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ABSTRACT

Aims. As part of the DART project we have used the ESO/2.2m Wide Field Imager in conjunction with the VLT/FLAMES**
GIRAFFE spectrograph to study the detailed properties of the resolved stellar population of the Fornax dwarf spheroidal galaxy
out to and beyond its tidal radius. Fornax dwarf spheroidal galaxy has had a complicated evolution and contains significant numbers
of young, intermediate age and old stars. We investigate the relation between these different components by studying their photomet-
ric, kinematic and abundance distributions.

Methods. We re-derived the structural parameters of the Fornax dwarf spheroidal using our wide field imaging covering the galaxy
out to its tidal radius, and analysed the spatial distribution of the Fornax stars of different ages as selected from colour-magnitude
diagram analysis. We have obtained accurate velocities and metallicities from spectra in the Ca II triplet wavelength region for 562
Red Giant Branch stars which have velocities consistent with membership of the Fornax dwarf spheroidal.

Results. We have found evidence for the presence of at least three distinct stellar components: a young population (few 100 Myr old)
concentrated in the centre of the galaxy, visible as a Main Sequence in the colour—magnitude diagram; an intermediate age population
(2-8 Gyr old); and an ancient population (>10 Gyr), which are distinguishable from each other kinematically, from the metallicity
distribution and in the spatial distribution of stars found in the colour-magnitude diagram.

Conclusions. From our spectroscopic analysis we find that the “metal rich” stars ([Fe/H] > —1.3) show a less extended and more
concentrated spatial distribution, and display colder kinematics than the “metal poor” stars ([Fe/H] < —1.3). There is tentative ev-
idence that the ancient stellar population in the centre of Fornax does not exhibit equilibrium kinematics. This could be a sign of a
relatively recent accretion of external material, such as the merger of another galaxy or other means of gas accretion at some point in
the fairly recent past, consistent with other recent evidence of substructure (Coleman et al. 2004, AJ, 127, 832; 2005, AJ, 129, 1443).

Key words. galaxies: dwarf — galaxies: individual: Fornax — galaxies: kinematics and dynamics — galaxies: stellar content —
galaxies: Local Group — stars: abundances

1. Introduction

The Fornax Dwarf Spheroidal galaxy (dSph) is a relatively
distant companion of the Milky Way at high galactic latitude
(b = —65.7°). It is located at a distance of 138 + 8 kpc (e.g.
Mateo 1998; Bersier 2000), with an heliocentric velocity vy =
53+2kms~! (Mateoetal. 1991),a luminosity My = —13.0+0.3,
and a central surface brightness Zoy = 14.4 + 0.3 mag/arcmin?

* Tables 1 and 4 are only available in electronic form at
http://www.aanda.org
** Based on FLAMES observations collected at the European
Southern Observatory, proposal 171.B-0588.

http://www.aanda.org

(Irwin & Hatzidimitriou 1995). The Fornax dSph is one of the
most massive and luminous of the dwarf galaxy satellites of our
Galaxy, second only to Sagittarius, with a total (dynamical) mass
in the range 108—-10° My, (Mateo et al. 1991; L.okas 2002; Walker
et al. 2006; Battaglia et al. 2006a).

Similarly to Sagittarius, Fornax has its own globular cluster
population, but contrary to Sagittarius all of the Fornax globular
clusters appear to be metal poor (e.g. Strader et al. 2003; Letarte
et al. 2006a). Fornax is known to contain a large number of car-
bon stars with a wide range of bolometric luminosities indicat-
ing significant mass (and hence age) dispersion at intermediate
ages (e.g. Demers & Kunkel 1979; Aaronson & Mould 1980;

http://dx.doi.org/10.1051/0004-6361:20065720
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Stetson et al. 1998; Azzopardi et al. 1999). This is supported by a
well populated intermediate age sub-giant branch and red clump.
Fornax also contains a sizable population of RR Lyrae vari-
able stars with an average metallicity of [Fe/HJgr ~ —1.6 £ 0.2
(Bersier & Wood 2002). From detailed colour—-magnitude dia-
gram (CMD) analysis (e.g. Stetson et al. 1998; Buonanno et al.
1999; Saviane et al. 2000; Pont et al. 2004) it is clear that, unlike
most dSphs in the Local Group, Fornax has had a long history
of star formation, which only ceased a few hundred Myr ago.
However, in common with most dSph galaxies, Fornax does not
appear to have any HI gas at present (e.g. Young 1999). It is dif-
ficult to understand how Fornax lost all it gas. It is possible that,
as a consequence of the recent star formation, the gas is fully
ionized; however detections of ionized gas are difficult.

A recent proper motion estimate suggests that Fornax has
a low eccentricity polar orbit that crossed the path of the
Magellanic Stream about 190 Myr ago (Dinescu et al. 2004),
and that the excess of small scale structure in the Magellanic
Stream, tracing back along the proposed orbit of Fornax, comes
from gas lost by Fornax during this encounter. The authors pro-
pose this encounter as a viable mechanism to make Fornax lose
its gas and stop forming stars. However, previous proper motion
measurements do not suggest such an encounter (Piatek et al.
2002).

Fornax has been the centre of some attention recently for the
discovery, in photometric surveys, of stellar over-densities in and
around the system (Coleman et al. 2004, 2005; Olszewski et al.
2006). These over-densities have been interpreted by Coleman
et al. as shell structures caused by the recent capture of a small
galaxy by Fornax.

There have been previous spectroscopic studies of individ-
ual stars in Fornax. Studies of kinematic properties indicated a
(moderate) central mass-to-light ratio M/L > 5(M/Ly)e, possi-
bly as high as 26 (e.g. Mateo et al. 1991), and a global M/Ly ~
1040 larger than the M/ Ly of the luminous component (Walker
et al. 2006). This is much higher than is typical for globular
clusters, which have mass-to-light ratios in the range 1-3 (e.g.
McLaughlin & van der Marel 2005), but considerably lower than
that found for many other dSphs such as Draco and Ursa Minor
(M/L > 100 (M/Ly)e) (e.g. Kleyna et al. 2003; Wilkinson et al.
2004).

There have been two previous Ca II triplet (CaT) studies of
Red Giant Branch (RGB) stars in the central region of Fornax
(33 stars, Tolstoy et al. 2001; 117 stars, Pont et al. 2004), both
using VLT/FORSI1. There are also detailed abundance studies of
3 field stars (Shetrone et al. 2003) and 9 globular cluster stars
(Letarte et al. 2006a) made with VLT/UVES. This is about to
be extended dramatically by VLT/FLAMES (~100 stars, Letarte
et al. 2006b). These spectroscopic studies conclude that the bulk
of the stellar population is more metal rich than could be in-
ferred from the position of the RGB in the CMD, with a peak at
[Fe/H] ~ —0.9, a metal poor tail extending out to [Fe/H] = -2
and a metal rich tail extending beyond [Fe/H] = —0.4 with more
than half the stars on the RGB having ages <4 Gyr.

Here we present the first results of a study of the Fornax
dSph from the Dwarf Abundances and Radial velocities Team
(DART) large programme at ESO. The aim of DART is to anal-
yse the chemical and kinematic behaviour of individual stars in
a representative sample of dSphs in the Local Group, in order
to derive their star formation and chemical enrichment histo-
ries, and explore the kinematic status of these objects and their
mass distribution. Our targets are Sculptor (Tolstoy et al. 2004),
Fornax and Sextans dSphs. From our large program at ESO
we obtained for each of these galaxies: extended WFI imaging;
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intermediate resolution VLT/FLAMES spectra in the CaT region
to derive metallicity and velocity measurements for a large sam-
ple of RGB stars covering an extended area; and VLT/FLAMES
high resolution spectra in the central regions, which give detailed
abundances over a large range of elements for ~100 RGB stars.

In this work we present our results for both wide field imag-
ing and intermediate resolution FLAMES spectroscopy for 562
RGB kinematic members of Fornax out to the tidal radius. The
relatively high signal-to-noise (S /N ~ 10-20 per A) of our data
has enabled us to derive both accurate metallicities (= +0.1 dex
from internal errors) and radial velocities (to ~+2 kms™!). We
can thus study the different stellar populations in Fornax and how
their metallicities and kinematic properties vary spatially with a
much larger sample than any previous study. Our study differs
from Walker et al. (2006) in that we have both abundance and
kinematics and this has been shown to be crucial information
for disentangling complicated galaxy properties (Tolstoy et al.
2004).

In future works we will present our CaT -calibration
(Battaglia et al. 2006b), detailed kinematic modelling of Fornax
dSph (Battaglia et al. 2006a) and accurate star formation history
from our VLT/FLAMES high resolution abundances of Fornax
(Letarte et al. 2006b).

2. Observations and data reduction
2.1. Photometry

Our ESO Wide Field Imager (WFI) observations were collected
between 2003-2005 and initially included some earlier archival
data from the central regions. Table 1 shows the journal of WFI
observations taken in service mode early in 2005 that were used
to generate the final overall photometric and astrometric cata-
logues. Although the earlier WFI observations were used for
target selection for some of the spectroscopic followup, all of
the analysis and results presented in this paper are based on the
2005 service mode data. This was taken in photometric condi-
tions, with generally good seeing (<1 arcsec), unlike most of the
earlier photometry.

Image reduction and analysis was based on the pipeline
processing software developed by the Cambridge Astronomical
Survey Unit for dealing with imaging data from mosaic cam-
eras. Details of the pipeline processing can be found in Irwin
(1985), Irwin & Lewis (2001) and Irwin et al. (2004). Each set
of frames for a particular field is processed individually to re-
move gross instrumental artefacts (i.e. bias-corrected, trimmed,
flatfielded, and defringed as necessary). An object catalogue is
then constructed and used to derive accurate astrometric trans-
formations to enable stacking of multiple images for each field
in a common coordinate system. The stacked images, produced
from a sequence of 3 dithered exposures, are then used to gen-
erate the final object catalogues, and the astrometric information
is updated.

The astrometric solutions are based on a general Zenithal
Polynomial projection (e.g. Greisen & Calabretta 2002), which
for the ESO WFI is particularly simple since the radial distortion
is effectively zero. Astrometric standard stars were selected auto-
matically from APM scans of UKST photographic survey plates
(http://www.ast.cam.ac.uk/casu) which in turn are cali-
brated with respect to TYCHO 2. Each of the 8 detectors mak-
ing up the mosaic is solved for independently using a 6 constant
linear solution linking detector x, y to projected celestial coordi-
nates. Residuals in the fit per star are typically =200 mas, which
is almost entirely due to the random error in the photographic
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astrometry. Even in the outer parts of Fornax there are more
than 100 plate-based standards per detector which means that
any systematic errors in the solution are negligible (<100 mas).

Objects are morphologically classified on each stacked
frame as either noise artefacts, galaxies, or stars, primarily ac-
cording to the properties of the curve-of-growth light distribu-
tion using a series of aperture fluxes. At the same time aperture
corrections for stellar profiles are derived at the detector level to
enable accurate (~1%) conversion to total fluxes.

The internal gain correction, applied at the flatfielding stage,
ensures a common photometric system across the mosaic (to
~1%) and hence photometric calibration simplifies to finding
a single magnitude zero-point for each science observation. A
correction for scattered light, which affects the flatfielding in ad-
dition to the science images for WFI data, was also made. This
was directly derived from the standard star observations assum-
ing a radially symmetric effect. This is a well-known problem
with the WFI (Manfroid & Selman 2001) and the correction was
made prior to the photometric calibration.

The first-pass photometric calibration is based on observa-
tions of photometric standard fields taken during the same nights
as the target observations. Since these observations were under-
taken in service mode in mainly photometric conditions, we used
the default La Silla extinction for these passbands to derive an
airmass correction (the range in airmass and number of the stan-
dard star observations precluded any other option). The colour
equations to correct the data to the Johnson-Cousins system were
taken from the ESO web pages. Each photometric standard field
observed contains between ~10-50 suitable standards and pro-
vides a single zero-point with better than ~1% random error;
assorted systematic errors (e.g. aperture corrections, flatfielding
gradients, scattered light correction) contribute at about the same
level.

The zero-point trend over all the service observing is consis-
tent within the errors +1-2% with photometric conditions on all
nights apart from the standard star observation for the night of
2005 Jan 31st. Since no science target frames were taken during
this night this data point was ignored and a constant zero-point
adopted for both the V- and /-band images. (Note that this was
also the night with very poor seeing.)

As a final check of the overall calibration the overlap (=5%)
between adjacent fields was used to determine the internal con-
sistency of the magnitude system and small ~+2% adjustments
were made to bring all the observations to a common scale. This
ensures that the whole system is on the same photometric zero-
point, which is essential for analysis of large scale structure. The
final sensitivity of all the images is the same within 0.1 mag.

The final step was to merge all the object catalogues in the
V- and I-band to produce a unique set of object detections for the
whole area studied. In the case of multiple measurements for a
given object the one with the smallest error estimates were used.
This catalogue forms the basis for all subsequent photometric
and spectroscopic analysis.

2.2. Spectroscopy

We selected targets classified as stellar in our ESO/WFI pho-
tometry and with a position on the CMD consistent with an
RGB star, but with a wide colour range to avoid biasing our
sample in age or in metallicity. We used VLT/FLAMES feeding
the GIRAFFE spectrograph in Medusa mode, that allows the si-
multaneous allocation of 132 fibres (including sky fibres) over
a 25’ diameter field of view (Pasquini et al. 2002). We used
the GIRAFFE low resolution grating (LRS, resolving power
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R ~ 6500), covering the wavelength range from 8206 A to
9400 A, to obtain spectra for 7 different fields in Fornax dSph.
These data were reduced using the GIRAFFE pipeline (Geneva
Observatory; Blecha et al. 2003). The sky-subtraction and ex-
traction of the velocities and equivalent widths of Call triplet
lines were carried out using our own software developed by
M.Irwin (for the details see Battaglia et al. 2006b). Out of a total
of 800 targets, 69 have double measurements due to overlapping
fields. We find that a S/N per A>10 is the minimum for ac-
curate determination of velocity and equivalent width, thus we
exclude from our analysis the stars with S/N per A lower than
10. The typical error in velocity was found to be <2 km s™!. We
excluded from our analysis all the stars with an error in velocity
larger than 5 km s~!. The rms velocities and equivalent widths
from the 35 stars with repeated measurements that passed our se-
lection criteria are 2.2 km s~' and 0.34 A respectively. The latter
corresponds to an error in metallicity of 0.14 dex (see Sect. 4).
For 27 out of 35 stars with double measurements we find agree-
ment within the velocity errors. Only 2 out of 35 have velocities
that differ by more than 20, however both are within 30

The final sample was carefully checked to weed out any
spurious objects (e.g. broken fibres, background galaxies, fore-
ground stars, etc.). We removed 6 objects because they were in-
advertently assigned to fibres which were not available during
our observing runs; we found no background galaxies and re-
moved 12 objects because the continuum shape or the presence
of very broad absorption line was not consistent with what is
expected for RGB stars spectra. Excluding the objects that did
not meet our S /N and velocity error criteria, our final sample of
acceptable measurements consists of 641 stars.

3. Results: photometry

In this section we present the results of our wide field, ESO/WFI
photometry of Fornax, out to its nominal tidal radius (see Fig. 1),
and goingdownto V =23 and [ = 22 (M; = 1.2).

3.1. The structure of Fornax

Previous studies have revealed the spatial structure of Fornax to
be far from regular. Hodge (1961), using photographic plates,
found that the ellipticity (defined as e = 1 — b/a, where b
and a are respectively the semi-minor and semi-major axes of the
galaxy) increases with radius, from a value of 0.21 in the central
regions to 0.36 in the outer parts. [rwin & Hatzidimitriou (1995)
noticed that in the inner regions the isopleths showed departures
from elliptical symmetry and that they were more closely spaced
on the east side of the major axis than on the west, as already no-
ticed by Hodge (1961). The asymmetry was found to be centred
close to cluster 4 (¢ ~ 0.05,n ~ —0.1 in Fig. 1). The ellip-
ticity was again found to increase with radius. Coleman et al.
(2005), using only RGB stars, found that the position of the cen-
tre shifts 3’ towards west within a radius of 20" and 4’ towards
south at all radii. For radii larger than 35’ they find an oppo-
site trend for the ellipticity, i.e. the outer contours become more
circular.

Due to the variety of previous estimates, sometimes differ-
ing significantly from each other, we decided to re-derive the
structural parameters of Fornax dSph. We divided the 2D spatial
distribution of the stellar objects in our photometry (Fig. 1) into
a grid with a “pixel” width of 0.02 deg and associated with each
pixel the number of stars it contained. We then used the IRAF
task ELLIPSE to derive the variation with radius of the central
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Fig. 1. ESO/WFI coverage for Fornax dSph. The inner shell-like feature
detected by Coleman et al. (2004) is located at ¢ ~ 0.12, n ~ —0.20 and
elliptical radius of 0.33 deg. The circles indicate the location of Fornax
globular clusters and the ellipse shows Fornax tidal radius (ellipse pa-
rameters derived in this work, see Table 2). The North is at the top,
the East on the left-hand side. The physical scale at the distance of the
Fornax dSph is 1 deg =2.4 kpc.

position, ellipticity and position angle (Fig. 2), by fitting ellipses
at radii between 15" and 60" with a ~5" spacing. We find that
the centre is at (2000, 012000) = (2"39™525, —34°3049”), west
(—=1.5" £ 0.3’) and south (-3.8" + 0.2") with respect to the val-
ues listed in Mateo (1998). The centre now appears to be located
very close to cluster 4. With this new analysis the ellipticity, with
an average value 0.30 + 0.01, does not show any trend with ra-
dius. The position angle (PA) appears to be larger in the inner 15’
and then to become approximately constant with radius. A larger
position angle for the inner region could be caused, for example,
by the presence of cluster 4 or, more likely, by the presence of
young stars with a markedly different distribution (see Sect. 3.3).
In our subsequent analysis we adopt the average value of the
PA to be 46.8° + 1.6°, consistent with previous estimates. Our
re-derived structural parameters are listed in Table 2. With the
exception of the position of the centre of the galaxy, all the de-
rived parameters are consistent with the values listed by Mateo
(1998).

We also rederived the surface density profile for Fornax in
bins of 3’ out to a radius of 83’ (see Fig. 3). The contamination
by field star density, from a weighted average of the points be-
yond 68, is 0.78 + 0.02 stars arcmin~2. From previous estimates
of the tidal radius (e.g. Irwin & Hatzidimitriou 1995) we know
that it is unlikely that our data extend out to a pure background
region. Thus our determination of the Galactic contamination is
of necessity an overestimate due to our limited spatial cover-
age. We compared this Galactic contamination-subtracted pro-
file to several surface brightness models using a least-square fit
to the data. We used an empirical King profile (King 1962), an
exponential profile, a Sersic profile (Sersic 1968) and a Plummer
model (Plummer 1911).
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Fig. 2. The variation with radius of the central position (x and y co-
ordinate, a) and b) respectively), ¢) ellipticity and d) position angle
for the entire stellar population of Fornax, from ESO/WFI imaging
data. The variation of the central position is with respect to the value
listed in Mateo (1998). We find that the centre is at @ = 239525 and
0 = —34°30"49”, west (—1.5"£0.3") and south (3.8’ +0.2") with respect
to the values listed in Mateo (1998).

Table 2. Table of Fornax parameters. 1. This work. 2. Mateo et al.
(1998). The position angle is defined as the angle between North and
the major-axis of the galaxy measured counter-clockwise; the elliptic-
ityise=1->b/a.

@2000 2h39m525 1
62000 —-34°30'49” 1
Position angle 46.8° = 1.6° 1
Ellipticity 0.30 +0.01 1
Ly 1.55x 107 Lg 2
Distance 138 = 8 kpc 2
Va 54.1+05kms™! 1
[Fe/Hlnean -1.15 1

The King model has been extensively used to describe the
surface density profile of dSphs.

2

1 1

V(B ()

It is defined by 3 parameters: a characteristic surface density,
Iy x, core radius, r. and tidal radius, r. The last parameter is de-
fined as the distance, along the line connecting the galaxy centre
and the centre of the host galaxy, where at the perigalacticon
passage a star is pulled neither in nor out. This radius is set by
the tidal field of the host galaxy. Thus, an excess of stars in the
outer parts of dSphs with respect to King models have been in-
terpreted as tidally stripped stars, assuming that the King profile
is the correct representation of the data. Excess stars beyond the

Ix(R) = Ik (D
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Table 3. Parameters of best-fitting King model (core radius, r., tidal radius, r,), Sersic model (Sersic radius, Rs, shape parameter, m), exponential
model (scale radius, r;) and Plummer model (scale radius, b) for all stellar populations, intermediate age and old stellar components in Fornax
dSph. For each model we also compute the half-number radius, r,; for the Plummer model this coincides with b. The errors in the parameters are

formal errors from the fitting procedure.

King Sersic Exponential Plummer
rel’] rl’] rknl’] Rs['] m rsnl'] rsl’] Texhl’] o'l

All 176 £0.2  69.1+£04  19.1 173+£0.2 0.71 £0.01 186 11.0+0.1 18.5 19.6 £ 0.1

Intermediate  15.7+0.2 68.5+04  18.1 16.7+£0.2  0.69 £ 0.01 175  10.0+0.1 16.7 17.1+£0.1

Old 26.8+1.1 772+1.6 237 24608 0.62=+002 235 13.7+0.2 23.0 24.6+0.4
100.000 poosrinsorm 7 fit is a Sersic profile with Sersic radius, Rg = 17.3 + 0.2 arcmin,

' and m = 0.71, thus steeper than an exponential (Fig. 3).
&7 10.000F For the best-fitting King model we find a core radius r. =
% 17.5 £ 0.2 arcmin and a tidal radius 7 = 69.4 + 0.4 arcmin. The
S 1000k core radius determined here is 4’ larger than previous estimates
o whilst the tidal radius is in agreement with the value of 71 +
2 0.100 - 4 arcmin from IH95. The slightly smaller value we obtain for the
= tidal radius is likely due to our overestimated field star density.

'§ Figure 3 shows that in our determination of the density pro-
g 0010F file there is an excess of stars with respect to the King pro-
file (solid line) for radii larger than 1 deg. At this distance the
0.001 N Sersic profile (dashed) best follows the data. Both exponential
0.01 0.10 and Plummer profiles (dotted and dash-dot) over-predict the sur-

Elliptical radius [degree]

Fig. 3. The surface density profile for Fornax dSph galaxy with over-
laid best-fitting King, Sersic, exponential and Plummer models (solid,
dashed, dotted, dash-dot lines, respectively). The Galactic stellar con-
tamination, 0.78 + 0.02 stars arcmin™> calculated from a weighted av-
erage of the points beyond 1.13 deg (68’), has been subtracted from
each point. The error bars are obtained by summing in quadrature the
errors from Poisson statistics and the error in Galactic stellar contam-
ination. Our best fit to the data is a Sersic profile with Sersic radius,
Rs = 17.3 £ 0.2 arcmin and m = 0.71. The best-fitting parameters for
the different models are summarized in Table 3.

King tidal radius have been found in Fornax (e.g. Coleman et al.
2005) and in a number of other Local Group dSphs, e.g. Carina
(Majewski et al. 2005), Draco (Wilkinson et al. 2004; Mufoz
et al. 2005).

Another possibility to explain the excess of stars in the outer
parts of dSphs is that the King model does not provide the best
representation of the data at large radii. The Sersic profile is
known to provide a good empirical formula to fit the projected
light distribution of elliptical galaxies and the bulges of spi-
ral galaxies (e.g. Caon et al. 1993; Caldwell 1999; Graham &
Guzman 2003; Trujillo et al. 2004):

R 1/m
Is(R) = Ipsexp|— (R_s) ()

where Ipgs is the central surface density, Rs is a scale radius
and m is the surface density profile shape parameter. The de
Vaucouleurs law and exponential are recovered with m = 4 and
m = 1, respectively; for m < 1 the profile is steeper than an ex-
ponential; m = 1/2 gives a Gaussian. The light profile of some
dSphs in the Local Group are found to be best fitted with m < 1
(e.g. Caldwell 1999). Physical justifications for this law have
been proposed (see for instance Graham & Guzmadn 2003, and
references therein), however none is widely accepted.

In our analysis, King and Sersic profiles reproduce the data
much better than a Plummer or an exponential profile. Our best

face density at » < 0.1 deg and at radii larger than ~0.8 deg,
and under-predict it at intermediate distances. A summary of the
best-fitting parameters is given in Table 3.

3.2. The colour-magnitude diagram

It is well established that the Fornax dSph has had a very com-
plex star formation history (e.g. Stetson et al. 1998; Buonanno
et al. 1999; Saviane et al. 2000). Stetson et al. (1998), in a pho-
tometric study covering a field of 1/3 deg® near the centre of
Fornax, found that the majority of stars fall into three distinct
stellar populations: an old one represented by HB and RR Lyrae
stars; an intermediate age population of He-core-burning clump
stars (Red Clump, RC); and a young population, indicated by the
presence of main sequence stars. Fornax displays a broad RGB,
classically interpreted as due to a large spread in metallicity.

Figure 4a shows our WFI colour-magnitude diagram for
Fornax within the tidal radius (~2°x2°); it contains 73 700 stars,
including a quantity of foreground stars, which lie in a fairly
constant density sheet redwards of V — 1 = 0.6. We notice the
following features (highlighted in Fig. 4b, and directly visible in
the Hess diagram in Fig. 5):

3.2.1. Ancient stars (>10 Gyr)

These stars are to be found in:

— A red horizontal branch (RHB), extending from V ~ 21.2 to
V~2l6and fromV -1 ~0.5to V-1 ~ 0.7. Hints of a
blue horizontal branch (BHB) from V ~ 21.2to V ~ 21.6
and from V -1 ~ 0.05to V — I ~ 0.35. Between the BHB
and RHB we can see the instability strip where RR Lyrae
variable stars are to be found.

— A broad Red Giant Branch (RGB) with distinct blue (B-
RGB) and red (R-RGB) components. The RGB branch con-
tain stars with ages >10 Gyr, as well as intermediate age stars
(2-8 Gyr), as will be discussed in Sect. 4.2. There is a hint
of bifurcation below the tip of the RGB.
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Fig. 4. CMD for objects classified as stellar from our ESO/WFI imaging
covering the whole extent of the Fornax dSph. The boxes in panel b)
indicate the regions we used to select different stellar populations
(MS: main sequence; BL: Blue Loop; FOR: foreground; BHB: Blue
Horizontal Branch; RRLy: RRLyrae; RHB: Red Horizontal Branch; B-
RGB: Blue-Red Giant Branch; R-RGB: Red-Red Giant Branch; AGBb:
AGB bump; RC: Red Clump).

3.2.2. Intermediate age stars (2—8 Gyr)
These stars are to be found in:

— An “AGB bump”, from V ~ 20.05 to V ~ 20.6 and from
V-I1~09toV -1~ 1.15. A similar feature was detected by
Gallart (1998) in the LMC and called an “AGB bump”, and
assumed to occur at the beginning of the AGB phase.

— Ared clump (RC), that hosts the bulk of detected stars (~30%)
in our WFI CMD. It extends from V ~ 209 to V ~ 21.6
and from V -1 ~ 0.7 to V -1 ~ 1.1. From theoretical
modelling of RC stars, Caputo et al. (1995) found that it is
possible to estimate the age of the dominant stellar compo-
nent from the extension in luminosity of the RC. They found
that the larger the spread in luminosity, the younger the RC
population. The predictions in Caputo et al. (1995) are made
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Fig. 5. The Hess diagram for Fornax dSph CMD from ESO/WFI imag-
ing, where the structures, and their relative intensity, in the different re-
gions of the CMD are visible. Each cell is A(V —I) X AV = 0.01 x 0.05.
A darker tone represents an higher density of stars; zero-density is set
to white. This allows us to see the structure in the Red Clump and Red
Horizontal Branch.

using models of metallicity Z = 0.0001 and 0.0004, which
is lower than the bulk of Fornax population (Z ~ 0.002).
Assuming a distance to Fornax of 138 kpc, an extinction in
V band of 0.062 (Schlegel et al. 1998) and a colour excess
E(V —1)=~0.026 the upper and lower My of the RC are 0.14
and 0.84. Using the above mentioned models, this translates
into an age of 3—4 Gyr for the dominant stellar population, as-
suming no strong variation due to metallicity. We also derive
the age of the dominant RC stellar population by overlaying
to the observed CMD Padua isochrones (Girardi et al. 2000),
which have a mass grid fine enough to resolve the red clump
structure. Even though isochrones predictions for colour and
magnitude of the red clump feature are valid for single stel-
lar populations, they will provide a reasonably accurate esti-
mate of the mean age of a composite stellar population such
as Fornax. We find that the observed mean magnitude of the
RC feature (V = 21.2, see Fig. 5) is reproduced assuming a
dominant stellar population of 2—4 Gyr old and metallicity Z
in the range 0.001-0.004.

3.2.3. Young stars (<1 Gyr)

These stars are found in:

— A plume of young Blue Loop (BL) stars from V ~ 19.4 to
V ~208and fromV -1 ~ 0.78to V-1 ~ 0.9. Blue Loop
stars are produced during the He-core burning phase for stars
with mass >2-3 M and ages from few million years to 1 Gyr.
The position (colour) of this feature is strongly dependent on
metallicity (e.g. Girardi et al. 2000).

— A main sequence extending from V ~ 20 to V ~ 23 at
V — I~ 0, showing that very recent star formation (less than
1 Gyr ago) has occurred in Fornax. The maximum luminosity
of this feature indicates that there are stars as young as 200—
300 Myr in Fornax.
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3.3. The spatial distribution of different stellar populations

The spatial distribution of different stellar components in a
galaxy gives an indication of how and where the star formation
took place at different times and how long the gas was retained
as a function of radius.

Previous studies of dSphs in the Local Group (e.g.
Hurley-Keller et al. 1999; Majewski et al. 1999; Harbeck et al.
2001; Tolstoy et al. 2004) have shown that HB properties vary
as a function of the distance from the centre in several dSphs: in
general the RHB is more centrally concentrated than the BHB.
This indicates the dominance of old and/or metal poor stars in
the outer regions and younger and/or more metal rich stars in the
inner regions.

Fornax contains both old (e.g. HB), intermediate (e.g. RC),
and young stellar components (MS and Blue Loop stars).
Previous photometric studies of individual stars, which have
been limited to the central regions of Fornax dSph, have found
indications that the intermediate age stars have a more concen-
trated distribution than the ancient stars (Stetson et al. 1998;
Saviane et al. 2000). Stetson et al. (1998) found that the MS
stars displayed a centrally concentrated asymmetric distribution,
with a major axis tilted ~30° with respect to the main body of
Fornax.

Our WFI data, covering the entire extent of Fornax, allow us
to analyse the spatial distribution of the resolved stellar popula-
tion of Fornax out to its nominal tidal radius. We plot a CMD
for 3 different spatial samples, i.e. for stars found at elliptical
radius r < 0.4 deg, 0.4 deg < r < 0.7 deg, and r > 0.7 deg
(Fig. 6). Clear differences are visible between the inner and the
outer regions: the main sequence and Blue Loop stars (young)
are absent in the outer regions. The extent in My of the RC de-
creases with the distance to Fornax centre; this means that the
age of the dominant stellar component in this feature is older in
the outer parts (Caputo et al. 1995). We also notice that the BHB,
which is almost hidden by the main sequence in the inner region,
becomes more clearly visible the further out we go, because the
MS disappears. Finally, we can see that the RGB changes: the
red side, generally younger and more metal rich than the blue
side, becomes less evident in the outer regions.

Below we analyse the spatial distribution of the different
components, through their location in the field of view and the
trend of the cumulative fraction with radius.

3.3.1. Ancient populations

In Fornax the BHB stars overlap the MS in the inner regions,
thus we reduce the selection box of BHB stars to 0.15 < V-1 <
0.35. In Figs. 7a,b we plot the spatial distribution of the BHB
and RHB components, and in Fig. 8a the location of B-RGB
stars. Figure 9 shows the Galactic contamination subtracted den-
sity profile for the ancient populations (top) and the fraction of
stars within a radius r, f(< r), in bins of 0.1 deg (bottom). The
ancient stellar components clearly all have the same distribution,
the only exception being the trend at r < 0.3 deg for the BHB
population, which suffers from small number statistics. It is also
likely that the BHB behaviour is altered by the presence in the
selection box of MS stars (see Fig. 4b). A y? two-sample test
applied to the percentage of stars within a radius r out to the es-
timated Fornax tidal radius gives a probability of 99.99% that the
ancient stellar populations are drawn from the same distribution.

Taking as reference the RHB cumulative distribution, we
can see that 95% of the ancient population is found within
r < 0.9 deg. The dominant, intermediate age stellar population
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Fig. 6. ESO/WFI CMDs for the Fornax dSph at radii < 0.4 a), 0.4 <
r < 0.7 b), r > 0.7 deg ¢). We have normalized the number of stars in
the 3 panels to allow a more meaningful comparison. Note the change
in stellar population as function of radius: the young population (main
sequence and Blue Loop stars) is absent beyond r > 0.4 deg, whilst the
ancient population becomes more dominant, as can be seen for example
from the more visible BHB at r > 0.4 deg, the bluer average colour of
the RGB, and the less extended RC in V mag.

2.5

in Fornax, i.e. RC stars, shows a distinctly different distribution,
with 95% of its stars distributed within r < 0.7 deg. Clearly, the
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Fig. 7. Spatial distribution of BHB, RHB and RC stars in the Fornax
dSph as selected from the CMD shown in Fig. 4b. The RC stars show
a more concentrated and less extended distribution than RHB and BHB
stars. The number of RC stars has been normalised to the number of
RHB stars.

ancient populations display a more extended spatial distribution
then the intermediate age stars. The same y? test applied to the
RHB and RC stars gives a low probability, 5%, that these two
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Fornax dSph (as selected from the CMD shown in Fig. 4b).

1.000

(@]

o

(@]
T

[

o
o
o

Density [stars arcmin™?]

0.001 P B S Sl ‘ ‘

0.5 1.0 1.5

Elliptical radius [degree]
—

o L

1.0

0.8

0.6

Fraction (<r)

0.4

0.5 1.0 1.5
Elliptical radius [degree]

Fig.9. Surface number density (fop) and fraction of stars within el-
liptical radius r (bottom) of ancient stellar populations in the Fornax
dSph (solid line: RHB stars; dotted line: BHB stars; dash-dot-dot line:
RRLyrae stars; dashed line: B-RGB stars). The surface number density
has been Galactic stellar contamination subtracted. Note that all the an-
cient stars, even if found at different stages of stellar evolution, display a
similar spatial trend with radius. In the bottom panel we show for com-
parison the fraction of stars within elliptical radius » for RC stars (long
dashed line), representative of intermediate age stars: note the more ex-
tended and less concentrated spatial distribution of ancient stars with
respect to intermediate age stars.

populations are drawn from the same parent population, con-
firming the fact that intermediate and ancient stars show very
different spatial distributions.

There is evidence for small scale spatial substructure in part
of the ancient stellar component of Fornax. In Fig. 8a (B-RGB)
there is a clear overdensity of stars at & ~ —0.15 and n ~ —0.25
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(a ~ 2M39m8s § ~ —34°45’51""); this also appears to be present,
though less pronounced, in the spatial distribution of RHB stars
at similar position, however in contrast the distributions of BHB
and RRLyrae stars appear to be smooth. We find the number
of B-RGB within 4’ of the above feature significantly larger
(within 207) than the number within 3 control fields, of the same
dimensions and at the same elliptical radius; the overdensity of
RHB is instead not statistically significant. A CMD centred on
this overdensity shows a slightly bluer colour for the RGB in the
over-density than in the 3 control fields.

There is no evidence that the nearby cluster 2 (¢ ~ —0.23,
n ~ —0.30 in Fig. 1) is related to this over-density, because the
stars in the over-density do not match the cluster 2 CMD (e.g.
Buonanno et al. 1998).

Similar overdensities in the stellar distribution have been
found in previous works both in other dSphs as well as in Fornax
dSph (e.g. Coleman et al. 2004).

3.3.2. Intermediate age populations

The spatial distribution of the intermediate age populations
(2-8 Gyr old) is represented by the RC, AGB bump and R-
RGB star distribution. Figure 7c shows the location on the field
of view of the selected RC stars. As already mentioned, the
RC stars form the dominant stellar population in Fornax. Thus,
to allow a more meaningful comparison between the spatial dis-
tributions of intermediate age and ancient stars, we normalised
the RC population to the number of stars present in the RHB.
Visual comparison of these two distributions shows that RC stars
have a less extended and more concentrated spatial distribution
than RHB stars. The distribution of R-RGB stars (Fig. 8b) is sim-
ilar to the RC stars, indicating a similar origin and thus similar
age/metallicity properties for the stars found in the red part of the
RGB in Fornax and in the RC. Figure 10 shows the Galactic con-
tamination subtracted density profile (top) and the cumulative
fraction (bottom) of RC, AGB bump and R-RGB: they clearly
have the same spatial distribution; a y* test applied to the per-
centage of stars within a radius r out to the estimated Fornax tidal
radius gives a probability of 99.99% that the intermediate age
stellar populations are drawn from the same distribution. Thus,
it appears likely that all the stars with ages of 2-8 Gyr formed
from the same gas distribution.

3.3.3. Young populations

We have already seen from the CMDs in Fig. 6 that young MS
(<1 Gyr old) and BL stars are only present within r < 0.4 deg,
in the central region of Fornax. Figure 11 shows the spatial dis-
tribution of MS and Blue Loop stars (panels a, b). The main
sequence stars are centrally concentrated and show a different,
asymmetric distribution with respect to the older stars. They pre-
dominantly form a structure extended in the E-W direction, with
a major axis tilted at ~40° with respect to the bulk of the stellar
population (as already noted by Stetson et al. 1998). The overall
spatial distribution of BL stars is also asymmetric, although not
as pronounced as the MS. It is difficult to remove the effects of
the foreground contamination (Fig. 11c) but it appears that the
blue loop stars have a more relaxed distribution than the MS.
As mentioned in Sect. 3.2.3 the colour of the BL feature
is strongly dependent on metallicity. Overlaying Padua stellar
isochrones (Girardi et al. 2000) on the CMD (Fig. 12), we find
that the Blue Loop stars are consistent with ages between 400
and 700 Myr and metallicity Z = 0.004. Isochrones of lower
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Fig. 10. As in Fig. 9 but for intermediate age stellar populations (solid
line: RC stars; dotted line: R-RGB stars; dash-dot-dot line: AGB bump
stars). All the intermediate age populations display a similar spatial
trend with radius. In the bottom panel we show for comparison the frac-
tion of stars within elliptical radius r for RHB stars (long dashed line),
representative of ancient stars, as in Fig. 9: note the more extended and
less concentrated spatial distribution of ancient stars with respect to in-
termediate age stars.

metallicities (Z = 0.001) predict the presence of a plume of Blue
Loop giants much closer to the MS than observed, and the pre-
dicted average colour of the BL feature for higher metallicities
(Z = 0.008) is significantly redder than observed'.

Figure 12 also shows that the Girardi et al. (2000) Padua
isochrones suggest that the MS contains stars as young as
200-300 Myr, and as old as 1 Gyr, which is different to the BL
stars age range. Thus, to compare the spatial distribution of MS
and BL stars, we must separate the MS stars in two groups, those
predominantly younger and those older than 400 Myr. This is
achieved by splitting the MS in colour: the “young” and “old”
MS stars are approximately bluer and redder, respectively, than
V — 1 = 0. In this case we find that the spatial distribution of
“old” MS stars is consistent with the BL spatial distribution,
whilst “young” MS stars display a more asymmetric and cen-
trally concentrated distribution. Thus, it seems that the “young”
MS stars are found closer to the location where they were
formed, whilst “old” MS and BL stars have diffused to larger
radii. To estimate the diffusion time, we use the dynamical time

! Using different sets of isochrones, e.g. Geneva (Lejeune & Schaerer
2001) or Yonsei-Yale (Yi et al. 2001; Kim et al. 2002), would bring
slightly different results, however qualitatively in agreement.
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Fig. 11. Spatial distribution of main sequence a) and Blue Loop b) stars
in the Fornax dSph (as selected from the CMD shown in Fig. 4b) and
¢) the foreground contamination in the Blue Loop distribution as from
a CMD-selected sample of foreground stars to match the Blue Loop
contamination density. Note the asymmetric distribution of MS stars in
a), elongated in the E-W direction and tilted by ~40° with respect to
the main body of Fornax dSph. The inner shell-like feature detected by
Coleman et al. (2004) is located at & ~ 0.12, n ~ —0.20 and elliptical
radius of 0.33. This is also the position of one of the two fields observed
by Olszewski et al. (2006).
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Fig.12. CMD for stars within 0.4 degree of the centre of the Fornax
dSph; the box shows the selection region for the Blue Loop stars. The
colours and magnitudes of the Blue Loop stars are consistent with the-
oretical Padua isochrones (Girardi et al. 2000) of metallicity Z = 0.004
([Fe/H] ~ —0.7) and age 0.4, 0.5, 0.6, 0.7 Gyr (from top to bottom). The
stars forming the BL feature have mass in the range 2.3-2.8 M, .
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(Binney & Tremaine 1987), which ranges between 350-—
800 Myr, assuming a mass within the tidal radius between 108-
1.55 x 107 Mo. This is consistent with the age of the “old”
MS stars. Thus the elongated structure of the MS is formed pre-
dominantly by the younger MS stars, and is presumably the re-
maining signature of the collapsed gas from which the stars were
formed.

3.3.4. A quantitative comparison between stellar populations

We have shown that the younger the stellar population the more
concentrated and less extended is its spatial distribution over all
the observed populations. We have also shown that stars in the
same age range (but different stellar evolutionary phases) dis-
play very similar spatial distributions, and that the blue and red
side of the RGB are linked to the ancient and intermediate age
populations, respectively. A y? test applied to the percentage of
stars within a radius r out to the estimated Fornax tidal radius
for the several stellar components (Figs. 9, 10) gives a probabil-
ity of 99.99% that RC, AGB and R-RGB stars are drawn from
the same distribution, and again 99.99% for the different ancient
stellar populations, whilst when comparing the distribution of
an ancient population, e.g. RHB, to one of the intermediate age
population, e.g. RC, we obtain a probability of 5% that they are
drawn from the same spatial distribution. This shows that we
can consider stars found at different stages of stellar evolution
but with similar ages as belonging to the same population.

We derived density profiles, from which Galactic contami-
nation has been subtracted, for these two components and com-
pared them to the models used in Sect. 3.1.The best-fitting pro-
file for the old population is given by the King model, that
follows more closely the data beyond 1 deg than the Sersic pro-
file. However, the density profile of the intermediate age stars
is better represented by a Sersic profile, since the King model
declines too steeply. In both cases the exponential and Plummer
models overpredict the density for r < 0.2 deg and r > 0.9 deg,
and underpredict it at intermediate radii. Independently of the
adopted model, the results of the fit (see Table 3) show that in-
termediate age stars are more centrally concentrated and less ex-
tended than old stars.
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The spatial distribution of different stellar populations is a
powerful way to identify stellar populations of different ages in
a dwarf galaxy.

3.4. Shells

The discovery of two shell-like features was recently reported in
Fornax from photometric studies (Coleman et al. 2004, 2005).
The first of these features was identified outside the core ra-
dius at @ = 2M40™28.5% and 6 = —34°42'33" (corresponding
to & ~ 0.12, 7 ~ —0.20 and elliptical radius of 0.33 deg in Fig. 1)
as a small over-density of stars in data down to I ~ 21 (Coleman
et al. 2004). Adding deeper data from Stetson et al. (1998) to
their sample the authors found the shell to be consistent with be-
ing dominated by young, 2 Gyr old, ZAMS stars. The authors
proposed that this might be analogous to the shells found in el-
liptical galaxies and suggested that Fornax might have accreted
a smaller gas-rich galaxy around 2 Gyr ago.

A second “shell” was found in the RGB distribution outside
the tidal radius, around 1.3° northwest of the centre (Coleman
et al. 2005) and, similarly to the inner shell, located along the
minor axis and elongated along the major axis.

Olszewski et al. (2006) carried out much deeper imaging of
this over-density, down to R ~ 26 and refined the age of the
“feature” and suggested that the excess of stars in the shell might
be the result of a burst of star formation which occurred 1.4 Gyr
ago with a metallicity Z = 0.004 ([Fe/H] = —0.7), favouring
a scenario in which the gas from which these stars formed was
pre-enriched within Fornax itself.

Our photometry covers the region of the inner shell, and we
do not detect such a feature, but comparing our sample with the
additional data-set from Stetson et al. (1998), we find signs of
the shell when we include the stars we had discarded from our
analysis because they were detected in V but not in the / band.
This makes it clear that the feature is just at the detection limit
of our data. We also note that the MS stars are asymmetrically
distributed, and this could cause the presence of local overdensi-
ties with respect to other regions in Fornax, at the same elliptical
radius, where young stars might be under-represented. Deeper
photometry covering the entire region at » < 0.4-0.5 deg would
make it possible to resolve this issue.

4. Results: spectroscopy

Our VLT/FLAMES spectroscopic survey of individual stars in
the Fornax dSph allows us to determine velocities and metallic-
ities ([Fe/H]) from the CaT equivalent width for a subsample of
RGB stars out to the nominal tidal radius of Fornax dSph (see
Fig. 13).

The dependence of CaT equivalent width on metallicity has
been empirically proved by extensive work in the literature (e.g.
Armandroff & Zinn 1988; Olszewski et al. 1991; Armandroff &
Da Costa 1991). Rutledge et al. (1997a) presented the largest
compilation of CaT equivalent width measurements for individ-
ual RGB stars in globular clusters, which Rutledge et al. (1997b)
calibrated with high resolution metallicities, proving the CaT
method to be reliable and accurate in the probed metallicity
range, —2.2 < [Fe/H] < —-0.6.

We obtained metallicities from the CaT equivalent widths by
using the relation derived by Rutledge et al. (1997b):

[Fe/H] = —2.66 + 0.42 W' 3)
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Fig. 13. Location of the observed FLAMES fields and targets (with S /N
per A > 10 and error in velocity <5 km s™') in the Fornax dSph (squares:
probable members; crosses: probable non-members). The black filled
circles show the location of Fornax globular clusters, the black small el-
lipse shows the location of the “shell-like” feature detected by Coleman
et al. 2004, and the dashed circles indicate the observed FLAMES
fields. The tidal radius is from this work.

To derive the reduced equivalent width W’ we used the equation
below, as in Tolstoy et al. (2001):

W' = (Wgsar + Wgesn) + 0.64(V — Vi) 4)

where Wgsyp and Wgeer are the equivalent width of the two
strongest CaT lines, at 1 = 8542.09 A and 1 = 8662.14 A;
V is the apparent V magnitude of the star; and Vyp the mean
magnitude of the horizontal branch. We checked this calibra-
tion against VLT/FLAMES HR measurements of an overlapping
sample of 90 stars (Hill et al. 2006) to confirm our calibration
and accuracy of CaT metallicity determination. Details will be
provided in Battaglia et al. (2006b).

Since the Fornax dSph displays a very broad RGB (see
Sect. 3.2 and Fig. 4) we chose our targets from a box around
the RGB covering a wide colour range, to avoid biasing our
sample in age or in metallicity. The spatial distribution of our
targeted VLT/FLAMES is shown in Fig. 13, together with the
position of Fornax globular clusters and the location of the shell-
like feature (Coleman et al. 2004). The fields cover a wide range
of radii. Since, as discussed in Sect. 3, the stellar population of
different ages display different spatial distributions, our sample
will contain predominantly intermediate age stars in the central
fields, and ancient stars in the outermost fields. Previous studies,
which were restricted to the central regions, were clearly biased
towards the properties of the intermediate age population.

Figure 14 shows the velocity histogram of our
VLT/FLAMES targets which met our S/N and velocity
error criteria (641 stars). To find the systemic velocity of Fornax
we first selected the stars found within 40 of the velocity peak
associated with Fornax. We used the value of o = 13 km s!
taken from the literature (e.g. Walker et al. 2005) as a first ap-
proximation. We calculated the mean velocity and the velocity
dispersion from the 40 sample and then repeated the procedure
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Fig. 14. Histogram of velocities for the observed VLT/FLAMES targets
in the Fornax dSph which passed our S/N and velocity error criteria
(641 stars).

selecting stars within 30~ and finally the stars within 2.50.
We found a systemic velocity Vg5 = 53.1 + 0.6 km s~! and
a velocity dispersion ojos = 13.7 £ 0.4 km s! (30), and
Vigs =54.1£0.5kms™, oy = 11.4 £ 0.4 km s™! (2.50).

Because Fornax has a systemic velocity that strongly over-
laps with the Galaxy, we tested to see if the large variation in
velocity dispersion for different o cuts might be due to fore-
ground contamination. We performed Monte Carlo simulations
producing 10000 sets of 600 velocities about the mean veloc-
ity of Fornax Gaussianly distributed with a trial dispersion of
15 km s~!. The dispersions obtained cutting the artificial veloc-
ity set at 30 and 2.50 were consistent within 20" in 99.63% of
the cases. We obtained very similar results when we fixed the
dispersion at 12 km s~!, and/or convolved the simulated veloc-
ities with observational errors. This means that the differences
in velocity dispersion we obtain with the 30~ and 2.50 cuts for
our data are most likely not due to the cuts themselves, but to
the presence of Galactic contamination. A similar result is ob-
tained by adding a Galactic component to the simulated veloci-
ties of Fornax, as a Gaussian with parameters determined from
the Besancon model (Robin et al. 2003). The input velocity dis-
persion for the dSph velocity distribution is recovered with the
2.50 cut, whilst the dispersion from the 30 cut is overestimated.
We thus adopt the 2.50 selection about the systemic velocity to
limit the foreground contamination.

From our kinematic selection the number of probable Fornax
members (with S /N per A > 10 and error in velocity <5 km s™!)
is 562 (see Fig. 15). We list in Table 4 the relevant informa-
tion for the observed targets that passed our selection criteria.
Note that probable members are also observed beyond the nom-
inal tidal radius (derived in Sect. 3.1). In Fig. 16 we show the
location on the CMD of probable velocity members and non-
members. Because of the low heliocentric velocity of Fornax it
is not always possible to firmly distinguish between members
and non-members according to a pure kinematic selection: some
members are present in a region of the CMD where none are ex-
pected. Visual inspection of these spectra shows that all but one
are consistent with a RGB spectrum. However it is difficult to
distinguish between dwarf and RGB stars in the spectral range
covered by our data. The distribution of metallicity versus ve-
locity (Fig. 17) shows that Fornax members are recognizable in
this parameter space and the foreground stars (kinematic non-
members) appear to cluster predominantly in the region between
—1.8 < [Fe/H] < —1. The Fornax members off the RGB (aster-
isks in Fig. 16) are also identified in Fig. 17. All but one fall in
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the region between —1.8 < [Fe/H] < —1, thus the distribution
of these stars in this parameter space again suggests that they
are highly likely to be Galactic contamination. As the number
of these objects is very small and removing or including them in
our present analysis will not affect the conclusions, we decided
to include them in the sample. A more strict membership selec-
tion will be carried out before analysing the detailed kinematics
of Fornax (Battaglia et al. 2006a).

4.1. Chemo-dynamics

Several spectroscopic studies of individual stars in the Fornax
dSph galaxy have shown that it is the most metal rich of the
Milky Way dSph satellites (except for Sagittarius), with a peak
metallicity at [Fe/H] ~ —1.0 and a large metallicity spread
(Tolstoy et al. 2001; Pont et al. 2004). The extent of the metal
poor and metal rich tail has changed depending mainly on the
size and the spatial location of the observations. The most recent
study, consisting of Call triplet measurements of 117 RGB stars
(Pont et al. 2004), showed that Fornax contains stars as metal
poor as [Fe/H] ~ —2.0 and as metal rich as —0.4 with a peak at
[Fe/H] = —-0.9.

Figure 18 shows the metallicity distribution with elliptical
radius for the Fornax members kinematically selected from our
VLT/FLAMES data. A variation of metallicity with elliptical ra-
dius is clearly visible: a metal poor population (-2.8 < [Fe/H] <
—1.2) is seen throughout the galaxy; a more metal rich pop-
ulation ([Fe/H]peax ~ —0.9) is present out to 0.7 deg from
the centre; and an even more metal rich tail, extending out to
[Fe/H] = —0.1, is present mainly in the inner 0.3-0.4 deg. This is
quantified in a histogram in Fig. 19, where the sample is divided
into 3 spatial bins (inner r < 0.4 deg, middle 0.4 < r < 0.7 deg,
and outer r > 0.7 deg) and we can see that the metal poor com-
ponent, centred at [Fe/H] ~ —1.7, is present in each bin and is
thus spread throughout the galaxy; another component, centred
at [Fe/H] = —1, with a width at half peak of about 0.3, is present
in the middle and inner regions; only the innermost region con-
tains the most metal rich component.

Such a large sample of velocity and metallicity measure-
ments, covering a much larger area than previous studies, gives
us the possibility to explore the relationship between the kine-
matics and metallicity in this galaxy. We divided the metallicity
distribution into two parts: stars more metal rich (MR) and more
metal poor (MP) than [Fe/H] = —1.3. This value of the metallic-
ity was chosen to minimise the overlap between the two metallic-
ity components. However a slightly different cut (e.g. [Fe/H] =
—1.2 or —1.4) does not significantly change the conclusions of
our analysis.

Figure 20 shows the velocity distributions for the two metal-
licity components in 3 different spatial bins (inner r < 0.4 deg,
middle 0.4 < r < 0.7 deg, outer r > 0.7 deg). The metal poor
population exhibits a larger velocity dispersion than the metal
rich population2 (see Table 5); furthermore, in the first bin the
velocity distribution of the metal poor stars is far from being
Gaussian: it is flat or even double peaked (with peaks between
37-42 km s~! and 67-72 km s~!). Changing the binning in the

2 The velocity dispersion values we list are from the weighted stan-
dard deviation and do not include the broadening due to measurement
errors. The true dispersion oy is approximately 02, = 02, = Theaes
where o, is the observed velocity dispersion and o, is the average
measured error in velocity. For our FLAMES data the average error in
velocity is ~2 km s7!; the resulting values of the velocity dispersion are
thus only marginally inflated, for example if oops = 10 km s~ then

Oee = 9.8 kms™!.
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Fig. 15. Heliocentric velocity with elliptical radius from VLT/FLAMES

spectroscopic observations of individual RGB stars in the Fornax dSph.

We plotted all the stars which satisfy our selection criteria (S /N per A > 10 and velocity error <5 km s™'). The dashed line is the systemic velocity,

Vis = 54.1kms™!
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Fig.16. Location on the CMD of the observed FLAMES targets
for Fornax dSph (squares: probable members; crosses: probable non-
members). The boundaries of our target selection region closely follow
the location of the targets. The asterisks indicates stars selected as ve-
locity members falling in unusual position in the CMD; they are likely
to be Galactic foreground contamination (see Fig. 17).

histogram leaves the main features of the velocity distribution
unchanged. Figure 21 shows the cumulative function of the MP
stars at r < 0.4 deg compared to the cumulative distribution for
a Gaussian with the same mean velocity and dispersion as the
metal rich component in the same distance bin. The two cumula-
tive functions are very different, and this also shows that the cu-
mulative function of the MP stars is similar to what is expected

, and the dotted lines encompass the 2.5¢0" region of our kinematic selection. The squares show Fornax velocity members (filled:

< —1.3), and the crosses foreground contamination.
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Fig.17. Metallicity versus heliocentric velocity for the observed
FLAMES targets with S /N per A > 10, and error in velocity <5 km s™!

The dotted lines show the region of our kinematic selection. Note that
Galactic contaminants predominantly cluster between —1.8 < [Fe/H] <
—1.0 (horizontal lines). The asterisks show the Fornax velocity mem-
bers present in unusual position in the CMD (see Fig. 16).

for a uniform distribution, with two peaks at ~40 km s7! and
~70 km s7!

An issue is if the velocity distribution of MP stars in the
first bin is artificially biased by our choice of the metallicity

cut, namely if by assigning metal poor stars to the metal rich
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Fig. 18. Metallicity distribution with elliptical radius for the Fornax
dSph. Note the trend of decreasing metallicity with radius and the ab-
sence of very metal poor stars (dotted line indicates [Fe/H] = —2.8).

Fornax

Fig.19. Histogram of metallicity measurements for individual RGB
stars in the Fornax dSph (solid line: all velocity members; dotted line:
velocity members within » < 0.4 deg from the centre; dashed line: ve-
locity members between 0.4 < r < 0.7 deg from the centre; dashed-
dotted line: velocity members at » > 0.7 deg from the centre).

component we could cause the small observed number of MP
stars with velocity close to the systemic in the inner bin. This
can be explored by changing the cut in metallicity, e.g. using
[Fe/H] < —1.6 for the metal poor component, and [Fe/H] >
—1.1 for the metal rich one. We find the same features for the
MP distribution at r < 0.4 deg as in the case with a metallicity
division at [Fe/H] = —1.3, showing that the choice of a different
metallicity cutoff does not alter our conclusions and accentuates
the differences between the velocity distributions for metal rich
and metal poor stars.

We tested to see if the differences in velocity distribution be-
tween the metal poor and the metal rich components are statisti-
cally significant: can the metal poor population in the inner bin
be drawn from the metal rich and how significant would this be?
A two-sided KS-test applied to the velocity distributions gives
a probability of 0.7%, 0.4% and 16% that the MP stars in the
first bin might be drawn from the same distribution as respec-
tively: the MR stars in the inner bin; the MR stars in the middle
bin; the MP stars in the middle bin. Thus the differences in the
velocity distribution of MR and MP stars are unlikely to be an
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artifact of the observed number of stars, and instead point to sig-
nificantly different kinematic behaviour of different metallicity
components.

We also tested to see if the differences between the velocity
distribution of MP stars in the inner and middle bins, reflected in
the relatively low value of the K-S test, are due to the peculiar-
ities of the velocity distribution of the MP stars at r < 0.4 deg,
or are intrinsic. Thus, we artificially “removed” the two velocity
peaks by considering as the “expected” number of stars at the ve-
locities of the peaks as the average of the number of stars in the
adjacent bins. We then randomly removed the stars in “excess”
from the velocity peaks (5.5 +2.3 for the peak at ~40 km s~! and
14 + 4 at ~70 km s~!). The velocity distribution of the remain-
ing stars is compatible with a Gaussian distribution with velocity
dispersion o = 13.4 + 1.74 km s™! (probability of 99.85% from
a KS-test). In this case MP stars in the inner and middle distance
bins have a 93.7% probability of having been drawn from the
same velocity distribution.

Thus Fornax dSph shows clear differences in the kinematics
of its MR and MP component. Contrary to expectations, part
of the metal poor component, arguably the oldest component,
displays non-equilibrium kinematic behaviour at r < 0.4 deg.
A possible explanation for this is that Fornax recently captured
external material which is disturbing the underlying distribution.
Since we detect signs of disturbance only in the MP component,
we argue that part of the object accreted by Fornax must have
been dominated by stars more metal poor than [Fe/H] < —1.3.

4.2. Age determination

It is well known that the main uncertainty in deriving the abso-
lute ages of stars in a CMD of a complex stellar population (i.e.
a galaxy) is that the position of a star changes depending degen-
erately upon both age and metallicity. We can break this degen-
eracy using metallicities derived from spectroscopy. In Fornax
we can use our spectroscopic metallicities of 562 RGB stars to
determine which isochrone set to use to determine the ages of
these stars, and thus produce an age-metallicity relation for the
galaxy over the age range covered by RGB stars (>1 Gyr). The
ages we determine in this way remain uncertain in absolute terms
due to the limitations in the stellar models used to create the
isochrones, but in relative terms the ages are accurate. Given the
low systemic velocity of Fornax there will be foreground stars
contaminating our samples.

‘We chose to use the Yonsei-Yale isochrones (Yi et al. 2001;
Kim et al. 2002) because they cover the range of ages and metal-
licities we require in a uniform way, and they allow for a vari-
ation in [@/Fe]. They also provide a useful interpolation pro-
gramme which allows us to efficiently calculate the exact set
of isochrones to compare with each spectroscopic metallicity.
These isochrones did have the problem that they did not always
extend up to the tip of the RGB for young metal rich stars, but
comparison with the Padua isochrones (Girardi et al. 2000) of
the same metallicity suggested that we could extrapolate these
Y-Y isochrones to the tip of the RGB which allowed us to deter-
mine ages of the young metal rich stars in our sample.

In Fig. 22a we plot the CMD of the 39 stars in our spectro-
scopic sample with [Fe/H] = —1.7 £ 0.1 and over-plot the Y-Y
isochrones of the same metallicity for two different ages: the ma-
jority of metal poor stars fall on the blue side of the RGB and are
consistent with old ages (>10 Gyr old), and thus can be associ-
ated with the ancient component from the photometric analysis
in Sect. 3. The stars found outside the range of the isochrones to
the red (V — I 2 1.4) may be Galactic contamination. There are
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Table 5. Number of stars, weighted mean heliocentric velocity, and line of sight velocity dispersion for Fornax members (all mem), metal rich
(MR) and metal poor (MP) stars at every elliptical radius (all r), and in 3 distance bins (r < 0.4, 0.4 < r < 0.7, r > 0.7 deg).

all r

r<04°

04° <r<0.7°

r>0.7°

all mem

MR

MP

MR

MP

MR

MP

MR

MP

number
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o
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54.1+0.5
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539+ 0.6
10.6 + 0.4
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533 +0.8
11.3+05

53
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Fig. 21. The squares with errorbars show the cumulative velocity dis-
tribution for MP stars ([Fe/H] < —1.3) in the inner distance bin in the
Fornax dSph (see Fig. 20). The dotted line is the cumulative distribution
of a Gaussian with mean velocity and dispersion as measured for MR
stars in the inner distance bin and the same number of stars as in the
MP component within r < 0.4 deg (solid line with errorbars). A KS-test
gives a probability of 0.7% for MP and MR stars in the inner bin to be
drawn from the same distribution.

also several quite blue stars (at V — 1 ~ 1.1; V ~ 18.3) which
are consistent with having young ages (2 Gyr), and these are
most likely to be foreground contamination. The more metal rich
stars for which we have spectroscopy, with [Fe/H] = -1 + 0.1
(119 stars), are shown in Fig. 22b. They are generally consistent

with young, 2-5 Gyr old isochrones and match the dominant
intermediate age component found in the photometric analysis.
Fornax members at higher metallicity ([Fe/H] = —0.7 £ 0.1) are
better represented by ages of 1.5-2 Gyr (Fig. 22c¢).

In Fig. 23 we show the age-metallicity relation obtained for
Fornax from fitting Y-Y isochrones to our entire spectroscopic
sample. We used [@/Fe] = 0, in agreement with the average
value from preliminary HR measurements of RGB stars in the
centre of the Fornax dSph (Letarte et al. 2006b). We derived
the errors in the age determination from the errors in magnitude
and colour of the photometry, and assuming a metallicity error
of 0.1 dex for each star. This figure contains 466 stars (out of
the total sample of 562 stars), among which 103 were young
stars which were too bright for the young isochrones (but fainter
than the tip of the RGB); 97 stars fell completely outside the age
range of the isochrones and therefore had to be excluded.

If we change the [@/Fe] assumed, and repeat our age deter-
mination for [a/Fe] =0.3; and for a variation in @ with [Fe/H]
([a/Fe] = 0.2 for [Fe/H] < —1.7 and decreasing to [a/Fe] =
between [Fe/H] = —1.7 & — 1.0 and then remaining constant),
as found in HR studies of the central region of Fornax (Letarte
et al. 2006b) we obtain slightly different results as shown by the
relations plotted in Fig. 23. The different trend is enhanced by
the fact that previously excluded groups of low metallicity stars
could now be included when using [a/Fe] > 0 isochrones. Thus
the a-element abundance of a star has an impact on deriving ac-
curate ages, and it would clearly be desirable to be able to correct
for this effect for each star. Unfortunately [e/Fe] determination
requires HR spectroscopy and for the large sample here this is a
daunting task. However we can make use of the HR study of the
central region and use the general trends found there. HR stud-
ies (Letarte et al. 2006b) find that [a/Fe] <0 for [Fe/H] > —1.0,
however as there are no currently available sets of isochrones
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Fig. 22. The comparison between measured metallicities and colours of
Fornax stars (asterisks) with the theoretical isochrones (lines) for the
metallicity of the stars. a) Stars with [Fe/H] = —1.7 £ 0.1 and two
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[Fe/H] = —1 and age 2 and 5 Gyr (from left to right). c) Stars with
[Fe/H] = —-0.7 £ 0.1 and two Y isochrones of [Fe/H] = —0.7 and age
1 and 2 Gyr (from left to right).
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Fig.23. Ages and errorbars derived from isochrones fitting of the
VLT/FLAMES spectroscopic sample of RGB stars in Fornax dSph. The
lines shows the average value of [Fe/H] as a function of age assum-
ing [a/Fe] =0 (solid), [a/Fe] = 0.3 (dotted), and [a/Fe] decreasing with
[Fe/H] (dashed). The stars plotted as asterisks and diamonds were ex-
cluded from the analysis because they fell outside the age range of the
isochrones for the considered metallicity.

for [a/Fe] <0, it is not clear how this will affect our age esti-
mates. Assuming the interpolation between [@/Fe] =0.3 and 0.
continues to —0.3 this would go in the direction of reconciling
the discrepancies between the observations and the isochrones
at high metallicities.

5. Discussion
5.1. Age and metallicity gradients

One of the main results of our imaging and spectroscopic sur-
vey of the Fornax dwarf spheroidal galaxy is the presence of a
population gradient. The stellar population shows a clear varia-
tion in age and metallicity as a function of radius (e.g. Figs. 6,
14 and 19). We can associate most of the more metal poor com-
ponent with an ancient population (>10 Gyr), and most of the
more metal rich component with an intermediate age population
(2-8 Gyr) with overlapping metallicity distributions.

Population gradients have been detected in several other
dwarf spheroidal galaxies in the Local Group from imaging (e.g.,
Harbeck et al. 2001), and spectroscopy (e.g., Tolstoy et al. 2004).
This must point to some common process in the formation of
stars in these small systems, as this variation most likely reflects
the original spatial distribution of gas from which the different
stellar populations were formed. It is unlikely that the spatial
distribution of one stellar component can have changed signifi-
cantly with respect to another over time. Although weak encoun-
ters could diffuse an older component, it is unlikely to be an im-
portant effect because the relaxation time (Binney & Tremaine
1987) of Fornax is >1.5 x 10'° years, i.e. longer than the age of
the ancient population. Therefore, the present spatial distribution
of stars of different ages gives us an indication of how the gas
from which they were formed was distributed, and requires an
explanation for how gas has apparently been progressively “re-
moved” from the outer regions, and more recently, apparently,
completely from the system.

Star formation is likely to have a dramatic impact on the in-
terstellar medium of these small galaxies. It is possible that gas
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is frequently blown away as the result of supernovae type II ex-
plosions of massive stars (e.g. Mac Low & Ferrara 1999; Mori
et al. 2002). This expelled gas should be able to fall back onto
the galaxy, if the galaxy has a large enough potential, and on its
return the gas will sink deeper into the central regions, where
further generations of star formation can occur, with potentially
different spatial, kinematic, metallicity and age characteristics.
This next generation stellar population will likely be a more cen-
trally concentrated, younger, more metal rich component. In this
case we should expect a direct correlation between the mass of
the galaxy and the fraction of gas retained by the system, as the
deeper potential well of the most massive dSphs is more capa-
ble of retaining more of the original gas (e.g., Ferrara & Tolstoy
2000). Consistent with this picture, Fornax differs from the less
massive Sculptor dSph in having a much more extended star for-
mation history.

However this correlation is not a straight forward prediction
of the properties of all the dwarf galaxies in the Local Group.
This is because it is not only the mass of galaxies that determines
their ability to retain an interstellar medium; dSph typically live
in a fairly active environment with competing effects of the tidal
field of our much larger Milky Way and several fairly large inter-
acting companions (e.g., the Magellanic Clouds), and the debris
left around by these interactions (e.g., the Magellanic Stream).
N-body simulations indicate that tidal stripping combined with
ram pressure stripping is a feasible combination to explain the
lack of gas at the present time in dSphs (Mayer 2005). The im-
portance of these effects depends strongly on the orbital param-
eters of the satellite, the apocenter-to-pericenter ratio, and the
time at which the satellite enters the Milky Way potential. Whilst
the satellite is orbiting the Galaxy, part of its gas may be ionized
by the Milky Way corona, perhaps in combination with the cos-
mic UV background. The gas can be then removed over time,
with varying degrees of efficiency, if the apocenter-to-pericenter
ratio is large enough.

Recent proper motion measurements for Fornax suggest a
pericentric distance of the order of the present Galactocentric
distance (Piatek et al. 2002; Dinescu et al. 2004), and an almost
circular orbit with an orbital period of ~4-5 Gyr (Dinescu et al.
2004). Even though proper motion measurements are rather un-
certain, this would suggest that we can exclude strong interaction
with the Milky Way. Thus, as suggested by Mayer (2005), an
object like Fornax may not be completely stripped of its gas, but
would be able to retain it in its central regions and thus maintain
an extended star formation history.

N-body models that predict dIrr to be the progenitors of
dSphs, transformed into spheroids by tidal stirring from the
Milky Way (Mayer et al. 2001a,b), predict an increase in the
star formation activity of a satellite after pericentric passage. The
pericentric passage can also provoke the formation of a bar that
funnels gas into the central region, making the gas distribution
more centrally concentrated. These models are highly depen-
dent upon the starting conditions for the satellite. It is found that
an apocentre-to-pericentre ratio of ~5 and a pericentre distance
of ~50 kpc would be required to transform a dlrr into a dSph.
Fornax has never been specifically modelled; however, as it is
now thought to be close to its pericentre and the previous passage
probably occurred around 4-5 Gyr ago, this would correspond
well to the time frame of the last period of intense star formation.
This scenario could explain both the variation in the spatial dis-
tribution of the Fornax stellar population and the large fraction
of intermediate age stars. Specific simulations, emulating the or-
bital parameters of Fornax, are required for a more detailed com-
parison between these observations and N-body simulations.
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5.2. Peculiar kinematics

In addition to the different spatial distribution of ancient, inter-
mediate age and young stars, we also find a different kinematic
behaviour of metal rich and metal poor stars. This behaviour ap-
pears similar to what is seen, for example, in our Milky Way. The
stellar bulge of our Galaxy is much less extended and kinemat-
ically colder than the stellar halo. This distinction may merely
reflect the different spatial distribution required by a star moving
with a larger velocity to reach larger distances or it may be telling
us something more fundamental about the different conditions
of the formation of these two different components. To test this
we can use the Jeans equation to derive the line of sight veloc-
ity dispersion predicted for stars following the different density
profiles of old and intermediate age stars (Binney & Tremaine
1987). This calculation shows that it is difficult to interpret the
observed differences in velocity dispersion of MR and MP stars
as being only due to their different spatial distribution (Battaglia
et al. 2006a), and the same result is found in N-body simulations
(e.g Kawata et al. 2006). In a future paper we will present de-
tailed kinematic modelling of these distinct stellar populations,
taking into account the possibility of different orbital properties
for the two populations (Battaglia et al. 2006a).

Another aspect that deserves further investigation is the ap-
parently non-equilibrium kinematics of the metal poor, presum-
ably the oldest, stellar population in the centre of Fornax. A pos-
sible interpretation of this is that we are seeing a remnant of
accreted material. Given the presence of 5 globular clusters in
Fornax, it would not be surprising for this to be a disrupted glob-
ular cluster. In this case we would expect the metallicity distri-
bution of the stars forming the velocity feature to be extremely
narrow, however the metallicity of the stars in the double peak
ranges from -2 < [Fe/H] < —1.4, showing a much larger spread
than can be accounted for by a globular cluster.

An alternative explanation, as proposed by Coleman et al.
(2004, 2005), is that Fornax accreted a smaller galaxy at some
point in the recent past. These authors propose the accretion of a
gas-rich dwarf ~2 Gyr ago. In this case the MP stars with unre-
laxed kinematics could be the remnant of the disrupted old stellar
component of this accreted galaxy, and the asymmetric spatial
distribution of the young stars (BL and MS) could be a result
of the gas which subsequently formed stars as a consequence of
the accretion process. Measuring the metallicities of the young
stars in Fornax could help to answer this question by determin-
ing whether or not they are consistent with the bulk of the older
stellar population in Fornax. Unfortunately we do not have spec-
troscopic metallicities of these stars, but the indications from the
colour of the Blue Loops in the CMD (see Sect. 3.3.3) suggest
that these stars have a metallicity of [Fe/H] ~ —0.85+0.15, con-
sistent with the mean of the youngest RGB stars (age >1-2 Gyr)
in our VLT/FLAMES sample. However, our FLAMES sample
also contains a significant number of stars with higher metal-
licity, up to [Fe/H] ~ —0.1. Assuming we can directly compare
metallicities derived with these two different methods, this could
be an indication that Fornax has recently (<1-2 Gyr ago) been
polluted with external gas of lower metallicity than the gas in
Fornax at that time. This would also explain the peculiar kine-
matics of the MP stars in the centre of Fornax. However, this
conclusion requires further confirmation, such as high resolu-
tion follow-up of the metal rich RGB stars in the central region
(Letarte et al. 2006b), spectroscopic analysis of the Blue Loop
and/or main sequence stars, and detailed dynamical modelling.
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6. Summary

We have presented results from accurate ESO/WFI photometry
of resolved stars in the Fornax dSph galaxy covering the en-
tire extent out to its nominal tidal radius, and also velocity and
metallicity measurements from our VLT/FLAMES spectroscopy
of 562 RGB stars also out to the nominal tidal radius.

Using our ESO/WFI photometry we re-derive basic struc-
tural parameters of Fornax such as central position, ellipticity
and position angle. In common with previous imaging stud-
ies we show that the Fornax dwarf spheroidal galaxy contains
3 stellar components: an ancient component, with ages between
10-15 Gyr old, which is spatially extended; an intermediate age
component, with ages 2-8 Gyr old, that contains the bulk of the
stellar population (~40%), which is more centrally concentrated
and less extended than the older component; a young popula-
tion, with stars younger than ~1 Gyr old. The youngest compo-
nent (<1 Gyr old) is the most centrally concentrated and is com-
pletely absent beyond a radius of 0.4 deg from the centre, and it
shows an asymmetric, disc-like (or bar-like) distribution. Within
this component, the 200-300 Myr old stars show the most asym-
metric and centrally concentrated distribution. The colour of the
plume formed in the CMD by Blue Loop stars indicates that
this young population has a metallicity [Fe/H] between —0.7 and
—1.0. Spatial analysis shows that substructures might be present
in the ancient stellar population represented by the B-RGB.

The VLT/FLAMES spectroscopy in the CaT wavelength re-
gion for a sample of 562 Fornax RGB velocity members shows
that the mean metallicity of the stellar population changes with
radius with the central regions more metal rich than the outer re-
gions. No stars more metal poor than [Fe/H] < —2.7 are found
anywhere in the galaxy, but we can distinguish a metal poor
component, with a mean of [Fe/H] ~ —1.7 and extending from
—2.5 < [Fe/H] < —1, thatis found throughout the galaxy; a more
metal rich component, with a mean of [Fe/H] ~ —1 and extend-
ing from —1.5 < [Fe/H] < —0.5, present mainly within 0.7 deg
from the centre and is thus more spatially concentrated than the
metal poor stars; a metal rich tail, [Fe/H] < —0.1, is found at
radii less than 0.4 deg from the centre. “Metal rich” and “metal
poor” populations (stars with [Fe/H] > —1.3 and <—1.3, respec-
tively) show different kinematics: metal rich stars have a colder
velocity dispersion than metal poor stars, and these differences
are not dependent on the metallicity cut. The metal poor com-
ponent shows signs of non-equilibrium kinematics in the inner
regions (r < 0.4 deg), arguably due to the accretion of exter-
nal material. A more complete modelling of chemo-dynamics of
Fornax is the subject of a future paper (Battaglia et al. 2006a).
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Table 1. Table of Fornax ESO/WFI observations. The seeing is the average stellar FWHM from the final image.

Name Filter = UT of observation ~ Airmass Exptime Seeing (arcsec)
FNX-1 14 07-Jan.-2005 02:13 1.1 3x300s 0.87

I 1.1 3x300s 0.89
FNX-2 14 07-Jan.-2005 02:55 1.2 3x300s 0.90

I 1.2 3x300s 0.80
FNX-3 14 07-Jan.-2005 03:39 1.3 3x300s 0.93

I 1.3 3x300s 0.93
FNX-4 14 07-Jan.-2005 04:22 1.5 3x300s 1.13

I 1.6 3x300s 0.87
FNX-13 14 08-Jan.-2005 02:19 1.1 3x300s 0.75

I 1.1 3%x300s 1.19
FNX-5 14 08-Jan.-2005 02:55 1.2 3x300s 0.82

I 1.2 3%x300s 1.12
FNX-6 14 08-Jan.-2005 03:26 1.3 3x300s 1.03

I 1.3 3x300s 1.00
FNX-8 14 01-Feb.-2005 01:54 1.3 3x300s 0.98

I 1.3 3x300s 0.94
FNX-9 14 01-Feb.-2005 02:18 1.4 3x300s 1.09

I 1.5 3%x300s 0.97
FNX-14 14 01-Feb.-2005 02:54 1.6 3%x300s 1.01

I 1.7 3x300s 0.93
FNX-16 Vv 02-Feb.-2005 01:35 1.2 3%x300s 1.09

I 1.3 3x300s 1.21
FNX-7 Vv 01-Feb.-2005 01:16 1.2 3%x300s 1.02

I 1.2 3x300s 0.97
FNX-21 Vv 03-Feb.-2005 02:10 1.4 3%x300s 1.02

I 1.5 3x300s 1.09
SA98 14 06-Jan.-2005 05:08 1.2 10s,30s 0.92, 0.95

I 05:19 1.2 10s,30s 0.93,0.94
SA95 14 07-Jan.-2005 01:32 1.2 105s,30s 1.06, 1.03

I 01:44 1.2 10,30 1.06, 0.80
RU-149 14 07-Jan.-2005 05:02 1.2 55,305 0.89,0.95

I 05:12 1.2 10s,30s 1.66, 1.16
SA95 1 09-Jan.-2005 02:48 1.2 105s,30s 1.16, 1.26
RU-149 14 31-Jan.-2005 00:46 1.0 5s,30s 3.55,3.61

I 01:00 1.0 105s,30s 2.70, 2.56
SA98 14 01-Feb.-2005 00:30 1.4 10,30 s 0.98,0.93

I 00:42 1.3 105s,30s 1.14,1.24
SA95 14 02-Feb.-2005 00:44 1.2 10,30 1.24,1.22

I 00:58 1.2 105s,30s 1.05, 1.02
SA101 14 02-Feb.-2005 08:33 1.5 10,30 s 0.94, 1.15

I 08:41 1.5 105s,30s 1.30, 1.22
PG1323-086 14 02-Feb.-2005 09:10 1.1 5s,30s 0.86,0.91

I 09:22 1.1 105s,30s 1.20, 1.07
SA95 14 03-Feb.-2005 01:37 1.3 10s,30s 0.95,0.87

I 01:48 1.3 105s,30s 0.91, 0.80
SA107 14 03-Feb.-2005 09:17 1.4 10,30 s 0.79, 0.88

1 09:28 1.3 105s,30s 0.69, 0.74
SA98 14 04-Feb.-2005 01:02 1.2 10,30 s 1.16, 1.23

1 01:13 1.2 105s,30s 0.63,0.74
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Table 4. Data for the observed VLT/FLAMES targets in Fornax dSph. Column (1) ID; (2) @005 (3) 10005 (4) V magnitude; (5) oy; (6) 1
magnitude; (7) o7; (8) signal-to-noise ratio per A (9) [Fe/H]; (10) O resny; (11) membership (Y= kinematic member; N= kinematic non-member).
The errors in metallicity are based on S /N computations and adjusted to agree with repeated measurements.

D 12000 812000 4 oy 1 or S/NperA [Fe/H] oreny Member
fax_05_063 2414417 -3346435 18850 0.005 17.412 0.003 278 -0.84  0.09 Y
fnx_05_206 24142.82 -334829.6 19.310 0.006 18.097 0.004 22.6 -147  0.11 Y
fnx_05_097 24043.57 -334851.3 18.859 0.005 17.580 0.003 24.5 -1.82  0.10 Y
fnx_05_084 2412371 -335049.9 18.786 0.005 17.508 0.003 25.8 -245  0.10 Y
fnx_05_142 24053.08 -335114.1 18974 0.005 17.779 0.004 25.5 -1.95  0.10 Y
fax_05_240 24026.61 -335131.0 19.323 0.006 18.216 0.005 13.9 -191 0.8 Y
fnx_05_342 2403034 -3351359 19.660 0.008 18.633 0.006 13.8 -1.60  0.18 Y
fnx_05_298 242288 -335152.5 19.505 0.007 18.469 0.006 15.8 -2.02 0.16 Y
fnx_05_254 24124.68 -3351559 19.520 0.007 18.291 0.005 13.8 -1.51 0.8 Y
fnx_05_377 2414290 -3351599 19.826 0.009 18.746 0.007 13.4 -1.64  0.19 Y
fnx_05_103 241392 -335228.2 18983 0.005 17.605 0.003 27.8 -0.73  0.09 Y
fnx_05_047 2415428 -3352457 18.624 0.004 17.289 0.003 29.7 -1.30  0.08 Y
fnx_05_140 2405459 -335250.5 18.968 0.005 17.777 0.004 24.3 -1.81  0.10 Y
fnx_05_400 24120.32 -33534.7 19976 0.010 18.824 0.007 11.7 -1.74 022 Y
fax_05_105 24049.70 -335325.1 18.833 0.005 17.599 0.003 27.1 -1.66  0.09 Y
fnx_05_144 24052.64 -335341.0 19.007 0.005 17.790 0.004 25.1 -1.67  0.10 Y
fnx_05_292 24145.15 -335345.1 19.518 0.007 18.447 0.006 15.0 -172  0.17 Y
fax_05_114 2411281 -3353582 18.856 0.005 17.636 0.004 27.7 -236  0.09 Y
fnx_05_032 24127.02 -33542.5 18.612 0.004 17.140 0.003 33.6 -0.82  0.08 Y
fnx_05_341 2414492 -335433.7 19.698 0.008 18.625 0.006 12.9 -1.44 020 Y
fnx_05_385 24051.50 -335443.5 19.829 0.009 18.767 0.007 14.1 -0.65  0.18 Y
fnx_05_066 24049.67 -335522.3 18.769 0.005 17.418 0.003 29.7 -0.92  0.08 Y
fnx_05_234 24217.67 -335533.7 19.293 0.006 18.188 0.005 17.4 -2.16  0.14 Y
fax_05_273 24019.59 -335537.6 19.421 0.007 18.349 0.005 12.4 -221 020 Y
fnx_05_042 2413096 -335544.9 18480 0.004 17.233 0.003 324 -2.61  0.08 Y
fnx_05_258 2412325 -335546.8 19345 0.007 18.286 0.005 16.8 -1.19  0.15 Y
fax_05_441 242122 -3355589 19.963 0.010 18.927 0.008 11.1 -0.96  0.23 Y
fnx_05_290 24126.64 -335610.9 19.622 0.008 18.423 0.006 14.0 -0.95 0.18 Y
fnx_05_267 24121.94 -335615.0 19.524 0.007 18.328 0.005 11.0 -151 023 Y
fax_05_225 241775 -335619.4 19.331 0.007 18.165 0.005 18.1 -2.19  0.14 Y
fnx_05_260 2404730 -335621.9 19.492 0.007 18.303 0.005 18.9 -093  0.13 Y
fnx_05_462 2415201 -3356232 20.083 0.011 18.992 0.008 10.4 -2.11 0.4 Y
fax_05_323 2423.65 -3356264 19.608 0.008 18.564 0.006 11.5 -1.76 022 Y
fax_05_139 24141.18 -335629.0 19.067 0.006 17.781 0.004 23.1 -1.12  0.11 Y
fax_05_362 24044.06 -335632.1 19.826 0.009 18.712 0.007 15.0 -0.84  0.17 Y
fnx_05_388 24112.09 -335739.2 19.857 0.009 18.776 0.007 14.3 -0.86  0.18 Y
fnx_05_100 24030.53 -33583.4 18977 0.005 17.589 0.003 24.8 -0.82  0.10 Y
fnx_05_402 24159.52 -33585.9 19.925 0.010 18.823 0.007 10.7 -1.31 024 Y
fax_05_276 241598 -33588.3 19.406 0.007 18.358 0.005 19.4 -1.87  0.13 Y
fnx_05_213 24050.54 -335817.1 19.210 0.006 18.098 0.005 21.3 -145  0.12 Y
fax_05_118 241856 -335822.9 18914 0.005 17.648 0.004 28.0 -1.05  0.09 Y
fnx_05_033 2402836 -335827.4 18.716 0.005 17.162 0.003 36.3 -0.87  0.07 Y
fnx_05_060 2413528 -335844.9 18.866 0.005 17.395 0.003 322 -1.17  0.08 Y
fnx_05_414 24055.18 -335848.9 20.006 0.010 18.869 0.008 11.6 -0.99 022 Y
fax_05_331 242848 -33591.6 19.604 0.008 18.583 0.006 15.6 -1.09  0.16 Y
fnx_05_077 2411743 -33594.6 18916 0.005 17.480 0.003 30.0 -0.89  0.08 Y
fax_06_109 2386.85 -33598.2 19.540 0.008 18.329 0.008 14.4 132 0.17 Y
fax_06_030 23733.13 -335913.0 18.670 0.005 17.168 0.004 32.3 -0.98  0.08 Y
fnx_05_277 2403406 -335914.5 19.558 0.008 18.370 0.005 14.6 -091  0.17 Y
fnx_05_367 241871 -335923.6 19.735 0.009 18.718 0.007 13.6 -1.76  0.18 Y
fax_05_202 242924 -335926.7 19.294 0.006 18.084 0.005 21.5 -142  0.12 Y
fnx_05_272 2415519 -335941.4 19.495 0.007 18.352 0.005 18.9 -0.78  0.13 Y
fnx_05_283 24030.43 -3359463 19.601 0.008 18.387 0.006 18.3 -0.54  0.14 Y
fax_05_412 24044.62 -34019.9 19.992 0.010 18.855 0.007 13.3 -1.57  0.19 Y
fnx_05_251 24050.08 -34031.6 19.387 0.007 18.262 0.005 19.8 -136  0.13 Y
fax_05_009 24045.56 -34042.4 18.461 0.004 16.882 0.002 36.1 -0.89  0.07 Y
fax_05_146 2415540 -34049.8 18.906 0.005 17.787 0.004 26.6 -0.94  0.09 Y
fax_05_021 24043.68 -3411.1 18254 0.003 16.956 0.002 39.8 -221  0.06 Y
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Table 4. continued.

D 12000 812000 4 oy 1 or S/NperA [Fe/H] opeyny Member
fnx_05_244 24151.07 -34113.9 19310 0.006 18.230 0.005 19.7 —2.15  0.13 Y
fnx_05_324 242597 -341234 19701 0.008 18.570 0.006 16.3 -127 0.5 Y
fax_05_057 24144.13 -34141.7 18.838 0.005 17.377 0.003 31.7 -0.79  0.08 Y
fax_05_275 241243  -34143.1 19.502 0.007 18.357 0.005 18.6 -093  0.14 Y
fax_05_190 2419.85 -34151.8 19.294 0.006 18.038 0.004 23.1 -0.97  0.11 Y
fnx_05_395 24129.43 -34153.5 19.815 0.009 18.792 0.007 13.6 -1.81  0.19 Y
fax_05_010 2412588 -3426.1 18.388 0.004 16.894 0.002 42.8 -1.46  0.06 Y
fnx_05_164 24120.62 -34217.9 19251 0.006 17.917 0.004 25.4 -1.15  0.10 Y
fax_05_218 24153.10 -34220.6 19276 0.006 18.134 0.005 21.0 -142  0.12 Y
fax_05_117 24053.63 -34221.0 18.959 0.005 17.649 0.003 24.0 -0.88  0.11 Y
fnx_05_094 2404057 -342264 18.887 0.005 17.569 0.003 30.7 -0.90  0.08 Y
fnx_05_325 24120.10 -3430.8 19.578 0.008 18.565 0.006 15.8 -221  0.16 Y
fax_05_291 2412377 -3437.0 19.529 0.007 18.420 0.006 19.5 -123 0.3 Y
fnx_05_188 2413474 -34310.6 19.247 0.006 18.029 0.004 22.0 -1.16  0.11 Y
fax_06_093 23740.99 -34327.3 19351 0.007 18.150 0.007 13.4 -1.39  0.19 Y
fax_05_106 24120.54 -34331.1 18.905 0.005 17.605 0.003 29.6 -1.28  0.09 Y
fox_05_141 24147.32 -343333 19.053 0.005 17.782 0.004 26.7 -1.17  0.09 Y
fax_05_359 241211 -343453 19.773 0.009 18.702 0.007 14.8 -1.47  0.17 Y
fnx_05_108 24056.52 -34349.0 18.849 0.005 17.607 0.003 30.8 -1.49  0.08 Y
fnx_05_393 2412852 -34350.2 19.899 0.009 18.792 0.007 12.9 -0.65  0.20 Y
fax_06_008 238229  -34427 18436 0.004 16.801 0.003 34.1 -1.84  0.07 Y
fnx_05_046 24050.80 -3447.0 18.757 0.005 17.296 0.003 33.1 -0.81  0.08 Y
fnx_05_086 241387 -34410.6 18.673 0.004 17.513 0.003 28.5 -1.26  0.09 Y
fnx_05_285 24137.76 -34411.7 19.575 0.008 18.386 0.005 17.3 -0.88  0.15 Y
fnx_05_383 24048.14 -34437.1 19.870 0.009 18.768 0.007 10.7 -0.96  0.24 Y
fax_06_071 23721.12 -34441.0 19.423 0.008 17.678 0.005 21.6 -150  0.12 Y
fax_05_050 2412846 -34504 18.764 0.005 17.305 0.003 35.7 -0.81  0.07 Y
fax_05_211 24127.18 -3453.8 19.348 0.007 18.104 0.005 22.8 -0.99  0.11 Y
fnx_05_409 24117.59 -3453.9 19.938 0.010 18.831 0.007 13.5 -1.05  0.19 Y
fax_06_112 23724.19 -34511.6 19.660 0.009 18.341 0.008 13.3 -1.23  0.19 Y
fnx_05_184 2411845 -34516.7 19216 0.006 18.018 0.004 17.7 -129  0.14 Y
fax_05_231 2419.71 -34543.3 19.303 0.006 18.175 0.005 21.6 -1.68  0.12 Y
fax_05_371 24143.64 -345462 19.800 0.009 18.726 0.007 13.0 -1.62  0.19 Y
fnx_05_024 24129.54 -34548.8 18.601 0.004 17.019 0.002 37.5 -120  0.07 Y
fnx_05_365 24121.92 -34549.6 19.832 0.009 18.717 0.007 13.2 -0.83  0.19 Y
fax_06_130 2381721 -34550.2 19.834 0.009 18.641 0.009 10.0 -0.78  0.25 Y
fnx_05_018 24141.69 -34553.1 18334 0.004 16.951 0.002 40.2 -1.60  0.06 Y
fnx_05_031 24157.69 -346134 18363 0.004 17.105 0.003 33.4 -1.28  0.08 Y
fax_06_124 23750.12 -34619.1 19.638 0.008 18.479 0.008 11.6 -2.02 022 Y
ET020 24021.88 -34630.6 18.644 0.004 16.977 0.002 27.3 -1.15  0.09 Y
fnx_05_149 24153.74 -346393 19.151 0.006 17.836 0.004 21.9 -0.64  0.12 Y
fax_06_023 23657.62 -34645.1 18.425 0.004 16.951 0.003 36.0 -1.57  0.07 Y
ETO8 2403041 -34710.8 18.536 0.004 17.300 0.003 18.0 -136  0.14 Y
fax_06_122 23834.64 -34721.5 19.624 0.008 18.473 0.008 11.0 -144 023 Y
fax_06_153 2387.50 -34744.0 20.107 0012 18.971 0.010 10.6 -143 024 Y
ETO012 2401657 -34753.1 18.781 0.004 17.530 0.003 21.8 -187  0.12 Y
ET014 2401049 -347557 18.681 0.004 17.398 0.003 24.0 -1.63  0.10 Y
fnx_06_066 2372656 -34821.6 18.812 0.005 17.522 0.004 28.4 -2.01  0.09 Y
ET028 23939.13 -34823.8 18.617 0.005 17.263 0.003 23.0 -1.94  0.11 Y
fnx_06_025 2387.74 -34857.3 18597 0.005 17.087 0.003 38.5 -0.94  0.07 Y
ET030 23949.09 -34934.1 18517 0.005 16.962 0.003 30.9 -1.20  0.08 Y
fnx_06_050 23836.62 -34949.0 18.891 0.005 17.602 0.004 24.5 -0.65  0.10 Y
fnx_06_033 2382540 -34107.7 18.683 0.005 17.134 0.003 31.0 -0.78  0.08 Y
fax_06_076 2375173 -34108.0 18.873 0.005 17.724 0.005 20.6 -2.01  0.12 Y
fnx_06_047 2381574 -34108.7 19.057 0.006 17.553 0.004 26.5 -1.39  0.10 Y
ET016 24030.52 -341011.0 18.690 0.004 17.408 0.003 20.6 -2.01  0.12 Y
fax_06_019 237091 -341043.1 18336 0.004 17.062 0.003 37.4 -232  0.07 Y
ET029 2394740 -341043.3 18.609 0.005 17.035 0.003 30.6 -1.14  0.08 Y
ETO017 24035.10 -341044.5 18.533 0.004 16.781 0.002 25.5 -125  0.10 Y
fax_06_126 23824.58 -341051.2 19.819 0.010 18.617 0.008 12.3 -1.42 021 Y
fax_06_132 237245 -341139 19.873 0.009 18.853 0.010 10.3 -227  0.24 Y
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D 12000 812000 4 oy 1 or S/NperA [Fe/H] oreny Member
fnx_06_080 2375239 —34113.9 19.154 0.006 17.924 0.005 223 —-1.07 0.1 Y
fax_06_116 2381672 -341142 19.711 0.009 18.488 0.007 14.4 -136  0.18 Y
fax_06_017 23830.70 -341118.1 18.446 0.004 16.889 0.003 33.5 -1.01  0.08 Y
fax_06_090 237174 -341119.1 19.302 0.006 18.221 0.006 15.4 -241  0.16 Y
fax_06_079 2382443 -3411242 19.056 0.006 17.796 0.005 19.1 -1.06  0.13 Y
fax_06_014 237264 3411341 18342 0.004 17.022 0.003 33.4 -2.00  0.08 Y
fax_06_118 23818.16 -341159.0 19.700 0.008 18.588 0.008 11.2 -1.12 023 Y
ET096 2392219 -3412129 18347 0.004 16.710 0.002 27.8 -0.98  0.09 Y
ET0138 24010.16 -341215.1 18.617 0.004 17.173 0.002 25.2 -132  0.10 Y
ETO0165 2401421 -341223.3 18.627 0.005 17.097 0.003 18.6 -0.88  0.14 Y
ETO0136 24027.79 -341234.6 18.423 0.004 16.835 0.003 24.2 -0.64  0.10 Y
fax_06_127 23727.84 -34131.2 19.719 0.008 18.683 0.009 13.8 -1.58  0.18 Y
ETO0168 2407.61 -341332.3 18.676 0.005 17.236 0.003 18.8 -1.01  0.13 Y
ET094 23950.63 -341334.7 18.523 0.004 17.236 0.003 20.4 -1.66  0.12 Y
ETO0110 2395251 -3413432 18.642 0.005 17.161 0.003 25.1 -0.96  0.10 Y
fax_06_140 23814.74 -341353.5 19.846 0.009 18.871 0.010 10.2 -1.83  0.25 Y
ET075 23931.05 -341355.1 18.409 0.004 17.018 0.003 25.4 -0.59  0.10 Y
fax_06_111 2374628 -341411.6 19.524 0.008 18.385 0.007 14.1 -0.88  0.18 Y
ET086 2395148 -341427.1 18363 0.004 16.908 0.003 33.2 -1.06  0.08 Y
ET0202 2404225 -3414302 18.570 0.005 17.018 0.003 19.0 -1.08  0.13 Y
fnx_06_089 23741.99 -3414548 19.301 0.007 18.148 0.006 18.4 -1.40  0.14 Y
ETO0185 24039.61 -341459.4 18347 0.004 16.928 0.003 232 -0.90  0.11 Y
fnx_06_056 23839.87 -341459.9 18.885 0.005 17.507 0.004 21.9 -0.93  0.12 Y
fax_06_031 2382648 -34151.4 18.690 0.005 17.183 0.003 28.2 -0.95  0.09 Y
fax_06_021 2372694 -34151.6 18.304 0.004 17.058 0.003 26.2 -1.92  0.10 Y
ET089 23950.08 -34157.6 18519 0.004 17.001 0.003 29.9 -1.15  0.08 Y
ETO0161 2402353 -341520.1 18.555 0.005 16.629 0.002 35.9 -0.92  0.07 Y
ETO0178 24039.34 -3415263 18.194 0.004 16.811 0.003 20.9 -141  0.12 Y
ET062 23913.16 -341528.5 18.607 0.005 17.048 0.003 27.7 -0.98  0.09 Y
ET068 23946.08 -341530.9 18.482 0.004 17.224 0.003 25.3 -2.18  0.10 Y
fnx_06_075 23732.87 -341533.1 19.377 0.007 17.826 0.005 21.5 -1.61  0.12 Y
ET0121 2403345 -3415350 18.297 0.004 16.832 0.003 27.1 -1.45  0.09 Y
ETO0173 2401650 -341537.1 18.625 0.005 17.103 0.003 19.9 -0.78  0.13 Y
ET0163 24018.41 3415414 18517 0.004 16.982 0.003 24.0 -0.61  0.10 Y
ET0172 240646 -3415525 18.487 0.004 16.891 0.003 31.3 -0.97  0.08 Y
ET099 2392643 -34165.1 18298 0.004 16.610 0.002 29.5 -0.85  0.09 Y
fnx_06_039 23821.67 -341610.3 18.876 0.005 17.303 0.004 30.3 -0.72  0.08 Y
ET0106 2393562 -3416162 18.632 0.005 17.194 0.003 26.2 -0.93  0.10 Y
ET073 2392384 -341619.8 18.460 0.004 16.920 0.003 33.3 -137  0.08 Y
ETO0164 240055 -341636.2 18.668 0.005 17.219 0.003 25.5 -0.77  0.10 Y
fnx_06_012 2383.02 -341638.9 18300 0.004 16.794 0.003 45.9 -1.48  0.05 Y
ET0201 2404872 -341651.8 18.577 0.005 17.073 0.003 22.0 -1.07 0.1 Y
ET0127 24020.81 -341654.0 18.406 0.004 16.920 0.003 28.9 -1.36  0.09 Y
ETO0181 2405798 -341775 18367 0.004 17.101 0.003 10.4 -1.58  0.24 Y
ET0102 2395198 -341712.3 18238 0.004 16475 0.002 41.7 -1.01  0.06 Y
ET0128 24030.13 -341715.1 18.422 0.004 16.921 0.003 22.8 -0.82  0.11 Y
fnx_06_029 2381591 -3417183 18.756 0.005 17.184 0.003 28.6 -0.93  0.09 Y
fax_06_119 2375129 -341729.1 19.601 0.008 18.456 0.008 14.8 -1.02  0.17 Y
fnx_06_010 23814.07 -341741.0 18475 0.004 16.838 0.003 35.0 -0.94  0.07 Y
ETO111 2395524 3417414 18.654 0.005 17.180 0.003 25.6 -1.06  0.10 Y
ETO0125 24035.02 -341747.6 18475 0.004 17.085 0.003 18.0 -1.84  0.14 Y
fnx_06_057 2381575 -3417549 18.744 0.005 17.550 0.004 17.0 -1.48  0.15 Y
ET0108 2394233 -341755.6 18.671 0.005 17.240 0.003 25.0 -0.96  0.10 Y
fax_06_038 238121 -34181.2 18717 0.005 17.190 0.003 32.7 -0.93  0.08 Y
fnx_06_100 238837 -341811.5 19.336 0.007 18.230 0.007 14.2 -1.60  0.18 Y
ETO119 24020.75 -341815.9 18350 0.004 17.025 0.003 25.9 -1.88  0.10 Y
fnx_06_055 23822.03 -3418204 18.876 0.005 17.497 0.004 18.4 -1.02  0.14 Y
fnx_06_129 2373698 -341858.8 19.739 0.009 18.677 0.009 10.7 -1.14 023 Y
ETO0166 240929 -341859.5 18.671 0.005 17.264 0.003 26.7 -1.22  0.09 Y
ET0120 2401422 -341912 18344 0.004 17.011 0.003 27.8 -1.96  0.09 Y
fax_06_121 2375374 -341910.7 19.501 0.008 18.432 0.008 13.4 -123  0.19 Y
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ET052 239799 -341911.6 18555 0.005 17.140 0.003 26.9 -120  0.09 Y
fax_06_114 23747.63 -3419142 19.441 0.007 18.397 0.008 14.7 -175  0.17 Y
fnx_06_085 23757.10 -3419153 19.414 0.007 18.086 0.006 17.6 112 0.14 Y
ETO0135 24013.64 -341916.5 18.458 0.004 16.966 0.003 26.4 -1.03  0.10 Y
ET095 23931.96 -341923.2 18373 0.004 16.769 0.003 324 -0.75  0.08 Y
ET066 2392215 -3419404 18355 0.004 17.073 0.003 29.9 -1.71  0.08 Y
ETO051 239293 -341959.9 18560 0.005 17.075 0.003 24.8 -1.56  0.10 Y
ET0169 24018.05 -342020.6 18.596 0.005 17.094 0.003 23.6 -0.76  0.11 Y
ETO0174 2401231 -342026.3 18520 0.005 16.924 0.003 19.8 -1.00  0.13 Y
ETO0175 2402531 -342041.0 18.538 0.005 16.941 0.003 18.2 -091  0.14 Y
ET067 23947.16 -342046.3 18215 0.004 16.785 0.003 32.1 -0.73  0.08 Y
ET0105 23939.12 -34215.7 18527 0.005 16.922 0.003 31.4 -0.74  0.08 Y
ET0103 2395142 -342121.0 18.548 0.005 17.022 0.003 27.7 -0.93  0.09 Y
ETO0150 24023.54 -342139.7 18.528 0.005 17.135 0.003 22.1 -1.07  0.11 Y
ET0130 2403623 -3421502 18.622 0.005 17.363 0.004 12.0 -2.01 021 Y
ET080 2393147 -342204 18.655 0.005 17.444 0.004 22.5 -1.83 0.1 Y
ET0143 24019.70 -342272 18.538 0.005 17.119 0.003 22.0 -0.95  0.11 Y
ET065 2393192 -342224.6 18311 0.004 16.835 0.003 28.9 -1.55  0.09 Y
ET0148 2401639 -342239.2 18.357 0.004 16.784 0.003 23.0 -1.12  0.11 Y
ET0101 2394135 -3422509 18375 0.004 16.756 0.003 32.6 -1.06  0.08 Y
ET0142 24014.08 -342257.8 18.520 0.005 17.099 0.003 23.1 -129 0.1 Y
ET097 2393149 -34235.1 18.534 0.005 17.070 0.003 23.9 -111  0.11 Y
ETO081 23921.31 -3423288 18.112 0.004 16310 0.002 31.5 -0.84  0.08 Y
ETO071 2395434 -342331.6 18244 0.004 16.774 0.003 27.0 -1.40  0.09 Y
ET0137 2402.79 -342333.3 18439 0.004 16.840 0.003 28.8 -0.83  0.09 Y
ET064 2393837 -342347.9 18364 0.004 17.152 0.003 23.6 -174  0.11 Y
ET070 2394390 -342359.8 18.474 0.004 17.223 0.003 22.8 -2.00  0.11 Y
ET0156 2403.94 -3424115 18474 0.005 16.926 0.003 22.4 -0.79  0.11 Y
ET092 2392884 -342412.6 18515 0.005 16.993 0.003 21.8 -122  0.12 Y
ETO0158 2409.04 -342437.7 18562 0.005 17.066 0.003 25.1 -0.77  0.10 Y
ET091 23933.62 -342441.6 18.422 0.004 16.777 0.003 22.0 -1.00  0.11 Y
ET0109 2395130 -3424539 18.612 0.005 17.154 0.003 21.5 -0.80  0.12 Y
ET0129 24030.77 -3424558 18342 0.004 16.792 0.003 103 -134 024 Y
ET0132 2401235 -3425184 18.402 0.004 16.861 0.003 19.0 -1.03  0.13 Y
ETO0170 240847 -3425344 18559 0.005 17.005 0.003 20.1 -0.81  0.13 Y
ETO112 2402330 -342544.7 18.135 0.004 16.969 0.003 12.2 -1.30 021 Y
ET090 23933.61 -342549.6 18461 0.004 16918 0.003 20.9 -0.95  0.12 Y
ETO115 24021.47 -342557.2 18281 0.004 16.861 0.003 13.8 -172 0.8 Y
ETO114 2401751 -342662 18.180 0.004 16.821 0.003 12.1 -1.02 021 Y
ET076 23944.05 -34269.7 18.192 0.004 16.201 0.002 26.8 -0.57  0.09 Y
ET0149 2395842 -3426254 19.022 0.006 17.159 0.003 14.5 -1.05  0.17 Y
ET088 2394521 -34279.0 18.425 0.004 16.782 0.003 16.1 -1.04  0.16 Y
ETO117 2395328 -342945.7 18716 0.005 17.197 0.003 11.8 -1.02 021 Y
ET0106 2395527 -343010.9 18.680 0.005 17.262 0.004 12.2 -0.92 021 Y
ETO0165 23940.66 -343024.8 18.578 0.005 17.343 0.004 12.0 -0.59 021 Y
ETO0150 2394191 -3430359 18.488 0.005 16.898 0.003 17.6 -0.47  0.14 Y
ET0178 23946.77 -3430362 18.608 0.005 17.198 0.003 11.2 -139 023 Y
ET0120 2395294 -343037.5 18.690 0.005 17.308 0.004 11.3 -0.54 022 Y
ET0149 23911.58 -343044.8 18.496 0.005 16.928 0.003 15.6 -1.02  0.16 Y
ET0227 239291 -3431119 18376 0.004 16.867 0.003 14.8 -137  0.17 Y
ETO0145 2392021 -343157.0 18.533 0.004 17.128 0.003 11.2 -1.03 022 Y
ET0103 24014.82 -34327.7 18.609 0.005 17.247 0.003 10.8 -131 023 Y
ET0215 2391624 -343229.8 18.724 0.005 17.242 0.003 17.7 -0.93  0.14 Y
ET0209 23937.17 -343237.3 18.698 0.005 17.272 0.004 14.3 -0.87  0.18 Y
ETO111 2395255 -3432420 18.652 0.005 17.119 0.003 17.2 -0.53  0.15 Y
ET073 240549 3432426 18465 0.005 16.847 0.003 13.4 -0.89  0.19 Y
ETO0124 23949.03 -343244.0 18.728 0.005 17.258 0.004 15.0 -0.51  0.17 Y
ET0174 239836 -343244.7 18571 0.005 17.043 0.003 15.9 -0.80  0.16 Y
ETO0188 23938.06 -343247.1 18.567 0.005 17.023 0.003 13.1 -0.51  0.19 Y
ETO0181 23916.44 -3432584 18537 0.005 17.019 0.003 15.8 -0.63  0.16 Y
ET0231 23853.62 -343345 18457 0.004 16.780 0.003 14.0 -091  0.18 Y
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ET0204 2393408 -34339.4 18641 0.005 17.078 0.003 174 031 0.14 Y
ET0206 2394260 -3433109 18.686 0.005 17.165 0.003 16.9 -0.78  0.15 Y
ETO0154 23934.07 -343333.0 18464 0.005 16.906 0.003 19.4 -1.13  0.13 Y
ET0279 23850.78 -343356.4 18.797 0.005 17.272 0.003 16.0 -0.16  0.16 Y
ET0170 2392803 -34341.0 18.580 0.005 17.083 0.003 16.4 -0.93  0.15 Y
ETO0171 2393359 -343413.5 18590 0.005 16.934 0.003 21.7 -0.63  0.12 Y
ET0192 2394178 -3434163 18.633 0.005 17.094 0.003 20.3 -0.89  0.12 Y
ETO0140 2393798 -343419.2 18.405 0.004 17.076 0.003 18.4 -2.19  0.14 Y
ET0242 2385647 -343419.6 18511 0.005 16.789 0.003 25.7 -0.45  0.10 Y
ETO0172 23941.60 -343420.9 18.622 0.005 16.990 0.003 16.8 -0.28  0.15 Y
ET083 2395940 -343421.3 18.535 0.005 17.272 0.003 14.6 -1.62  0.17 Y
ETO0167 23919.72 -343423.7 18.626 0.005 16.984 0.003 19.5 -0.77  0.13 Y
ET097 24019.64 -3434262 18584 0.005 17.202 0.003 15.8 -1.06  0.16 Y
ET055 240043 3434286 18325 0.004 16.768 0.003 17.6 -1.00  0.14 Y
ET0257 2385881 -343429.3 18.626 0.005 17.221 0.003 19.6 -1.16  0.13 Y
ET0236 2384855 -343430.3 18581 0.005 16.959 0.003 11.9 -0.64 021 Y
ETO0125 24016.74 -343433.0 18.706 0.005 17.234 0.003 14.9 -0.52  0.17 Y
ETO0176 2392480 -343437.9 18577 0.005 17.050 0.003 19.4 -045  0.13 Y
ET0221 2391436 -3434423 18.757 0.005 17.189 0.003 18.2 -0.41  0.14 Y
ET0127 2395721 -343447.8 18.747 0.005 17.276 0.004 17.4 -0.87  0.14 Y
ET0163 23916.76 -343449.7 18.637 0.005 17.086 0.003 20.3 -0.56  0.12 Y
ET0146 23941.16 -343449.9 18.487 0.005 17.124 0.003 183 -185  0.14 Y
ET0218 239923 -34351.1 18727 0.005 17.251 0.003 14.6 -0.65  0.17 Y
ET0262 23850.55 -343510.1 18.711 0.005 17.268 0.003 12.0 -0.52 021 Y
ET0100 2395424 -343511.1 18.592 0.005 17.061 0.003 16.5 -0.53  0.15 Y
ET0208 23930.61 -3435144 18.657 0.005 17.107 0.003 18.8 -0.57 0.3 Y
ET0261 2384289 -343516.0 18.707 0.005 17.195 0.003 12.5 -0.81  0.20 Y
ET0249 239537 -3435202 18585 0.005 17.161 0.003 21.2 -0.94  0.12 Y
ET0265 2394.88 -3435272 18.672 0.005 17.195 0.003 18.7 -0.71  0.13 Y
ETO0141 2391539 -343527.5 18.467 0.004 17.067 0.003 19.7 -1.52 0.3 Y
ET0203 2392033 -343527.5 18.651 0.005 17.203 0.003 17.8 -0.58  0.14 Y
ET0247 23857.19 -343539.7 18.577 0.005 17.121 0.003 16.5 -0.89  0.15 Y
ET0102 240508 -343541.4 18578 0.005 17.311 0.004 13.5 -224  0.19 Y
ET0267 239175 -343541.7 18.689 0.005 17.291 0.003 18.8 -0.96  0.13 Y
ET0202 23930.81 -3435449 18.671 0.005 17.098 0.003 22.4 -0.48  0.11 Y
ET059 24021.10 -343550.9 18391 0.004 16.860 0.003 21.8 -0.96  0.12 Y
ET084 2401049 -343554.8 18.482 0.005 16.917 0.003 21.3 -027  0.12 Y
ET079 2402550 -34360.0 18.533 0.005 17.213 0.003 13.1 -0.66  0.19 Y
ET0107 2401929 -343611.5 18.625 0.005 17.102 0.003 13.8 -0.61  0.18 Y
ETO0162 2392656 -343612.8 18.530 0.005 16.891 0.003 22.4 -0.58  0.11 Y
ET056 240394 -3436155 18246 0.004 16.795 0.003 15.4 -139  0.16 Y
ET054 240937 -3436169 18322 0.004 16.888 0.003 21.0 -1.04  0.12 Y
ET0148 23916.18 -343630.5 18.554 0.004 17.123 0.003 21.1 -158  0.12 Y
ET0109 2402.08 -343632.5 18591 0.005 17.047 0.003 17.5 -0.58  0.14 Y
ET069 240499 -343632.7 18449 0.004 16.945 0.003 19.9 -1.19  0.13 Y
ET0216 2392042 -343641.9 18.777 0.005 17.263 0.003 19.0 -0.34  0.13 Y
ETO115 24018.88 -343641.7 18.654 0.005 17.216 0.003 15.8 -0.82  0.16 Y
ETO112 24027.14 -343644.0 18.644 0.005 17.140 0.003 15.7 -0.76  0.16 Y
ETO0180 23925.66 -343644.9 18.579 0.005 17.054 0.003 232 -0.70  0.11 Y
ET0246 2391.54 -3436485 18529 0.004 17.029 0.003 19.8 -0.79  0.13 Y
ET0133 24024.02 -3436484 18.766 0.005 17.250 0.003 16.2 -0.57  0.16 Y
ETO0135 2398.16 -343653.2 18274 0.004 16.899 0.003 232 -0.77  0.11 Y
ET0105 2401.84 -343656.1 18.609 0.005 17.183 0.003 18.8 -0.62  0.13 Y
ETO0183 2394038 -343714 18569 0.005 16.919 0.003 23.6 -0.87  0.11 Y
ETO0153 23938.06 -34376.0 18.494 0.004 17.161 0.003 17.6 -0.65  0.14 Y
ETO0157 2394030 -34376.8 18.467 0.004 16.838 0.003 24.3 -0.63  0.10 Y
ET067 240791 -3437158 18425 0.004 16.833 0.003 26.1 -0.54  0.10 Y
ET0234 2393.99 -3437259 18461 0.004 16.841 0.003 23.7 -0.54  0.11 Y
ET057 2402038 -3437342 18379 0.004 16.881 0.003 21.4 -0.73  0.12 Y
ET0219 23919.40 -343744.6 18.729 0.005 17.247 0.003 18.2 -0.16  0.14 Y
ET060 240503 -343746.5 18372 0.004 16.871 0.003 19.6 -120 0.13 Y
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D 12000 812000 4 oy 1 or S/NperA [Fe/H] opeyny Member
ET0142 23927.66 -3437483 18347 0.004 16.823 0.003 24.9 -0.62 0.10 Y
ET0126 2400.68 -34384.5 18.680 0.005 17.280 0.003 17.5 -0.64  0.14 Y
ETO0158 239994 -34387.1 18567 0.004 17.215 0.003 20.3 -1.09  0.12 Y
ETO061 2408.00 -343811.0 18425 0.004 16.992 0.003 16.6 -121  0.15 Y
ET0130 240370 -343821.3 18710 0.005 17.183 0.003 18.3 -0.57  0.14 Y
ETO15 2403199 -343821.6 18.445 0.004 16.997 0.003 17.0 -129  0.15 Y
ET085 2401275 -343828.3 18.499 0.005 16.865 0.003 21.7 -0.64  0.12 Y
ETO113 24018.41 -343829.5 18.653 0.005 17.138 0.003 15.7 -0.79  0.16 Y
ET0196 2392029 -343829.7 18.797 0.005 17.177 0.003 19.2 -0.95 0.13 Y
ET064 2402.70 -343829.8 18411 0.004 17.044 0.003 18.7 -1.75  0.13 Y
ET0211 2392457 -3438323 18.696 0.005 17.227 0.003 18.1 -1.17  0.14 Y
ET0228 23849.15 -343837.9 18.468 0.004 16.863 0.003 19.5 -0.67  0.13 Y
ETO114 2408.79 -343840.0 18.641 0.005 17.165 0.003 19.3 -091  0.13 Y
ET0129 24019.83 -343843.1 18.706 0.005 17.246 0.003 14.8 -0.51  0.17 Y
ETO0198 2392148 -343853.2 18.676 0.005 17.172 0.003 18.7 -0.78  0.13 Y
ET087 2395373 -3438554 18573 0.005 17.300 0.004 12.6 -1.88  0.20 Y
ETO9 2403041 -343855.8 18.393 0.004 17.066 0.003 17.5 -1.96  0.14 Y
ET0169 2391105 -343987 18.610 0.005 16.971 0.003 23.1 -0.49 0.1 Y
ET0250 2384626 -343992 18.648 0.005 17.319 0.003 14.2 -1.76  0.18 Y
ET0229 23840.15 -343911.8 18.487 0.004 16.827 0.003 22.6 -0.76  0.11 Y
ET033 2403285 -3439204 18541 0.005 16.976 0.003 21.0 -091  0.12 Y
ET0276 2384993 -343921.7 18.739 0.005 17.297 0.003 16.0 -0.96  0.16 Y
ET0128 24020.05 -343924.7 18717 0.005 17.268 0.003 15.5 -1.01  0.16 Y
ETO0161 23942.02 -3439269 18.488 0.004 16.815 0.003 25.6 -0.24  0.10 Y
ET0253 239371 -343929.6 18.638 0.005 17.055 0.003 20.8 -0.44  0.12 Y
ET0245 2391.68 -343934.7 18553 0.004 17.057 0.003 20.5 -1.02  0.12 Y
ET0251 23847.86 -343939.4 18574 0.004 16.937 0.003 19.7 -0.61  0.13 Y
fnx_08_222 2392570 -343940.4 18.872 0.005 17.483 0.004 274 -0.99  0.09 Y
ET090 23959.50 -343944.3 18576 0.004 16.990 0.003 23.5 -0.79  0.11 Y
ETO0173 2393193 -343944.7 18.641 0.005 17.090 0.003 25.3 -0.52  0.10 Y
fnx_08_213 2391245 -3439483 18.742 0.005 17.444 0.004 26.8 -1.15  0.09 Y
ET0281 2385022 -343954.3 18.784 0.005 17.211 0.003 16.7 -1.79  0.15 Y
fax_08_125 23910.80 -34409.1 18.837 0.005 17.407 0.004 27.3 -0.81  0.09 Y
ET0205 23945.04 -344011.1 18.635 0.005 16.890 0.003 21.9 -0.82 0.1 Y
ET050 2401532 -344013.4 18229 0.004 16.947 0.003 21.2 -091  0.12 Y
ETO0187 2391338 -3440159 18.621 0.005 17.006 0.003 22.5 -0.66  0.11 Y
ET0195 23943.07 -344018.5 18.641 0.005 17.139 0.003 19.0 -0.74  0.13 Y
ET0207 2394492 -344027.8 18.677 0.005 17.209 0.003 17.0 -0.83  0.15 Y
fnx_08_239 2392541 -344031.7 19.089 0.006 17.723 0.004 21.2 -0.99  0.12 Y
ET0101 23951.03 -344047.2 18.650 0.005 17.132 0.003 13.8 -0.64  0.18 Y
ET0220 23946.77 -344057.4 18.792 0.005 17.279 0.003 13.5 -0.55  0.19 Y
fnx_08_072 2394530 -34413.8 18.568 0.005 17.182 0.003 36.4 -0.86  0.07 Y
fnx_08_ 270 23913.37 -3441129 18.882 0.005 17.615 0.004 27.8 -121  0.09 Y
fnx_08_154 2384632 -344114.6 18.662 0.005 17.332 0.003 35.2 -131  0.07 Y
ET0201 2391442 -3441252 18.801 0.005 17.201 0.003 20.6 -0.69  0.12 Y
fnx_08_253 2392597 -344127.1 18968 0.006 17.601 0.004 27.5 -0.96  0.09 Y
fnx_08_165 23936.65 -344129.1 18.889 0.005 17.490 0.004 27.9 -091  0.09 Y
ET0190 2393215 -344129.9 18.642 0.005 17.185 0.003 22.8 -0.82  0.11 Y
ET0258 239479 -3441309 18.674 0.005 17.325 0.003 15.3 -1.69  0.16 Y
fnx_08_275 23923.68 -344136.4 19.017 0.006 17.641 0.004 29.2 -0.92  0.09 Y
ETO0156 23940.79 -344136.7 18532 0.004 17.228 0.003 17.6 -2.12  0.14 Y
ET0254 23845.53 -3441450 18.646 0.005 17.180 0.003 153 -0.64  0.16 Y
ET0263 2392.19 -3441484 18714 0.005 17.114 0.003 16.6 -039  0.15 Y
ET098 240046 -344150.6 18.584 0.004 17.097 0.003 19.7 -0.84  0.13 Y
ET048 24033.11 -344153.9 18.735 0.005 17.306 0.003 16.1 -092  0.16 Y
ET0268 239450 -344158.0 18.746 0.005 17.210 0.003 19.3 -0.73  0.13 Y
ET088 2402553 -3441582 18.509 0.004 16.856 0.003 26.6 -0.54  0.09 Y
fnx_08_156 2385440 -34421.6 18.789 0.005 17.381 0.003 36.9 -0.97  0.07 Y
ETO0121 240872 -344233 18716 0.005 17.256 0.003 11.3 -030 022 Y
fnx_08_223 23839.63 -344210.4 18.907 0.005 17.511 0.004 25.2 -0.92  0.10 Y
fnx_08_ 221 23937.14 -3442149 19.062 0.006 17.627 0.004 28.6 -0.74  0.09 Y
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D 12000 812000 4 oy 1 or S/NperA [Fe/H] oreny Member
ET0200 2392235 -3442158 18717 0.005 17.316 0.003 16.2 -152 0.16 Y
ET0235 23859.68 -344219.6 18.545 0.004 16.910 0.003 25.3 -0.73  0.10 Y
ETO0191 23929.74 -344221.6 18.671 0.005 17.169 0.003 18.7 -0.78  0.13 Y
fnx_08_195 23947.63 -344227.4 19.033 0.006 17.563 0.004 26.6 -0.69  0.09 Y
ET0179 2392755 -344227.5 18.660 0.005 17.187 0.003 17.3 -122  0.15 Y
fnx_08_069 23849.45 -344229.2 18.462 0.004 17.030 0.003 43.6 -1.55  0.06 Y
fnx_08_129 23844.58 -344233.1 18.656 0.005 17.216 0.003 37.5 -0.95  0.07 Y
fnx_08_289 23936.01 -3442353 19.065 0.006 17.828 0.005 26.6 -127  0.09 Y
fnx_08_215 23921.63 -344236.6 18.774 0.005 17.384 0.004 32.9 -1.04  0.08 Y
ET082 23958.06 -344239.2 18554 0.004 17.338 0.003 13.3 -0.69  0.19 Y
ETO0186 2393091 -3442443 18598 0.005 17.057 0.003 19.8 -0.78  0.13 Y
ETO0182 23940.05 -34430.8 18470 0.004 16.927 0.003 24.4 -1.18  0.10 Y
ET0123 240025 -34431.6 18.678 0.005 17.193 0.003 15.0 -0.50  0.17 Y
fnx_08_119 23939.86 -34436.8 18.608 0.005 17.390 0.004 33.6 -229  0.08 Y
fnx_08_148 23851.95 -344383 18729 0.005 17.255 0.003 34.2 -0.55  0.07 Y
fnx_08_249 2394835 -344316.1 19.101 0.006 17.747 0.004 22.8 -0.34 0.1 Y
ET0210 2394095 -3443292 18712 0.005 17.207 0.003 16.1 -1.18  0.16 Y
ET0197 23942.68 -344333.5 18.602 0.005 16.972 0.003 17.5 -027  0.14 Y
fnx_08_063 23955.10 -344336.6 18.613 0.005 17.036 0.003 39.6 -0.86  0.06 Y
ET0233 2385429 -3443453 18.422 0.004 17.013 0.003 24.5 -0.78  0.10 Y
ET0189 2393583 -344357.9 18.568 0.005 17.170 0.003 20.5 -0.61  0.12 Y
fnx_08_089 2383552 -344423 18545 0.005 17.033 0.003 32.7 -1.04  0.08 Y
fnx_08_ 271 23957.93 -34444.5 18.940 0.005 17.532 0.004 22.7 -0.59  0.11 Y
fnx_08_269 23913.79 -3444135 18974 0.006 17.651 0.004 26.3 -0.72  0.10 Y
fnx_08_237 23911.19 -344428.0 18.770 0.005 17.482 0.004 29.2 -1.13  0.09 Y
ET094 2401040 -3444284 18.522 0.004 17.118 0.003 19.1 -1.01 0.3 Y
ET0184 239938 3444303 18538 0.005 17.150 0.003 17.9 -0.72  0.14 Y
ET0138 2391226 -3444385 18.164 0.004 16.809 0.003 20.3 -2.02  0.12 Y
fnx_08_265 23946.84 -344444.0 18901 0.005 17.697 0.005 24.9 -1.79  0.10 Y
fnx_08_001 2385225 -3444549 18338 0.004 16557 0.002 51.2 -0.85  0.05 Y
fnx_08_006 23830.21 -34452.8 18366 0.004 16.560 0.002 48.7 -0.97  0.05 Y
fnx_08_009 23836.71 -344520.8 18.411 0.004 16.545 0.002 53.9 -234  0.05 Y
fnx_08_226 23852.86 -344529.9 18.740 0.005 17.488 0.004 31.7 -1.01  0.08 Y
fax_08_112 23850.90 -3445349 18449 0.004 17.125 0.003 36.8 -1.62  0.07 Y
ET0286 23859.51 -3445359 18379 0.004 16.823 0.003 26.9 -0.64  0.09 Y
fnx_08_225 23844.09 -3445434 18.726 0.005 17.463 0.004 33.0 -1.41  0.08 Y
fnx_08_023 2395257 -3445442 18.228 0.004 16.832 0.003 43.2 -2.14  0.06 Y
ET0326 240054 -344546.5 18.547 0.004 17.096 0.003 29.4 -0.93  0.09 Y
ET0315 2397.88 -344552.7 18.654 0.005 17.277 0.003 13.8 -0.83  0.18 Y
ET0327 2395535 -344555.6 18.534 0.004 16.943 0.003 31.0 -1.76  0.08 Y
ET0311 2391247 -344638 18.606 0.005 17.197 0.003 24.6 -0.92  0.10 Y
fnx_08_194 2395431 -344613.1 18.730 0.005 17.365 0.004 31.2 -1.55  0.08 Y
fnx_08_169 23957.82 -3446304 18.626 0.005 17.129 0.003 40.6 -0.94  0.06 Y
fnx_08_240 2382829 -344639.3 18.883 0.006 17.518 0.004 29.0 -0.84  0.09 Y
ET0301 2393148 -344645.1 18330 0.004 17.200 0.003 17.0 -1.72  0.15 Y
ET0325 23951.68 -344652.5 18373 0.004 16.826 0.003 29.1 -1.17  0.09 Y
fnx_08_034 2385294 -344709 18.109 0.004 16.774 0.003 54.8 -0.86  0.05 Y
fnx_08_146 2385549 -344720.7 18.607 0.005 17.203 0.003 34.5 -0.93  0.07 Y
fnx_08_200 2394290 -3447250 18.804 0.005 17.307 0.004 35.0 -0.84  0.07 Y
fnx_08_280 23956.90 -3447340 19.069 0.006 17.793 0.005 26.3 -0.72  0.10 Y
fnx_08_045 23842.14 -344740.0 18.433 0.004 16.866 0.003 43.0 -0.82  0.06 Y
ET0314 23936.17 -34482.6 18.687 0.005 17.201 0.003 21.9 -0.84  0.11 Y
fnx_08_071 2392477 -344814.1 18450 0.004 16.976 0.003 47.4 -1.15  0.05 Y
fax_08_175 2399.89 -344822.6 18.763 0.005 17.361 0.004 37.6 -0.77  0.07 Y
fnx_08_205 23950.55 -344830.2 18.780 0.005 17.320 0.004 28.9 -0.84  0.09 Y
fnx_08_254 239037 -3448482 18.835 0.005 17.549 0.004 26.4 -0.86  0.10 Y
fax_07_237 23949.87 -3448532 19.032 0.006 17.698 0.005 19.4 -1.06  0.13 Y
ET0308 2393575 -3448533 18.498 0.005 16.895 0.003 28.5 -0.51  0.09 Y
fax_08_111 23936.66 -344856.5 18.648 0.005 17.077 0.003 43.5 -0.37  0.06 Y
fax_07_144 23957.08 -34496.8 18.658 0.005 17.470 0.004 40.3 -2.07  0.06 Y
fnx_07 242 23951.37 -3449143 19.295 0.007 17.736 0.005 25.2 -0.12  0.10 Y
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fnx_08_031 23947.88 -3449268 18.324 0.004 16.744 0.002 452 -085 0.06 Y
fnx_08_012 2395643 -344931.9 18485 0.004 16.882 0.003 45.7 -124  0.06 Y
ET0307 23929.48 -344943.0 18.493 0.004 16.957 0.003 25.6 -0.84  0.10 Y
fnx_08_196 23946.09 -344944.7 18.738 0.005 17.288 0.004 31.9 -0.83  0.08 Y
fnx_07_080 2403.61 -344953.5 18.636 0.005 17.168 0.003 28.2 -0.76  0.09 Y
fnx_08_193 2392572 -3449583 18.588 0.005 17.311 0.004 33.6 -1.06  0.07 Y
fax_07_097 240120 -34506.7 18.632 0.005 17.181 0.003 32.7 -0.96  0.08 Y
fnx_07_154 2393524 -34507.5 18.806 0.005 17.419 0.004 39.6 -0.89  0.06 Y
fax_08_170 23837.11 -34507.8 18.903 0.006 17.603 0.004 28.6 -1.02  0.09 Y
fax_07_142 2394575 -34509.0 18.793 0.005 17.366 0.004 38.9 -0.85  0.06 Y
fax_07_ 211 2401093 -345011.9 18.900 0.005 17.614 0.005 25.0 -127  0.10 Y
fax_07_136  23951.03 -345031.7 18.627 0.005 17.321 0.004 38.0 -1.39  0.07 Y
fnx_08_279 2392589 -345032.6 19.025 0.006 17.593 0.004 28.6 -0.81  0.09 Y
fnx_08_113 2384295 -345055.9 18.547 0.005 17.059 0.003 38.4 -091  0.07 Y
fax_07_104 2393258 -34512.4 18.660 0.005 17.220 0.003 29.1 -1.33  0.09 Y
fax_07_175 24010.67 -345116.5 18.846 0.005 17.502 0.004 28.6 -0.57  0.09 Y
fnx_08_007 2393627 -3451257 18307 0.004 16.492 0.002 51.1 -1.70  0.05 Y
fax_07_150 23941.01 -3451289 18.850 0.006 17.404 0.004 38.6 -1.07  0.07 Y
fnx_07_015 23930.72 -345135.2 18508 0.005 16.791 0.003 55.8 -0.69  0.05 Y
fnx_08_126 23920.19 -3451372 18958 0.006 17.533 0.004 27.9 -0.84  0.09 Y
fax_08_241 239391 -3451382 18.792 0.005 17.473 0.004 33.8 -1.02  0.07 Y
fnx_08_777 23831.97 -345141.4 19.835 0010 18.741 0.009 133 -1.01  0.19 Y
fnx_07_206 2395333 -345153.6 18.823 0.005 17.522 0.004 20.8 -1.88  0.12 Y
ET0300 23916.11 -3451584 18252 0.004 16.833 0.003 29.4 -1.50  0.09 Y
fnx_08_025 2391935 -34526.9 18326 0.004 17.060 0.003 46.3 -1.90  0.05 Y
fnx_07_696 24018.63 -345210.7 19.831 0.009 18.772 0.011 10.6 -0.90  0.24 Y
fnx_08_002 23822.02 -345213.7 18.086 0.004 16.503 0.002 51.1 -2.07  0.05 Y
fax_08_121 23947.15 -345213.6 18402 0.004 16.999 0.003 40.2 -1.02  0.06 Y
fnx_08_257 23845.68 -345221.0 18811 0.005 17.450 0.004 29.5 -0.90  0.09 Y
fax_07_108 23926.11 -345222.1 18.626 0.005 17.225 0.003 432 -1.04  0.06 Y
fnx_07_233 24015.02 -3452257 19.469 0.008 17.728 0.005 19.8 -1.05  0.13 Y
fnx_07_641 23957.98 -3452342 19.783 0.009 18.645 0.009 11.6 -1.02 022 Y
fnx_07_486 240436 -345246.8 19.496 0.007 18.429 0.008 12.1 -2.09 021 Y
fnx_08_ 278 23918.16 -345250.1 18.788 0.005 17.551 0.004 28.3 -127  0.09 Y
fnx_08_ 211 23833.87 -345256.8 18.711 0.005 17.339 0.004 26.1 -1.42  0.10 Y
fax_07_117 2394623 -345257.9 18.714 0.005 17.235 0.004 39.7 -0.71  0.06 Y
fnx_07_044 23920.70 -345259.4 18.501 0.005 17.021 0.003 50.5 -0.89  0.05 Y
fnx_08_163 23837.12 -345310.4 18425 0.004 17.162 0.003 29.0 -191  0.09 Y
fax_07_101 2401248 -345313.1 18.678 0.005 17.220 0.004 32.9 -0.77  0.08 Y
fnx_08_029 2392755 -345324.5 18507 0.005 16.738 0.003 44.7 -1.78  0.06 Y
fnx_08_062 23840.56 -345330.5 18.429 0.005 16.910 0.003 40.5 -0.92  0.06 Y
fnx_08_243 23828.55 -3453409 18.759 0.005 17.426 0.004 24.9 -1.07  0.10 Y
fnx_07_197 2393508 -345353.0 18.954 0.006 17.575 0.004 25.1 -1.13  0.10 Y
fax_07_099 23924.11 -3454222 18.727 0.005 17.245 0.003 39.8 -0.77  0.06 Y
fax_07_245 24030.30 -345422.7 18.857 0.005 17.676 0.005 21.7 -2.15  0.12 Y
fnx_07_158 24017.74 -3454232 18.732 0.005 17.437 0.004 223 142 0.11 Y
fnx_07_118 23959.33 -345426.8 18.738 0.005 17.406 0.004 40.4 -1.07  0.06 Y
fax_07_390 24032.69 -345433.5 19.391 0.007 18.178 0.007 14.9 112 0.17 Y
fnx_07_316 2401824 -3454498 19.168 0.006 17.981 0.006 18.7 -1.08  0.14 Y
fnx_08_021 23957.00 -345449.9 18366 0.004 16.863 0.003 42.8 -1.17  0.06 Y
fax_07_241 24010.05 -34550.8 18.925 0.005 17.784 0.005 20.5 -244  0.12 Y
fnx_07_035 2393235 -345516.1 18518 0.005 16.923 0.003 47.8 -0.76  0.05 Y
fnx_08_742 239140 -345532.8 19.761 0.009 18.720 0.009 12.7 -125 020 Y
fnx_07_445 23957.60 -3455352 19.554 0.008 18.421 0.007 10.5 -0.48 0.4 Y
fnx_07_228 23936.52 -345539.8 19.045 0.006 17.703 0.005 19.3 -0.98  0.13 Y
fax_07_649 24027.56 -345540.8 19.741 0.009 18.634 0.010 11.0 -139 0.3 Y
fnx_08_559 2384231 -3455432 19.429 0.008 18.286 0.007 16.7 -1.03  0.15 Y
fnx_07_589 24025.16 -345544.5 19.577 0.008 18.533 0.009 12.6 -1.11 020 Y
fnx_08_287 23956.25 -345544.9 19.053 0.006 17.785 0.005 25.6 -1.10  0.10 Y
fax_07_011 23939.68 -345611.7 18.424 0.004 16.975 0.003 46.7 -1.07  0.05 Y
fax_07_112 2393557 -345637.7 18.734 0.005 17.192 0.003 37.6 -0.97  0.07 Y
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Table 4. continued.

D 12000 812000 4 oy 1 or S/NperA [Fe/H] oreny Member
fnx_07_243 23959.86 -3456419 18.983 0.006 17.743 0.005 22.0 —-130 0.1 Y
fnx_07_185 24025.51 -34572.7 18.738 0.005 17.423 0.004 27.0 -151  0.09 Y
fax_07_550 240025 -34579.3 19.762 0.009 18.604 0.009 12.1 -1.66 021 Y
fax_07_208 23943.64 -345720.1 18.963 0.006 17.649 0.004 20.4 -0.64  0.12 Y
fnx_07_240 2394593 -3457219 19.073 0.006 17.724 0.005 23.4 -1.02  0.11 Y
fax_07_184 2391721 -3457239 18.696 0.005 17.470 0.004 19.3 -1.77  0.13 Y
fnx_08_255 2390.00 -345731.9 18.849 0.006 17.477 0.004 28.6 -0.85  0.09 Y
fnx_07_330 2392694 -345741.4 19.196 0.007 18.095 0.006 11.1 -236 023 Y
fax_07_244 240280 -345755.6 19.062 0.006 17.800 0.005 20.3 -141  0.12 Y
fnx_07_089 23933.48 -3457584 18.683 0.005 17.187 0.003 44.6 -0.79  0.06 Y
fnx_08_ 242 23838.14 -34582.5 19.030 0.006 17.761 0.005 20.6 -0.92  0.12 Y
fax_07_053 2406.00 -34588.9 18356 0.004 16.986 0.003 34.3 -1.93  0.07 Y
fnx_07_460 24028.92 -345816.3 19.371 0.007 18.309 0.008 14.7 -2.08  0.17 Y
fnx_07_442 2408.10 -3458255 19.484 0.008 18.283 0.007 15.7 -1.03  0.16 Y
fax_07_332 23948.59 -3458333 19.418 0.007 18.148 0.006 14.5 -0.73  0.17 Y
fax_07_562 24042.66 -345843.7 19.647 0.009 18.490 0.008 13.7 -127 0.8 Y
fnx_07_430 23935.61 -345848.7 19.625 0.009 18.351 0.007 11.6 -0.62 022 Y
fax_07_477 2404620 -345849.2 19.453 0.008 18.276 0.007 15.7 -0.78  0.16 Y
fnx_08_104 23853.19 -34592.5 18442 0.005 16.942 0.003 37.6 -0.88  0.07 Y
fnx_07_018 23917.86 345954 18433 0.004 16.879 0.003 51.0 -1.02  0.05 Y
fax_07_338 2401122 -3459129 19.183 0.006 18.050 0.006 17.3 -1.76  0.15 Y
fnx_08_512 2384479 -345913.7 19.282 0.007 18.097 0.006 20.8 142 0.12 Y
fnx_07_283 23919.99 -3459163 19.112 0.006 17.911 0.005 18.2 -157  0.14 Y
fax_07_212 24012.07 -345943.3 19.402 0.007 17.650 0.005 27.4 -1.66  0.09 Y
fnx_07_427 2393598 -345952.0 19.584 0.008 18.308 0.007 13.7 -0.72  0.18 Y
fnx_07_174 23954.17 -345957.0 18.774 0.005 17.537 0.004 24.6 -1.64  0.10 Y
fnx_08_040 23857.79 -3459584 18.143 0.004 16.763 0.003 38.3 -1.71  0.07 Y
fnx_07_009 2394370 -3505.8 18.124 0.004 16.678 0.003 58.6 -0.86  0.04 Y
fnx_07_388 2404409 -350164 19.387 0.007 18.163 0.007 16.0 -0.57  0.16 Y
fnx_07_224 23949.67 -35026.3 18.946 0.006 17.668 0.005 21.3 -0.84  0.12 Y
fnx_08_455 2385345 -35048.0 19.188 0.007 18.053 0.006 14.1 -127 0.8 Y
fax_07_110 24033.38 -35054.5 18.410 0.004 17.077 0.003 33.4 -1.80  0.08 Y
fax_07_346 23940.00 -351152 19.270 0.007 18.115 0.006 12.7 -1.85 0.0 Y
fnx_07_076 24047.98 -35123.9 18582 0.005 17.113 0.003 32.7 -0.89  0.08 Y
fnx_08 281 2395.62 -35143.0 18.767 0.005 17.539 0.004 23.9 -134  0.11 Y
fax_07_676 240529 -35157.2 19.880 0.009 18.806 0.011 10.0 -1.40  0.25 Y
fnx_08_186 2399.13 -352104 18.694 0.005 17.306 0.003 30.9 -0.76  0.08 Y
fnx_07_ 262 2408.58 -352124 19.016 0.006 17.773 0.005 20.7 -129  0.12 Y
fax_07_055 23935.04 -35217.3 18.530 0.005 17.007 0.003 43.1 -1.16  0.06 Y
fax_07_156 23929.70 -35228.5 18.731 0.005 17.408 0.004 35.3 -1.54  0.07 Y
fnx_07_514 24023.56 -35237.6 19.716 0.009 18.546 0.009 11.9 -0.81 021 Y
fax_07_048 23940.69 -35258.3 18.397 0.004 16.962 0.003 30.1 -1.44  0.08 Y
fnx_07_310 2395120 -3536.2 19.184 0.006 18.072 0.006 12.4 -1.69  0.20 Y
fnx_07_207 23941.62 -353158 18.979 0.006 17.668 0.004 21.6 -1.05  0.12 Y
fnx_07_374 2402524 -353194 19.291 0.007 18.129 0.006 14.3 -134 0.8 Y
fnx_07_257 24021.68 -35346.8 18954 0.006 17.770 0.005 20.5 -1.80  0.12 Y
fnx_07_386 23949.72 -3549.4 19435 0.007 18.268 0.006 13.8 -0.83  0.18 Y
fnx_07_365 24040.65 -35429.9 19.379 0.007 18.068 0.006 17.1 -0.80  0.15 Y
fax_07_177 24012.10 -354344 18.665 0.005 17.499 0.004 25.0 -1.56  0.10 Y
fnx_07_043 2393219 -35435.1 18511 0.005 16.909 0.003 27.9 -1.44  0.09 Y
fax_07_070 23917.90 -35544.4 18329 0.004 17.080 0.003 31.7 -1.26  0.08 Y
fax_07_032 2395593 -35557.1 18.435 0.004 17.217 0.003 31.6 -1.42  0.08 Y
fnx_07_453 23938.19 -35612.7 19.531 0.008 18.404 0.007 10.5 -0.65  0.24 Y
fax_07_063 23939.51 -35633.1 18.422 0.004 17.125 0.003 28.6 -1.85  0.09 Y
fnx_07 271 240547 -35755.1 19291 0.007 17.852 0.005 21.6 -1.61  0.12 Y
fnx_07_335 2406.16 -351027.5 19.251 0.006 18.121 0.006 163 -133  0.15 Y
fnx_07_033 2393588 -351037.3 18.485 0.004 16.942 0.003 26.4 -133  0.10 Y
fax_07_311 23937.80 -35113.9 19.162 0.006 18.089 0.006 13.5 -1.86  0.19 Y
fax_21_058 2371147 -351631.7 19.694 0.010 18.510 0.008 12.9 -1.18  0.20 Y
fax_21_004 23746.56 -351714.7 18.159 0.004 16.715 0.002 40.4 -1.49  0.06 Y
fnx_21_038 23721.19 -351927.5 19.025 0.006 17.795 0.004 24.5 -2.18  0.10 Y
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Table 4. continued.

D 12000 812000 4 oy 1 or S/NperA [Fe/H] opeyny Member
fnx_21_027 2374460 -3519324 18.688 0.005 17.338 0.003 31.7 —-197 0.08
fnx_21_033 2371400 -351934.6 18.854 0.006 17.638 0.004 26.7 -1.30  0.09
fax_21_022 237426 -35219.2 18559 0.005 17.183 0.003 30.9 -2.03  0.08
fax_21_007 2383595 -352216.0 18.347 0.004 16.832 0.002 31.1 -2.03  0.08
fnx_21_014 238158 -352310.2 18.524 0.005 16.955 0.003 36.0 -1.13  0.07
fax_21_039 23711.87 -352330.6 19.015 0.007 17.818 0.005 23.3 -132 0.1
fax_21_012 23830.69 -352518.0 18.024 0.003 16.876 0.003 30.8 -1.63  0.08
fax_21_009 23749.04 -352536.6 18344 0.004 16.863 0.003 38.9 -1.82  0.06
fax_21_005 2372872 -3525543 18.011 0.004 16.712 0.002 39.8 -1.57  0.06
fax_21_065 237821 -3525584 19.800 0.012 18.736 0.009 11.1 -153 023
fnx_21_060 2373577 -352654.1 19.763 0.011 18.552 0.008 10.4 -1.88  0.24
fax_21_042 2382437 -352951.4 19206 0.007 17.916 0.005 17.1 -1.59  0.15
fax_21_049 2375394 -353054.6 19.589 0.008 18.228 0.007 16.9 -1.18  0.15
fax_21_029 2374216 -353116.8 18.729 0.005 17.417 0.004 26.2 -127  0.10
fax_21_030 2373223 -3531184 18.493 0.005 17.434 0.004 27.4 -1.55  0.09
fax_21_045 23759.40 -353839.5 19.421 0.008 18.145 0.006 14.7 -0.87  0.17

fnx_05_093 241167 -33513.8 18791 0.005 17.563 0.003 27.0 - -
fnx_05_025 24129.66 -33516.1 18.447 0.004 17.017 0.002 37.0 - -
fnx_05_183 24149.16 -335384 19.076 0.005 18.005 0.004 19.5 - -
fnx_05_090 2413195 -335310.6 18.620 0.004 17.524 0.003 22.0 - -
fnx_05_027 24133.17 -335538.8 18.818 0.005 17.065 0.003 334 - -
fnx_05_127 241632 -3358454 19.040 0.006 17.692 0.004 27.1 - -
fnx_05_246 24149.25 -335858.0 19.338 0.006 18.233 0.005 19.5 - -
fnx_05_058 24120.62 -34011.4 18.626 0.004 17.371 0.003 30.1 - -
fnx_05_373 2402736 -3411.7 19.783 0.009 18.734 0.007 10.1 - -
fnx_05_137 24029.18 -341252 19.204 0.006 17.771 0.004 23.6 - -
fnx_06_053 2374843 -3426.0 18.634 0.005 17.432 0.004 28.3 - -
fnx_05_353 24030.79 -34315 19.736  0.008 18.680 0.007 10.5 - -
fnx_06_059 23820.08 -34517.8 18823 0.005 17.503 0.004 24.0 - -
fnx_06_083 23759.24 -346529 19.331 0.007 18.237 0.006 16.3 - -
fnx_06_022 2371033 -34750.6 18724 0.005 17.021 0.003 35.6 - -
fnx_06_049 2383296 -34108.0 18573 0.004 17.469 0.004 25.4 - -
fnx_06_078 2379.70 -341013.3 19.115 0.006 17.736 0.005 20.0 - -

ETO022 2402446 -341041.2 18.641 0.004 16.167 0.001 42.5 - -
ETO037 23910.61 -341054.3 18537 0.004 17.033 0.003 30.7 - -
ET0122 2406.51 -3411233 18.328 0.003 16.782 0.002 22.1 - -

fnx_06_061 2382670 -3411324 19.453 0.008 17.603 0.004 20.8 - -
fnx_06_004 2383779 -341138.1 17942 0.003 16.835 0.002 37.0 - -
fnx_06_042 2384.89 -3412369 19.132 0.006 17.384 0.004 30.9 - -
fnx_06_092 23741.15 -341254.8 19.401 0.007 18.089 0.006 16.3 - -
fnx_06_051 2372581 -341320.2 18877 0.005 17.520 0.004 28.1 - -
ETO0188 24048.15 -3413324 18364 0.004 16.678 0.002 22.9 - -
ETO0176 2405549 -3413524 18253 0.004 16.707 0.002 19.6 - -
fnx_06_018 237294 -341417.2 18.178 0.004 16.964 0.003 35.2 - -
fnx_06_099 2373639 -3414232 19.599 0.008 18.162 0.006 17.0 - -
fnx_06_077 238351 -341508 19.539 0.008 17.817 0.005 24.0 - -
fnx_06_074 2373821 -341518.2 19.471 0.008 17.803 0.005 25.4 - -
ETO0180 24051.57 -341547.3 18395 0.004 17.186 0.003 15.8 - -
fnx_06_073 238499 -341715.7 19.120 0.006 17.693 0.005 24.9 - -
fnx_06_024 2387.66 -341846.2 18296 0.004 16.995 0.003 31.9 - -

ET0184 24045.09 -341912.8 18.172 0.004 16.787 0.003 18.9 - -
ETO0151 2401629 -341926.5 18595 0.005 16.932 0.003 28.3 - -
ET0144 2393824 -3431203 18390 0.004 16.998 0.003 18.0 - -
ET0137 239834 343445 18289 0.004 16.822 0.003 18.5 - -
ET0217 23936.46 -3434383 18736 0.005 17.291 0.004 11.1 - -
ET0256 2385894 -343544.8 18.614 0.005 17.321 0.004 17.0 - -
ET0164 23931.07 -343551.8 18.628 0.005 17.035 0.003 18.5 - -
ET0222 2394.08 3437585 18235 0.004 16.977 0.003 24.6 - -
fnx_08_161 239856 -343952.6 19.230 0.007 17.300 0.003 31.7 - -
ETO0175 2394693 -34404.7 18586 0.005 17.216 0.003 17.2 - -
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ET0104 23956.24 -3440424 18.694 0.005 17.262 0.003 14.6 - -
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Table 4. continued.

D 12000 812000 4 oy 1 or S/NperA [Fe/H] oreny Member
fnx_08_617 23953.36 —3444435 19.631 0.008 18.389 0.007 149 - -

fnx_08_204 2392395 -344739.6 18.772 0.005 17.365 0.004 23.1 - -
fax_08_117 239159 -34487.3 18385 0.004 17.125 0.003 414 - -
fax_08_011 23827.51 -34494.6 18242 0.004 16559 0.002 49.0 - -
fnx_08_064 2394670 -344913.3 18362 0.004 16.869 0.003 49.5 - -
fnx_08_191 23817.87 -344953.1 18.549 0.005 17.339 0.004 31.7 - -
ET0313 2392685 -344959.3 18.605 0.005 17.169 0.003 18.9 - -
fnx_08_284 23859.99 -345055.7 19.124 0.006 17.630 0.004 23.8 - -
fax_07_176  23930.83 -345315.0 19.101 0.006 17.516 0.004 35.7 - -
fax_07_012 24013.79 -345331.0 18.114 0.004 16.769 0.003 33.0 - -
fnx_07_234 24022.02 -345456.8 19.558 0.008 17.694 0.005 21.4 - -
fax_07_014 23940.04 -345512.6 18.502 0.005 16.769 0.003 50.7 - -
fnx_08_147 23846.08 -34565.2 18.980 0.006 17.575 0.004 25.8 - -
fnx_07_005 2401493 -35033.9 18216 0.004 16.608 0.003 46.9 - -
fax_07_172 2404850 -35149.8 19.254 0.007 17.449 0.004 29.9 - -
fnx_07_183 24010.63 -35339.9 19.138 0.006 17.526 0.004 23.3 - -
fnx_07_020 2392555 -35636.8 17.989 0.003 16.858 0.003 35.0 - -
fax_07_549 2408.61 -35833.9 19.757 0.008 18.640 0.009 12.7 - -
fnx_07_145 24030.80 -35114.4 19.156 0.006 17.398 0.004 25.7 - -
fnx_07_003 2403296 -35115.0 18210 0.004 16.594 0.002 39.4 - -
fax_21_048 23750.16 -351728.2 19.223 0.007 18.180 0.006 18.5 - -
fnx_21_064 2375641 -351920.4 20.028 0.011 18.799 0.009 12.1 - -
fax_21_031 2371205 -352203 18557 0.005 17.446 0.004 30.1 - -
fax_21_023 2381.19 -352485 18.488 0.005 17.288 0.003 29.0 - -
fnx_21_020 23830.16 -352436.6 18.257 0.004 17.096 0.003 26.8 - -
fnx_21_016 2372837 -352457.1 18.714 0.005 17.042 0.003 36.1 - -
fax_21_053 2371874 -35258.0 19.345 0.008 18.314 0.007 14.3 - -
fnx_21_061 2373446 -3527479 19.594 0.009 18.570 0.008 13.0 - -
fnx_21_075 23745.84 -3527579 19.979 0.013 18.959 0.010 10.1 - -
fax_21_076 2372299 -353023.5 19.948 0.012 18.988 0.011 10.1 - -
fnx_21_021 2371841 -353327.4 18483 0.005 17.171 0.003 31.3 - -
fax_21_057 2375151 -353619.2 19.595 0.009 18.500 0.007 13.7 - -
fax_21 032 23755.14 -35379.6 18.885 0.006 17.563 0.004 28.1 - -
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