
MNRAS 548, 1–19 (2026) ht tps://doi.org/10.1093/mnr as/stag630 
A dvance A ccess publication 2026 April 2 

Stellar population characterizations in nearby, dusty early-type 

galaxies 

Ron W. Savage, ‹ Anne E. Sansom 

‹ and David H. W. Glass 
Jer emiah Horr ocks Institute, University of Lanc ashir e, Pr eston, Lanc ashir e PR1 2HE, UK 

Accepted 2026 March 30. Received 2026 March 30; in original form 2025 May 20 

A B S T R A C T 

Dust in early-type g alaxies (ET Gs) may originate from internal or external sources. In this paper, we study the stellar 
populations of particularly dusty ETGs to search for evidence of the dust’s origin. Using the Southern African Large 
Telescope (SALT), we obtained long-slit optical spectra within the effective radius ( R e ), along the major axis of 15 nearby 

ET Gs, selected fr om the Galaxy and Mass Assembly (G AMA) and Herschel Astr ophysical Terahertz Large Ar ea Survey 

(Herschel-ATLAS) surveys for their high levels of interstellar dust. Using full spectrum fitting and Lick index fitting we 
analysed their major axis kinematics and stellar population characteristics. We used stellar population models from the 
newly developed semi-empirical Medium-resolution Isaac Newton Telescope library of empirical spectra (sMILES) library 

and from the empirical MILES library. Kinematic results show that most of our sample of dusty ET Gs ar e r otationally 

supported and there are no detectable kinematic discontinuities. 12 of our sample of 15 dusty ETGs show evidence of 
y oung/int ermediat e age stellar population components suggesting ongoing/recent star formation. Using simulations, we 
show that these recent ( ≈1 Gyr) populations are not artefacts of the fitting process or data. As a check with a control 
sample we use stacked Sloan Digital Sky Survey spectra and find that dusty ETGs show a component with int ermediat e 
age, whereas non-dusty ETGs do not. Age, metallicity, and α-element abundance ratio increase with increasing central 
velocity dispersion in the SALT spectra, as seen in previous studies of ETGs, but with larger scatter in our sample. Given 

our stellar population findings, we discuss formation scenarios that might cause or rule out a high dust/molecular gas 
content. 

Key wor ds: g alaxies: elliptical and lenticular, cD – galaxies: evolution – galaxies: ISM – galaxies: stellar content. 
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 INTRODUCTION  

arly-type g alaxies (ET Gs), including E and S0 g alaxies, ar e con-
idered to be end points of galaxy evolution. Their smooth ellip-
ical or lenticular morphology and lack of spiral arms can result
rom gr avitational inter actions and mergers (A. Burkert & T. Naab
003 ; F. Bournaud, C. J. Jog & F. Combes 2005 , 2007 ; C. J. Con-
elice 2014 ; G. Martin et al. 2018 ). In gener al E TGs also have low-
tar formation rates, older stellar populations, and low levels of 
as and dust in their int erst ellar medium (ISM; L. M. Young et
l. 2011 ; L. Cortese et al. 2012 ), how ev er, a number of authors,
.g . P. Goudfr ooij & T. de J ong ( 1995 ), identified some ET Gs that
ontained higher than expected levels of dust. 

Mor e r ecently, using far-infrar ed and submillimeter observa- 
ions, e.g . fr om the Herschel Space Observatory, 1 a number of 
nvestig ations, e.g . K. Rowlands et al. ( 2012 ) and N. K. Agius et al.
 2013 ), showed that the ISM of some ETGs contains significant
mounts of dust. Using data from the Herschel Reference Survey 
HRS), M. W. L. Smith et al. ( 2012 ) det ect ed dust in 24 per cent
 E-mail: ron wsa vage@gmail.com (RWS); aesansom@lancashire.ac.uk 
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f the E galaxies and 62 per cent of the S0 in their sample of 62
earby ETGs, with the dust det ect ed ETGs having a mean dust to
tellar mass ratio (log( M d / M ∗)) of ≈−4.3. This is ≈6 times higher
han the mean for their overall sample of ETGs including dust
on-det ect ed, but is ≈50 times lower than in late type galaxies
LTGs) in the HRS. From a sample of 38 ETGs observed with
pitzer P. Martini, D. Dicken & T. Storchi-Bergmann ( 2013 ) de-
ermined that appr o ximately ≈60 per cent of typical ET Gs have
10 5 M � of int erst ellar dust and it is now widely accepted that

he ISM of some ETGs contains large amounts of dust (N. K.
gius et al. 2013 , 2015 ; J. I. Davies et al. 2019 ). It has also been con-
rmed that some ETGs have substantial molecular gas reservoirs, 
.g. T. A. Davis et al. ( 2015 ) and A. E. Sansom et al. ( 2019 ), leading
 o some lev el of ongoing star formation, e.g. K. Schawinski et al.
 2007 ), A. Werle et al. ( 2020 ), and Y. H. Lee et al. ( 2023 ). 

Possible origins of dust in ETGs divide into sources either in-
ernal or external to the galaxy. Internal sources include forma- 
ion during cooling of hot ISM and ejection of dust by ev olv ed

assive stars (E. Griffith, P. Martini & C. Conroy 2019 ). External
ources include accretion or gas -rich merg ers (M. W. L. Smith
t al. 2012 ). ISM which has been externally sourced can have
ifferent angular momentum to the receiving galaxy, which may 
esult, for a period of a few dynamical times (i.e. about 100 Myr
 This is an Open Access article distributed under the terms of the 
/by/4.0/ ), which permits unrestricted reuse, distribution, and 

https://doi.org/10.1093/mnras/stag630
http://orcid.org/0000-0002-2782-7388
http://orcid.org/0000-0002-3666-5341
mailto:ronwsavage@gmail.com
mailto:aesansom@lancashire.ac.uk
https://www.esa.int/Science_Exploration/Space_Science/Herschel
https://creativecommons.org/licenses/by/4.0/


2 R. W. Savage, A. E. Sansom and D. H. W. Glass 

M

f  

I  

2
 

d  

t  

c  

E  

T  

t  

e  

d  

e  

c  

l  

l  

d  

2  

p  

K  

b  

m  

a  

s  

v  

c  

i
 

s  

E  

s  

s  

p  

t  

g  

t  

e  

t
 

h  

o  

p  

p  

p  

C  

I  

a  

e  

2  

M  

m  

s  

(  

a  

s  

a  

e  

S  

H  

e  

d  

t  

M  

t  

R  

(  

i  

2  

t  

g  

h
 

c  

f  

c  

w  

E  

t
 

a  

t  

C  

s  

e  

A  

e  

c  

1  

t  

m  

t  

t  

m  

e
 

i  

m  

n
e  

p  

t  

M  

s  

[
 

i  

f  

m
t  

(  

t  

l  

l  

s  

e  

w
 

f  

a  

f  

s  

2 http://r esear ch.iac.es/pr oy ect o/miles/pages/ssp-models.php 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/548/2/stag630/8572528 by Annette C
hrysostom

ou user on 15 April 2026
or central regions), in a kinematic misalignment between the
SM and stellar population (T. A. Davis et al. 2011 ; R. Bassett et al.
017 ; F. van de Voort et al. 2018 ; D. H. W. Glass et al. 2022 ). 

Despite ongoing replenishment from massive evolved stars,
ust has a relatively short lifetime in the ISM due to destruc-
ion through mechanisms such as astration, shocks, and particle
ollision-driv en sputt ering, see for e xample B . T. Draine & E.
. Salpeter ( 1979 ) and R. Schneider & R. Maiolino ( 2024 ). B.
. Draine & E. E. Salpeter computed a likely dust destruction
ime-scale ( τdust ) of 0.001 < τdust < 0.1 Gyr, while M. S. Clemens
t al. ( 2010 ) used infra-red observations to calculate a dust grain
estruction time of < 0.046 Gyr. More recently, M. J. Michałowski
t al. ( 2019 ) used far-IR and submillimeter measurements to cal-
ulate dust lifetimes for a sample that included 42 elliptical and
enticular galaxies, finding a longer τdust of 2.5 ±0.4 Gyr. This
onger τdust could suggest that the dust source is mainly internal,
riven by fast grain growth in the ISM (M. J. Michałowski et al.
019 ). How ev er, dust lifetime w ould also be ext ended if it is re-
lenished by e xternal sour ces such as gas-rich minor mergers (S.
aviraj et al. 2012 ). Order-of-magnitude variations in dust mass
etween ETGs of the same morphological type and stellar mass
easured by P. Martini et al. ( 2013 ) led them to conclude that

t least some of the dust in some ETGs originates from external
ources. T. Kokusho et al. ( 2019 , their fig. 2) plotted dust mass
 ersus st ellar mass for the 260 ET Gs in ATLAS 3D r evealing no
orrelation, which indicates that continuous mass-loss from stars
s not a significant source of dust mass in ETGs. 

As the evolutionary paths of ETGs are not yet fully understood,
ee for example F. Bournaud, C. J. Jog & F. Combes ( 2007 ), S.
ales et al. ( 2015 ), and M. Cappellari ( 2016 ), there is not a con-
ensus as to the relative contribution of internal versus external
ources of dust. High-dust cont ent, gas reserv oirs, and st ellar
opulations of different ages or metallicities could be pointers
 owards int eractions or merger events which hav e affect ed the
 alaxies’ evolutionary paths. Ther efor e, it is of inter est t o inv es-
igat e the st ellar population pr operties of dusty ET Gs, to identify
vidence of past events or any trends that might point towards
he dust source. 

There have been some optical surveys of ETGs, some of which
av e associat ed dust or g as measur ements. The small sample
f ETGs studied by A. F. Crocker et al. ( 2011 ) revealed that 55
er cent of galaxies with molecular gas detections and only 11
er cent of those without molecular gas, had young simple stellar
opulation (SSP) equivalent ag es. The larg er ATLAS 3D survey (M.
appellari et al. 2011 ) used infrared colours from the Wide-field

nfrar ed Survey Explor er (WISE) survey (E. L. Wright et al. 2010 )
nd showed that there is warm circumstellar dust in their ETGs,
ven at old stellar population ages (G. V. Simonian & P. Martini
017 ), with stellar population (SP) parameters determined by R.
. McDermid et al. ( 2015 ). The ATLAS 3D ETGs also have CO
olecular gas observations (L. M. Young et al. 2011 ) and AKARI

at ellit e mid- and far-infrared data, from which T. Kokusho et al.
 2017 , e.g . their fig . 12) showed that higher cold g as fractions
re associated with younger mass-w eight ed mean SP ages. Other,
imilar trends have been found between the amounts of cool ISM
nd mean SP ages, for example in the study of A. Le ́sniewska
t al. ( 2023 ), who selected ∼2000 elliptical galaxies using r -band
ersic indices > 4 , from the GAMA sample, with data from the
erschel Space Observatory used to characterize their dust prop-

rties. A. Le ́sniewska et al. ( 2023 , their fig. 1) showed that specific
ust mass descreases with luminosity-w eight ed av erag e SP ag e in
hose galaxies, with a dust-removal time-scale of 2.26 Gyr. M. J.
NRAS 548, 1–19 (2026) 
ichałowski et al. ( 2024 ) showed that a similar time-scale applies
o neutral H i and molecular H 2 gas as well as dust in ETGs.
ecently, for post starburst (PSB) galaxies, K. D. French et al.
 2023 ) used optical observations from the Mapping Nearby Galax-
es at Apache Point Observatory (MaNGA) survey (K. Bundy et al.
015 ) and submm CO observations with Atacama Large Millime-
re/submillimeter Arr ay (ALMA) arr ay and found that molecular
as mass decreases with PSB age since the starburst, over several
undred million years (K. D. French et al. 2023 , their fig. 11). 
Whist these general trends have been found between cold ISM

ont ents and av erag e SP ag es in ET Gs, their mor e detailed star
ormation hist ories hav e not been w ell studied in relation to their
old ISM content. In this current work, we look at the breakdown
ith time of SP contributions for a small sample of very dusty
T Gs, selected fr om G AMA and Herschel surveys, using new op-

ical spectra from the Southern African Large Telescope (SALT). 
Information on the physical properties of stellar populations

nd kinematics in an ETG is encoded within the absorption fea-
ures in its composite optical spectrum (G. Worthey et al. 1994 ; C.
onroy 2013 ), with the most frequently studied properties being

tellar population age, metallicity, and the abundance ratio of α-
lements to iron ([ α/Fe]), where α-elements are O, Ne, Mg, Si, S,
r, Ca, and Ti (G. Worthey, B. Tang & J. Serven 2014 ). However,

xtraction of these parameters is non-trivial due to degenera-
ies between the parameters e.g. age and metallicity (G. Worthey
994 ). For ETGs there are already well known trends between
he key stellar population parameters, i.e. mean population age,

etallicity and [ α/Fe], and overall galaxy mass, aliased by cen-
ral velocity dispersion ( σ0 ), with more massive ETGs tending
 owards higher st ellar metallicities, and earlier/short er star for-

ation time-scales resulting in older stellar populations, see for
xample F. La Barbera et al. ( 2014 ). 

Star formation time-scales in ETGs will influence [ α/Fe]. Dur-
ng the first ≈0.1 Gyr of a galaxy’s star formation history (SFH)

assiv e stars hav e ev olv ed and produced core-collapse super-
ovae, which enrich the int erst ellar medium with a wide range of 
lements, producing high [ α/Fe]. As lower mass stars ev olv e the
roportion of Type 1a supernova increases, preferentially seeding
he ISM with iron peak elements i.e. Fe, Cr, Co, Ni, Cu, and

n, thus reducing the overall [ α/Fe] in subsequently formed
tars. Ther efor e, shorter star formation time-scales lead to higher
 α/Fe] in stars (G. Worthey et al. 2014 ; C. J. Walcher et al. 2015 ). 

To study the stellar population properties in dusty ETGs found
n the Herschel-ATLAS survey (S. Eales et al. 2010 ) we used data
r om the G AMA surv ey (S. P. Driv er et al. 2009 ) and obtained new,

ajor axis, optical, long -slit spectr oscopic observations for 15 of 
he dustiest ETGs, with the SALT. These dusty ETGs are nearby
 z < 0.06), with the majority being morphological type S0 and
he remainder type E. From these spectra w e extract ed results for
uminosity w eight ed mean st ellar population ag e (Ag e L ), metal-
icity ([M/H] L ), and α-element abundance ([ α/Fe] L ) using full
pectrum fitting (M. Cappellari 2017 ) and Lick index (G. Worthey
t al. 1994 ) SSP fitting. In the remainder of this paper, luminosity
 eight ed results are denoted using subscript L. 
An SSP is a collection of stars that originated at the same time

rom the same molecular gas, hence all the stars have identical
ges and chemical compositions. We used SSP t emplat e spectra
rom the well established Medium-resolution Isaac Newton Tele-
cope library of empirical spectra (MILES) 2 (A. Vazdekis et al.

http://research.iac.es/proyecto/miles/pages/ssp-models.php
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010 ; J. Falcón-Barroso et al. 2011 ). We also made use of a recently
eveloped library of semi-empirical MILES stellar population 

odels with variable [ α/Fe] abundance ratios (sMILES; A. T. 
nowles et al. 2021 , 2023 ). Both MILES and sMILES SSPs use
verall metallicity ([M/H]) ther efor e metallicity r esults fr om our
ttings are also in terms of [M/H]. 
In Section 2 , we describe the criteria for sample selection and

haracteristics of the target dusty ETGs, and in Section 3 we 
escribe the SALT observations and data reduction. In Section 4 , 
e describe our measurements of the stellar kinematics, stellar 
opulation properties, and histories. Section 5 gives a discussion 

f our results and our conclusions are summarized in Section 6 .
e assume flat � Cold Dark Matter cosmology, with H 0 = 70 km

 

−1 Mpc −1 , �M 

= 0.3, and �� = 0.7. 

 S  AMPLE  S E L E  CTION  

arget dusty ETGs were chosen from a sample of galaxies of all
orphological types from the GAMA survey (S. P. Driver et al. 

009 ) equatorial regions, as described initially by N. K. Agius
t al. ( 2013 ) and updated by D. H. W. Glass ( 2024 ). The updated
ample is based on GAMA II data (J. Liske et al. 2015 ; S. P. Driver
t al. 2022 ) and pr e-r elease data fr om G AMA-KiDS-GalaxyZoo
Kelvin, private communication), see also R. Porter-Temple et al. 
 2022 ) and B. W. Holwerda et al. ( 2024 ). An Initial Complete Sam-
le was constructed with flow-corrected redshift limits of 0.002 
 z < 0.06, r -band effective radii ≥1.2 arcsec, absolute Petrosian
agnitudes ( M r ) < −17.4 derived from Sloan Digital Sky Survey

SDSS; D. G. York et al. 2000 ) photometry and appropriate GAMA
I target observational and spectral quality flags. These GAMA 

ata contain galaxies in lower-density (field and gr oup) envir on-
ents. Galaxies with evidence of strong active galactic nuclei 

AGN) were then removed using multiple methods as described 

n detail in D. H. W. Glass ( 2024 ), resulting in a Parent Sample
f 4458 galaxies. Galaxies with strong AGN were removed from 

he sample because of potential contamination of submillimeter 
pectra from cool dust emission, or non-thermal radiation, asso- 
iated with the central AGN, making it difficult to extract dust
roperties by spectral fitting. 
ETGs within the Parent Sample were identified using GAMA II 
orphological classifications (L. S. Kelvin et al. 2014 ; A. J. Moffett

t al. 2016 ), based on SDSS imaging. How ev er, the depth and
ngular resolution limits of SDSS images may allow LTGs with 

eak spiral features to be identified as ET Gs. A dditional LT Gs
ith weak spiral features were identified and removed using pre- 

elease morphology classification statistics from GAMA-KiDS- 
alaxyZoo. These classifications are based on imaging from the 
ilo-Degree Survey (KiDS; J. T. A. Jong et al. 2013 ), with signif-

cantly better depth and angular resolution than SDSS. The re- 
aining ETGs with SDSS r-band ellipticities ≤0.7, where GAMA- 
iDS-GalaxyZoo is most effective in ruling out weak spiral galax- 

es, were assigned final morphological classifications of ETGs as 
lliptical or Lenticular, giving 608 E type and 461 S0 type galaxies

D. H. W. Glass 2024 ; D. H. W. Glass et al. in preparation). 
A subsample of dusty ETGs was extracted from this ETG sam-

le, based on 250 μm emission (assumed to be from cool dust)
t > 4 σ detection within Herschel-ATLAS DR1 (E. Valiante et al. 
016 ), leading to a sample of 202 dusty ET Gs, i.e. appr o ximately
0 per cent of the morphologically classified ETG sample. 

From the sample of 202 dusty ETGs, 32 were targeted for IRAM
0m observations, which reveal molecular gas detections (Glass 
t al. in preparation). Of these 32 dusty ETGs, 14 were also ob-
erved using SALT. Hence we have a sample of dusty, molecular
 as-rich ET Gs, for which we can study their stellar populations.
n additional dusty ET G, G AMA65075, had been observed with
ALT pr eviously (K. Vaghmar e et al. 2018 ) and is included in this
ork. 
These 15 dusty ETGs, all from field and group environment 

A. S. G. Robotham et al. 2011 ), form the sample for this paper.
 list of their key physical properties is given in Table 1 and

heir location on a plot of H α emission line equivalent width
ersus log 10 ([N ii ] λ6584/H α) emission line strengths, WHAN di-
gram, (R. Cid Fernandes et al. 2010 , 2011 ) is presented in Fig. 1 .
 o g alaxies with str ong AGN ar e included in our SALT sam-
le because of filtering during the sample build. Thr ee g alax-

es, GAMA85416, 298980, and 569555 (cyan), are shown as star- 
orming . G AMA272990 and 227264 (magenta) are shown as hav-
ng weak AGN. The r emainder ar e emission-line r etir ed or line-
ess r etir ed, see Fig . 1 . G AMA227266 and 546040 (white) are not
lotted as they have no detected emission lines (line-less r etir ed).
Using stellar and dust masses from spectral energy distribution 

tting in GAMA II 3 MagPhys06 , the selected dusty ETGs have
og stellar mass ( M ∗) from 10.0 to 11.3 ( M �) and log dust mass
 M d ) from 6.7 to 7.8 ( M �), see Table 1 . GAMA II dust mass values
re combined warm and cold dust derived from MagPhys (E. 
a Cunha, S. Charlot & D. Elbaz 2008 ), giving dust mass ratios
DMR), i.e. M d /M ∗, from 7.3 × 10 −5 to 1.3 × 10 −3 , with a mean of 
.4 × 10 −4 versus a mean DMR of 2.8 × 10 −4 for the 606 E and
61 S0 type galaxies in the Parent Sample. We plot dust mass
nd SFR versus stellar mass in Fig. 2 to show the relatively high-
ust content of our 15 selected dusty ETGs (Fig. 2 upper panel)
nd their location mostly within the Green Valley below the star-
orming main sequence (Fig. 2 lower panel). 

 O B S E RVAT I O N S  AND  DATA  REDUCTIONS  

e obtained longslit optical spectra for 14 of our dusty ETGs
etween 2019 and 2021, using the Robert Stobie Spectrograph 

RSS; E. B. Burgh et al. 2003 ) on SALT (D. A. H. Buckley, G.
. Swart & J. G. Meiring 2006 ). All observations used an 8 ar-
min long by 1 arcsec wide slit, aligned along the target ETGs’
ajor axes, and a 900 lines/mm transmission grating (PG0900), 

iving a spectral range of 3777–6850 Å. The det ect or has three
048 × 4096 pixel CCD chips separated by 1.5 mm gaps, covering
n 8 arcmin field of view with a pixel scale of 0.1267 ar csec pix el −1 

unbinned). We chose the grating angle to minimize Lick indices 
alling into the C CD chip g aps. On-chip binning of 2 × 4 was used
 o improv e signal t o noise (S/N) ratio, giving an image size of 
072 × 1024 pixels, spectral sampling of ≈1 Å/pixel and spatial 
ampling of ≈0.5 ar csec pix el −1 . Median zenith V-band seeing at
ALT was ≈1.5 arcsec 4 (L. Catala et al. 2013 ). Observations for
he fifteenth ETG, GAMA65075, taken in 2014 by K. Vaghmare 
t al. ( 2018 ) using the same instrument setup, were downloaded
rom the SALT Data Archive. 5 A summary of the observations is
iven in Table 2 . 

SALT and RSS were designed to have improved throughput 
n the blue part of the spectrum (D. A. H. Buckley et al. 2006 ;
. A. H. Buckley et al. 2008 ). This spectral region ( ≈3500 - 4500
) contains many age sensitive absorption features, including 
MNRAS 548, 1–19 (2026) 
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Table 1. Physical properties of the 15 target dusty ETGs. Stellar mass, dust mass, and their uncertainties were obtained from GAMA II MagPhysv06 
parameters mass_stellar_best_fit and mass_dust_best_fit . Half-light radius, ellipticity, and major axis position angle were recovered from GAMA II Sers- 
icCatSDSSv09 parameters G ALRE_r, G ALELLIP_r, and G ALPA_r. R edshift w as r ecover ed fr om G AMA II Dis t ancesFramesv14 parameter Z_HELIO . 
Visual morphology was r ecover ed fr om D. H. W. Glass ( 2024 ). 

GAMA Redshift Half-light Ellipticity Mass of Mass of Visual Position Dust mass 
radius ( R e ) ( ε) stars ( M ∗) dust ( M d ) Morphology angle ratio ( M d /M ∗) 

arcsec × 10 10 ( M �) × 10 6 ( M �) (deg) × 10 −4 

65075 0.0055 30.8 0.336 2 . 36 +0 . 05 
−0 . 61 5 . 53 +0 . 43 

−0 . 66 Lenticular 69.8 2 . 34 +0 . 19 
−0 . 66 

79849 0.0452 4.7 0.423 4 . 49 +0 . 00 
−0 . 10 24 . 6 +5 . 81 

−1 . 68 Lenticular 4.7 5 . 49 +1 . 30 
−0 . 40 

85416 0.0194 5.9 0.665 0 . 97 +0 . 16 
−0 . 24 6 . 75 +0 . 67 

−0 . 46 Elliptical 80.1 6 . 99 +1 . 36 
−1 . 80 

99687 0.0480 6.6 0.624 5 . 65 +1 . 22 
−0 . 90 32 . 9 +6 . 73 

−4 . 95 Lenticular 124.6 5 . 82 +1 . 73 
−1 . 28 

136847 0.0277 8.1 0.298 4 . 34 +0 . 56 
−0 . 59 9 . 413 +1 . 49 

−1 . 85 Lenticular 44.9 2 . 17 +0 . 44 
−0 . 52 

227264 0.0249 6.8 0.449 2 . 83 +0 . 00 
−0 . 64 5 . 66 +0 . 70 

−0 . 93 Lenticular 83.0 2 . 00 +0 . 25 
−0 . 33 

227266 0.0249 9.6 0.112 9 . 70 +1 . 64 
−1 . 05 7 . 040 +1 . 53 

−0 . 95 Elliptical 58.2 0 . 73 +0 . 20 
−0 . 13 

272990 0.0411 3.8 0.254 3 . 34 +0 . 69 
−0 . 37 22 . 6 +4 . 17 

−2 . 35 Elliptical 2.9 6 . 77 +1 . 87 
−1 . 02 

298980 0.0271 3.8 0.322 1 . 03 +0 . 09 
−0 . 19 7 . 96 +1 . 11 

−0 . 89 Elliptical 153.8 7 . 75 +1 . 26 
−1 . 70 

422436 0.0259 8.3 0.584 6 . 98 +0 . 79 
−1 . 21 16 . 2 +5 . 33 

−3 . 80 Lenticular 141.7 2 . 33 +0 . 81 
−0 . 68 

546040 0.0266 11.8 0.086 6 . 57 +0 . 81 
−0 . 72 34 . 2 +5 . 34 

−6 . 34 Lenticular 117.5 5 . 21 +1 . 04 
−1 . 12 

560238 0.0213 8.6 0.295 2 . 44 +1 . 20 
−0 . 24 9 . 28 +1 . 11 

−1 . 17 Lenticular 24.7 3 . 80 +1 . 19 
−0 . 61 

569555 0.0569 2.7 0.392 2 . 46 +0 . 51 
−0 . 42 29 . 5 +6 . 43 

−4 . 42 Lenticular 77.0 11 . 97 +3 . 59 
−2 . 73 

570227 0.0433 5.6 0.578 4 . 11 +0 . 76 
−0 . 38 59 . 7 +9 . 22 

−10 . 36 Lenticular 7.3 14 . 54 +3 . 51 
−2 . 87 

3576053 0.0520 6.1 0.179 21 . 93 +0 . 96 
−0 . 47 50 . 4 +9 . 66 

−10 . 07 Elliptical 8.0 2 . 30 +0 . 45 
−0 . 46 

Figure 1. H α emission line equivalent width versus 
log 10 ([N ii ] λ6584/H α) emission line r atio, WHAN diagr am (R. Cid 
Fernandes et al. 2010 , 2011 ), with the selected dusty ETGs highlighted. 
For r efer ence, the gr ey points show our Initial Complete Sample (see 
Section 2 ) of galaxies with ≥3 σ detection of relevant emission lines. 
Emission line strengths and equivalent widths were sourced from GAMA 

II GaussFitSimplev05 . The vertical demarcation between Star forming 
and Strong AGN is set at log 10 ([N ii ] λ6584/H α) = −0.32 (D. H. W. Glass 
2024 ). Error bars, illustrat ed t op right in the plot, are based on median 
uncertainties fr om G AMA II GaussFitSimplev05 for the plotted 
Initial Complete Sample galaxies. Galaxy and Mass Assembly (GAMA) 
catalogue numbers (CA T AID) and symbols shown in the legend box are 
also used in Fig. 2 . 
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igher-order Balmer lines, which respond strongly to A and F
ype stars produced by star formation episodes within the past
ne or two Gyr. This instrument ther efor e facilitates detection of 
ny int ermediat e age components that may be embedded in old
tellar populations of ETGs. 

Raw RSS data were processed through the SALT Data Pipeline
S. M. Crawford et al. 2010 ) t o giv e bias and gain corrected
ongslit spectra in Flexible Image Transport System (FITS) file
ormat. These data were further reduced using a sequence of 
RAF tasks (D. Tody 1986 ) adapted from the SALT Long Slit Re-
uction Recipe, 6 including wavelength calibration, back gr ound
ubtr action, flux calibr ation, and geometric distortion correction.
uring wavelength calibration the spectra were binned to a fixed

.25 Å per pixel scale. As the target galaxies were significantly
maller than the RSS field, night sky spectr a extr acted aw ay from
he galaxy light were used for background subtraction. Median
ombination of multiple e xposur es of each target was used to
mpr ove S/N ratio, cr eate a variance image and remove cosmic
ay artefacts. We used IRAF task aptrace to trace the galaxy centre
n the 2D longslit spectr a. Spectr al r esolutions wer e determined
s ≈4.5 Å at red wavelengths and ≈5.5 Å at blue wavelengths, by
tting a Gaussian curve to lines in arc lamp spectra, giving a mid-
pectrum resolving power of ≈1050. The variable pupil of SALT
akes absolute flux calibr ation impr actical, ther efor e we used

 educed SALT standar d star spectra for r elative flux calibration,
o provide an approximate correction of the spectrum continuum
hape, accurat e t o within ≈10 per cent. We masked the chip gaps
 o av oid art efacts fr om the C CD chip edges being included in the
educed spectra. 

Spectra from the RSS are affected by partial scattering of light
ithin the instrumentation light path (I. Y. Katkov et al. 2019 ),
 https://www.saao.ac.za/ ∼brent/Kniazev _ longslit.pdf

https://www.saao.ac.za/~brent/Kniazev_longslit.pdf
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Figure 2. The top panel plots dust mass ( M d ) versus stellar mass ( M ∗) 
showing the relatively high-dust content of the 15 selected ETGs com- 
pared with the 608 E type (purple dots) and 461 S0 type (orange dots) 
galaxies in the Parent Sample. The lower panel plots star formation rate 
(SFR) versus M ∗. The grey cloud of dots shows the overall Parent Sample 
of 4458 galaxies and the black line represents the Galaxy Main Sequence 
according to equation (5) of A. Saintonge et al. ( 2016 ). Most of the 15 
dusty ETGs fall below the Galaxy Main Sequence, but have relatively 
high SFRs compared with most ETGs in the Parent Sample. The symbols 
used are identified by GAMA catalogue number in Fig. 1 legend. Data 
wer e sour ced fr om G AMA II Ma gPhysv06 best_fit par ameters. Error 
bars show 1-sigma uncertainties calculated from GAMA II MagPhysv06 
16th and 84th percentiles. 
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 esulting in r edistribution of light in both spatial and spectral
irections in sufficient quantities to broaden spectral absorption 

eatures and reduce their contrast. When using full spectrum fit- 
ing this broadening will cause an ov erestimat e of the calculated
elocity dispersions ( σ ) and reduction in contrast will systemati- 
ally bias the stellar population fitting. We corrected for scattered 

ight using the method of I. Y. Katkov et al. ( 2019 ), where a
catter ed light pr ofile is determined fr om a longslit spectrum of a
oint sour ce, e.g . a standar d star, observed using the same instru-
ent setup as the science observ ations. Scat tered light was re-
oved from the science observations by subtracting the scattered 

ight profile from the observed longslit spectra of the target galax- 
es. To assess the effect of scattered light removal we measured σ ,
ge, and metallicity from spectra covering the central R e /8 radius
perture of each target ETG, with and without scattered light. 
e used full spectrum fitting with Penalized PiXel-Fitting ( pPXF )

escribed in Section 4.2 . R emov al of scat ter ed light r educed σ
esults by amounts less than than their 1-sigma uncertainties 
nd increased metallicity results by less than their 1-sigma uncer- 
ainties. Age results were generally unaffected. Therefore, in the 
emainder of this paper we analysed apertures extracted from the 
ongslit spectra with scattered light removed. 

As described in Section 4 below we applied full spectrum fitting
o extract results for Age L , [M/H] L , and [ α/Fe] L from the central
 e /8 radius aperture of each target ETG. These R e /8 apertures
ave S/N ratios of typically 44 per wavelength bin, see Table 3 . In
ddition, w e dev eloped python code to extract spatially binned
D apertur es fr om the r educed, scatter ed-light r emoved longslit
pectr a, based on S/N r atio. J. Ge et al. ( 2018 ) measured the effect
f S/N ratio on fitted values for age and metallicity when using
PXF for full spectrum fitting, showing that both bias and scatter
n fitted age and metallicity results are proportional to (S/N) −1 .
n practice we selected the S/N ratio to give at least five apertures
or each target ETG, see the last column in Table 2 , giving 20 <
/N ratio < 30 per 1.25 Å wavelength bin at ≈5100–5200 Å. We
sed these apertures to construct σ , Age L , and [M/H] L profiles
long the slit, i.e. radially along the major axis, by full spectrum
tting . Ther e was insufficient S/N to measure [ α/Fe] L for the
adial profiles. 

The methodology for estimation of α-element enhancement 
y full spectrum fitting is less well established than for age
nd metallicity, see for example Y. Liu ( 2020 ) and E. Pernet, A.
oecker & I. Martín-N avarr o ( 2024 ). Ther efor e, w e dev eloped a
ethodology and supporting python code to estimate α-element 

nhancement by Lick index fitting of SSPs. 

 ANALYSIS  AND  R E S U LT S  

e used penalized pixel fitting (M. Cappellari & E. Emsellem 

004 ) with pPXF version 8.2.3 7 (M. Cappellari 2017 , 2023 ) to
xtract stellar kinematics parameters, line- of- sight velocity, and 

elocity dispersion, and luminosity weighted stellar populations 
arameters, Age L , [M/H] L , and [ α/Fe] L , from the spatially binned
D spectral apertures by full spectrum fitting between 3800 and 

800 Å. pPXF fits a linear combination of t emplat e SSP spectra
o the target spectrum using a pix el-to-pix el chi squared ( χ2 )

inimization algorithm. Throughout we used the pPXF default 
alue of bias = None, to bias the higher order Gauss–Hermite
oments (h3, h4) towar ds zer o, giving a Gaussian σ . We used
 multiplicative Legendre polynomial (order 10) in pPXF . Mul- 
iplicativ e polynomials compensat e for inaccuracies in the rela- 
ive flux calibration of our SALT spectra and for dust reddening,
ithout needing to use a specific reddening curve (M. Cappellari 

017 ). Order 10 allows the polynomial to fit our spectra over
cales that enable fits to continuum variations while preserving 
he absorption line str engths. A dditiv e polynomials w ere not used
s they can modify the depth of absorption lines. We used pPXF
eywor d norm_r ange between 3800 and 6800 Å to obtain lumi-
osity w eight ed st ellar population paramet ers. 
We sourced t emplat e SSP spectr a from the MILES Libr ary of 

SPs (A. Vazdekis et al. 2010 ; J. Falcón-Barroso et al. 2011 ), built
sing empirical star spectra, Bag of Stellar Tracks and Isochrones 
BaS TI) isochr ones, and Chabrier initial mass function (IMF) and
ith [ α/Fe] reflecting those of the local solar neighbourhood 

attern. We also sourced SSPs from a recently developed library 
MNRAS 548, 1–19 (2026) 
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Table 2. Summary of longslit observations using SALT/RSS. GAMA65075 was observed by K. Vaghmare et al. ( 2018 ) and spectra from these observations 
wer e obtained fr om the SALT Data Archive. The last column indicates the number and S/N ratio of spatial bins used to extr act spectr a for the major axis 
profiles described in Section 3 . Notes: [1] Date format used is YYYYMMDD. [2] Average value for images in the observing block. [3] Measured east from 

north in degrees. 

GAMA Galaxy SALT Night observed Exposure Airmass Slit angle Number of apertures 
semester [Note 1] (s) [Note 2] [Note 3] @ S/N ratio 

65075 2014-1 20140511 900 × 2 1.21 70.6 10 @ 30 
20140613 900 × 2 1.19 70.6 

79849 2019-1 20190426 600 × 4 1.22 4.7 7 @ 25 
85416 2020-1 20200510 648 × 3 1.20 80.1 7 @ 30 
99687 2020-1 20200514 844 × 3 1.22 124.6 7 @ 25 

20200514 843 × 3 1.28 124.6 
136847 2019-2 20200124 500 × 4 1.27 44.9 6 @ 25 
227264 2020-1 20200524 646 × 4 1.33 83.0 7 @ 25 
227266 2020-1 20200622 801 × 3 1.27 58.2 13 @ 25 

20200724 802 × 3 1.3 58.2 
272990 2019-2 20200324 500 × 3 1.27 2.9 5 @ 30 
298980 2019-1 20190426 698 × 3 1.22 153.8 5 @ 25 

20190426 698 × 3 1.3 153.8 
422436 2019-2 20191201 468 × 4 1.28 141.7 11 @ 30 
546040 2020-2 20210222 924 × 2 1.18 117.5 10 @ 30 

20210324 924 × 2 1.34 117.5 
20210410 924 × 2 1.26 117.5 

560238 2020–2 20210222 671 × 3 1.20 24.7 10 @ 30 
569555 2019–1 20190511 501 × 4 1.19 77.0 4 @ 20 
570227 2019-1 20190512 586 × 3 1.19 7.3 6 @ 20 

20190522 586 × 3 1.2 7.3 
3576053 2019-2 20191122 538 × 2 1.29 8.0 5 @ 20 

20191206 450 × 2 1.29 8.0 
20200114 678 × 2 1.27 8.0 

Table 3. Kinematic results for the central R e /8 apertures from full spec- 
trum fitting using pPXF with MILES SSPs. V is line of sight recession 
velocity and σ0 is line of sight velocity dispersion. Uncertainties shown 
are 1-sigma errors calculated by pPXF . The value given for maximum 

rotation velocity ( V max ) is a lower limit, measured from the velocity profile 
described in Section 4.1 , see also for example the top panel of Fig. 4 . S/N 

ratio is the mean per 1.25 Å wavelength bin in the central spectrum region 
between 4500–5500 Å. 

GAMA V σ0 V max S/N Ratio 
(km s −1 ) (km s −1 ) (km s −1 ) 

65075 1633 ± 6 125.3 ± 12.5 99 42.1 
79849 13 229 ± 6 159.9 ± 10.0 180 56.9 
85416 5789 ± 13 99.8 ± 13.3 179 59.4 
99687 14 040 ± 6 138.0 ± 11.1 170 45.2 
136847 8143 ± 6 164.9 ± 11.1 117 32.1 
227264 7400 ± 6 117.4 ± 10.3 96 42.5 
227266 7422 ± 4 200.7 ± 7.4 47 45.1 
272990 12 077 ± 7 156.0 ± 11.4 68 56.7 
298980 8015 ± 12 189.8 ± 17.8 44 54.5 
422436 7639 ± 6 140.8 ± 11.4 187 30.9 
546040 7858 ± 4 177.5 ± 7.9 63 34.9 
560238 6325 ± 5 146.2 ± 9.1 70 43.9 
569555 16 622 ± 20 94.2 ± 24.9 71 39.4 
570227 12 733 ± 7 165.6 ± 11.8 69 32.0 
3576053 15 157 ± 6 199.0 ± 9.7 152 47.8 
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f semi-empirical star spectra, sMILES 8 (A. T. Knowles et al.
023 ). The sMILES SSP library provides a grid of spectra with ages
NRAS 548, 1–19 (2026) 

 From the MILES w ebsit e at https://cloud.iac.es/index.php/s/ 
nxBSX6G3CnaTkD 

o  

S  

w  

s  
rom 0.03 to 14.0 Gyr, total metallicity (denoted [M/H] SSP in A. T.
nowles et al.) from −1.79 to 0.26, and [ α/Fe] from −0.2 to 0.6.
s for the MILES SSPs we chose sMILES SSPs with a Chabrier

MF. 
We assumed that the galaxy physical centre was the point of 
aximum signal on the spatial axis of the longslit spectrum,

etermined by IRAF task apall during geometric distortion cor-
ection. We fitted spectra from apertures covering the central R e /8
adius of each target ETG and apertures extracted along the major
xis based on S/N ratio, using MILES SSPs and sMILES SSPs
ith an [ α/Fe] enhancement of 0 (later r eferr ed to as sMILES

D fits). From these fits we obtained results for V, σ , their 1-
igma uncertainties, Age L , and [M/H] L (see Section 4.2 ). We also
t ted spectr a fr om apertur es covering the centr al R e /8 r adius of 
ach target ETG using the full grid of sMILES SSPs (later r eferr ed
 o as sMILES 3D fits), t o obtain results for V, σ , their 1-sigma
ncertainties, Age L , [M/H] L , and [ α/Fe] L (see Section 4.3 ). 
We also used python code, previously developed by A. T.

nowles et al. ( 2023 ), to find the best-fitting SSP for the central
 e /8 aperture of each target ETG, by Lick index fit ting. F rom the
est-fitting SSP we took values for Age, metallicity, and [ α/Fe]
see Section 4.4 ). 

.1 Stellar kinematics and profiles 

he line- of- sight recession velocity ( V) and central velocity dis-
ersion ( σ0 ) were derived from the central R e /8 aperture spectrum
f each target, using pPXF (M. Cappellari 2017 ) with MILES
SPs. These stellar kinematics are presented in Table 3 . In Fig. 3 ,
e compare these σ0 results with σ0 results from fittings using

MILES SSPs with an [ α/Fe] enhancement of 0 (sMILES 2D fits),

https://cloud.iac.es/index.php/s/WnxBSX6G3CnaTkD
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Figure 3. Plot of σ0 for the central R e /8 aperture of each target ETG, 
showing that σ0 r esults fr om pPXF fittings using SSPs from the MILES and 
sMILES libraries are within 1-sigma uncertainties for each target ETG. 
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Figur e 4. Example pr ofiles of r otational velocity ( V Rot ), line- of- sight 
velocity dispersion ( σ ), Age L , and [M/H] L along the major axis of 
GAMA272990, with the x -axis showing position relative to the galaxy 
centr e. Results fr om fitting with MILES SSPs are shown in blue, results 
obtained using sMILES SSPs with [ α/Fe] = 0.0 are shown in red. Vertical 
orange lines show the spatial centre, R e /8 and R e . V Rot is the line-of- 
sight velocity for the aperture minus the central line of sight velocity. 
A complete set of major axis profile plots are available in the online 
Supplementary Material. 
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nd σ0 results from fittings using sMILES SSPs with the full grid
f [ α/Fe] values (sMILES 3D fits). Fig. 3 shows the σ0 results
rom MILES, sMILES 2D, and sMILES 3D fittings are in good 

greement within their 1-sigma uncertainties for all 15 targets, 
ith an average standard deviation of 2.6 km s −1 from the mean

f their thr ee measur ed σ0 v alues. These dusty E TGs cover a r ange
f only ≈100 < σ0 < 200 km s −1 , typical of int ermediat e mass
TGs. 
We also extracted V, σ , Age L , and [M/H] L from spatially binned

pertures along the major axis using MILES and sMILES 2D 

ttings with pPXF . From these results we plotted pr ofiles of r ota-
ional velocity ( V Rot ), σ , Age L , and [M/H] L along the major axis of 
ach target ETG. An example is shown in Fig. 4 and the full set of 
r ofiles ar e available in online Supplementary Material. We find
ignificant rotational support for all targets, with most lying close 
o the line of rotationally supported oblate spheroids. R. Bassett 
t al. ( 2017 ) found similar results for dusty ETGs. The kinematic
rofiles do not show any evidence of kinematic discontinuities, 
ow ev er, the S/N is not very high (see last column in Table 2 ).
or the rest of the paper we concentrate mainly on results from
entr al v alues (within R e /8). 

.2 Averag e ag e and metallicity by full spectrum fitting 

s described above we extracted stellar population Age L and 

M/H] L using MILES and sMILES 2D fittings. We used linear 
egularization (W. H. Press et al. 1992 ), controlled using the pPXF
 egul keyw ord as discussed in M. Cappellari ( 2017 , 2023 ), t o
mooth the solution for the stellar population parameters. The 
olution calculated by pPXF is defined by the weight of each 

ndividual t emplat e spectrum making up the solution and linear
egularization constrains the weights between adjacent spectra 
n the age-metallicity grid to deliver a smoothed solution. We 
 est ed a range of values for r egul betw een 10 and 500 and se-
ected a value of 100, based on Cappellari 9 and consistent with

. Cappellari ( 2023 ) and J. Woo et al. ( 2024 ), t o giv e a smoothed
olution without overblurring. We maintained this value of regul 
hroughout to facilitate comparison of results from all fittings. 

hilst pPXF fitted gas emission lines and stellar populations si- 
ultaneously, we only use results from the stellar population fits. 
e masked gaps between the RSS detector chips using the pPXF
 https://pypi.org/pr oject/pp xf/ 

s  

p  

g

 oodpixels keyw ord. These fittings deliv ered Age L and [M/H] L ,
alculated by pPXF as the total luminosity w eight ed mean of the
ges and metallicities of the t emplat e SSP spectra contributing t o
he solution (M. Cappellari 2017 ). 

We estimated uncertainties in Age L and [M/H] L using Monte 
arlo simulations. 100 test spectra were generated by adding ran- 
om Gaussian noise, based on the S/N ratio, to each bin of the
bserved spectrum. Each test spectrum w as fit ted using pPXF and
ncertainties were calculated as the standard deviation of the 100 
utputted Age L and [M/H] L values. Note that this Monte Carlo 
pproach accounts for random flux errors, but not for any un-
nown systematic errors in the fits. This is valid for our analysis,
here we are making relative comparisons between galaxies and 

amples. 
In addition to numerical averages for Age L and [M/H] L pPXF 

enerat es tw o plots from each fitting, with typical e xamples pr e-
ented in Fig. 5 , for central R e / 8 apertures. Upper panels show
lots of the fit between the observed spectrum and the spectrum
enerated by pPXF by combining template SSPs. Lower panels 
MNRAS 548, 1–19 (2026) 
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Figure 5. Example outputs from luminosity w eight ed pPXF full spectrum fitting for GAMA422436 (left panels) and GAMA99687 (right panels). For each 
target the upper plot shows relative flux versus wavelength with the observed spectrum in black, the best-fitting stellar spectrum generated by combining 
t emplat e SSPs in red, the gas emission fit in magenta, fitting residuals in green, and masked areas in grey. The lower plots show a grid of [M/H] L versus 
log 10 Age L , with white dots showing the position of each MILES template SSP. Post-regularization (luminosity weighted) template weight fraction at 
each grid point is r epr esented by colour. See M. Cappellari ( 2023 ) for a full explanation of pPXF plots. GAMA422436 contains a single old, metal-rich 
stellar population at > 10 Gyr. In contrast GAMA99687 contains two distinct stellar population groupings, at ≈0.9 Gyr and > ≈10 Gyr, both at subsolar 
metallicity. A complete set of pPXF output plots are presented in Fig. A1 . 
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how the weights fr action of SSP s used in the solution on an age
ersus metallicity grid. The left side column shows a galaxy where
here is a single old, metal-rich stellar population, the right side
olumn is an example of a galaxy where there is an int ermediat e
ge and an old age component in the stellar population. In our
ample of 15 dusty ET Gs, ther e ar e 15 with old population com-
onents of ≈10 Gyr or greater, 11 with int ermediat e components
f 0.5 � Gyr � 2, i.e. GAMA79849, 85416, 99687, 136847, 227264,
72990, 298980, 560238, 569555, 570 227, and 3576053, and four
ith young components of ≈0.1 Gyr or less, i.e. GAMA65075,

5416, 227 264, and 298980. A complete set of pPXF age versus
etallicity grids for our 15 target ET Gs ar e pr esented in Fig . A1

f the Appendix. 
Fr om the G AMA gr oups catalogue G3C Gal version 10, (A. S. G.

obotham et al. 2011 ), available from the GAMA survey website,
1 of our dusty ETGs are in small groups containing between 2
nd 19 galaxies, and 4 are isolated. We find examples of dusty
TGs with int ermediat e age populations both within groups

e.g . G AMA136847, 570227) and isolated (e.g . G AMA272990,
576053). Ther efor e, ther e ar e no clear trends of dusty ETGs SFH
ith group membership from that catalogue. 
To check if the int ermediat e age population components were

rtefacts from full spectrum fitting we used pPXF to fit synthetic
est spectra which we generated by combining MILES SSPs. The
SPs used had either a metal-rich ([M/H] = + 0.06) or metal-
oor ([M/H] = −0.35) population. The SSPs were normalized,
onv ert ed t o an S/N ratio of 30 per wavelength bin by adding
aussian noise, blurred to SALT instrument resolution of 5 Å
NRAS 548, 1–19 (2026) 
nd trimmed to our science spectra wavelengths. We generated
est spectra with only old population components of 13, 12, and
1 Gyr and test spectra with old population components of 13
nd 12 Gyr plus a 2 per cent mass-w eight ed y oung component
f 0.1 Gyr or int ermediat e age component of 1 Gyr. With these as
nput spectra, and using MILES SSPs for fitting, pPXF produced a
olution containing only old population components in the first
ase, similar to the lower left panel of Fig. 5 , and a solution with
ld and young or intermediate age population components in the
econd case. This recovery of the correct age components was
rue irrespective of the metallicity of the old and int ermediat e
ge components (see the top thr ee r ows in Fig. A2 ). The metal-
icity was generally well r ecover ed for an old model, and for the
ld component of composite age models, but not for the 1 Gyr
omponent of composite models, where metallicity was overes-
imated. To assess the effect of early, extended star formation
 e generat ed another synthetic t est spectrum containing equally
ass-w eight ed components of 13, 8.5, 5.5, 3.5, 2.5, 1.5, and 1
yr, chosen t o giv e appr o ximately equal log 10 (age) incr ements

cross the age range, and fitted this with pPXF . The solution
ontained a spread of ages between ≈13 and 0.6 Gyr, but with an
pparent dearth of stars around 3 to 5 Gyr. Again, pPXF returned
 metallicity anomalously higher than the test spectrum for the
oungest component. We present age versus metallicity grids
rom these synthetic spectra fittings in Fig. A2 of the Appendix.
hese tests help to show that pPXF is not producing solutions
ith spurious int ermediat e age components. This was our main

oal for these t ests, how ev er, the simulations do reveal limitations
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Figure 6. Upper panels show Age, [M/H], and [ α/Fe] from pPXF full spectrum fitting and Lick index SSP fitting of the central R e /8 apertures versus 
σ0 . Results are shown as points with 1-sigma error bars, for 13 dusty ETGs, excluding the highest H α emitters GAMA298980 and GAMA569555. Trend 
lines show Tukey biweight r egr ession lines with a cutoff parameter of c = 3.5 fitted to the points. GAMA85416 is shown with open symbols. Results 
from pPXF full spectrum fitting are luminosity w eight ed. Ages in the left panel show a loose tr end, incr easing with incr easing σ0 and ther e appears to 
be a systemic difference between ages from pPXF full spectrum fitting and those from Lick index SSP fitting. Metallicities in the centre panel show a 
loose tr end, incr easing with incr easing σ0 . [ α/Fe] r esults fr om full spectrum fitting, in the right panel, show a loose tr end, decr easing with incr easing 
σ0 . [ α/Fe] from Lick index analysis appear to be systemically higher than from full spectrum fitting, with an accompanying change of slope. The lower 
panels provide a comparison with best-fitting lines for ETGs in ATLAS 3D (R. M. McDermid et al. 2015 ), and for the F. La Barbera et al. ( 2013 ) stacked 
spectra analysed by A. T. Knowles et al. ( 2023 ), from SSP fits to Lick indices. Shaded areas in the lower panels show the 1-sigma confidence interval on 
the slope of each best-fitting line. 
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n these pPXF fits t o discret e models where the metallicities of 
ounger components may not be accurately r ecover ed. We note 
hat int ermediat e age components in our fits to dusty E TG spectr a
re generally metal-poor rather than metal-rich. 

Results from fitting the major axis spatially binned apertures 
sing MILES and sMILES SSPs were used to plot major axis Age L 
nd [M/H] L profiles for each target, with an example shown in
he lower two panels of Fig. 4 . The full set of these profiles are
vailable as Supplementary Material online. The plots show rela- 
ively close agreement in fits using MILES SSPs and sMILES SSPs,

ostly within the estimated errors, as seen for example in Fig. 4 .
he profiles generally show Age L is constant or decreasing with 

ncreasing radius, which aligns qualitatively with results within 

 e fr om pr evious investig ations of ET Gs, e.g . CALIFA (R. M.
onzález Delgado et al. 2015 , their fig. 9), SAMI (I. Ferreras et al.
019 , their fig. 9), and MaNG A (Y. Liu 2020 their fig . 13), while
 AUR ON (H. K untschner et al. 2010 , their fig. 12) shows age to
e constant or increasing with radius within R e . I. Y. Katkov, A.
. Kniazev & O. K. Sil’chenko ( 2015 ) produced major axis stellar
opulation profiles of nine ETGs using full spectrum fitting of 

ongslit spectra from SALT and found two (NGC2917 and 3375) 
f the nine ETGs to have age decreasing with increasing radius
n the central regions. The profiles from our fittings generally 
how [M/H] L decreasing with increasing radius, which aligns 
ualitatively with results within R e fr om pr evious investig ations
f ET Gs, e.g . S AUR ON, CALIFA (R. M. González Delgado et al.,
heir fig. 12) and MaNGA. 

Age L and [M/H] L results for the central R e /8 aperture of each
arget ETG, obtained using MILES and sMILES SSPs, are pre- 
ented in Table 4 . Results for GAMA298980 and 569555 appear
nomalous, with unexpectedly low metallicities for their masses 
[M/H] L of −0.73 and −1.09 de x, r espectively, fr om MILES SSP
ts). These two targets show the highest H α equivalent widths, 
ee Fig. 1 , highest SFRs, see Fig. 2 , and they have strong emis-
ion lines in their spectra making it difficult to fit older stellar
opulations and absorption lines accurately. Ther efor e these two 
alaxies have been excluded from our subsequent plots. 

Central R e /8 aperture Age L and [M/H] L r esults ar e plotted ver-
us σ0 in Fig. 6 . For comparison we include in Fig. 6 (lower panels)
r ends fr om ATLAS 3D which analysed spectr a with a w avelength
ange from 4800 to 5380 Å (R. M. McDermid et al. 2015 ) and
r ends fr om Lick indices SSP fitting of high S/N, stacked, passive
alaxy spectra by A. T. Knowles et al. ( 2023 ), based on SDSS
tacked spectra from F. La Barbera et al. ( 2013 ). For fits to our
MNRAS 548, 1–19 (2026) 
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M

Table 4. Age L , [M/H] L , and [ α/Fe] L r esults fr om pPXF full spectrum fitting and Lick index SSP fitting, for the central R e /8 apertures. Uncertainties are 
1-sigma values calculated by Monte Carlo simulations. 

GAMA Full spectrum fitting Lick index SSP fitting 
MILES SSPs sMILES SSPs (2D grid) sMILES SSPs (3D grid) 

Age L [M/H] L Age L [M/H] L Age L [M/H] L [ α/Fe] L Age L [M/H] L [ α/Fe] L 
(Gyr) (dex) (Gyr) (dex) (Gyr) (dex) (dex) (Gyr) (dex) (dex) 

65075 6.77 ± 0.44 −0 . 15 ± 0.03 4.70 ± 0.33 −0 . 01 ± 0.02 5.91 ± 0.31 −0 . 02 ± 0.02 0.25 ± 0.01 2 . 94 +0 . 36 
−0 . 25 0 . 14 +0 . 04 

−0 . 05 0 . 32 +0 . 05 
−0 . 05 

79849 5.36 ± 0.39 0.04 ± 0.03 6.60 ± 0.45 −0 . 06 ± 0.03 6.23 ± 0.32 −0 . 05 ± 0.03 0.01 ± 0.01 2 . 87 +0 . 68 
−0 . 32 0 . 07 +0 . 07 

−0 . 09 0 . 25 +0 . 08 
−0 . 06 

85416 1.79 ± 0.20 −0 . 06 ± 0.09 1.60 ± 0.17 0.02 ± 0.05 1.77 ± 0.18 −0 . 03 ± 0.07 0.21 ± 0.02 2 . 50 +0 . 23 
−0 . 32 −0 . 10 +0 . 08 

−0 . 07 0 . 42 +0 . 08 
−0 . 11 

99687 7.51 ± 0.30 −0 . 16 ± 0.02 7.73 ± 0.27 −0 . 17 ± 0.02 8.24 ± 0.28 −0 . 17 ± 0.02 0.07 ± 0.01 4 . 94 +1 . 14 
−1 . 06 −0 . 10 +0 . 07 

−0 . 07 0 . 23 +0 . 10 
−0 . 09 

136847 8.35 ± 0.40 0.07 ± 0.03 8.91 ± 0.33 0.04 ± 0.03 8.89 ± 0.34 0.07 ± 0.02 0.10 ± 0.01 2 . 29 +0 . 17 
−0 . 05 0 . 26 +0 . 00 

−0 . 11 0 . 17 +0 . 04 
−0 . 04 

227264 4.89 ± 0.24 0.03 ± 0.03 4.37 ± 0.22 0.07 ± 0.02 4.59 ± 0.23 0.05 ± 0.02 0.17 ± 0.02 2 . 32 +0 . 36 
−0 . 18 0 . 06 +0 . 11 

−0 . 10 0 . 15 +0 . 05 
−0 . 13 

227266 10.12 ± 0.29 0.19 ± 0.02 9.90 ± 0.23 0.17 ± 0.01 10.89 ± 0.21 0.14 ± 0.01 0.09 ± 0.01 6 . 09 +1 . 98 
−1 . 52 0 . 17 +0 . 09 

−0 . 12 0 . 21 +0 . 11 
−0 . 04 

272990 3.34 ± 0.31 −0 . 07 ± 0.03 3.54 ± 0.25 −0 . 05 ± 0.03 3.65 ± 0.21 −0 . 08 ± 0.02 0.05 ± 0.01 1 . 98 +0 . 11 
−0 . 22 0 . 06 +0 . 12 

−0 . 06 0 . 22 +0 . 07 
−0 . 07 

298980 1.52 ± 0.30 −0 . 73 ± 0.11 1.13 ± 0.16 −0 . 43 ± 0.08 1.22 ± 0.11 −0 . 43 ± 0.05 0.18 ± 0.02 2 . 73 +1 . 62 
−0 . 93 −0 . 49 +0 . 29 

−0 . 33 0 . 60 +0 . 00 
−0 . 00 

422436 12.12 ± 0.28 0.12 ± 0.02 11.72 ± 0.30 0.11 ± 0.01 12.48 ± 0.29 0.12 ± 0.01 0.11 ± 0.01 11 . 50 +2 . 50 
−1 . 50 −0 . 04 +0 . 06 

−0 . 06 0 . 22 +0 . 03 
−0 . 03 

546040 12.52 ± 0.28 0.14 ± 0.01 12.51 ± 0.20 0.11 ± 0.01 12.81 ± 0.20 0.13 ± 0.01 0.08 ± 0.01 10 . 50 +3 . 00 
−1 . 50 0 . 08 +0 . 06 

−0 . 05 0 . 22 +0 . 05 
−0 . 04 

560238 8.53 ± 0.46 0.18 ± 0.02 8.92 ± 0.37 0.13 ± 0.01 9.40 ± 0.34 0.12 ± 0.02 0.11 ± 0.01 5 . 49 +0 . 37 
−0 . 99 0 . 17 +0 . 04 

−0 . 04 0 . 13 +0 . 02 
−0 . 02 

569555 2.78 ± 0.28 −1 . 09 ± 0.07 2.01 ± 0.22 −0 . 85 ± 0.06 2.02 ± 0.26 −0 . 82 ± 0.06 −0 . 04 ± 0.03 1 . 91 +0 . 72 
−0 . 41 −0 . 66 +0 . 20 

−0 . 29 0 . 44 +0 . 16 
−0 . 37 

570227 6.93 ± 0.44 −0 . 01 ± 0.04 7.94 ± 0.30 −0 . 06 ± 0.02 7.84 ± 0.43 −0 . 06 ± 0.03 0.04 ± 0.01 2 . 47 +0 . 46 
−0 . 14 0 . 23 +0 . 03 

−0 . 15 0 . 16 +0 . 04 
−0 . 04 

3576053 4.87 ± 0.40 0.08 ± 0.03 5.75 ± 0.44 0.00 ± 0.03 5.53 ± 0.32 0.01 ± 0.03 0.02 ± 0.02 2 . 25 +0 . 25 
−0 . 17 0 . 09 +0 . 10 

−0 . 09 0 . 28 +0 . 06 
−0 . 08 
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usty ETGs we performed a Tukey biweight fit for each of our
ata sets using s tatsmodels.r obus t.norms.TukeyBiweight
ith cut off paramet er c = 3.5. This provides a straight line fit to

he trends that is more robust against individual outlier points
han simple linear r egr ession. 

The upper left two panels of Fig. 6 show broad comparabil-
ty between the Age L and [M/H] L results obtained from pPXF
ull spectrum fittings using either MILES or sMILES SSPs. All
ge L and [M/H] L r esults fr om pPXF fittings show a loose tr end
f increasing Age L and [M/H] L with increasing σ0 , qualitatively
 epr oducing the positive correlations seen in ATLAS 3D results
R. M. McDermid et al. 2015 ). The large scatter, particularly in
ge L , partly results from the int ermediat e age subcomnponents
 equir ed to fit most of these Dusty E TG spectr a (see Appendix).
esults from Lick indices SSP fitting are discussed in Section 4.4 .

.3 Averag e ag e, metallicity, and α-element abundance by 

ull spectrum fitting 

e obtained values for [ α/Fe] L for the central R e /8 aperture of 
ach target ETG by repeating full spectrum fitting using pPXF
s described in Section 4.2 . We used t emplat e SSPs from the
hree dimensional age-metallicity- α-element abundance grid of 
MILES SSPs (A. T. Knowles et al. 2023 ). We edited the pPXF
iles_util.py routine to add the α-element abundance dimen-

ion thus enabling pPXF to assemble a three dimensional grid
f SSPs (sMILES 3D) and we altered our pPXF setup routine
 o calculat e and report luminosity w eight ed av erage α-element
bundance in addition to age and metallicity. From these fittings
e obtained values for V, σ0 , Age L , [M/H] L , and [ α/Fe] L and their

-sigma errors. 
Values for σ0 , matched the results obtained in Sections 4.1

nd 4.2 within their 1-sigma uncertainties, see Fig. 3 . Results for
ge L , [M/H] L , and [ α/Fe] L ar e pr esent ed in Table 4 and plott ed

n Fig. 6 . Age L and [M/H] L results generally match those from
NRAS 548, 1–19 (2026) 
ur previous full spectrum fittings (MILES and sMILES 2D). Our
esults show apparent trends of increasing Age L and [M/H] L with
ncreasing σ0 , which agree qualitatively with the more well de-
ned tr ends fr om the ATLAS 3D pr oject (R. M. McDermid et al.
015 ). How ev er, unlike ATLAS 3D , our pPXF full spectrum fitting
esults have a trend of decreasing [ α/Fe] L with increasing σ0 . E.
ernet et al. ( 2024 ) found that full spectrum fitting, e.g. using
PXF , with α-element dependent SSPs, gives a decreasing trend
f [ α/Fe] with increasing σ (see their fig. 1). This is in contrast to
r evious r esults that show an incr easing tr end of [ α/Fe] pr o xies
ith σ , for example in J. Johansson, D. Thomas & C. Maraston

 2012 ), C. Conroy, G. J. Graves & P. G. van Dokkum ( 2014 ), F.
a Barbera et al. ( 2014 ), and R. M. McDermid et al. ( 2015 ). E.
ernet et al. conclude that the decr easing tr end is an artefact of 
sing full spectrum fitting with SSPs built from stellar population
odels which do not take account of variations in abundances of 

ndividual α-elements. This is the likely cause of the decreasing
rend in our [ α/Fe] L results obtained from pPXF full spectrum
tting over a large wavelength range with sMILES SSPs. Earlier
tudies, including those cited above, did not reveal this artefact
ecause they were either relying mostly on Mg Lick indices to
stimate [ α/Fe] (e.g. J. Johansson et al. 2012 ; F. La Barbera et
l. 2014 ; R. M. McDermid et al. 2015 ) or their full spectrum fits
ere constrained by their data to a narrow range, making the Mg

eatur es ag ain their main source of information about [ α/Fe] (e.g.
. M. McDermid et al. ( 2015 )). Varying individual elements C.
onroy et al. ( 2014 ) showed that [O/Fe] and [Mg/Fe] increase

trongly with σ , but they did not show any fits varying [ α/Fe] as
 whole. 

.4 Averag e ag e, metallicity, and α-element abundance 
rom Lick index SSP fitting 

e fitted values for age, [M/H], and [ α/Fe] from the central R e /8
pertures by using Lick indices (G. Worthey et al. 1994 ) to select
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Figure 7. Example diagnostic plots from Lick index SSP fitting of 
GAMA422436. The upper panel shows fitting results from each of two 
Monte Carlo simulations of 100 cycles using a perturbed input spectrum. 
Blue data were generated from fits starting at 1 Gyr, red data from fits 
starting at an 7 Gyr. The lower panel shows age versus metallicity and 
metallicity versus [ α/Fe] contour plots of normalized reduced χ2 across 
these par ameter spaces. Degener acies between par ameters can be seen 
for age and metallicity. In these plots Z = [M/H] in fits to sMILES SSPs 
(as defined in Section 4 ). These 2-parameter plots are shown at the best 
fit for the third parameter in each case (see Lick index SSP fitting results 
shown in Table 4 ). 
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he best fitting SSP. We adapted the process and python code 
eveloped by A. T. Knowles et al. ( 2023 ), described in their section
.2. We used the following 15 Lick indices – H δA , H δF , G4300,
 γA , H γF , Fe4383, Ca4455, Fe4531, H β, Mg b , Fe5270, Fe5335,
 e5406, F e5709, and F e5782, as used in A. T. Knowles et al. ( 2023 ).
hese indcices mostly avoided SALT chip - gap wavelengths in the
 est-frame corr ected spectr a of our Dusty E T Gs, due to our car eful
hoice of grating setup. Sensitivity to [ α/Fe] is dominated by 
Mg/Fe] in these Lick indices fits. The code continuum normal- 
zes the target spectrum and SSPs, measures Lick line indices and 

erforms multiple searches from different starting points using 
 Powell minimization algorithm to determine the single best- 
tting SSP, see A. T. Knowles et al. for a full explanation. An

nitial fit was used to identify the single sMILES SSP which best
ts the Lick indices from the observed spectrum. This provided 

 base line for removal of emission lines. SSP fitting was then
erformed on the emission line remov ed observ ed spectrum us-

ng sMILES SSPs, t o giv e an age-[M/H]-[ α/Fe] solution. 1-sigma
rr ors wer e estimated by perturbing the emission line removed 

bserved spectrum with randomized flux errors and performing 
 Monte Carlo simulation, see the example diagnostic plots in 

ig. 7 . The upper panel shows number of fitting results on the
 -axis for each of age, [M/H], and [ α/Fe] from each of two Monte
arlo simulations of 100 cycles using the perturbed input spec- 

rum, see A. T. Knowles et al. ( 2023 ). The lower panel shows con-
our plots of reduced χ2 , normalized by the best fit, for Age versus
M/H] and [M/H] versus [ α/Fe], fr om the Lick inde x SSP fitting .
ach contour line is generated from the reduced χ2 achieved 

rom fitting the individual SSPs r epr esented on the x and y axes.
he zone with lowest r educed χ2 r epr esents the best-fitting age-

M/H]-[ α/Fe] solution. 
Lick index SSP fitting results are presented in Table 4 and plot-

ed in Fig. 6 for comparison with results from pPXF full spectrum
tting. The age plot shows a loose positive trend with increas-

ng σ0 , with wide scatter of the results around the best-fitting
ines. The metallicity plot shows a positive trend with increasing 
0 , again with wide scatter of the results around the best-fitting

ines. How ev er, our Lick index SSP fitting deliv ers syst emically
oung er ag es and higher metallicities when compared with our
 esults fr om full spectrum fitting and the R. M. McDermid et
l. ( 2015 ) results for ETGs in ATLAS 3D . Lick indices SSP fits to
omposite populations are known to be biased to the youngest 
omponents, in fitted age, and to the older components, in fitted
etallicity (P. Serra & S. C. Trager 2007 ). Our Lick index SSP fits
ay be dominated by young stellar population components, seen 

n the age versus metallicity grids from pPXF composite fits in Fig.
1 . This effect would not be seen in Lick index SSP fits of passive
TGs, such as in the F. La Barbera et al. ( 2013 ) data set. In the
ight panel of Fig. 6 , the best-fitting line to the [ α/Fe] abundance
 esults fr om Lick inde x SSP fitting shows a shallow positive tr end
ith incr easing σ0 , ag ain with wide scatter. The shallow slope of 

he best-fitting line indicates only a loose trend with σ0 . A positive
rend was also seen in the ATLAS 3D results and I. Y. Katkov et al.
 2015 ) also reported a positive trend between [ α/Fe] and σ0 from
ick index analysis and full spectrum fitting with NBursts for 21 
TGs, nine of which were observed using SALT. 
A. T. Knowles et al. ( 2023 ) applied the Lick index SSP fitting

rocess to spectra from 24 781 nearby passive ETGs (0.05 < z <
.095) with σ0 between 100 and 300 km s −1 , from F. La Barbera
t al. ( 2013 , 2014 ) and F. La Barbera, I. Ferreras & A. Vazdekis
 2015 ), stacked into bins of σ0 to provide 18 stacked spectra with
/N ratios greater than several hundr ed. Fr om these stacked SDSS
pectra, A. T. Knowles et al. extracted best-fitting SSP results for
ge, [M/H], and [ α/Fe]. As a control sample we also plot the A. T.
nowles et al. trend lines in Fig. 6 . Our dusty ETGs are compared
ith A. T. Knowles et al. in more detail in the Supplementary
aterial. These best fit lines show close agreement between age, 

M/H], and [ α/Fe] results from A. T. Knowles et al. with results
rom ATLAS 3D (R. M. McDermid et al. 2015 ). Without the outlier
AMA85416, [ α/Fe] values and trend from our results show close
greement with the A. T. Knowles et al. and R. M. McDermid
t al. trendlines. Like G AMA298980 and 569555, G AMA85416 
as relatively high H α equivalent width, high SFR, and strong 
mission lines in its spectra, making it difficult to fit the older
tellar populations and absorption lines accurately. 

Differences in age and metallicity results from our spectra ver- 
us A. T. Knowles et al. results are unlikely to be due to the
ick index SSP fitting method, because the same method was 
sed for both analyses, but may be due to differences in average
MNRAS 548, 1–19 (2026) 
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Figure 8. Lick indices SSP fits to SDSS stacks for non-dusty ETG (two left panels) and dusty ETGs (two right panels). See description of contours in Fig. 
7 . Inner contours show 68 per cent confidence levels for three fitted parameters, whilst other contours illustrate the shape of chi-squared space further 
out from the best fits. 
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roperties between our dusty ETGs and the passive ETGs from A.
. Knowles et al. ( 2023 ). 

 DISCUSSION  

n this section, we discuss the results for our sample of dusty
T Gs, wher e possible comparing them to r eported r esults for
on-dusty ETGs to put them into a wider context. 

.1 Age, metallicity, and α-element abundance ratios 

rom our pPXF fits for age L and [M/H] L , 12 of the dusty ETGs
n our sample of 15 showed evidence of younger stellar popu-
ation components. After e x cluding r esults fr om G AMA298980
nd 569555, our results from full spectrum fitting show both
ge L and [M/H] L incr easing with incr easing σ0 . These tr ends

re well known for ETGs in general, see e.g. A. Gallazzi et al.
 2006 ), C. Conroy et al. ( 2014 ), R. M. McDermid et al. ( 2015 ),
nd Y. Liu ( 2020 ). How ev er, when w e compare our age and
etallicity results from Lick index SSP fitting with results de-

ived using the same method for high S/N ratio stacked spec-
ra of passive galaxies (A. T. Knowles et al. 2023 ) and with
ur results from full spectrum fitting (see Fig. 6 ), we find our
ick index SSP fitting giv es y oung er ag e populations and slightly
igher metallicity, for our dusty ETGs sample compared with
assive ETGs. We suggest this discrepancy is due to the sen-
itivity of Lick index SSP fitting to the presence of younger
tellar population components aged � 2.5 Gyr (P. Serra & S. C.
rager 2007 ). Tests using different Balmer lines in the SSP fit
upport this suggestion (details are given in the Supplementary

aterial). 
Ex cluding G AMA85416, which has a high [ α/Fe] enhance-
ent for its σ0 , our [ α/Fe] results from Lick index SSP fitting re-

roduce those of R. M. McDermid et al. ( 2015 ) and A. T. Knowles
t al. ( 2023 ), with a slightly positive trend with increasing σ0 ,
ndicating that we do not detect any difference in star formation
urations for dusty ET Gs compar ed to other ETGs of similar σ0 .
he negative trend with increasing σ0 in our [ α/Fe] L results from

ull spectrum fitting can be explained by a bias introduced by
NRAS 548, 1–19 (2026) 
ull spectrum fitting using pPXF with α-enhanced SSPs (E. Pernet
t al. 2024 ). 

.2 Check using SDSS stacked spectra 

s a check of our findings, we used the SDSS spectroscopic data
ase (data release 18) to search for GAMA galaxies classified as
TGs (E or S0) in our Parent sample. We found 710 matches, with
60 having stellar velocity dispersion in the range 100 to 200 km
 

−1 (similar to our SALT sample). Amongst these we selected the
ustiest and non-dustiest using the following criteria: 
Dustiest subset: 

Detection > 5 σ at 250 μm from Herschel-ATLAS. 
Dust mass of > 5 × 10 6 M � fr om G AMA MagPhys SED fits. 
These critera resulted in 29 galaxies with good quality SDSS

pectra (S/N ratio > 10 ). 

Non-dustiest subset: 

Non-detection at 250 μm from Herschel-ATLAS. 
Dust mass of < 3 × 10 −5 M � fr om G AMA MagPhys SED fits.
These criteria resulted in 51 galaxies with good quality SDSS

pectra (S/N ratio > 10 ). 

The abov e tw o spectral datasets w ere stacked t o maximize
ignal-to-noise in the SDSS optical spectra, leading to a dusty and
on-dusty stacked spectrum respectively. The stacking software
sed corrects for Galactic extinction, rebins to a linear wavelength
cale in rest-frame air wavelengths, and outputs a median average
f the input spectra (F. La Barber a, priv ate communication; F.
a Barbera et al. 2013 ). These stacked spectra have S/N ratio
er 0.5 Angstrom bin of ≈57 and ≈131 for the dusty and non-
usty stacked spectra, respectiv ely, calculat ed in the 4500 to 5500
ngstrom w avelength r ange. We fit ted these two stacked spec-

ra with our SSP fitting software (see Section 4.4 ) to determine
ow their luminosity w eight ed st ellar population properties com-
ar ed. After corr ecting the spectra for residual line emission the
usty ETG stack was found t o hav e a luminosity-w eight ed av erage
ge of 6.12 ± 0.59 Gyr and the non-dusty E TG stack w as found to
ave age of 8.96 ± 0.21 Gyr. Thus, the dusty ETG SDSS stack is
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.8 ± 0.6 Gyr younger than the non-dusty ETG SDSS stack, sup-
orting our finding from the SALT spectra that dusty ETGs gen- 
rally have a population of younger stars than non-dusty ETGs. 
ig. 8 shows the difference between SSP fits to these two SDSS
tacks. The left panels show old age, non-dusty ETGs; the right
anels show young er ag e, dusty ET Gs. N o differ ence is found in
ean metallicity or [ α/Fe] ratio. 
To inv estigat e their star formation histories we used pPXF to
ap the age and metallicity distributions for these two SDSS 

tacks (see Section 4.2 ). The results are shown in Fig. 9 where we
gain see evidence of a low-lev el, int ermediat e age contribution
 o the st ellar population in the dusty ETGs (right panels). The
on-dusty ETG stack shows no such int ermediat e age population
left panels). For these SDSS stacked spectra, we also show grids
caled to highlight the contributions in these grid plots (lowest 
anels in Fig. 9 ). 
Ther efor e, we find evidence of intermediate age ( ≈1 Gyr) pop-

lations in dusty ETGs from two independent sources of optical 
pectra (SALT and SDSS). 

.3 Origins of dust 

n this paper, we set out to investigate the origins of dust in our
ample of dusty ETGs by looking for differences in their stel-
ar kinematics and stellar populations when compared to non- 
usty E TGs. F rom our stellar population full spectrum fits we
nd evidence of int ermediat e-age populations, as w ell as older
opulations, in most of these dusty ETGs. Int ermediat e age pop-
lations ( ≈0.5 to ≈2 Gyr) could be associated with the acquisition
f ISM, including dust, into these galaxies. We use the pPXF age
ersus metallicity grids, see Fig. A1 , t o t est the following simple
v olutionary scenarios. A cav eat t o not e is that metallicities are
ot well constrained in younger components of composite stel- 

ar populations. See also M. Cappellari ( 2023 ), their fig. 15 and
iscussion. 

(i) An early burst of star formation, then quiescence providing 
or self-enrichment of the ISM with metals during early star for-

ation and enrichment of the ISM with dust expelled by ev olv ed
tars. This scenario may apply to GAMA227266, 422436, and 

46040 where their pPXF plots show single, old, high-metallicity 
tellar populations. The origin of the dust is unclear in these three
alaxies, with no evidence of any young stars. 

(ii) An early burst of star formation plus an int ermediat e age
urst of star formation, then quiescence. This scenario is as (i)
bove with the addition of a second burst of star formation ≈1
yr ag o, trigg ered by secular evolution and using ISM enriched
y evolution of the older stars. In this scenario, the more recently
ormed stars would have higher metallicity than the old popula- 
ion. While many of the age versus metallicity grids in Fig. A1
how int ermediat e age st ellar population components at 0.5 �
yr � 2, none of these have higher metallicity than the older

tellar population components. 
(iii) As (ii) above but with the second burst of star formation

riggered by externally accreted gas e.g. from a minor merger, 
ith metallicity of the gas determined by the SFH of the merging

secondary) galaxy. In this scenario more recently formed stars 
ould hav e higher, low er or identical metallicity than the old
opulation. Notwithstanding the uncertainties in metallicities 
ot ed abov e, from our age v ersus metallicity grids in Fig. A1
 e att empt ed t o estimat e mean metallicity of the int ermediat e

ge stellar population component for these g alaxies. Fr om this,
sing the stellar mass versus metallicity scaling relation from J. 
russler et al. ( 2021 ), their fig. 2, we estimated the stellar mass
f the postulated secondary galaxy. Using stellar masses of our 
usty ET Gs fr om Table 1 , w e estimat ed the st ellar mass ratio be-
ween the primary and secondary galaxies, see Table 5 . All ratios
re > 4:1 which is widely accepted as the mass ratio boundary
etween major and minor mergers, see for example A. W. Man,
. W. Zirm & S. Toft ( 2016 ). The postulated secondary galaxy

ould have brought in dust and gas, which would have to survive
ince that int ermediat e age about 0.5–2 Gyr ago. This time-scale
s consistent with the time-scale for ISM removal in ETGs of 

2.3 Gyr, measured by M. J. Michałowski et al. ( 2024 ). 
(iv) Early continuous star formation followed by quenching 

nd secular evolution e.g. star formation in a late-type galaxy 
ollowed by quenching and morphological shift to ETG. This 
cenario is similar to scenario (i) but with star formation and
SM enrichment happening over a mor e e xtended time-scale. Our
ests with synthetic spectra in Section 4.2 indicate that continuous
tar formation will show in the top right corner of the age versus
etallicity grid as older and younger foci connected by a less

ense zone, see lower right panel in Fig. A2 . While this pattern ap-
ears in some of our observed age versus metallicity grids in Fig.
1 all these observed grids (e.g . G AMA79849, 272990, 570227),
ave an additional intermediate age component, making this an 

nlikely scenario for evolution of any of the ETGs in our sample.
(v) Early continuous star formation as (iv) above but with the 

econd burst of star formation triggered by externally accreted 

as. The two connected foci discussed in (iv) plus a separate
nt ermediat e population component is seen strongly in the age
ersus metallicity grid for GAMA272990 and less strongly in the 
rids for GAMA79849 and 570227. Therefore this scenario may 
 epr esent what happened in these three dusty ETG galaxies. 

SFHs in the majority of dusty ETGs in our sample fit with
ormation scenarios which include ISM injection e.g . fr om an
SM-rich minor merger, which would support the theory that 
t least part of the dust is externally sourced. In scenarios (i),
ii), and (iii), w e w ould expect the population from an old star
ormation burst to be [ α/Fe] enhanced, while in scenarios (iv)
nd (v) extended early star formation should give a population 

ess [ α/Fe] enhanced. Three dimensional age versus metallicity 
ersus [ α/Fe] grids from pPXF full spectrum fitting would al-
ow determination of age L , [M/H] L , and [ α/Fe] L for each stellar
opulation component how ev er, the bias in [ α/Fe] L results from
PXF full spectrum fitting with α-enhanced SSPs shown by E. 
ernet et al. ( 2024 ), and shown in our Fig. 6 , prevent use of our
ata in this way. We note that our [ α/Fe] results from Lick index
SP fitting match those of F. La Barbera et al. ( 2013 ) and R. M.
cDermid et al. ( 2015 ), see Fig. 6 and Supplementary Material,

nd all of the ETGs in our sample show an overall [ α/Fe] L > 0,
ee Table 4 and Fig. 6 . 

We reviewed published results to see if we could find similar
nalyses of the SFH of ETGs that had not been selected for their
usty nature. R. M. McDermid et al. ( 2015 ) studied the SFH in
 large sample of ETGs from the ATLAS 3D survey. They show
ifferential mass fractions versus time for galaxies grouped into 
ynamical mass bins (R. M. McDermid et al., their fig. 14). Their
lot gives a broad indication that the SFH time-scale of lower
ass galaxies ext end ov er longer times, how ev er it does not in-

icate detailed histories of individual galaxies. The galaxies in 

ur current sample correspond t o int ermediat e mass bins in their
ata, which do not show star formation younger than 3 Gyr. 
MNRAS 548, 1–19 (2026) 
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M

Figure 9. Top: Luminosity-w eight ed pPXF fits t o SDSS stacked spectr a for non-dusty E TGs (left panels) and dusty ETGs (right panels). Middle: Grid 
showing SSPs fitting these spectra (linearly scaled with default pPXF colour palette). See description in Fig. 5 . Bott om: Alt ernativ e scaling (squar e-r oot 
pow er law, with rev ersed colour coding) t o highlight where the fitt ed SSPs are for these SDSS stacked spectra. As well as old stars in both stacks, an 
int ermediat e age population shows up in the dusty ETGs stack but is missing in the non-dusty ETGs. 

Table 5. Estimation of the mass ratio of Primary to Secondary galaxies 
for the minor merger scenario discussed in Section 5.3 item (iii). 

GAMA Metallicity of Mass of Mass Ratio 
Secondary Secondary Primary: Secondary 

[M/H] × 10 10 ( M �) 

79849 −0.25 1.0 4.5:1 
99687 −0.2 0.53 10:1 
136847 −0.2 0.53 8:1 
227264 −0.2 0.53 5:1 
272990 −0.1 0.35 9:1 
570227 −0.2 0.53 8:1 
3576053 −0.2 0.53 41:1 
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Mor e r ecently, E. J. J ohnston et al. ( 2022 ) analysed a sample
f 78 individual lenticular galaxies from their BUDDI-MANGA
roject. They show that on average, for lenticular galaxies with
t ellar masses > 10 10 M �, st ellar mass formed before 3 Gyr ago,
ith most of the mass forming at much earlier times (E. J. John-
NRAS 548, 1–19 (2026) 
ton et al., their fig. 10). It is a similar picture for their sample
f Sa bulges (K. J eg atheesan et al. 2024 , their fig . 6, top middle
anel). The same group have also studied three individual el-

iptical g alaxies, fr om MUSE data and plotted their r esults in a
imilar way to our Fig. A1 . Their three ellipticals have older star
ormation that shows no signs of int ermediat e age populations as
oung as ≈1 Gyr (see K. J eg atheesan et al. 2025 , their fig. 9). 

Ther efor e, our sample of dusty ETGs reveals more intermedi-
te age contributions to the stellar mass than for other samples of 
TGs that are not selected by their levels of dust content. How-
ver, from a sample of ETGs selected for their H i detections, N.
. Boardman et al. ( 2017 ) show maps which indicate the presence
f younger populations (their figs 27–29). 

.4 GAMA272990 

AMA272990 is particularly interesting because previous work
as shown it t o hav e a clear E morphology, with evidence for
igh-molecular gas and dust content and here we show that it
as younger components in the stellar population. Using sub-
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illimeter observations of C O fr om the ALMA, A. E. Sansom et
l. ( 2019 ) showed the presence of a massive, extended rotating
olecular gas disc of ≈10 arcsec diameter. Further analysis by D. 
. W. Glass et al. ( 2022 ) confirmed that the molecular gas disc is

tar forming and has asymmetry, suggesting a minor merger in 

 elatively r ecent times. 
Our stellar kinematic results show that GAMA272990 sits be- 

ow the line of isotropic oblate spheroids that are flattened only by
 otation, as e xpected for elliptical galaxies (M. Cappellari 2016 ).
ur major axis profiles show stellar σ , Age L , and [M/H] L all
 educing with incr easing radius, with no discontinuities within 

 e (see Fig. 4 ). Full spectrum fitting revealed the presence of 
hree stellar populations within the central R e /8 aperture, one 
ld population at > ≈10 Gyr and two intermediate age compo- 
ents, one at ≈3 Gyr and one aged between 0.5 and 1.5 Gyr, see
ig. A1 . Bridging between the > ≈10 Gyr and ≈3 Gyr populations
uggests some level of early ongoing star formation as discussed 

n Section 5.3 scenario (v). Lick index SSP fitting indicates that
 α/Fe] is enhanced within the central R e /8 radius aperture. Our
esults support the conclusion of D. H. W. Glass et al. ( 2022 ) that
AMA272990 has undergone a gas-rich merger resulting in the 
olecular gas disc structure, elliptical morphology, and rejuve- 

ated star formation. We ther efor e suggest a link between that
erger, which contributed to the molecular gas, and the youngest 

ge stellar population component, see the age versus metallicity 
rid for GAMA272990 in Fig. A1 . 

 CONCLUSIONS  

e obtained major-axis, longslit optical spectra of 15 particularly 
usty ETGs using SALT. Their classification as E TGs w as based
n morphology determined using carefully analysed survey data, 
ncluding SDSS images (A. J. Moffett et al. 2016 ) plus informa-
ion from KiDS images (D. H. W. Glass 2024 ). For each target
 e extract ed S/N based profile apertures along the major axis,
ostly within ≈R e , and an aperture covering the central R e / 8

 adius. F rom the major axis apertures w e extract ed kinematic
rofiles, i.e. V and σ and stellar population profiles, i.e. Age L , 
M/H] L , using full spectrum fit ting. F rom the central R e / 8 radius
pertur e we e xtr acted these par ameters plus [ α/Fe] L , using both
ull spectrum composite fits and Lick index SSP fits. Our main
ndings are: 

(i) Results from full spectrum fitting show the dusty ETGs 
n our sample have comparable luminosity weighted population 

ges compared t o passiv e galaxies at the same σ0 . How ev er, ages
rom Lick index SSP fitting are systematically younger than from 

ull spectrum fitting. pPXF full spectrum fitting provides evidence 
f y ounger st ellar population components in 12 of the 15 targets,
ee Fig. A1 , i.e. all except GAMA227266, 422436, and 546040, but
ith only weak evidence of a younger stellar population compo- 
ent in GAMA560238. 
(ii) Full spectrum fitting and Lick index SSP fitting of the cen- 

ral R e / 8 aperture of our dusty ETGs both show stellar popu-
ation average age and metallicity increasing with σ0 , but with 

arge scatter, see Fig. 6 . Average age estimates are systematically
ounger from SSP fitting because that is more sensitive to younger 
opulations. 
(iii) We t est ed stacked SDSS spectral data for dusty and non-

usty ET Gs fr om our G AMA Par ent Sample, to pr ovide a test of 
ur results using different data and to allow us to select a control
ase. These SDSS spectra show evidence of an int ermediat e age
ontribution to the stellar population in the dusty ETGs stack, 
hich is not present in the non-dusty ETGs stack. 
(iv) Sev eral hist ory scenarios w er e consider ed ag ainst our find-

ngs of int ermediat e age populations in most dusty ETGs in our
ample. A past influx of gas from an interaction or merger could
ave produced intermediate age stars, but more work is needed 

o understand why dust would still be present. 
(v) Three of our 15 dusty ETGs observed with SALT optical 

pectroscopy show no evidence for anything other than an old 

tellar population. The high level of dust found in these three
alaxies is unexpect ed, giv en the old age of the population. Their
as and dust masses will be explored further in Glass et al., in
reparation. 
(vi) Using pPXF age versus metallicity grids (see Fig. A1 ) we

nd that the contributions from int ermediat e age stellar popula-
ion components have lower metallicities than the host galaxies 
but note that metallicities are uncertain in the int ermediat e age
omponent). These lower metallicities and intermediate age com- 
onents, along with our tests of simple star formation scenarios, 
uggest that at least some of the dust in our dusty ETG sample is
 xternally sour ced, e.g . via minor mergers. 

Futur e spectr oscopic studies of these ET Gs and the par ent
AMA sample, at high S/N (e.g. 4MOST - WAVES survey 10 or
ESI survey 11 ) and an improved understanding of the use of full

pectrum fitting using SSPs with individual α-element enhance- 
ents, are needed to clarify these findings. 
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 easonable r equest to the authors. 
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P P E N D I X  A:  ST E L L A R  P O P U L AT I O N  

E I G H T S  P L  O  T S  

n this appendix, we present output plots from pPXF luminos- 
ty w eight ed full spectrum fitting using MILES SSPs, made with
baseFe’ models from the MILES w ebsit e ( https://research.iac.es/
royecto/miles/ ). These show a grid of [M/H] L versus log 10 Age L ,
ith post-regularization t emplat e w eight fraction at each grid
oint r epr esent ed by colour, seen in the colour scale t o the right
ide of each grid. See Fig. 5 and M. Cappellari ( 2023 ) for a full
xplanation of pPXF weights plots. 

Fig. A1 shows pPXF fits for our sample of dusty ETGs ob-
erved with SALT. Fig. A2 shows pPXF fits for various models
onstructed from MILES SSPs. 
MNRAS 548, 1–19 (2026) 
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Figur e A1. Pr esented below is an [M/H] L versus log 10 age L grid for the central R e / 8 aperture of each target ETG, observed with SALT and fitted 
using MILES SSPs. Grids for GAMA227266, 422436, and 546040 show old, high-metallicity stellar populations. Grids for GAMA99687, 136847, 227264, 
560238, and 3576053 contain an old, high-metallicity stellar population component, and an int ermediat e age, low er metallicity component. Grids for 
G AMA79849, 272990, and G AMA570227 show early continuous star formation and an int ermediat e age component. As discussed in Sections 4.2 and 
4.4 , spectra for GAMA85416, 298980, and 569555 contain strong emission lines, which may have led to anomalous results from full spectrum fitting. 
GAMA65075 grid contains an old, uncertain metallicity stellar population component, a young, high-metallicity component and a trace int ermediat e 
age components. 
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Figur e A2. Pr esented below ar e [M/H] L versus log 10 age L grids from pPXF luminosity-w eight ed full spectrum fitting of synthetic test spectra made 
using MILES SSPs, as described in Section 4.2 . The t op tw o grids show outputs from fitting synthetic SSPs with equally w eight ed components of 13, 12, 
and 11 Gyr, with [M/H] = + 0.06 (metal rich) and [M/H] = −0.35 (metal poor) populations on the left and right sides, respectively. The next two grids 
show old populations, with a 2 per cent mass-w eight ed, metal-rich, younger component of 1 Gyr. The thir d r ow shows old populations, with a 2 per cent 
mass-w eight ed, metal-poor, y ounger component of 1 Gyr. The fourth row shows a 1-Gyr populations only, with metal-rich (left) or metal-poor (right) 
SSP. The lowest row, on the left, shows the fit to a 1 Gyr SSP with intermediate metallicity of [M/H] = −0.25. The lowest row, on the right, shows the fit 
to a model with a spread of equally mass-w eight ed components from 13 to 1 Gyr, to simulate continuous star formation. White points show the values 
of the input SSPs for each model fitted. The layout of each grid is as described in Fig. A1 . 
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