B)  4650.00

oll 4661.63 44 8.33 8.28 8.31 105 8.57 8.41 841

oll 4673.73 40 8.69 863 8.63

oll 4676.23 87 8.49 837 838

oll 4699.00 75 8.14 811 811

oll 4705.35 74 8.23 8.15 8.5

oll 4710.00 51 8.95 885 8.85

Mg II(B)  4481.00 125 720 7.14 7.13 90 7.12 7.06 7.08 86 7.23147.7.15

Sill 4128.05 33 749 7.39 7.38

Sill 4130.89 28 7.03 6.97 6.95

Silll 4552.62 99 7.22 710 7.12 174 745 7.09 7.10 139 7.55 9 7.00.09

Silll 4567.84 82 723 711 7.13 152 751 7.18 7.19 124 7.65 07.7.21

Silll 4574.75 58 7.35 7.25 7.27 97 745 723 7.24 81 7.60 7.27287
Silv 4116.10 75 749 724 7.18 77 7.61 7.26 7.20
Felll 4419.60 30 7.53 7.44 7.44

Felll 4431.02
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Table C.3. Contd. STARS:#84, #90, #91

NGC2004-084 NGC2004-090 NGC2004-091

ION Pl EWmA) @ @ @ EwmA) @ @ @® EwWmMA) @O @ @3
cl 3920.68 36 7.71 768 7.71 60 8.02 8.04 8.04
Cl(B)  4267.00 96 7.64 7.61 7.64 41 753 754 7.63 125 7.80 17.9.80
cl 6578.05 76 7.85 7.77 7.80 100 8.04 8.09 8.08
cl 6582.88 59 7.88 7.82 7.84 82 810 8.14 8.3
NI 3955.85

NI 3995.00 35 7.00 6.98 6.99 40 759 7.62 7.72 50 719 721172
NI 4447.03 20 743 745 751 33 7.38 7.40 7.39
NI 4601.48

NI 4613.86 18 7.58 755 7.57 15 7.42 7.43 7.43
NI 4630.54 36 7.29 7.26 7.28 30 7.60 7.64 7.73 34 719 721072
NI 4643.08 15 7.24 723 7.26 16 7.22 722 7.22
Oll(B)  3912.00 79 8.51 8.43 842 45 8.32 8.35 842 66 8.37 8.440
oll 3945.04 62 8.71 8.61 8.60 15 8.06 8.08 8.15 42 8.38 841184
oll 3954.36 75 8.55 8.43 8.42 29 8.08 8.11 8.18 55 8.26 8.2908.3
oll 3982.71 50 8.54 8.46 8.45 22 8.27 829 8.38 33 8.25 8.2678.2
Oll(B)  4069.00 168 8.73 8.53 851 126 8.51 861 8.68 121 8.2631 8 8.31
oll 4072.15 93 8.48 8.25 8.23 65 8.18 829 8.36 70 8.07 8.1238.1
oll 4075.86 109 8.54 8.26 8.25 66 8.01 812 8.19 92 8.22 8.3131 8.
oll 4078.84 33 8.29 8.22 821 18 8.17 821 829 37 8.40 843384
oll 4132.80 54 8.47 8.37 8.36 24 8.13 8.15 822

oll 4156.53 24 8.60 8.58 8.58

Oll(B)  4317.00 85 8.83 8.62 8.61 45 8.58 8.62 8.72 62 8.39 8.4844
oll 4319.63 79 871 853 852 40 8.51 854 8.63 53 8.22 8.266 8.2
oll 4325.76 23 8.44 8.41 8.40 22 8.42 8.44 844
oll 4349.43 120 9.02 9.15 9.16
Oll(B)  4351.00 80 830 8.20 8.18 76 8.30 8.33 8.34
oll 4353.58

Oll(B)  4366.00 94 8.91 8.66 8.65 43 8.49 854 863

oll 4369.27

oll 4395.94 52 8.73 8.63 8.62 24 8.41 843 8.8 35 8.42 845584
oll 4414.90 120 8.58 8.42 8.40 67 8.38 843 853 100 8.35 8.4040 8
oll 4416.98 99 8.66 8.50 8.49 51 8.43 848 857 78 8.38 8.43484
oll 4452.38 46 8.65 8.58 8.57 40 8.55 8.57 8.58
oll 4590.97 98 8.67 8.46 8.45 51 8.22 828 836 67 8.20 8.24582
Oll(B)  4596.18 90 8.54 8.43 841 43 8.21 825 8.34 62 8.20 8.2323
oll 4638.86 102 8.84 8.64 8.62 48 8.47 851 861 73 8.41 8.4646 8.
oll 4641.81 132 8.77 8.49 8.48 98 8.30 8.38 8.38
Oll(B)  4650.00

oll 4661.63 55 8.50 856 8.65 69 8.28 8.32 8.33
oll 4673.73 15 8.62 863 8.75 23 8.41 8.42 8.43
oll 4676.23 42 7.96 7.91 7.90 38 8.39 841 851 60 8.27 8.31183
oll 4699.00 84 8.25 8.21 8.20 48 8.18 8.18 825 55 7.99 8.001 8.0
oll 4705.35 90 8.53 8.41 8.39 47 8.19 8.23 8.29 49 7.99 801180
oll 4710.00 15 8.40 842 8.47 36 8.77 8.80 881
Mg II(B) 4481.00 87 722 715 7.17 44 6.91 6.94 6.97 98 7.26 97.21.29
Sill 4128.05

Sill 4130.89

Silll 4552.62 138 7.54 7.18 7.18 68 6.93 7.09 7.19 120 7.18 07.3.30
Silll 4567.84 118 7.57 7.23 7.23 51 6.94 7.05 7.15 94 7.10 7.7121
Silll 4574.75 80 7.58 7.32 7.33 23 6.94 7.00 7.12 63 719 7.27277
Silv 4116.10 68 757 7.31 7.25 101 6.93 7.24 7.16 44 7.16 7.2426 7
Felll 4419.60

Fe lll 4431.02
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Table C.3. Contd. STARS:#108, #119

NGC2004-108 NGC2004-119
ION Pl EWmA) @ @ @ EwWmMA) @ @ @
cl 3920.68 50 7.50 7.50 7.50 58 7.67 7.67 7.67
Cl(B)  4267.00 103 7.29 729 7.29 123 7.48 7.48 7.48
cl 6578.05 86 7.63 7.63 7.63 95 771 771 7.71
cl 6582.88 70 7.66 7.66 7.66

NI 3955.85 7 6.97 6.97 6.97
NI 3995.00 36 6.94 6.94 6.94 40 6.91 6.91 6.91
NI 4447.03 13 6.91 691 6.91

NI 4601.48

NI 4613.86

NI 4630.54 18 6.83 6.83 6.83

NI 4643.08 13 6.96 6.96 6.96
Oll(B)  3912.00 32 8.30 8.30 8.30 50 8.39 8.39 839
oll 3945.04 20 8.27 8.27 8.27 36 8.46 8.46 8.46
oll 3954.36 35 8.41 841 841 46 8.35 8.35 8.35
oll 3982.71 15 819 8.19 8.9 25 8.23 8.23 823
Oll(B)  4069.00 63 8.20 8.20 8.20 88 8.24 824 824
oll 4072.15 36 8.02 8.02 8.02 53 810 8.10 8.10
oll 4075.86 47 8.10 8.10 8.10 67 8.20 8.20 8.20
oll 4078.84 12 8.05 8.05 8.05 21 8.18 8.18 8.18
oll 4132.80 16 8.05 8.05 8.05 37 8.43 8.43 843
oll 4156.53

Oll(B)  4317.00 32 8.27 8.27 8.27 63 8.69 8.69 8.69
oll 4319.63 35 8.36 8.36 8.36 60 8.62 8.62 8.62
oll 4325.76 21 8.54 854 854
oll 4349.43 35 821 821 821 63 8.40 8.40 8.40
Oll(B)  4351.00 24 8.13 8.13 8.3 38 8.08 8.08 8.08
oll 4353.58

Oll(B)  4366.00 27 8.09 8.09 8.09 49 8.34 8.34 834
oll 4369.27 15 8.27 8.27 827
oll 4395.94 21 8.57 8.7 8.57 43 8.89 8.89 8.89
oll 4414.90 52 8.22 822 822 65 8.17 8.17 817
oll 4416.98 46 8.42 8.42 842

oll 4452.38 15 8.30 8.30 8.30 33 8.62 8.62 8.62
oll 4590.97 29 811 8.11 8.11 46 8.18 8.18 8.8
Oll(B)  4596.18 32 8.27 8.27 8.27 59 8.47 8.47 847
oll 4638.86 35 8.30 8.30 8.30 52 8.36 8.36 8.36
oll 4641.81 47 8.15 8.15 8.15 66 8.17 8.17 817
Oll(B)  4650.00

oll 4661.63 35 8.24 8.24 8.24 53 831 8.31 831
oll 4673.73 11 8.38 8.38 8.38 18 8.43 843 843
oll 4676.23 26 812 8.12 8.12 46 8.29 8.29 829
oll 4699.00 24 7.97 797 7.97 40 8.03 8.03 8.03
oll 4705.35 30 8.18 8.18 8.18 38 8.08 8.08 8.08
oll 4710.00 13 8.63 8.63 8.63 21 8.68 8.68 8.68
Mg II(B)  4481.00 98 6.99 6.99 6.99 108 717 717 717
Sill 4128.05 20 715 715 7.15 19 7.20 7.20 7.20
Sill 4130.89 18 6.81 6.81 6.81 22 7.07 7.07 7.07
Silll 4552.62 76 6.95 6.95 6.95 100 7.09 7.09 7.09
Silll 4567.84 62 6.97 6.97 6.97 85 713 7.13 713
Silll 4574.75 39 7.02 7.02 7.02 58 721 721 721
Silv 4116.10

Felll 4419.60 19 735 7.35 7.35 22 7.34 734 734

Fe lll 4431.02
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Table C.4. Equivalent Widths and line by line absolute abundances oEBI®D for stars #2, #3, & #4. Columns are as for Tablé C.1.

NGC330-002 NGC330-003 NGC330-004
ION Pl EWmA) @ @ @® EwmMAd @ @ @B EwWmMA) @O @ ®
cl 3920.68 33 7.01 7.02 7.02 75 736 7.33 7.32 31 6.87 6.8776.8
Cli(B)  4267.00 82 7.08 7.09 7.09 134 728 7.25 7.25 62 6.84 46.%5.84
cl 6578.05
cl 6582.88
NI 3955.85
NI 3995.00 56 745 7.48 7.49 150 773 764 7.62 146 7.75 7.75157
NI 4447.03 23 769 771 7.70 68 779 775 7.74 64 7.80 7.8007.8
NI 4601.48 18 760 762 7.61 52 770 7.67 7.67 64 787 787778
NI 4613.86 11 760 7.61 7.59 34 769 7.67 7.67 41 785 785578
NI 4630.54 36 754 756 7.56 118 775 7.68 7.67 126 7.86 7.8686 7
NI 4643.08 18 7.64 765 7.64 66 7.84 7.80 7.80 70 791 791179
Oll(B)  3912.00 27 8.16 812 8.12
ol 3945.04 19 8.15 8.13 8.13
oll 3954.36 14 8.33 835 8.34 18 780 7.78 7.78 15 779 779977
ol 3982.71
OlI(B)  4069.00 12 786 7.87 7.86 61 8.04 798 7.98 36 781 7.8181
ol 4072.15 14 8.00 8.02 8.01 56 8.08 7.99 7.99 32 781 781178
oll 4075.86 15 789 792 791 70 8.07 7.98 7.97 38 775 775577
ol 4078.84 3 8.00 801 7.99 8 780 7.77 7.78
oll 4132.80
ol 4156.53
Oll(B)  4317.00 9 8.08 8.09 8.06 43 831 827 8.26 19 7.89 7.89897
oll 4319.63 10 8.16 8.17 8.15 46 835 830 8.30 23 7.98 798879
ol 4325.76 6 7.97 796 7.96
oll 4349.43 11 788 7.88 7.86 71 829 823 822 35 788 788878
Oll(B)  4351.00 22 785 7.83 7.83
oll 4353.58
Oll(B)  4366.00 46 8.28 823 8.23 19 782 782 7.82
oll 4369.27
ol 4395.94
oll 4414.90 13 785 7.86 7.86 70 819 810 8.10 41 789 789978
ol 4416.98 12 8.05 8.07 8.06 49 8.18 811 8.1 31 7.95 795579
oll 4452.38
ol 4590.97 33 8.04 8.00 8.00
Oll(B)  4596.18 26 8.00 7.97 7.98
ol 4638.86 5 782 783 781 43 820 8.15 8.5 19 7.83 7.83 7.83
oll 4641.81 13 788 7.89 7.88 82 822 815 8.14 40 784 784478
Oll(B)  4650.00 173 832 824 8.23 79 787 787 7.87
oll 4661.63 8 7.94 795 7.93 50 8.23 817 8.17 24 7.89 7.89 7.89
ol 4673.73
oll 4676.23 8 8.07 8.08 8.06 43 8.26 821 821 17 7.83 7.83 7.83
ol 4699.00 17 787 786 7.87
oll 4705.35 27 8.09 805 8.06
ol 4710.00
Mg lI(B) 4481.00 175 6.55 6.57 6.60 131 6.82 6.80 6.79 128 6.®73 6.73
Sill 4128.05 75 6.80 6.82 6.86 41 6.91 6.87 6.85 40 6.81 6.8181 6.
Sill 4130.89 85 6.68 6.71 6.75 52 6.87 6.82 6.80 48 6.71 6.7171 6.
Siln 4552.62 66 6.79 6.83 6.84 185 6.94 6.79 6.77 150 6.82 2 6.%5.82
Siln 4567.84 47 6.77 681 6.82 146 6.96 6.82 6.81 114 6.82 2 6.%5.82
Sili 4574.75 21 6.77 6.79 6.79 77 6.95 6.86 6.85 56 6.81 6.81816
Silv 4116.10
Fe lll 4419.60 12 6.70 6.71 6.70 29 6.90 6.88 6.87 24 6.83 6.8383 6

Fe lll 4431.02
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NGC330-005 NGC330-009 NGC330-010
ION Pl EWmA) @ @ @ EwmA) @ @ @® EwWmMA) @O @ @3
cl 3920.68 17 6.88 6.88 6.88 27 7.14 722 7.24 29 709 720172
Cl(B)  4267.00 33 6.77 6.77 6.77 48 6.99 7.04 7.05 64 7.07 7.1617
cl 6578.05
cl 6582.88
NI 3955.85
NI 3995.00 25 741 741 741 16 711 717 719 16 6.96 7.0467.0
NI 4447.03
NI 4601.48 7 751 751 751
NI 4613.86
NI 4630.54 13 742 742 7.42 8 716 719 7.21 10 714 719 721
NI 4643.08
Oll(B)  3912.00
oll 3945.04
oll 3954.36
oll 3982.71
Oll(B)  4069.00 6 7.98 802 8.05
oll 4072.15 9 8.31 841 8.44 4 7.65 7.72 17.75
oll 4075.86 5 7.83 7.83 7.83 11 8.29 8.39 842 5 759 7.67 7.69
oll 4078.84
oll 4132.80
oll 4156.53
Oll(B)  4317.00
oll 4319.63
oll 4325.76
oll 4349.43
Oll(B)  4351.00
oll 4353.58
Oll(B)  4366.00
oll 4369.27
oll 4395.94
oll 4414.90
oll 4416.98
oll 4452.38
oll 4590.97
Oll(B)  4596.18
oll 4638.86
oll 4641.81
Oll(B)  4650.00 8 7.82 7.82 7.82 8 7.63 7.68 7.70
oll 4661.63
oll 4673.73
oll 4676.23
oll 4699.00
oll 4705.35
oll 4710.00
Mg II(B)  4481.00 193 6.58 6.58 6.58 202 6.57 6.67 6.66 161 6.9264 6.63
Sill 4128.05 74 6.84 6.84 6.84 68 6.67 6.87 6.87 54 6.65 6.9290 6.
Sill 4130.89 78 6.68 6.68 6.68 74 6.54 6.75 6.74 56 6.49 6.7372 6.
Silll 4552.62 27 6.82 6.82 6.82 24 6.69 6.84 6.86 29 6.66 6.8790 6
Silll 4567.84 18 6.79 6.79 6.79 15 6.62 6.73 6.76 20 6.64 6.81846
Silll 4574.75 9 6.81 6.81 6.81 9 6.65 6.77 6.79
Silv 4116.10
Felll 4419.60
Felll 4431.02
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Table C.4. Contd. STARS:#14, #16, #17

NGC330-014 NGC330-016 NGC330-017

ION Pl EW(mA) (1) 2 @ EwmA) @ @ @® EwWmMd) @O @ @3
cl 3920.68 22 7.01 712 7.12 34 7.20 7.20 7.20
Cl(B)  4267.00 67 6.93 6.93 6.94 69 7.24 7.36 7.36 75 7.07 7.0707
cl 6578.05 59 7.24 724 7.24
cl 6582.88 46 7.27 727 71.27
NI 3955.85

NI 3995.00 157 7.53 745 747 15 7.08 7.17 7.18 49 7.04 7.0404 7.
NI 4447.03 69 7.57 753 754 24 712 712 712
NI 4601.48 64 7.64 7.61 761 20 7.18 7.18 7.18
NI 4613.86 35 753 752 752 16 7.28 7.28 7.28
NI 4630.54 113 750 7.45 7.46 39 712 712 712
NI 4643.08 20 715 7.15 7.15
Oll(B)  3912.00 40 8.04 8.01 8.00 28 7.99 7.99 7.99
oll 3945.04 38 8.24 822 821 11 7.70 7.70 7.70
oll 3954.36 21 7.75 7.75 17.75
oll 3982.71

Oll(B)  4069.00 129 8.24 817 8.6 5 7.83 7.87 7.89 54 7.84 7.8484
oll 4072.15 101 8.17 8.07 8.06 26 7.50 7.50 7.50
oll 4075.86 115 810 7.99 7.98 8 8.10 824 825 36 7.58 7.588 75
oll 4078.84 24 8.07 8.03 8.02 11 7.79 779 7.79
oll 4132.80 31 8.07 8.03 8.02 15 782 7.82 7.82
oll 4156.53

Oll(B)  4317.00 70 832 826 8.25 17 756 7.56 7.56
oll 4319.63 78 839 833 832 23 7.75 7.75 7.75
oll 4325.76

oll 4349.43 34 7.75 7.75 7.75
Oll(B)  4351.00 19 759 759 7.59
oll 4353.58

Oll(B)  4366.00 70 8.24 818 8.17 17 751 751 751
oll 4369.27

oll 4395.94

oll 4414.90 99 8.10 8.02 8.02 25 741 741 7.41
oll 4416.98 63 8.02 7.97 7.96 22 7.60 7.60 7.60
oll 4452.38 34 8.41 837 8.36

oll 4590.97 71 819 813 8.11 16 745 7.45 7.45
Oll(B)  4596.18 62 822 817 8.14 18 7.63 7.63 7.63
oll 4638.86 82 831 825 8.24 21 7.63 7.63 7.63
oll 4641.81 35 7.59 7.59 7.59
Oll(B)  4650.00 60 751 751 751
oll 4661.63 85 8.26 821 8.0 20 7.56 7.56 7.56
oll 4673.73

oll 4676.23 69 825 820 8.19 21 7.69 7.69 7.69
oll 4699.00 31 7.87 7.86 7.84 13 745 7.45 7.45
oll 4705.35 43 8.02 7.99 7.97 17 7.60 7.60 7.60
oll 4710.00

Mg II(B)  4481.00 92 6.721 6.70 6.72 200 6.57 6.77 6.69 47 6.47476 6.47
Sill 4128.05 64 6.63 7.02 6.90

Sill 4130.89 65 6.46 6.80 6.69

Silll 4552.62 247 6.94 6.77 6.78 22 6.63 6.86 6.84 77 6.75 6.775
Silll 4567.84 200 6.97 6.82 6.83 15 6.60 6.78 6.78 61 6.72 6.®72
Silll 4574.75 107 6.96 6.88 6.88 37 6.74 6.74 6.74
Silv 4116.10 29 6.96 6.89 6.83

Felll 4419.60 14 6.90 6.90 6.90
Felll 4431.02
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Table C.4. Contd. STARS:#18, #20, #22

NGC330-018 NGC330-020 NGC330-022
ION Pl EWmA) @ @ @ EwmA) @ @ @® EwWmMA) @O @ @3
cl 3920.68 57 7.37 7.37 7.37 27 7.04 695 6.95 37 7.03 7.09271
Cl(B)  4267.00 103 717 717 7.7 77 7.14 7.06 7.05 95 7.10 37.7.14
cl 6578.05
cl 6582.88
NI 3955.85
NI 3995.00 50 731 731 731 23 7.08 6.96 6.93 51 719 731073
NI 4447.03 16 713 717 712
NI 4601.48 17 7.30 7.35 7.30
NI 4613.86 14 7.39 7.44 7.39
NI 4630.54 27 7.18 7.18 7.18 16 7.23 7.15 7.10 32 719 727372
NI 4643.08 19 7.35 7.40 7.35
Oll(B)  3912.00
oll 3945.04
oll 3954.36
oll 3982.71
Oll(B)  4069.00 35 8.13 8.13 8.3 17 8.15 8.05 7.96 26 7.77 7.8874
oll 4072.15 22 7.99 7.99 7.99 11 8.04 790 7.85 20 7.75 7.868 7.7
oll 4075.86 30 8.09 8.09 8.09 14 8.04 7.88 7.84 28 781 795878
oll 4078.84
oll 4132.80
oll 4156.53
Oll(B)  4317.00
oll 4319.63
oll 4325.76
oll 4349.43 18 7.90 7.90 7.90 18 7.75 781 7.71
Oll(B)  4351.00
oll 4353.58
Oll(B)  4366.00 14 7.80 7.86 7.78
oll 4369.27
oll 4395.94
oll 4414.90 27 8.05 8.05 8.05
oll 4416.98 24 8.26 8.26 8.26
oll 4452.38
oll 4590.97
Oll(B)  4596.18
oll 4638.86
oll 4641.81 21 7.69 7.78 7.69
Oll(B)  4650.00 45 7.94 794 794 15 7.72 764 755 41 7.71  7.7R70
oll 4661.63 14 7.80 7.85 7.76
oll 4673.73
oll 4676.23
oll 4699.00
oll 4705.35
oll 4710.00
Mg Ii(B)  4481.00 108 6.61 6.61 6.61 134 6.73 6.55 6.64 110 6.8173 6.85
Sill 4128.05 31 6.75 6.75 6.75 47 7.18 6.76 6.92 24 6.57 6.6984 6.
Sill 4130.89 41 6.74 6.74 6.74 48 6.92 6.56 6.72 30 6.50 6.6330 6.
Silll 4552.62 64 6.81 6.81 6.81 44 7.07 6.72 6.77 66 6.60 6.89956
Silll 4567.84 49 6.80 6.80 6.80 37 7.14 6.82 6.85 46 6.54 6.76796
Silll 4574.75 26 6.80 6.80 6.80 20 711 6.88 6.88 25 6.60 6.75746
Silv 4116.10
Felll 4419.60 23 715 7.15 7.15

Fe lll

4431.02
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Table C.4. Contd. STARS:#26, #27, #32

NGC330-026 NGC330-027 NGC330-032
ION Pl EWmA) @ @ @ EwmA) @ @ @® EwWmMA) @O @ @3
cl 3920.68 39 7.33 7.33 7.33

Cl(B)  4267.00 97 73 730 7.30 82 7.13 713 7.13 34 7.16 7.16167
cl 6578.05 80 7.47 7.47 7.47

cl 6582.88 64 75 750 7.50 22 744 7.44 7.44
NI 3955.85

NI 3995.00 78 745 7.45 7.45 10 743 7.38 7.38 43 7.33 7.33373
NI 4447.03 24 7.38 7.38 7.38
NI 4601.48 22 722 722 7.22

NI 4613.86

NI 4630.54 34 701 7.01 7.01 81 747 7.43 7.43 31 740 740074
NI 4643.08

Oll(B)  3912.00 26 7.78 7.78 7.78
oll 3945.04

oll 3954.36 3 7.92 792 7.92
oll 3982.71

Oll(B)  4069.00 44 7.61 761 7.61 141 8.46 8.42 841 4 7.42  7.4242
oll 4072.15 32 7.6 7.60 7.60 95 8.39 8.31 830 53 7.80 7.80 7.80
oll 4075.86 44 7.7 7.0 7.70 104 8.32 823 823 72 7.93 793379
oll 4078.84 3 8.29 8.29 8.29
oll 4132.80 16 7.66 7.66 7.66
oll 4156.53

Oll(B)  4317.00 35 8.00 8.00 8.00
oll 4319.63 4 8.09 8.09 8.09
oll 4325.76

oll 4349.43 65 8.24 8.24 8.24
Oll(B)  4351.00 39 7.70 7.70 7.70
oll 4353.58

Oll(B)  4366.00 37 7.98 7.98 7.98
oll 4369.27

oll 4395.94

oll 4414.90 56 791 791 791
oll 4416.98 47 8.04 8.04 8.04
oll 4452.38

oll 4590.97 54 8.06 8.03 8.02 36 7.74 774 1.74
Oll(B)  4596.18 52 8.13 8.11 8.10 33 7.82 7.82 7.82
oll 4638.86 38 8.02 8.02 8.02 41 8.00 8.00 8.00
oll 4641.81 64 7.95 795 7.95
Oll(B)  4650.00 87 7.74 774 1.74 218 8.36 829 8.28

oll 4661.63 30 7.76  7.76 7.76 79 8.34 8.30 829 46 8.02 8.0228.0
oll 4673.73

oll 4676.23 88 8.59 853 852 39 8.00 8.00 8.00
oll 4699.00 37 7.82 7.82 7.82
oll 4705.35 35 779 7.79 7.79
oll 4710.00

Mg II(B)  4481.00 92 7.02 7.02 7.02 47 6.44 6.44 6.44 41 6.80 06.%.80
Sill 4128.05

Sill 4130.89

Silll 4552.62 73 6.62 6.62 6.62 145 6.87 6.77 6.76 66 6.65 6.6565
Silll 4567.84 58 6.61 6.61 6.61 123 6.94 6.85 6.84 59 6.82 6.4282
Silll 4574.75 37 6.7 6.70 6.70 68 6.88 6.83 6.83 32 6.84 6.8484 6.
Silv 4116.10 23 6.88 6.84 6.82 49 6.77 6.77 6.77
Felll 4419.60

Felll 4431.02
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Table C.4. Contd. STARS:#42, #47, #74

NGC330-042 NGC330-047 NGC330-074
ION Pl EWmA) @ @ @ EwmA) @ @ @® EwWmMA) @O @ @3
cl 3920.68
Cl(B)  4267.00 48 7.06 7.06 7.04 54 7.20 7.20 7.20 23 7.29 7.3126
cl 6578.05 31 7.09 7.09 7.08
cl 6582.88 22 712 711 7.10
NI 3955.85
NI 3995.00 60 72 724 722 2 6.61 6.61 6.61 25 7.32 730 7.26
NI 4447.03 29 721 723 7.21
NI 4601.48 16 715 7.15 7.14
NI 4613.86 12 72 720 7.19
NI 4630.54 38 715 7.17 7.16 2 6.91 6.91 6.91 31 771 7.67 7.65
NI 4643.08 18 7.17 7.18 7.16
Oll(B)  3912.00 5 8.19 8.19 8.19
oll 3945.04
oll 3954.36 25 7.66 7.68 7.68 45 8.14 8.14 8.14
oll 3982.71 24 8.07 8.07 8.07
Oll(B)  4069.00 65 7.63 7.67 7.68 88 7.97 797 7.97 77 8.07 8.®00
oll 4072.15 49 7.62 7.68 7.69 52 7.79 7.79 7.79 45 7.86 7.800 7.8
oll 4075.86 54 751 758 7.59 65 7.84 7.84 7.84 49 7.76 7.689 7.6
oll 4078.84 22 8.03 8.03 8.03
oll 4132.80 34 8.14 8.14 8.14
oll 4156.53
Oll(B)  4317.00 29 7.7 772 7172 51 8.22 8.22 822
oll 4319.63 32 7.75 7.78 7.77 54 8.28 828 8.28
oll 4325.76 16 8.23 823 823
oll 4349.43 47 7.72 776 7.77 62 8.14 8.14 8.14 46 8.25 8.2298.1
Oll(B)  4351.00 28 749 751 7.52 46 7.90 7.90 7.90 38 7.83 7.7R79
oll 4353.58
Oll(B)  4366.00 26 7.58 7.60 7.60 47 8.09 8.09 8.09
oll 4369.27
oll 4395.94
oll 4414.90 40 749 752 7.52 78 8.13 8.13 8.13
oll 4416.98 67 8.15 8.22 8.23 59 8.17 8.17 8.17
oll 4452.38
oll 4590.97 35 7.63 7.66 7.67 51 8.01 8.01 801 26 7.83 7.81877
Oll(B)  4596.18 36 7.76 7.78 7.79 47 8.03 8.03 8.03 24 7.89 7.8885
oll 4638.86 39 78 7.83 7.83 49 8.07 8.07 8.07
oll 4641.81 67 7.78 7.85 7.85 79 8.12 8.12 812
Oll(B)  4650.00
oll 4661.63 45 7.82 7.86 7.87 53 8.07 8.07 8.07
oll 4673.73
oll 4676.23 32 7.72 775 1.75 53 8.20 820 820
oll 4699.00 27 7.59 7.59 7.60 46 7.90 7.90 7.90
oll 4705.35 35 7.73 7.75 17.76 45 7.95 795 7.95
oll 4710.00
Mg II(B) 4481.00 64 6.86 6.89 6.88 37 6.57 6.57 6.57 38 6.83 16.%.81
Sill 4128.05
Sill 4130.89
Silll 4552.62 98 6.62 6.81 6.81 76 6.66 6.66 6.66 75 7.01 6.81876
Silll 4567.84 85 6.72 6.89 6.88 71 6.84 6.84 6.84 49 6.88 6.75776
Silll 4574.75 44 6.68 6.78 6.77 49 7.00 7.00 7.00 24 6.94 6.86856
Silv 4116.10 29 6.66 6.76 6.83 28 6.84 6.84 6.84 91 6.95 6.6283 6.
Felll 4419.60
Felll 4431.02
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Table C.4. Contd. STARS:#114, #124

NGC330-114 NGC330-124
ION Pl EWmA) @ @ @ EwWmMA) @@ @ @
cl 3920.68 39 7.37 7.36 7.36

Cl(B)  4267.00 83 7.24 723 7.23 54 757 7.57
cl 6578.05

cl 6582.88

NI 3955.85

NI 3995.00 53 7.10 7.08 7.08 38 741 7.37
NI 4447.03

NI 4601.48

NI 4613.86

NI 4630.54 51 7.33 731 731

NI 4643.08 36 7.58 7.57 7.57

Oll(B)  3912.00

oll 3945.04

oll 3954.36

oll 3982.71

Oll(B)  4069.00 68 7.95 7.92 7.92 50 7.66 7.63
oll 4072.15 59 8.12 8.08 8.08

oll 4075.86 56 7.88 7.84 7.84 56 7.78 7.70
oll 4078.84

oll 4132.80

oll 4156.53

Oll(B)  4317.00 52 8.38 8.35 8.35

oll 4319.63 29 7.91 7.89 7.89

oll 4325.76

oll 4349.43 63 8.32 8.27 827 39 7.99 7.95
Oll(B)  4351.00 24 7.75 774 1.74

oll 4353.58

Oll(B)  4366.00 25 7.76 774 1.74

oll 4369.27

oll 4395.94

oll 4414.90 52 7.89 7.86 7.86

oll 4416.98 53 8.20 8.16 8.16

oll 4452.38

oll 4590.97 48 8.17 8.14 8.4

Oll(B)  4596.18 45 821 8.19 8.9

oll 4638.86 39 8.05 8.03 8.03

oll 4641.81 60 7.97 794 7.94

Oll(B)  4650.00 111 7.95 7.92 7.92

oll 4661.63 32 7.85 7.83 7.83

oll 4673.73

oll 4676.23 39 8.11 8.09 8.09

oll 4699.00

oll 4705.35 33 7.96 7.94 7.94

oll 4710.00

Mg II(B)  4481.00 95 6.99 6.97 6.97 37 6.78 6.75
Sill 4128.05

Sill 4130.89

Silll 4552.62 100 6.83 6.75 6.75 76 7.02 6.79
Silll 4567.84 91 6.98 6.90 6.90 52 6.87 6.71
Silll 4574.75 49 6.89 6.84 6.84 34 7.05 6.95
Silv 4116.10 67 6.98 6.73 6.84
Felll 4419.60

Felll 4431.02

7.55

7.36

7.62

7.70

7.94

6.75

6.83
6.73
6.96
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