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Barco formations (Baquerd Group; Aptian) and Springhill (Hauterivian-Barremian) and
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domains) in cutins and cutans as well due to the presence of other phenolic
compounds. A new term is here proposed for Ginkgoites skottsbergii : vitrinitic
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compressions.

Author Comments: The cover letter mentioned a version including all the changes made with the Track
Changes option. This file is submitted as Response to reviwers.

Additional Information:

Question Response

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



Cover Letter

Buenos Aires, December 10 2020

Dr. Carla J. Harper
Guest Editor
International Journal of Plant Sciences
Dear Dr. Harper,

| send you the revised version of the manuscript IJPS Ms. 44709 “FTIR spectroscopy
studies in Cretaceous gymnosperms from the Santa Cruz province, Patagonia, Argentina” by
Maiten A. Lafuente Diaz, Georgina M. Del Fueyo, José A. D’Angelo, and Martin A. Carrizo to
be considered for publication in the Special Issue celebrating Women in Paleobotany: A
Tribute to Edith L. Taylor of the International Journal of Plant Sciences dedicated to Prof.
Edith L. Taylor.

| have made all of the corrections suggested by you that have undoubtedly improved
the manuscript. In this case, no responses to comments and suggestions are included.

Finally, | send you the final version and the marked version of the manuscript. The
latter version includes all the changes made with the Track Changes option.

| hope you find this new version of the article suitable for publication in the Special

Issue of the International Journal of Plant Sciences.

Thank you in advance for your attention.

Sincerely yours

i J//

Maiten A. Lafuente Diaz
Divisién Paleobotanica
Museo Argentino de Ciencias Naturales
“Bernardino Rivadavia” — CONICET
Av. Angel Gallardo 470
C1405DJR, Buenos Aires, Argentina
e-mail: maitenlafuentediaz@gmail.com



Manuscript

© 00 ~N o o~ w NP

[EEN
o

11
12
13
14
15
16
17
18
19
20
21

22

Click here to access/download;Manuscript;Lafuente Diaz et al.

Santa Cruz province.doc

FTIR spectroscopy studies in Cretaceous gymnosperms from the Santa Cruz

province, Patagonia, Argentina

Maiten A. Lafuente Diaz*, Georgina M. Del Fueyo?!, José A. D'Angelo?3, Martin A.

Carrizo?!

Museo Argentino de Ciencias Naturales “Bernardino Rivadavia’-CONICET, Avda. Angel
Gallardo 470, C1405DJR, Ciudad Autonoma de Buenos Aires, Argentina.

maitenlafuentediaz@gmail.com, georgidf@yahoo.com.ar, blackdisc@gmail.com

2JANIGLA-CCT-CONICET-MENDOZA. Area de Quimica, FCEN, Universidad Nacional de
Cuyo, M5502JMA, Mendoza, Argentina.
3Palaeobotanical Laboratory, Cape Breton University, 1250 Grand Lake Rd., Sydney, Nova

Scotia B1P 6L2, Canada. joseadangelo@yahoo.com,

*Corresponding author:

Family name: Lafuente Diaz

First and second names: Maiten Amalia

Postal address: Av. Angel Gallardo 470, (C1405DJR) Buenos Aires, Argentina.
Telephone number: + 54- 011-4982-6595

E-mail address: maitenlafuentediaz@gmail.com

Running head: Lafuente Diaz et al.- FTIR studies of Cretaceous plants

*


mailto:georgidf@yahoo.com.ar
https://www.editorialmanager.com/ijpss/download.aspx?id=138022&guid=600876eb-370a-4e04-b901-5112cd1c3f39&scheme=1
https://www.editorialmanager.com/ijpss/download.aspx?id=138022&guid=600876eb-370a-4e04-b901-5112cd1c3f39&scheme=1

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

48

Premise of the Research. In this contribution, the spectroscopic characterization of
Gymnosperms fossil remains belonging to Pteridospermophyta, Cycadophyta,
Ginkgophyta, and Coniferophyta collected from the Anfiteatro de Tic6 and Punta del Barco
formations (Baquerdé Group; Aptian) and Springhill (Hauterivian-Barremian) and Piedra
Clavada/Kachaike (Albian) formations, outcropping in the Santa Cruz province, Argentina is
presented. From these lithostratigraphic units, specimens of several fossil taxa showing the
existence of a diverse plant assemblage during the Lower Cretaceous in Patagonia were
selected.

Methodology. The fossils consist of foliar compressions with very well-preserved cuticles
that are chemically characterized by Fourier Transform Infrared (FTIR) spectroscopy. Foliar
remains are analyzed into two sample forms: 1) compressions (including coalified
mesophyll and cuticle; Cp) and 2) cuticles (Ct). Additionally, semiquantitative data are
evaluated through Principal Component Analysis (PCA) revealing the functional groups
preserved at the mesophyll and cuticle levels for each analyzed fossil taxa.

Pivotal Results. In general, the species from the Baqueré Group show similar chemical
compositions between the Cp and Ct sample forms whereas the chemistry of the foliar
compressions from the Springhill and Piedra Clavada/Kachaike formations reveals the
presence of a high contribution of aromatic structures making up the cuticles.

Conclusions. The compressions of Pseudoctenis ornata, Ginkgoites tigrensis, and
Squamastrobus tigrensis probably underwent, during and after diagenesis, a natural
oxidation process most likely caused by the recurrent volcanic activity occurred during the
Aptian sedimentation of the Baquerd Group. In contrast, Ruflorinia orlandoi, Ptilophyllum
micropapillosum, and Ginkgoites skottsbergii have cuticles presumably composed of highly
aromatic structures (such as phenylpropanoids and aromatic domains) in cutins and cutans
as well due to the presence of other phenolic compounds. A new term is here proposed for

Ginkgoites skottsbergii: vitrinitic compression, while Pseudoctenis ornata, Ginkgoites
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tigrensis, Squamastrobus tigrensis, Ptilophyllum micropapillosum, and Ruflorinia orlandoi

are called liptinitic compressions.

Keywords: Compression,

Cretaceous, Patagonia.

Cuticle, FTIR spectroscopy,

Gymnosperms,

Lower
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INTRODUCTION

Plant fossil remains are usually morphologically, anatomically, and ultrastructurally
studied. In addition, these materials constitute a suitable source from which it is possible to
obtain unknown chemical information of plants that inhabited in the past. Among several
chemical analytical techniques, Fourier transform infrared (FTIR) spectroscopy is
particularly relevant. Over the last decades, the quantity of papers using FTIR spectroscopy
in order to analyze the preserved chemistry in coalified plant fossil remains, also known as
compressions, has increased significantly.

Spectroscopic analyzes have been applied from different approaches. Among them,
the preservation types and paleochemotaxonomy of plant fossil remains as well as
paleoenvironmental, diagenetic, and postdiagenetic conditions involved in fossilization
processes have been mainly analyzed (e.g., Zodrow and Mastalerz, 2009; D'Angelo and
Zodrow, 2015; Zodrow et al., 2016; Lafuente Diaz et al., 2018a, 2019a, 2020a; Zodrow and
Mastalerz, 2019, among others). These investigations have been predominantly carried out
on Pennsylvanian gymnosperms, vegetative and reproductive organs from the Sydney
Coalfield, Canada and, to a lesser extent, on plant remains from the Devonian,
Carboniferous, and Triassic of Canada, the Czech Republic, Spain, and Brazil, among
others (e.g., PSenicka et al., 2005; Zodrow et al., 2009; D'Angelo and Zodrow, 2015;
Matsumura et al., 2016). Among the latest analyzes, a chemical representation of the fertile
structures of Trigonocarpus grandis in organic connection to vegetative organs has been
obtained (Zodrow et al., 2013). Also, the possible relation between the architecture of the
fronds and the functional groups in the genera Alethopteris and Neuropteris has been
revealed by Zodrow et al. (2017) and D’Angelo and Zodrow (2018a), whereas the
phytochemistry of the biomacropolymers of the Macroneuropteis macrophylla cuticle has
been determined by Zodrow et al. (2010) and D'Angelo et al. (2013). Recently, Zodrow and
Mastalerz (2019) have established a new preservation type for the pollen organ of

Dolerotheca (Medullosales).
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On the other hand, the compressions of plant fossils from Argentina have also been
studied using FTIR spectroscopy, such as the cases of the Dicroidium flora from the
Triassic of the Mendoza province (e.g., D'Angelo et al., 2011; D'Angelo and Zodrow, 2018b;
D'Angelo, 2019). Among others, the chemical structure of the Johnstonia coriacea cutin has
been determined (D'Angelo and Zodrow, 2018b), whereas the study of Dicroidium flora has
evaluated the possibility of ecophysiological adaptations in the Dicroidium and Johnstonia
genera (D’Angelo, 2019). However, in recent times, a comprehensive analysis of plant
fossil remains from the Lower Cretaceous of Patagonia has begun to be performed through
the use of FTIR spectroscopy in conjunction with morphological and anatomical studies
(Lafuente Diaz, 2019).

In this contribution, the spectroscopic characterization of gymnosperm fossil
remains collected from three Cretaceous lithostratigraphic units outcropping in the Santa
Cruz province is analyzed and compared. These units are the Anfiteatro de Ticé and Punta
del Barco formations of the Baquerd Group and the Springhill and Piedra Clavada/Kachaike
formations. From them, six fossil taxa belonging to different plant groups were selected in
order to compare the chemical compositions of the fossil taxa and to reveal the similarities
or differences among them. In turn, the chemical compositions are interpreted in relation to
the probable original chemistry of the plants and the prevailing paleoenvironmental
conditions during the deposition of the different formations.

The gymnosperm fossil taxa chemically analyzed herein will contribute to increase
the knowledge about the spectroscopic studies applied to plant fossils from Patagonia, as
well as achieve a comprehensive understanding of the plant communities that inhabited

that area during the Lower Cretaceous.

MATERIALS AND METHODS
Materials and provenance
The materials comprise foliar compressions of six fossil taxa that were collected in

three Cretaceous lithostratigraphic units outcropping in the Santa Cruz province, Argentina
5
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(Fig. 1). The specimens are the conifer Squamastrobus tigrensis Archangelsky and Del
Fueyo (Coniferophyta), the cycadal Pseudoctenis ornata Archangelsky et al. (Cycadophyta)
and the ginkgoal Ginkgoites tigrensis Archangelsky (Ginkgophyta) from the Baquerd Group,
the bennettital Pilophyllum micropapillosum Lafuente Diaz, Carrizo and Del Fueyo
(Cycadophyta), and the pteridosperma Ruflorinia orlandoi Carrizo and Del Fueyo
(Pteridospermophyta) from the Springhill Formation, and the ginkgoal Ginkgoites
skottsbergii Lundblad (Ginkgophyta) from the Piedra Clavada/Kachaike Formation.

The provenance of the fossil species and the particular paleoenvironments where
the parent plants grown during the Lower Cretaceous of Patagonia are listed below.

Baquer6 Group. The Baquerd Group (Cladera et al., 2002) is a predominantly
volcanic sequence that outcrops in the central region of the Santa Cruz province,
Patagonia, Argentina. This Aptian lithostratigraphic unit is world-renowned for having
abundant plant remains that mainly include compressions with exceptionally well-preserved
cuticles (Archangelsky, 2003; Del Fueyo et al., 2007; Llorens et al., 2020). In general, the
formations that make up this group reflect river and lake systems, strongly influenced by the
volcanic activity, whose deposits consist of sandstones, conglomerates, tuffs, and
mudstones (Cladera et al., 2002; Limarino et al., 2012).

Among the fossil taxa studied spectroscopically, Ginkgoites tigrensis Archangelsky
and Squamastrobus tigrensis Archangelsky and Del Fueyo were collected in the Anfiteatro
de Ticé Formation (basal unit) at the Bajo Tigre fossiliferous locality. The conifer S. tigrensis
was recovered from the Bajo Tigre Otozamites (BTO) fossiliferous level, which consists of
siliciclastic and volcaniclastic lithofacies, while the materials of G. tigrensis were collected
from the Bajo Tigre Ginkgoites (BTG) fossiliferous level, which is composed by volcanic
tuffs (Archangelsky, 1965; Archangelsky and Del Fueyo, 1989). The Anfiteatro de Tico
Formation was dated by Perez Loinaze et al. (2013), estimating a late Aptian age of 118.23
+ 0.09 Ma. On the other hand, Pseudoctenis ornata was recuperated from the Punta del
Barco Formation (upper unit) at the Estancia El Verano fossiliferous locality in the

homonymous fossiliferous level that comprises volcanic tuffs (Archangelsky et al., 1995).
6
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The age of this lithostratigraphic unit was constrained to the late Aptian in accordance with
the dating age of 114.67 + 0.18 Ma (Césari et al., 2011).

Springhill Formation. The deposits of the Springhill Formation (Thomas, 1949)
outcrop saltatory in restricted areas of the Santa Cruz province, among which the Rio
Correntoso locality near the Lake Ghio comprise several fossiliferous levels singularly rich
in fossils. The strata in this locality, of continental origin, are interpreted as fluvial deposits
which consist of coarse-to-fine grained quartz sandstones with variable intercalations of
shale (Carrizo et al., 2014). In particular, the plant fossil remains belonging to Ruflorinia
orlandoi Carrizo and Del Fueyo and Ptillophyllum micropapillosum Lafuente Diaz, Carrizo,
and Del Fueyo were collected from a pelitic fossiliferous level at the Rio Correntoso locality.

The Springhill Formation deposits exhibit marked heterochrony from the late
Jurassic to Barremian due to their extensive areal distribution (e.g., Riccardi, 1971,
Archangelsky et al., 1981; Riccardi, 1988; Riccardi et al., 1992; Ottone and Aguirre-Urreta,
2000). The age of the Springhill Formation at the Estancia El Salitral fossiliferous locality
was established as Hauterivian-Barremian (Archangelsky et al., 1981; Carrizo and Del
Fueyo, 2015; Ottone and Aguirre-Urreta, 2000). Because the outcrops of this unit in the Rio
Correntoso fossiliferous locality are in the vicinity of the Estancia El Salitral locality they are
also considered of the Hauterivian-Barremian age (Carrizo et al., 2019).

Piedra Clavada/Kachaike Formation. In the Lake San Martin area, the Piedra
Clavada/Kachaike Formation outcrops east of the homonymous lake from the Rio de los
Fosiles in the north to Estancia Kachaike in the south. The age of this lithostratigraphic unit
is based on several palynological studies (Barreda and Archangelsky, 2006; Villar de
Seoane and Archangelsky, 2008; Archangelsky et al., 2012) and the presence of
ammonites and microplankton (Aguirre-Urreta, 2002; Guler and Archangelsky, 2006) that
constraint the Piedra Clavada/Kachaike Formation to the Albian.

Ginkgoites skottsbergii Lundblad was collected at the Bajo Comision
fossiliferous locality, Estancia Sierra Nevada (Santa Cruz province, Argentina). The

fossiliferous level corresponds to continental deposits that are composed of sandstones
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from a fluvial environment, i.e., a floodplain (Archangelsky et al., 2012; Del Fueyo et al.,
2008).

Repositories. The fossil specimens from the Baqueré Group and the Piedra
Clavada/Kachaike Formation, used both for FTIR spectroscopy and for morpho-anatomical
studies, are housed in the Paleobotany Collection of the Museo Argentino de Ciencias
Naturales “Bernardino Rivadavia” under the acronyms: BA Pb (Megascopic and FTIR
Spectroscopy Samples) and BA Pb SEM (Scanning Electron Microscopy: SEM). The
materials used for each fossil taxon are specified as follows: 1) Pseudoctenis ornata BA Pb
1217, 1220, 1222 and BA Pb MEB 643, 645-646; 2) Ginkgoites tigrensis BA Pb 11556-
11557, 11561, 14880, 14883, 14887-14889, 14890 and BA Pb MEB 589; 3)
Squamastrobus tigrensis BA Pb 7678, 11321, 11324, 11333, 11583-11586 and BA Pb MEB
585; and 4) Ginkgoites skottsbergii BA Pb 13850 and BA Pb MEB 249.

On the other hand, the fossil specimens collected in the Springhill Formation and
used for FTIR spectroscopy and morpho-anatomical studies are deposited in the
Paleobotany Collection of the Museo Regional Provincial “Museo Padre Jesus Molina”
under the acronym MPM Pb (fossil specimens and samples for SEM). For Ruflorinia
orlandoi, the samples are MPM Pb 15313, 15323-15330, and 15333, while for Ptillophyllum

micropapillosum the material is MPM Pb 15355.

Methods

Fourier Transform Infrared (FTIR) spectroscopy

Sampling and sample forms. The sampling was differentially carried out according to
the particularities of each fossil taxon as well as the material availability. (Table 1).

In general, to remove silicates and other inorganic compounds, the samples were
treated with 36.5-38.0% hydrochloric acid (HCI) followed by 70% hydrofluoric acid (HF) and
a final treatment with HCI at 36.5-38.0%.

The treated samples were subdivided into two portions defining two chemical

sample forms: compressions (Cp) and cuticles (Ct). For this purpose, a portion was



193 retained without additional treatment to obtain the Cp samples that are composed of the
194  adaxial and abaxial cuticles and the coalified mesophyll between them. The remaining
195 portion was oxidized using 50% sodium hypochlorite (NaClO) for approximately 2 minutes
196 to eliminate mesophyll remnants and thus forming the Ct samples. The latter consist of the
197 adaxial and abaxial cuticles (Fig. 2).

198 Potassium bromide (KBr) pellets, composed of approximately 1-2 mg of fossil
199 material in 250 mg of KBr, were used to acquire Cp and Ct spectra. From each KBr
200 pellet, a single spectrum was obtained using in part a Burker EQUINOX 55 FTIR
201  equipment with a DLATGS detector and a KBr beam splitter, which accumulated 64
202 scans (CEQUINOR-CONICET), and in part a Nicolet Thermo-Electron infrared
203  spectrometer 6700 which accumulated 256 scans (FQByF-UNSL). Both spectrometers
204  used a resolution of 4 cm™ at a wavenumber range between 4000 cm™*and 400 cm™.

205

206 FTIR spectra and statistical analysis. From the FTIR spectra, qualitative and semi-
207 quantitative data of the functional groups present in Cp and Ct samples of the selected fossil
208 taxa were obtained. The qualitative analysis included the assignments of functional groups
209 regarding the wavenumbers in which the main functional groups and classes of compounds
210 absorb (Table 2; Colthup et al., 1990; Ingle and Crouch, 1988; Wang and Griffiths, 1985).
211  Figure 3 shows a representative spectrum of the most important functional groups that occur
212  in plant fossils.

213 The semi-quantitative data were obtained from the determination of peak-area
214  ratios employing the measurements of the total content of certain functional groups.
215 The latter were carried out by integrating the total area under the peaks in the following
216 regions: (1) CHal: aliphatic (3000-2800 cm™), (2) Ox: oxygen-containing compounds
217  (1800-1600 cm; the combined contribution of C=0 and C=C bonds), (3) individual
218  contributions of carbonyl/ carboxyl (C=0; 1700-1600 cm™) groups, and (4) aromatic
219 carbon (C=C; 1600-1500 cm) structures. The definitions of the semi-quantitative data

220 (peak-area ratios), together with the band regions employed for calculation and
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interpretation, are summarized in Table 3. The semi-quantitative IR information was
refined and enhanced on digitized spectra using well-known techniques for processing
signals (i.e., Fourier self-deconvolution procedure, area integration methods, and
calculation of peak-area ratios) according to the procedures used by D'Angelo et al.
(2010), Zodrow et al. (2009), among others.

The semi-quantitative data of the six fossil taxa were organized into a data
matrix which was statistically analyzed using Principal Component Analysis (PCA),
following the methodology detailed in D'Angelo et al. (2010) and D'Angelo and Zodrow
(2016), among others. The PCA is used to evaluate the sample groupings based on
functional groups (chemical structure) and the sample forms (Cp and Ct) in terms of
FTIR chemical parameters. In this contribution, the PCA was performed using OriginPro
9.0. ® software and the first three principal components (CPs) were retained. This
number of CPs was established following the modified Kaiser's rule that considers
retaining those CPs with eigenvalues greater than 0.7 (Jolliffe, 2002; 1zenman, 2008).

The first three Cps explained a cumulative variance of 88.59%.

FTIR data of the gymnosperm fossil taxa in relation to coal macerals and
kerogen types. Two semi-quantitative data (PCA variables), i.e., 'A" and 'C' Factors, were
used to relate the chemical composition (functional groups) of the plant fossil remains with
the coal macerals and the different types of associated kerogens.

For this purpose, according to the methodology used by Lafuente Diaz et al.
(2020a), ‘A’ Factor vs. 'C' Factor plots were performed following Ganz and Kalkreuth (1987;
see Guo and Bustin, 1998). These plots are analogous to the traditional van Krevelen
diagrams (H/C vs O/C) indicating similarities between different types of kerogen and
maceral groups: liptinite, vitrinite, and inertinite. Thus, 'A' and 'C' Factors were analyzed
together with some FTIR coal data available in the literature. The latter comprise liptinite,
vitrinite, and inertinite macerals (thermal maturity, RO max. 0.52% - 1.41%). The data of the

sporinite, cutinite, vitrinite, semifusinite, and fusinite macerals were taken from Mastalerz
10
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and Bustin (1996), while the data for cutinite, resinite, bituminite, alginate, and vitrinite from

Guo and Bustin (1998).

RESULTS

Cretaceous gymnosperm taxa studied by means of FTIR spectroscopy

Brief morpho-anatomical characterization of the fossil species. The main

morphological, anatomical, and ultrastructural characteristics of the studied specimens

belonging to the six fossil taxa (Ginkgoites tigrensis, G. skottsbergii, Pseudoctenis ornata,

Ptilophyllum micropapillosum, Ruflorinia orlandoi, Squamastrobus tigrensis) are detailed in

Table 4 and illustrated in Figure 4.

FTIR spectroscopy chemical characterization

Qualitative data from FTIR spectra. The representative FTIR spectra of the six taxa

considering the two sample forms (Cp and Ct) are shown as supplementary data in Figures

Al, A2, and A3 (Appendix A). Regardless of the sample forms, the spectra exhibited

common functional groups which are detailed below.

In general, the six fossil taxa present a broad and intense band attributable to
the hydroxyl group (-OH) stretch in alcohols and phenols. This peak is centered
between 3445-3380 cm?. In the 3000-2600 cm™ region, two peaks occur
corresponding to methylene (CH,) stretching: antisymmetric (2930-2920 cm™) and
symmetric (2855-2850 cm™). At the oxygen-containing compounds zone, the cuticles
and compressions of all fossil taxa show peaks assigned to C=0O stretch
(carbonyl/carboxyl groups; 1730-1700 cm™?) and C=C stretch in aromatic compounds
(1645-1600 cm™). Most of the spectra of the Cp samples of Pseudoctenis ornata,
Squamastrobus tigrensis, and Ginkgoites skottsbergii show an acute peak of low
intensity (Baquer6 Group: 1515 cm™ and Piedra Clavada/Kachaike Formation: 1540
cm), which is attributable to aromatic or unsaturated structures (e.g., benzene ring in

aromatic compounds). Furthermore, bands of medium to low intensity assigned to
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bending vibrations (deformations) of aliphatic C-H stretch are present in all spectra.
Among them, CH, scissor deformations (1470-1440 cm?; absent in G. skottsbergii),
asymmetric deformations of methyl (CHs; 1400-1370 cm?), and peaks of asymmetric
stretching of C-O-C and C-O bonds corresponding to aliphatic and/or aromatic ethers.
Finally, in the aromatic zone, peaks occur at 870-745 cm indicating C-H out-of-plane
bending vibrations in aromatic compounds for the most taxa spectra, with the exception
of those of P. ornata. Additionally, in this zone and in most fossil taxa, low intensity
peaks occur representing CH, rocking vibrations in hydrocarbons at 730-720 cm?
(except G. tigrensis and G. skottsbergii). In particular, the spectra of the taxa of the
genus Ginkgoites have high intensity peaks that could be attributed to bending vibrations
in C=C-H and/or C-OH stretch reflecting alkenes and alcohols, and also, to ring

deformation of aromatic compounds (685, 682, 629, 588-585 cm 1).

Principal component analysis (PCA). The semi-quantitative data set derived from

FTIR spectroscopy of the six taxa (Table B1, Appendix B) was analyzed by PCA (See PCA

solution in Appendix C). The first three CPs account for 88.59% cumulative variation. The

PCA plots of component loadings and component scores are shown in Figures 5 (PC1 vs

PC2) and 6 (PC1 vs PC3).

PC 1 (explained variance 57.87%) has positive loadings on most variables (i.e.,
'C' Factor, C=0 cont, 'A' Factor, C=0/C=C, CHal/C=C, CH,/CHs;, and CHal/Ox) and
negative loadings on C=C cont and CHal/C=0 (Fig. 5A-B). This pattern reflects the
presence of functional groups of aromatic carbon and low cross-linking of polymeric
structures versus aliphatic- and oxygen-containing functionalities.

It is observed for all fossil taxa that Ct samples are more variable than those of
compressions from which cuticles are derived. In particular, the Ruflorinia orlandoi
cuticles show the highest variability with respect to the PC 1 (x-axis) of all fossil species.
In this case, the highest negative values are exhibited by the rachis samples Ct5 R and

Ctl R, which, in turn, have the highest values of C=C cont (and the lowest of C=0
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cont). On the other hand, two specimens, Ct6, Ct7a, and Ct7b, have cuticles with
positive values for PC 1, reflecting the highest values of C= O cont (and the lowest
values of C=C cont) and 'A' Factor of the R. orlandoi cuticles.

Most of the samples of both sample forms (Cp and Ct) of Ptilophyllum
micropapillosum and Ruflorinia orlandoi, as well as all samples of the genus
Ginkgoites, show negative values against PC 1 (Fig. 5C-D). Among the cuticle
samples of the two fossil taxa from the Springhill Formation, there are those that show
the most negative values of the all analyzed taxa. This fact indicates that the cuticles of
P. micropapillosum and R. orlandoi have a high content of aromatic functional groups
(C=C cont) and a relatively low contribution of aliphatic- and oxygen-containing
compounds (‘A' Factor, 'C' Factor, C=0/C=C, C=0 cont, CHal/Ox, and CHal/C=C)
(Table B1, Appendix B).

Among the fossil taxa from the Baquer6 Group, the Cp and Ct samples of
Ginkgoites tigrensis have negative values against PC 1 as a consequence of the high
contribution of C=C bonds and high values of the CHal/C O ratio. On the other hand,
for Pseudoctenis ornata and Squamastrobus tigrensis, all the Cp and Ct samples have
positive values against PC 1. This fact reveals that these two fossil taxa are
characterized by an aliphatic nature and the high content of oxygen-containing
compounds. Furthermore, it is observed that most of the S. tigrensis cuticles and those
of P. ornata have an aliphatic nature greater than their respective compressions. In
contrast, the P. ornata and S. tigrensis Cp samples have a greater contribution of C=C
bonds in aromatic compounds than the Ct samples.

In contrast, the Cp sample of Ginkgoites skottsbergii is the most aromatic foliar
compression of the six fossil taxa spectroscopically studied.

PC 2 (explained variance 20.88%) shows a negative loading on 'C' Factor and
positive for the remaining variables, among which the highest loadings occur on
CHal/Ox, CHal/C=0, CH/CHs, and C=C cont (Fig. 5A-B, y-axis). This PC shows the

abundance of aliphatic groups having long, unbranched polymethylenic chains with a
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variable contribution of oxygen-containing compounds and low cross-linking of
polymeric structures.

The Cp samples of the fossil taxa from the Springhill and Piedra
Clavada/Kachaike formations as well as the Cp samples of Ginkgoites tigrensis
(Anfiteatro de Ticé Formation) have negative values against PC 2. These samples are
characterized by relatively short and branched chains of aliphatic structures (low
CH./CHs values) and a high combined contribution of oxygen-containing groups and
aromatic carbon (low CHal/Ox values). The latter is due to the higher content of
carboxyl/carbonyl groups (C=0O cont) in Cp samples. Considering the compressions of
the Baquerd Group, the Squamastrobus tigrensis specimens fluctuate adopting negative
and positive values against PC2, indicating that the foliar compressions of this conifer
are variable in the relative contribution of aliphatic compounds regarding the
carbonyl/carboxyl groups and aromatic carbon structures. In contrast, the Pseudoctenis
ornata Cp samples show positive values against PC 2; these samples are the most
aliphatic foliar compressions of all analyzed fossil taxa.

On the other hand, most of the cuticles, regardless of their provenance, have
positive values against PC 2 (except Ginkgoites tigrensis [Ct4], Squamastobus
tigrensis [Ct7a], and Ptilophyllum micropapillosum [8Ct-B]). This fact reflects that
cuticles have an aliphatic nature. However, a certain degree of variability in the
contribution of aliphatic structures and oxygen-containing and aromatic carbon
functionalities is observed among the different fossil taxa. In particular, the Ct samples
of Ruflorinia orlandoi and P. micropapillosum are characterized by low cross-linking of
polymeric structures (high CHal/C=0 values).

PC 3 (explained variance 9.85%) has positive loadings on CH»/CHs, and to a
lesser extent on C=0 cont, 'A' Factor, 'C' Factor, and CHal/Ox, and negative loadings
on CHal/C=C, C=0/C=C, CHal/C=0, and C=C cont (Fig. 6A-B, y-axis). This pattern
reflects the presence of relatively longer and unbranched aliphatic chains versus

functional groups with variable contributions of oxygen-containing compounds and
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aromatic carbon.

In all fossil taxa, a wider variability in Ct samples is observed than in those of
Cp (Fig. 6C-D, y-axis). The Ruflorinia orlandoi Ct samples are particularly variable.
Among them, some Ct samples have high negative values against PC 3, with short
and branched aliphatic structures (low values of CH2/CHs; e.g., Ctl R, Ct5 R). This
fact reflects a high content of C=C bonds in aromatic compounds of rachis samples.

In turn, the pinnae samples Ct7a and Ct7b record high positive values against PC 3
due to having the lowest values of C=C cont of this fossil taxon.

The compressions of Pseudoctenis ornata and Squamastrobus tigrensis have
positive values against PC 3 due to their high aliphatic nature. The P. ornata Cp
samples show the highest CH,/CHs; values of all fossil taxa. In contrast, the Cp
samples of the species of Ginkgoites have negative values against PC3. Thus, the
compressions of Ginkgoites tigrensis and G. skottsbergii reveal the presence of
aliphatic compounds with relatively short and branched chains and a high content of
C=C bonds of aromatic compounds. In comparison, the compressions of the taxa of
the Springhill Formation show an intermediate situation between P. ornata-S. tigrensis
and Ginkgoites taxa. Despite this, most of the Ptilophyllum micropapillosum and
Ruflorinia orlandoi Cp samples have negative values against PC3 reflecting an
increase in carbonyl/carboxyl groups in regard to aromatic carbon groups (C=0/C=C).

Cretaceous gymnosperm fossil taxa regarding coal macerals and kerogen types.
The 'A’ Factor vs. 'C' Factor plot indicates the similarities between the kerogen types and
coal maceral groups (Fig. 7). The foliar remains of Pseudoctenis ornata and
Squamastrobus tigrensis have a general chemical compaosition similar to those of type I-I
kerogen. In turn, the Ginkgoites tigrensis materials and most of those of Ruflorinia orlandoi
and Ptilophyllum micropapillosum chemically resemble a type Il kerogen composition. Thus,
most fossil taxa are characterized by a medium to high content of aliphatic groups (A’
Factor) and a variable contribution of oxygen-containing compounds ('C' Factor), adopting a

similar chemical composition to the liptinite maceral group (derived from the decomposition
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of algae, bacteria, and zooplankton and cuticles, spores, and resins). On the other hand,
the compression of G. skottsbergii has a chemical composition similar to type 1l kerogen
which is mainly characterized by a low content of aliphatic groups.

Particularly, the compressions of Ruflorinia orlandoi and Ptilophyllum
micropapillosum have medium to high values for 'A" Factor and medium values for 'C'
Factor which are similar to the values obtained for some samples of sporinite, cutinite,
and resinite (Fig. 7). Cuticle samples from both taxa show great variability, mainly in
the relative contribution of oxygen-containing compounds (carbonyl/carboxyl groups).

The values of 'A" and 'C' Factors obtained for the Ct samples of Squamastrobus
tigrensis and Pseudoctenis ornata are very high and similar to those of the compressions
from which are derived. Thus, the S. tigrensis and P. ornata specimens are, regardless of
the sample forms (Cp and Ct), chemically similar to the bituminite (T) samples belonging to
the liptinite maceral group. In the case of Ginkgoites tigrensis, both Cp and Ct samples
have low to medium values for 'C' Factor and medium to high values for 'A' Factor. Thus, G.
tigrensis partially resembles the chemistry of cutinite, resinite, and sporinite macerals
(liptinite group macerals). On the other hand, the G. skottsbergii Cp sample is chemically

similar to the vitrinite maceral (Fig. 7).

DISCUSIONS

FTIR spectroscopy chemical characterization

For all fossil taxa, the PCA results indicate the existence of a certain degree of
interspecific and intraspecific variability. Cuticular characteristics (such as papillae, hairs,
cuticular striations, etc.) and chemical compositions of geopolymers derived from cutins
and/or cutans (highly variable), as well as from other minor constituents, could contribute to
chemical variability of the cuticles of the analyzed taxa (Lafuente Diaz et al., 2020a). In turn,
variability (intra- and interspecific) could also be intensified or not, depending on the
diagenetic processes that alter the original chemistry of the plant organic matter (Lafuente

Diaz et al., 2020b).
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417 The chemical composition of the fossil taxa from the Springhill Formation was

418 evaluated considering the different frond parts. In the case of Ptilophyllum micropapillosum,
419 the sampling differentiated among apical, middle, and basal zones. However, in this

420  bennettitalean, a distinctive pattern distinguishing the frond parts is absent. Consequently, a
421  gradual chemical transition in the composition of the leaf tissues towards those of the rachis
422  is considered (Lafuente Diaz et al., 2019a). Also, the Ruflorinia orlandoi fronds were

423 analyzed considering pinnules and rachis differentially. For each specimen of this fossil
424  species, the rachis have a higher content of C=C bonds than the pinnae. The latter would
425  probably be due to the transformation of more developed lignified tissue (i.e., supporting
426  and conducting tissues) in the rachis than in the pinnae (Lafuente Diaz et al., 2020a).

427 In Ruflorinia orlandoi and Ptilophyllum micropapillosum, the cuticles have a higher
428  content of aromatics than their corresponding compressions. Thus, the Ct samples of both
429  fossil species have an aliphatic composition that is complemented by a relatively high

430  proportion of aromatic compounds (C=C cont and C-H aromatic out-of-plane bending

431 vibrations) (Lafuente Diaz et al., 2019a, 2020a). These cuticles probably contain a higher
432  proportion of phenylpropanoids and aromatic domains in cutins and cutans, respectively
433 (e.g., Villena et al., 1999; Deshmukh et al., 2005; Fich et al, 2016). Furthermore, the

434  presence of other phenolic compounds, which could potentially compose the cuticles, would
435 increase the R. orlandoi and P. micropapillosum cuticular aromaticity. In turn, the cuticles of
436  both fossil taxa would be composed of polymeric structures with a relatively low degree of
437  cross-linking (i.e., high CHal/C=0 values). This dynamic could be the result of the rupture of
438 ester bonds in cuticular biomacropolymers (e.g., cutins and cutans) implying a lower degree
439  of polymeric cross-linking (Lafuente Diaz et al., 2019a, 2020a).

440 In Cp samples of the Carboniferous fossil taxa from the Northern Hemisphere, the
441  relatively high values of the C=C cont ratio (with respect to the cuticles) were considered as
442  derived from the organic compounds present in the preserved mesophyll between both

443  epidermises (Zodrow et al., 2009, among others). In the cases of Squamastrobus tigrensis

444  and Pseudoctenis ornata, the relatively high values of C=C cont in the Cp samples would
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be the result of the occurrence of lignified tissues in the vascular bundles as well as in the
sclerenchyma fibers of the hypodermis remains (see Fig. 4) ( Lafuente Diaz, 2019; Lafuente
Diaz et al., 2018). In the P. ornata samples, which have the most aliphatic compressions, it
is possible that the cuticular membranes and the mesophyll have been mainly constituted
by aliphatic compounds with long and unbranched chains. Most likely, during the
fossilization process, the chemical composition of the P. ornata mesophyll was differentially
altered (Lafuente Diaz et al., 2020b).

The compressions of Squamastrobus tigrensis, Pseudoctenis ornata, and
Ginkgoites tigrensis have a high degree of similarity with their respective cuticles. This fact
is interpreted as the result of a natural oxidation process which the foliar remains of each
taxon have undergone, to a certain degree, during diagenesis and/or post-diagenesis. The
probable natural oxidation of the compressions would have been a consequence of
particular geophysicochemical conditions due to the recurrent volcanic activity during the
sedimentation of the Baquerd Group. Thus, the interaction between the plant remains and
the volcanic ash, which covered them at the time of their deposition and during the
fossilization process, would originate variably oxidized compressions due to the fluctuant
intensity of volcanism according to the formations and fossil levels. Accordingly, a probable
preservation model that considers the peculiarities of the fossil taxa from the Baqueré
Group as well as the key role of volcanic activity in the fossilization process was proposed
by Lafuente Diaz et al. (2018, 2020b).

The aromaticity of the two ginkgoalean fossil species, Ginkgoites tigrensis and G.
skottsbergii, is particularly relevant. The Cp sample of G. skottsbergii is the compression
with the highest aromaticity of the entire set of studied fossil taxa. For the interpretation of
the data of the genus Ginkgoites, the chemical knowledge of the leaves of Ginkgo biloba,
the unique extant representative of this plant group (Ginkgoales), was considered. Thus, for
G. tigrensis and G. skottsbergii, it is probable that the presence of lignin in the vascular
bundles and of other phenolic compounds (i.e., flavonoids, tannins, and phenolic lipids such

as anacardic acids and cardanols) is responsible for the high contribution of aromatic
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structures in the mesophyll of these two fossil taxa (Biswas and Jori, 1997; Brillouet et al.,
2013, 2014; Chamberlain, 1965; Duarte et al., 2013; Lafuente Diaz et al., 2019b;
Yoshitama, 1997).

The two species of Ginkgoites were collected in fossiliferous levels that have
notable differences both in lithology and in the palaeoenvironmental conditions. Particularly,
the G. tigrensis specimens (BTG fossiliferous level, Anfiteatro de Tic6 Formation),
preserved in volcanic tuff, would have undergone a natural oxidation process mainly due to
the interaction of plant remains with cold volcanic ash (Lafuente Diaz et al., 2020Db). In
contrast, G. skottsbergii, preserved in sandstones without evidence of volcanic influence, is
the less aliphatic compression (lowest CHal/C=C and ‘A’ Factor values) of the entire fossil
taxa. On the other hand, the relatively high contribution of aromatic compounds (C=C cont)
in the Ct sample of G. tigrensis (Ct4) is probably related to the chemical composition of the
two main constituent biomacropolymers of the cuticle (cutins and cutans), as is the case
with the fossil taxa from the Springhill Formation. The presence of adequate proportions of
phenylpropanoids and aromatic domains in cutins and cutans would have been responsible
for the occurrence in the cuticle of G. tigrensis of a strong aromatic signal in addition to an

aliphatic character (Lafuente Diaz et al., 2020b).

Cretaceous gymnosperm fossil taxa from Argentina: chemical preservation
types

Most of foliar compressions of the Cretaceous gymnosperms from the Santa Cruz
province here analyzed have a distinctive chemical composition regarding preservation
types. Thus, compressions differ chemically from other taxa from the Northern Hemisphere
previously studied and, therefore, do not fully conform to the three best-known plant fossils
preservation types. They are the so-called cuticle-free coalified layers fossilized cuticles,
and compressions that were proposed by Zodrow and Mastalerz (2009) and Zodrow et al.

(2009) (Table 5).
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The foliar compressions of the Patagonian fossil taxa differ from the cuticle-free
coalified layers due to the presence of the adaxial and abaxial epidermises. In turn, the
fossilized cuticles are characterized by a general poor preservation of the epidermal
features. This is not the case with the fossil taxa studied here where the epidermises show
very well preserved cuticular features such as anticlinal and periclinal walls, papillae and/or
hair, and subsidiary and guard cells (Fig. 4).

On the other hand, the main difference that the Patagonian material exhibits with the
compression preservation type is the transformation of the mesophyll, through geological
time and diverse geophysicochemical reactions, into a maceral group different from the
vitrinite. Thus, the compressions of Squamastrobus tigrensis, Pseudoctenis ornata, and
Ginkgoites tigrensis (Baquer6 Group) as well as those of Ptillophyllum micropapillosum and
Ruflorinia orlandoi (Springhill Formation) are chemically similar to the liptinite maceral group
(sporinite, cutinite, resinite, bituminite; Fig. 7). This fact differs from the spectroscopically
analyzed Carboniferous compressions of Canada, which chemically resemble the vitrinite
maceral group. Similarly, the foliar compression of Ginkgoites skottsbergii has a chemical

composition analogous to that exhibited by the vitrinite maceral group.

Terminology applied to FTIR spectroscopy and Patagonian foliar
compressions. From a paleobotanical point of view, all the studied fossil taxa consist of
coalified compressions (e.g., Scott and Collinson, 1982). However, over time and the
evolution of spectroscopic studies applied to paleobotany, several concepts have been
created to reflect the particularities of plant fossil preservations regarding the FTIR chemical
data (e.g., Zodrow and Mastalerz, 2009; Zodrow et al., 2009). As mentioned above, the
best-known preservation types (i.e., compression, fossilized cuticle, and cuticle-free
coalified layer) initially characterized fossil materials from the Carboniferous plants of the
Northern Hemisphere. However, it is observed that the Patagonian fossil taxa herein

analyzed show different preservation types.
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The preservation types of the foliar remains of Squamastrobus tigrensis
(Coniferales) and Jonhstonia coriacea (Corystospermales) were initially described as
fossilized compressions (Lafuente Diaz et al. 2016, 2018). These studies indicated the
existence of different geophysicochemical conditions, varying along a multidimensional
continuum, which would have originated the different preservation types that could occur in
nature. In turn, this interpretation comprises the probable infinity of intermediate stages that
take place in the wide spectrum of transformations of the organic matter. From this idea, the
need to evaluate a preservation type classification that is sufficiently broad to include the
particularities of the different fossil taxa arises. These particularities should be addressed
according to the botanical knowledge of the fossil species, the paleoenvironment, and other
geophysicochemical conditions that could alter or preserve the original chemical
composition of the plants. Thus, Lafuente Diaz et al. (2019a) proposed a new concept, i.e.,
liptinitic compression to define the preservation type of the Patagonian taxon Ptillophyllum
micropapillosum. This concept, which reflects the chemical composition and similarity with
the liptinite maceral group, can be extrapolated to other foliar compressions belonging to
paleoflora that inhabited the Santa Cruz province.

According to the similarity of the foliar fossil remains with respect to the chemical
composition of the macerals, the compressions of the Patagonian fossil taxa have been
characterized by a new designation adding to the term ‘compression’ an adjective that
refers to one of the three maceral groups (Lafuente Diaz, 2019). This terminology allows
extrapolating the preservation types (compression + maceral adjective) to diverse fossil
taxa of different ages and lithologies.

Most compressions are named as liptinitic compressions, including the fossil
remains of Ruflorinia orlandoi, Pseudoctenis ornata, Ptilophyllum micropapillosum,
Ginkgoites tigrensis, and Squamastrobus tigrensis (Lafuente Diaz et al., 2018, 2019a,
2020a).

On the other hand, the Ginkgoites skottsbergii compression is chemically

similar to the vitrinite maceral group and consequently called vitrinitic compression.
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Thus, G. skottsbergii is the only analyzed fossil taxon that agrees with the
compression definition which was proposed from FTIR studies carried out on plant
fossil remains from the Carboniferous of the Northern Hemisphere (Zodrow and
Mastalerz, 2009; Zodrow et al., 2009). Consequently, the G. skottsbergii preservation
type, from the spectroscopic point of view, is similar to that of Alethopteris ambigua,
A. pseudograndinioides, Cordadites principales, Dicroidium odontopteroides,
Johnstonia coriacea, Kurtziana sp., Macroneuropteris scheuchzeii, among others
(D'Angelo, 2006; D'Angelo et al., 2010; Zodrow et al., 2010; D'Angelo et al., 2011,

Zodrow et al., 2012).

CONCLUSIONS

In this contribution, comparative semi-quantitative FTIR spectroscopy studies
among different plant fossil taxa from the Santa Cruz province are presented, considering
the diversity existing in the plant communities during the Lower Cretaceous in Patagonia.
The most important conclusions are summarized as follows:

1) In the foliar plant fossil remains, the preserved chemistry is the result in part of
the original chemistry of the plants (i.e., structural organic constituents), and partially due to
different modifications introduced during the fossilization process.

2) The PCA results indicate the existence of a certain degree of inter- and
intraspecific variability. The former would be attributable to structural differences among the
plant groups and the constituents making up the leaf types from which the foliar
compressions derive. In contrast, the intraspecific variability, specifically relevant in Ct
samples, is related to the cuticular features (i.e., presence of papillae, hairs, cuticular
striations, among others), and the variable chemical compositions of the biomacropolymers
(cutins and cutans) that compose the cuticle. Additionally, the diagenetic processes would
alter the original chemistry of organic matter and thus they contribute to the intra- and

interspecific variability.
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3) The chemical composition of the Cretaceous cuticles from Patagonia is
remarkably distinctive with respect to other previously analyzed cuticles from the
Carboniferous of the Northern Hemisphere and the Triassic of Argentina.

3. a) In the cases of Ptylophyllum micropapillosum and Ruflornia orlandoi
(Springhill Formation), a significant contribution of aromatic functional groups probably
forming part of the structural components of cuticles such as cutins, cutans, and phenolic
compounds (e.g., lignins) is observed.

3. b) For the fossil taxa from the Baquer6 Group, the similarity between the Cp

and Ct samples in each fossil taxon is most likely the result of a natural oxidation
process which the foliar remains had undergone during diagenesis and/or post-
diagenesis. Thus, a preponderant role in the volcanic activity in the fossilization
processes of Pseudoctenis ornata, Ginkgoites tigrensis, and Squamastrobus tigrensis
is suggested.

3. ¢) In the Ginkgoites tigrensis and G. skottsbergii samples, the presence of
aromatic compounds is particularly relevant. The aromaticity of these species of Ginkgoites
could be due to the contribution of the aromatic structures that compose the mesophyll
tissues. These aromatic structures most probably derive from phenolic compounds, as it
occurs in the unigue extant representative of the Ginkgoales, that is, Ginkgo biloba. The
strong aromatic signature of the Ginkgoites tigrensis cuticle distinguishes this taxon from
the other gymnosperms analyzed (Dicroidium flora and Medullosales), whereas G. tigrensis
resembles those of Ruflorinia orlandoi and Ptillophyllum micropapillosum.

4) The FTIR results indicate the necessity to use specific terminology to describe
adequately the foliar compressions from the Lower Cretaceous of the Santa Cruz province.
For this, the exhibited preservation types are considered in relation to the similarity of the
foliar compression with the maceral groups. Thus, the new terms referring to liptinitic,
vitrinic, or inertinitic compressions are proposed. The compressions of most of the fossil
taxa analyzed (Pseudoctenis ornata, Ginkgoites tigrensis, Squamastrobus tigrensis,

Ptilophyllum micropapillosum, and Ruflorinia orlandoi) are defined as liptinitic compressions
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due to the chemical similarity with the chemistry of the liptinite maceral group (derived from
the decomposition of algae, bacteria, and zooplankton, cuticles, spores, and resins) and the
considered spectroscopic data of two PCA variables (i.e., ‘A’ and ‘C’ Factors). The case of
Ginkgoites skottsbergii is particular, which is chemically similar to the vitrinite maceral group
(derived from lignin and tannin of vascular plants); consequently, its preservation type is
called vitrinitic compression.

The spectroscopic analysis carried out on the Cretaceous plant remains of
Argentina allows characterizing the preserved chemical composition of fossil taxa
belonging to different systematic groups. Thus, the more chemical information is
revealed from the fossil plants, the more comprehensive knowledge will be acquired
about the plant communities that inhabited during the Lower Cretaceous of the Santa

Cruz province.
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Figure captions

Figure 1. Location map of the fossiliferous localities: Bajo Tigre and Punta del
Barco (1), Rio Correntoso (2), and Bajo Comision (3), Santa Cruz province, Argentina. The
numbers are related to the Lower Cretaceous formations from which each fossil taxon
studied was collected.

Figure 2. FTIR sample forms. A-D. Pseudoctenis ornata. (Cycadales). A-B. BA Pb
1222. A. Rock sample with a frond fragment. B. Detail of the foliar compression released
from the rock matrix. C-D. Chemical treatment and resulting sample forms, BA Pb 1217. C.
Compression (Cp) obtained after steps 1st, 2nd, and 3rd. D. Cuticle (Ct) obtained after
steps 1st, 2nd, 3rd, and 4th.

Figure 3. Typical functional groups at different wavenumbers, in a model spectrum
based on plant fossil (foliar compression).

Figure 4. Foliar epidermises under SEM. A. Pseudoctenis ornata. 1. Adaxial
epidermis internal view, BA Pb MEB 645. 2. Abaxial epidermis external view. Papillae in
ordinary epidermal cells and subsidiary cells, BA Pb MEB 646. 3. Stomatal apparatus, detail
of the form and arrangement of papillae. Note geminated papilla (arrow), BA Pb MEB 643.
B. Ginkgoites tigrensis. Abaxial epidermis, BA Pb 589. 1. Stomatal apparatuses in internal
view. 2. External view of stomatal apparatuses showing sunken guard cells. 3. Detail
stomatal apparatus in internal view. C. Squamastrobus tigrensis. Abaxial epidermis, BA Pb
MEB 585. 1. External view. Note anticlinal walls thickness. 2-3. Internal view. 2. Longitudinal
rows of stomatal apparatuses.3. Detail stomatal apparatus. Note hypodermic cell remains
(arrow). D. Ruflorinia orlandoi, external view. 1. Rachis and pinnae with both epidermises
preserved, MPM Pb 15313. 2. Stomatal apparatuses in groups, subsidiary cells with
striated simple, cuticular striations, MPM Pb 15329. 3. Trichomes. Note bifurcated hair
(arrow), MPM Pb 15313. E. Ptilophyllum micropapillosum, MPM Pb 15355. 1. Internal
view. Note parallel venation. 2. External view. Small, simple papillae on ordinary
epidermal cells and subsidiary cells and, big, simple papillae (arrows) on veins. 3.

Stomatal apparatus with two subsidiary cells. Note anticlinal walls sinuosity. F.
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Ginkgoites skottsbergii, BA Pb MEB 249. 1. Epidermis internal view. General aspect and
arrangement of stomatal apparatuses between veins. 2. Rectangular ordinary epidermal
cells on veins. 3. Stomatal apparatuses with guard cells preserved.

Figure 5. PCA (principal component analysis) plots from the six gymnosperms
analyzed. A-C. PC 1 vs. PC 2. A-B. Component loadings (area ratios). A. Full-scale. B.
Detail of the zone delimited in (A). C-D. Component scores. C. Individual samples of each
taxon are indicated. D. Simplified plot indicating the six fossil taxa (ellipses around the
groups have no statistical significance).

Figure 6. PCA (principal component analysis) plots from the six gymnosperms
analyzed. A-C. PC 1 vs. PC 3. A-B. Component loadings (area ratios). A. Full-scale. B.
Detail of the zone delimited in (A). C-D. Component scores. C. Individual samples of each
taxon are indicated. D. Simplified plot indicating the six fossil taxa (ellipses around the
groups have no statistical significance).

Figure 7. FTIR data (Cp and Ct), of the six Cretaceous gymnosperms of the Santa
Cruz province, plotted into the kerogen-type diagram. A. Full-scale diagram. B. Simplified
plot of (A) indicating approximate regions for different macerals (ellipses around the

groups have no statistical significance).

Table captions

Table 1. List of the six studied gymnosperms indicating the sampling used in each
of them and the corresponding reference.

Table 2. Wavenumber ranges in which main functional groups and classes of
compounds absorb.

Table 3. Definition of semi-quantitative area ratios derived from FTIR spectra.

Table 4. Morphological, anatomical, and ultrastructural characterization of the fossil
taxa spectroscopically studied.

Table 5. Terminology used to refer to chemical preservation types of plant fossils by

means of FTIR spectroscopy studies.
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911 Appendix A

912 Supplementary data: FTIR spectra of the six Cretaceous gymnosperms fossil taxa
913 from Argentina. Note Cp= compression (blue) and Ct= cuticle (red).

914 Appendix B

915 Supplementary data: Semi-quantitative FTIR data set of the six analyzed

916 gymnosperms from the province of Santa Cruz, Argentina.

917 Appendix C

918 Supplementary data: Solution of principal component analysis (PCA).
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Table 1. List of the six gymnosperms indicating the sampling used in each of them and corresponding references.

Fossil taxa Foliar sampling References

Ruflorinia orlandoi Bipinnate frond Pinnae and rachis Lafuente Diaz et al., 2017, 2020a
Pseudoctenis ornata Linear to acuminate pinnae Lafuente Diaz et al., 2018b, 2020b
Ptilophyllum micropapillosum Pinnate frond Apical, middle, and basal frond parts Lafuente Diaz et al., 2018c, 2019a
Ginkgoites tigrensis Laminate divided into segments Lafuente Diaz et al., 2019b, 2020b
Ginkgoites skottsbergii Laminate divided into segments Lafuente Diaz et al., 2019b

Squamastrobus tigrensis Scale-like, adpressed and sessile Lafuente Diaz et al., 2015, 2016, 2018a, 2018b, 2020b
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Table 2. Wavenumber ranges in which main functional groups and classes of compounds absorb.

Range (cm™) Group and class of compound Assignment

3450-3250 Hydroxyl (-OH) in alcohols and phenols O-H stretch

2936-2913 Methylene and Methyl (CHs-, CH»-) in aliphatic compounds  CHs—, CH»>— anti-symmetric stretch
2864-2843 CHs—, CHx— in aliphatic compounds CH3z—, CH— symmetric stretch
1780-1720 C=0 in y-lactones, &-lactones and aldehydes C=0 stretch

1724-1695 Carbonyl (C=0) in carboxylic acids, ketones C=0 stretch

1655-1580 C=0 in B-keto esters and B-diketo esters C=0 stretch

1620-1498 Benzene ring in aromatic compounds C=C aromatic ring stretch
1475-1450 CH: in aliphatic compounds CH2 bending (scissors) vibration
1465-1440 CHs in aliphatic compounds Antisymmetric CHz deformation
~1410 CH-(CHs) bond in aliphatic compounds CH-(CHs) symmetric deformation
1385-1375 CHs in aromatic and aliphatic compounds CHs—Ar, R symmetric deformation
1240-1070 C-0O-C in ethers C-0O-C stretch

900-700 =CH in aromatic hydrocarbons =C-H out-of-plane bending
730-720 CHz in long chain aliphatic compounds ([CH2]., n = 4) CH_ rocking vibration
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Table 3. Definition of semi-quantitative area ratios derived from FTIR spectra.

Ratio Band-region (cm™)

Interpretation and remarks
PCA variable Band-region ratios

CH2/CHs3 3000-2800 Methylene/methyl ratio. It relates to the aliphatic chain length and degree of branching of

aliphatic side groups (Lin and Ritz, 1993a, 1993b). Higher value implies comparatively longer
and straight chains, a lower value shorter and more branched chains. Caution is advised
using the ratio, as it may be misleading due to the contribution from CH. and CHs; groups
attached directly to aromatic rings (Petersen and Nytoft, 2006).

CHal/Ox (3000-2800)/(1800-1600) Aliphatic/oxygen-containing compounds ratio. Relative contribution of aliphatic CH stretching

bands (CHal) to the combined contribution of oxygen-containing groups and aromatic carbon
(Ox). From higher values decreasing oxygen-containing groups can be inferred, or the lower
the CHal/Ox ratio, the higher the Ox term. This ratio could provide some information about
oxidation in organic matter (e.g., Mastalerz and Bustin, 1997; Zodrow and Mastalerz, 2001).

Cc=0/C=C (1700-1600)/(1600-1500)  Carbonyl/aromatic ratio of carbon groups. Relative contribution of C=0 to aromatic carbon

groups. Higher values indicate increasing carbonyl/carboxyl groups to aromatic carbon

groups (D'Angelo, 2006).
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C=0 cont

C=C cont

CHal/C=C

‘A’ Factor =

CHal/(CHal+C=C)

‘C’ Factor =

C=0/(C=0+C=C)

CHal/C=0

(~1714)/(1800-1600)

(~1600)/(1800-1600)

(3000-2800)/(1600-1500)

(3000-2800)/

[(3000-2800)+(1600-1500)]

(1700-1600) /

[(1700-1600)+(1600-1500)]

(3000-2800)/(1800—~1700)

Carbonyl contribution. Relative contribution of carbonyl/carboxyl groups (C=0) to combined

contribution of oxygen-containing groups and aromatic carbon (C=C) structures.

Aromatic_carbon_contribution. Relative contribution of aromatic carbon groups (C=C) to

combined contribution of oxygen-containing groups and aromatic carbon structures.

Aliphatic/aromatic _carbon groups ratio. Relative contribution of aliphatic C—H stretching

bands to aromatic carbon groups (C=C). Higher values indicate increasing aliphatic groups
to aromatic carbon groups. This ratio is equivalent to the 11 index of Guo and Bustin (1998).
A Factor. Relative contribution of aliphatic C—H stretching bands to sum of aliphatic C—H
stretching and aromatic carbon structures. According to Ganz and Kalkreuth (1987) it
represents change in relative intensity of aliphatic groups.

C Factor. Relative contribution of oxygen-containing compounds to sum of oxygen containing
structures and aromatic carbon bands. According to Ganz and Kalkreuth (1987) it represents
change in carbonyl/carboxyl groups.

Aliphatic/carbonyl groups ratio. Relative contribution of aliphatic C—H stretching bands to

carbonyl/carboxyl groups (C=0). Indicator for cross-linking degree of a polymeric structure
(i.e., the linking of polymer chains). Lower values indicate higher C=0 content and higher

cross-linking (Benitez et al., 2004).




Table

Table 4. Morphological, anatomical, and ultrastructural characterization of the fossil taxa spectroscopically studied.

Fossil taxon

Provenance

Leaves
General aspects

Pinnae / Leaflets / Segments
Form and Arrangement

Pinnules

Number

Form and Arrangement

Venation

Adaxial Epidermis
Ordinary epidermal cells

Abaxial Epidermis
General aspects

Ordinary epidermal cells

Papillae

Hairs

Stomatal Apparatuses

Form and size

Arrangement

Cuticular Ultrastructure

Pseudoctenis ornata
Archangelsky et al.

Archangelsky et al. 1995; Guignard,
2019

Punta del Barco Formation

Pinnate

Linear to acuminate; opposite of
sub-opposite

Parallel

Smooth; epidermal cells of
variable form

Numerous papillae in ordinary
epidermal cells and subsidiary
cells.

Variable form

Numerous in ordinary epidermal
cells. Also, in subsidiary cells.

Hypostomatic

Sub-circular to oval. Subsidiary
cells arranged in concentric
cycles and sunken guard cells

Irregular or in poorly defined rows

A1-A2-B1 Layers

Ginkgoites tigrensis
Archangelsky

Archangelsky, 1965; Guignard,
2019

Anfiteatro de Ticé Formation

Simple, flabelliform

2-8 segmentos.

Lanceolate; obtuse and rounded
apex

Open dichotomous

Smooth

Smooth

Rectangular and isodiametric

Amphistomatic
Cuadrangular; monocyclic to
imperfectly dicyclic. 5-6

polyhedral subsidiary cells and
sunken guard cells

Random

A1U-A1L-A2-B1 Layers

Squamastrobus tigrensis
Archangelsky and Del Fueyo

Archangelsky and Del Fueyo, 1989

Anfiteatro de Ticé Formation

Scale-like, sessile and adpressed

Uninerved

Smooth

Smooth

Rectangular and isodiametric

Occasionally at the apex of the leaf

Amphistomatic

Circular to oval; monocyclic to
imperfectly dicyclic. 4-5 polygonal
subsidiary cells and sunken guard

cells. Florin ring

In well-defined longitudinal rows

A2- Bl Layers

Ptilophyllum micropapillosum
Lafuente Diaz, Carrizo, and Del Fueyo

Lafuente Diaz et al. 2019

Springhill Formation

Pinnate

Falcate; opposite to sub-opposite; acute
apex; lower margin decurrent

Parallel

Smooth; markedly sinuous anticlinal
walls

Numerous papillae, mainly simple and
small. Sinuous anticlinal walls

Rectangular in veins

Numerous in ordinary epidermal cells.
Also, in subsidiary cells.

Hypostomatic

Quadrangular to subrectangular.
Subsidiary cells occasionally with
papillae and sunken guard cells

In 4-6 longitudinal rows

Click here to access/download;Table;Lafuente Diaz et al. Table 4.pdf %

Ruflorinia orlandoi
Carrizo and Del Fueyo

Carrizo et al. 2014

Springhill Formation

At least bipinnate and
imparipinnate

Alternate to sub-opposite

6-7 pinnules

Oblong-lanceolate, obtuse to
slightly acute apex

Dichotomous

Weak cuticular striations; low
hair density

Cuticular striations well-defined;
high hair density

Polygonal and variable size

Striated in subsidiary cells

Unicellular; simple or branched
multicellulars

Hypostomatic

Circular to oval; monocyclic. 2-
14 subsidiary cells with papillae
and sunken guard cells

Grouped, 12-14 per group

A2-B1-B2 Layers

Ginkgoites skottsbergii
Lundblad

Lundblad, 1971; Guignard et al.
2016; Guignard, 2019

Piedra Clavada/Kachaike
Formation

Simple, flabelliform

8-12 segments

Lanceolate to linear; rounded
apex

Open dichotomous

Cells of variable form; straight
anticlinal walls

Smooth; straight anticlinal walls

Rectangular and isodiametric

In subsidiary cells

Amphistomatic

Oval to circular; monocyclic or

partially dicyclic. 9-8 subsidiary

cells with papillae and sunken
guard cells

Random

A1U-A1L-A2-B1 Layers
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Table 5. Terminology used to refer to chemical preservation types of plant fossils by means of FTIR spectroscopy studies.

Designation Definition

Compression It is defined considering an analogous model to that of the extant leaf anatomy: Compression
= vitrinite (mesophyll) + cuticle (biomacropolymer). It is considered the most common

preservation type of plant fossil remains (Zodrow et al., 2009).

Fossilized or macerated cuticle It is less common than the compression preservation type. The origin of the fossilized cuticles is
interpreted as the result of geochemical processes that involve maceration of compressions
with sulfuric acid, after in situ pyritic oxidation. The coalified layer (vitrinitic component
corresponding to the transformed mesophyll) is poorly preserved or only the cuticle itself is
preserved. Fossilized cuticles are distinguished from other preservation types by: (a) varying
shades of amber (fossils preserved as compression are broadly black), (b) general inability to
fully separate into adaxial and abaxial epidermis, and (c) general lack of preservation of

epidermal features such as anticline walls and stomatal apparatuses (Zodrow et al., 2009).

Cuticle-free coalified layer Only the coalified layer, of mainly vitrinitic composition, is preserved without the cuticle; i.e.,
cuticle-free coalified layer correspond to the mesophyll transformed during a fossilization
process that implied certain circumstances that prevented the preservation of the cuticular
membranes [(e.g., Corystospermaceae from the Cacheuta Formation (Argentina) in Zodrow
et al. (2009) and Trigonocarpus ovules in D'Angelo and Zodrow (2011)] Coalified layers

occur in sediments that have a relatively higher level of thermal maturity than compressions
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(Zodrow et al., 2009).

Liptinitic compression

Vitrinitic compression

Considering the FTIR spectroscopic data belonging to ‘A’ and ‘C’ Factors (semiquantitative
data) and the chemical similarity of the foliar compressions with respect to the liptinite maceral

group (e.g., Ptilophyllum micropapillosum Lafuente Diaz et al., 2019)

Considering the FTIR spectroscopic data belonging to ‘A’ and ‘C’ Factors (semiquantitative
data) and the chemical similarity of the foliar compressions with respect to the vitrinite maceral

group (e.g., Ginkgoites skottsbergii Lafuente Diaz, 2019)
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Appendix A — Supplementary data: FTIR spectra of the six Cretaceous gymnosperms fossil

taxa from Argentina. Note Cp= compression (blue) and Ct= cuticle (red).
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Figure Al. Representative FTIR spectra of the fossil taxa from the Baqueré Group. A.

Pseudoctenis ornata Archangelsky et al., BA Pb 1220 (Cp2 and Ct2). B. Ginkgoites tigrensis

Archangelsky, BA Pb 14883 (Cpl), 14887 (Ct4). C. Squamastrobus tigrensis Archangelsky and

Del Fueyo, BA Pb11583 (Cp2 and Ct2). Data taken and modified from Lafuente Diaz (2019)

and Lafuente Diaz et al. (2018a).
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Figure A2. Representative FTIR spectra of the fossil taxa from the Springhill Formation. A.
Ptilophyllum micropapillosum Lafuente Diaz et al., MPM Pb 15355. Note differential sampling
among apical (2Cp-A), middle (2Ct-M) and basal (2Cp-B) frond parts. B. Ruflorinia orlandoi
Carrizo and Del Fueyo, MPM Pb 15327. Note differential sampling between pinnae (Cpl and
Ctl) and rachis (Cpl R and Ct1 R). Data taken and modified from Lafuente Diaz et al. (2019a,

2020).
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Figure A3. FTIR spectrum of the foliar compression from the Piedra Clavada/Kachaike
Formation. Ginkgoites skottsbergii, BA Pb 13850. Data taken and modified from Lafuente Diaz

(2019).
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Fossil taxa FTIR ratios / PCA variables
Samples CH2/CHj3 CHal/Ox c=0/C=C C=0 cont C=C cont CHal/C=C 'A' Factor 'C' Factor CHal/C=0
Cpl 9.63 0.66 5.26 0.25 0.05 13.83 0.93 0.84 2.63
Cp2 15.79 0.78 6.32 0.27 0.04 18.08 0.95 0.86 2.86
Cp3a 7.69 0.61 4.12 0.22 0.05 11.40 0.92 0.80 2.77
Cp3b 7.30 0.60 3.72 0.21 0.06 10.67 0.91 0.79 2.87
Cpda 8.58 0.57 4.24 0.22 0.05 11.25 0.92 0.81 2.65
Cp4b 9.10 0.56 4.46 0.22 0.05 11.56 0.92 0.82 2.60
%) Cp5 14.75 0.66 5.91 0.24 0.04 16.18 0.94 0.86 2.74
g Cp6 8.29 0.58 3.43 0.24 0.07 8.19 0.89 0.77 2.39
5 Cp7a 8.27 0.60 3.67 0.22 0.06 10.14 0.91 0.79 2.76
@ Cp7b 9.65 0.62 3.80 0.21 0.06 11.03 0.92 0.79 2.91
2 Cp8 9.87 0.65 6.29 0.25 0.04 16.06 0.94 0.86 2.55
§ Cp9 12.27 0.62 5.24 0.22 0.04 14.63 0.94 0.84 2.79
(2]
g Ct2 11.56 0.84 20.39 0.33 0.02 51.41 0.98 0.95 2.52
i Ct3 6.69 0.70 16.88 0.33 0.02 35.99 0.97 0.94 2.13
3 Ctda 7.61 0.68 9.53 0.28 0.03 23.08 0.96 0.91 2.42
Ctdb 7.56 0.69 14.56 0.30 0.02 33.66 0.97 0.94 2.31
Ct6 6.90 0.71 4.99 0.31 0.06 11.54 0.92 0.83 2.31
Ct7a 9.23 0.59 3.62 0.24 0.07 8.93 0.90 0.78 2.47
Ct7b 7.07 0.72 16.42 0.28 0.02 42.82 0.98 0.94 2.61
Ct8 8.58 0.78 4.77 0.25 0.05 15.11 0.94 0.83 3.17
Ct9 10.22 0.63 2.63 0.21 0.08 8.08 0.89 0.72 3.07
” Cpl 10.95 0.66 3.85 0.27 0.07 9.39 0.90 0.79 2.44
'g Cp2 11.59 0.60 2.99 0.27 0.09 6.78 0.87 0.75 2.27
5§ Cp3 20.12 0.57 3.46 0.26 0.08 7.51 0.88 0.78 217
S g Ctl 16.47 0.56 13.72 0.31 0.02 24.35 0.96 0.93 1.78
§ Ct2 13.62 0.54 4.25 0.29 0.07 7.89 0.89 0.81 1.86
Ct3 20.90 0.47 7.78 0.42 0.05 8.76 0.90 0.89 1.13
" Cpl 4.17 0.54 1.44 0.13 0.09 6.07 0.86 0.59 4.21
3 g Cp2 1.88 0.35 0.06 0.02 0.35 1.01 0.50 0.06 16.82
§_-, § Cp3 5.97 0.48 0.99 0.09 0.09 5.15 0.84 0.50 5.21
(% 2 Ct4 4.03 0.42 0.33 0.04 0.14 3.07 0.75 0.25 9.24

Continues next page
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Fossil taxa FTIR ratios / PCA variables
Samples CH2/CHs3 CHal/Ox Cc=0/C=C C=0 cont C=C cont CHal/C=C ‘A Factor' 'C' Factor CHal/C=0
Cpl 4.92 0.36 0.91 0.10 0.11 3.30 0.77 0.48 3.61
CplR 8.07 0.38 0.88 0.15 0.16 2.30 0.70 0.47 2.61
Cp2 7.42 0.36 1.43 0.12 0.09 4.21 0.81 0.59 2.94
Cp2R 0.86 0.25 1.15 0.11 0.10 2.58 0.72 0.54 2.25
Cp3 0.76 0.54 1.93 0.15 0.08 6.89 0.87 0.66 3.57
Cp4 7.42 0.37 1.55 0.13 0.09 4.28 0.81 0.61 2.76
Cp4R 4.64 0.41 0.64 0.12 0.19 2.14 0.68 0.39 3.37
Cp5 4.51 0.35 0.54 0.12 0.21 1.62 0.62 0.35 3.00
Cp5R 3.96 0.35 1.83 0.18 0.10 3.57 0.78 0.65 1.95
5 Cp6 3.72 0.40 1.83 0.19 0.11 3.80 0.79 0.65 2.07
= Cp7a 4.78 0.27 1.76 0.12 0.07 3.96 0.80 0.64 2.25
8 Ct7b 6.74 0.26 1.43 0.15 0.10 2.52 0.72 0.59 1.76
g Ct8 5.64 0.24 1.54 0.14 0.09 2.63 0.72 0.61 1.71
= Cp8R 6.16 0.19 1.40 0.15 0.11 1.82 0.65 0.58 1.30
é Ctl 10.37 0.74 0.38 0.07 0.19 3.81 0.79 0.27 10.13
T Ct1R 3.96 0.80 0.06 0.02 0.32 2.52 0.72 0.06 38.83
Ct2 12.98 0.55 0.32 0.06 0.19 2.91 0.74 0.24 8.97
Ct3 16.84 0.58 0.34 0.07 0.21 2.79 0.74 0.25 8.31
Ct5 15.65 0.64 0.20 0.06 0.32 1.99 0.67 0.16 10.16
Ct5R 3.10 0.38 0.02 0.02 0.73 0.51 0.34 0.02 22.31
Ct6 18.46 0.63 2.98 0.21 0.07 8.76 0.90 0.75 2.94
Ct7a 8.15 0.82 15.47 0.33 0.02 38.08 0.97 0.94 2.46
Ct7b 8.19 0.79 6.70 0.29 0.04 18.05 0.95 0.87 2.70
Ct8 6.66 0.79 0.55 0.09 0.16 4.83 0.83 0.35 8.80
Ct8 R 6.90 0.66 0.32 0.07 0.22 3.03 0.75 0.24 9.54

Continues next page




Fossil taxa FTIR ratios / PCA variables

Samples CH2/CHj3 CHal/Ox C=0/C=C C=0 cont C=C cont CHal/C=C '‘A' Factor 'C' Factor CHal/C=0
2-Cp A 3.27 0.21 1.22 0.10 0.09 2.40 0.71 0.55 1.96

2-Cp M 5.02 0.25 3.39 0.11 0.03 7.79 0.89 0.77 2.30
2-CpB 5.69 0.26 1.11 0.11 0.10 2.53 0.72 0.53 2.27

6-Cp A 4.89 0.30 1.34 0.13 0.09 3.21 0.76 0.57 2.39

6-Cp M 5.61 0.28 1.40 0.13 0.10 2.91 0.74 0.58 2.08

6-Cp B 5.98 0.30 1.53 0.14 0.09 3.41 0.77 0.61 2.22

8-Cp A 7.44 0.28 1.96 0.16 0.08 3.45 0.78 0.66 1.76

g 8-Cp M 5.15 0.28 1.16 0.11 0.09 2.97 0.75 0.54 2.57
2 8-CpB 4.02 0.26 1.38 0.13 0.09 2.76 0.73 0.58 2.00
%_ 11-Cp A 6.81 0.30 1.47 0.14 0.09 3.16 0.76 0.59 2.16
8 11-Cp M 7.67 0.30 1.42 0.14 0.10 3.03 0.75 0.59 2.14
g 11-Cp B 7.85 0.32 1.18 0.12 0.11 2.97 0.75 0.54 2.53
€ 2-CtA 7.09 0.63 3.52 0.12 0.03 19.15 0.95 0.78 5.44
§ 2-CtM 7.54 0.62 0.10 0.04 0.36 1.74 0.63 0.09 17.51
E 2-CtB 9.53 0.57 0.09 0.03 0.34 1.71 0.63 0.08 19.02
3 6-Ct A 8.82 1.16 0.15 0.06 0.40 2.89 0.74 0.13 19.47
E 6-Ct M 5.68 0.98 0.29 0.13 0.45 2.20 0.69 0.23 7.49
6-CtB 7.20 0.97 0.04 0.02 0.53 1.84 0.65 0.04 41.72

8-Ct A 7.15 1.06 0.14 0.05 0.34 3.09 0.76 0.12 22.90
8-CtM 15.87 0.81 0.14 0.04 0.26 3.08 0.75 0.12 22.76

8-CtB 5.84 0.45 0.32 0.06 0.20 2.28 0.69 0.24 7.08
11-CtA 8.77 0.56 0.06 0.02 0.45 1.25 0.56 0.05 22.76
11-CtM 7.19 0.61 0.16 0.04 0.23 2.59 0.72 0.14 15.91
11-CtB 8.38 0.90 0.07 0.03 0.46 1.98 0.66 0.06 29.83

Cpl 5.28 0.17 0.07 0.04 0.49 0.34 0.26 0.07 471

Ginkgoites
skottsbergii

End of table



Table B1. Semi-quantitative FTIR data set of the six analyzed gymnosperms from the province of Santa Cruz, Argentina. Note that Cp and Ct correspond to
compression and cuticle, respectively. In turn, the letters "a" and "b" indicate duplicate samples. In the case of R. orlandoi samples the letter R indicates rachis
whereas those of P. micropapillosum the letters A, M, and B correspond to apical, middle, and basal frond parts, respectively.



Appendix C

Appendix C — Supplementary data: Solution of principal component analysis (PCA)

Table C1. Input correlation matrix of nine variables with unity in the principal diagonal. Data set includes the following sample forms: (1)

compression, (2) cuticle belonging to Ginkgoites tigrensis, Pseudoctenis ornata, Squamastrobus tigrensis, Ruflorinia orlandoi, Ptilophyllum

micropapillosum, and Ginkgoites skottsbergii.

Click here to access/download;Supplemental Material;Lafuente Diaz et al. - Appendix C,

Supplementary data.doc

CH2/CHs CHal/lOx C=0/C=C C=0cont C=Ccont CHal/C=C ‘A’ Factor ‘C’ Factor CHal/C=0
CH2/CH3 1 0.35685 0.26032 0.40734 -0.15819 0.22152 0.32008 0.23598 -0.06740
CHal/lOx  0.35685 1 0.28430 0.16138 0.19897 0.37625 0.30460 -0.04607 0.44710
C=0/C=C 0.26032 0.28430 1 0.78224 -0.50770 0.97218 0.63568 0.70273 -0.34275
C=Ocont 0.40734 0.16138 0.78224 1 -0.70817 0.71062 0.76627 0.90958 -0.60888
C=Ccont -0.15819 0.19897 -0.50770 -0.70817 1 -0.48292 -0.78307 -0.87990 0.78308
CHal/C=C 0.22152 0.37625 0.97218 0.71062 -0.48292 1 0.65777 0.66471 -0.28401
‘A’ Factor 0.32008 0.30460 0.63568 0.76627 -0.78307 0.65777 1 0.82716  -0.41698
‘C’ Factor 0.23598 -0.04607 0.70273 0.90958 -0.87990 0.66471  0.82716 1 -0.74365
CHal/C=0 -0.06740 0.44710 -0.34275 -0.60888 0.78308 -0.28401 -0.41698 -0.74365 1

*


https://www.editorialmanager.com/ijpss/download.aspx?id=138014&guid=19ec5f60-fa94-4e95-95b6-703e67de54a5&scheme=1
https://www.editorialmanager.com/ijpss/download.aspx?id=138014&guid=19ec5f60-fa94-4e95-95b6-703e67de54a5&scheme=1
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Ptilophyllum micropapillosum, and Ginkgoites skottsbergii

Table C2. Solution of PCA including FTIR data from Ginkgoites tigrensis.

Pseudoctenis ornata. Squamastrobus tigrensis. Ruflorinia orlandoi.

PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9
CH2/CH3 0.359115  0.433720 0.777624 -0.251121 0.115537  0.039382 0.010495 0.012376 -0.000043
CHal/Ox 0.138112 0.909803 0.005155 0.269979 -0.246777  0.131614 -0.040786  0.016052 0.011211
C=0/C=C 0.839770  0.295300 -0.325021 -0.298155 0.079623  0.005538 -0.022461 -0.051947  0.058957
C=0 cont 0.935940  0.040496 0.084310 -0.088888 -0.201963  -0.242204 -0.054752 -0.062644 -0.031518
C=C cont -0.843790  0.402964 -0.087636 -0.232614 -0.145175  -0.132383 0.158541  0.008704 0.006164
CHal/C=C 0.811768  0.361670 -0.376984 -0.199377 0.093093  0.115820 0.035979  0.042791 -0.056152
‘A’ Factor 0.871622 0.126644 0.056124 0.424528 0.139280 -0.041021 0.128100 -0.058017 0.002263
‘C’ Factor 0.954101 -0.212218 0.014354 0.068403 -0.047378  -0.128307 0.016377 0.142051 0.024824
CHal/C=0 -0.661691 0.648006 -0.126233 0.125817 0.241066  -0.214855 -0.074445  0.025331 -0.005414
Eigenvalue 5.208053 1.878868 0.886560 0.527342 0.230875 0.172814 0.053925 0.033126 0.008437
Cumulative
explained 57.8673 78.7436 88.5942 94.4536 97.0189 98.9390 99.5382 99.9063 100

variance %




11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

Ginkgoites skottsbergii

Table C3. Acceptable three-component solution of PCA for Pseudoctenis ornata. Ginkgoites

tigrensis. Squamastrobus tigrensis. Ptilophyllum micropapillosum. Ruflorinia orlandoi, and

PC1 PC2 PC 3 Variance*

CH2/CHs 0.359115 0.433720 0.777624 92.18
CHal/Ox 0.138112  0.909803 0.005155 84.68
C=0/C=C 0.839770  0.295300 -0.325021 89.81
C=0 cont 0.935940  0.040496 0.084310 88.47
C=C cont -0.843790 0.402964 -0.087636 88.20
CHal/C=C 0.811768 0.361670 -0.376984 93.19
Factor ‘A’ 0.871622 0.126644 0.056124 77.89
Factor ‘C’ 0.954101 -0.212218 0.014354  95.56
CHal/C=0 -0.661691 0.648006 -0.126233 87.37
Eigenvalue r 5208053 1.878868 0.886560  7.073481
Cumulative explained 57 g575 787436  88.5942

variance %

* Variance explained by first 3 PC (%).
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