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Abstract: The Pennsylvanian-Permian transition has been inferred to be a time of significant glaciation
in the Southern Hemisphere, the effects of which were manifested throughout the world. In the
equatorial regions of Pangea, the response of terrestrial ecosystems was highly variable
geographically, reflecting the interactions of polar ice and geographic patterns on atmospheric
circulation. In general, however, there was a drying trend throughout most of the western and central
equatorial belt. In western Pangea, the climate proved to be considerably more seasonally dry and with
much lower mean annual rainfall than in areas in the more central and easterly portions of the
supercontinent. Here we describe lower Permian (upper Asselian) fossil plant assemblages from the
Community Pit Formation in Prehistoric Trackways National Monument near Las Cruces, south-central
New Mexico, U.S.A. The fossils occur in sediments within a 140-m-wide channel that was incised into
indurated marine carbonates. The channel filling can be divided into three phases. A basal channel,
limestone conglomerate facies contains allochthonous trunks of walchian conifers. A middle channel
fill is composed of micritic limestone beds containing a brackish-to-marine fauna with carbon, oxygen
and strontium isotopic composition that provide independent support for salinity inferences. The
middle limestone also contains a (par)autochthonous adpressed megaflora co-dominated by voltzian
conifers and the callipterid Lodevia oxydata. The upper portions of the channel are filled with muddy,
gypsiferous limestone that lacks plant fossils. This is the geologically oldest occurrence of voltzian
conifers. It also is the westernmost occurrence of L. oxydata, a rare callipterid known only from the
Pennsylvanian-Permian transition in Poland, the Appalachian Basin and New Mexico. The presence of
in situ fine roots within these channel-fill limestone beds and the taphonomic constraints on the
incorporation of aerial plant remains into a lime mudstone indicate that the channel sediments were
periodically colonized by plants, which suggests that these species were tolerant of salinity, making
these plants one of, if not the earliest unambiguous mangroves.



Cover Letter, for Editor only

UNIVERSITY OF CALIFORNIA, BERKELEY

BERKELEY * DAVIS « IRVINE + LOS ANGELES » MERCED « RIVERSIDE « SAN DIEGO + SAN FRANCISCO { " SANTA BARBARA + SANTA CRUZ

DEPARTMENT OF INTEGRATIVE BIOLOGY
BERKELEY, CALIFORNIA 94720-3140

Dear David Bottjer, May 10, 2015

The revised manuscript “Early Permian (Asselian) vegetation from a seasonally dry coast in western
equatorial Pangaea: paleoecology and evolutionary significance” was just uploaded on the Paleo3
website. In this paper we present early Permian fossil plant assemblages from the Prehistoric Trackways
National Monument, New Mexico. This is the geologically oldest occurrence of voltzian conifers, the
westernmost occurrence of a rare seed fern, and possibly evidence for mangroves. We were pleased to
hear that the manuscript only needed minor revisions, and some additional analysis. In the revision notes
below we explain how and where each point of the reviewers' and editors' comments has been
incorporated, and indicated the changes in an annotated version of the revised manuscript. We hope you
will find the revised paper acceptable for publication.

Kind regards,

s

Cindy Looy

Assistant Professor Paleobotany
Department of Integrative Biology
University of California, Berkeley
Tel: 510-642-1607

E-mail: looy@berkeley.edu



Revision Notes
Click here to download Revision Notes: Revision Notes.pdf

REVIEWER 1

Reviewer: Stable isotope geochemistry of the limestones in the channel structure are used as part of the
greater argument for brackish to marine water associated with emplacement of the channel limestones
and during in-situ plant growth (section 3.2; lines 282-299). The immensity of geological and
palaeontological evidence presented for the marine to brackish conditions makes the interpretation of the
stable carbon and oxygen isotope permissible, but the presentation of data and arguments surrounding
them are under-developed. To be more precise:

Reviewer: No methods of analysis are presented.

Response: A new section describing the methodology of the isotopic analyses was added (4.1
methodology).

Reviewer: d'®0 and d“C values are presented as ranges, but there is no indication of how many
analyses were completed and over which range they represent.

Response: The new methodology section 4.1 includes the number of samples used in for stable isotope
analyses, and their values.

Reviewer: There is no presentation of stable isotope data either in Table or graphical form within the
manuscript. I strongly recommend that this be included in a revised MS because it helps the reader to
understand the meaning/substance of the data ranges and their distributions.

Response: A new section describing the data of the stable isotope data was added (4.2 Results), and
presented in a new table (Table 1).

Reviewer: Line 285: "d13C compositions" should be "d13C values"

Response: This was changed in the text.

Reviewer: Line 290: "eariest " should be "earliest".

Response: This was changed in the text.

Reviewer: Lines 262-263: "..., proximal to land given clear evidence for wind-blown detrital material."
What evidence, and why is it so clear?

Response: This part of the sentence was removed.
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REVIEWER 2

Reviewer: In Page 29, Line 662, you stated “...Preserved cuticle on both conifer and callipterid foliage
indicates rapid burial....” I wonder why you did not analyze the cuticle for the identification of these
plants remains.

Response: Only a few of the conifers have cuticles preserved, after maceration it became clear the
material was too oxidized to recognize epidermal characteristics. We clarified this in the manuscript by
adding “Some specimen have cuticles preserved, unfortunately they do not preserve epidermal patterns”
to the text. The callipterids do not have cuticle preserved. In a few patchy areas, the epidermal pattern of
Lodevia oxydata can be recognized as impressions of the inside of the cuticle in the fine-rained
sediment. The cuticle was initially preserved, but disappeared later in the process as a result of
oxidation.

Reviewer: It has been well known that together occurrence of callipterids and conifers are only
occasional. Therefore, the co-occurrence of callipterids and conifers has been always interesting and it
would be really appreciated if the authors could provide better detailed information of the conifers,
particularly the taxonomy. It is very likely possible to tell what exactly these conifers could be based on
cuticle anatomy, with respect to the authors’ team, of whom Hans Kerp and Cindy Looy have
particularly worked a lot on the systematics of this group including cuticle anatomy. On the other hand,
Lodevia oxydata as the element of callipterids in the assemblage has got a specific identification.
Although these conifers are constrained as voltzian conifers, a more detailed determination rather than
“Morphotype A, B, C, D” is very much expected, which is possible if you have got cuticles.

Response: Lodevia oxydata has a striking morphology, and for that reason relatively easy to recognize.
To be absolutely sure of our case we compared it to a new image of the type specimen, and asked
Manfred Barthel for a second opinion. Things are different in that regard for the conifers. A relatively
low number of specimens were collected, the morphological differences between the specimens are
relatively high, and the cuticles are not well-preserved. At this stage we prefer not to assign these
conifers to a particular conifer taxon.

Reviewer: I would recommend to add a few photos to show the “Flora 17 (walchian conifer wood) in
this article. Although this flora has been or will be described in detail elsewhere, it is better for a reader’s
convenience to have a quick look of the whole floral assemblages, as an independent publication.

Response: A detailed treatment of this flora has been published (Falcon-Lang et al., 2014), and we
included the information on flora 1 here for sake of completeness. Instead of adding photo’s of the
walchian wood from the lower unit we decided to minimize the text of this part of the flora further.

Reviewer: Page 5, line 110, “...until now only known only from similar aged exposures in central
Europe...” may be one “only” will be better ok.

Response: The second “only” was removed.

Reviewer: In Page 5, Line 95, the citation for Cathaysian conifers “(Cathaysia: Hernandez-Castillo et
al., 2001” . It would be better to add a citation of the article: LIU Lujun and YAO Zhaoqi, 2013. “The
conifer-remains from the Permian of South China”. Acta Palaeontologia Sinica, 52(2): 182-201. (In
Chinese with English summary.)

Response: The reviewer is correct. The Liu and Yao article was added to the text.



Reviewer: Page 6, line 136, it is better to give the full name for the abbreviation “NMMNHS” and
“NMNH” when they occur for the first time in the text.

Response: Both full names are currently given when used for the first time.

Reviewer: Page 11, line 239, 245, you wrote “Plant Assemblage #1”, whereas in Page 12, line 272, you
wrote “Plant Assemblage 27, should this be “Plant Assemblage #2” for consistence of wording?

Response: The # sign was removed.

Reviewer: Page 24, line 534, “...by the authors in their combined over 200 person-years of field work...”
I wonder if this is a mistake of “200 person-months™ or “20 person-years”? “200 person-years of field
work” in this region by the present authors is somewhat doubtful.

Reviewer: “200 person-years of field work™ was changed to “many years”.
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Highlights

An early Permian conifer-callipterid dominated megaflora from New Mexico is described
The flora includes the oldest occurrence of voltzian conifers

The flora grew on margins of a highly saline channel and was rooted within lime muds
The isotope composition of the associated fauna support the salinity inferences

The growth habitat is unusual and suggests mangrove habits for one or more taxa
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Abstract

The Pennsylvanian-Permian transition has been inferred to be a time of smgnifica
glaciation in the Southern Hemisphere, the effects of which were manifesiagtbut the
world. In the equatorial regions of Pangea, the response of terrestrialteswsysas highly
variable geographically, reflecting the interactions of polar ice andrgphic patterns on
atmospheric circulation. In general, however, there was a drying trend throughsiudfrthe
western and central equatorial belt. In western Pangea, the climate mrde=dansiderably
more seasonally dry and with much lower mean annual rainfall than in areas ioréheemtral
and easterly portions of the supercontinent. Here we describe lower PermianAsggi=m)
fossil plant assemblages from the Community Pit Formation in Prehistac&ways National
Monument near Las Cruces, south-central New Mexico, U.S.A. The fossils ocedinrests
within a 140-m-wide channel that was incised into indurated marine carbonatehannel
filling can be divided into three phases. A basal channel, limestone conglofaerasecontains
allochthonous trunks of walchian conifers. A middle channel fill is composed of micriti
limestone beds containing a brackish-to-marine fauna with carbon, oxygen andistronti
isotopic composition that provide independent support for salinity inferences. The middle
limestone also contains a (par)autochthonous adpressed megaflora co-dominateidoy vol
conifers and the callipteridodevia oxydataThe upper portions of the channel are filled with
muddy, gypsiferous limestone that lacks plant fossils. This is the geolggtigist occurrence
of voltzian conifers. It also is the westernmost occurrente oxydata a rare callipterid known
only from the Pennsylvanian-Permian transition in Poland, the Appalachian Basin and New
Mexico. The presence of in situ fine roots within these channel-fill limestatsedmel the

taphonomic constraints on the incorporation of aerial plant remains into a lime mudsticatei
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that the channel sediments were periodically colonized by plants, which suilpgeshese
species were tolerant of salinity, making these plants one of, if not the taarh@sbiguous

mangroves.

Keywords: Permian, estuary, voltzian conifers, callipterids, mangrove, New Mexico

1. Introduction

During the early Permian, the Earth went through a transition from a gicoall to

warm climate (Montafez et al., 2007; Tabor and Poulsen, 2008; Montafiez and Poulsen, 2013),

which resulted in prominent vegetational changes. Based on a global dadeseet BI. (2002)
recognized four distinctly different floral realms during early PeamiSakmarian) time: (1) a
Gondwanan realm characterized by glossopterids in temperate regibasSaiuthern
Hemisphere (Cuneo, 1996; Tewari et al., 2012); (2) a Euramerican realm aiiegddig
walchian conifers, peltasperms and ferns in a seasonally dry tropical séamge( al., 1990;
Zeigler et al., 2002); (3) a Cathaysian realm characterized by lycopgsgsiapsids and ferns in
the humid tropical islands bordering the western Tethys (Hilton and Cleal, 2007; Y\dng e
2012); and (4) a poorly resolved Angaran realm characterized by cordaitalétorshiern
Hemisphere temperate mid-latitudes (Meyen, 1982, 1988; Gomankov, 2009). Transitional
vegetation also has been identified at the boundaries of these realms (Broutin et al., 1998;
Berthelin et al., 2003; LePage et al., 2003). This global floral realm arciédeid much earlier
origins in the Carboniferous (Chaloner and Meyen, 1973), though the lycopsid-rich wetland
biome, so typical of the Carboniferous Euramerican equatorial regions,mast abmpletely

absent there by the early Permian (e.g., Kerp and Fichter, 1985; Kerp, 1996h&éwtal.,
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2009; Oplustil et al., 2013; Tabor et al., 2013) and survived in Cathaysia (Hilton and Cleal, 2007;
Wang et al., 2012; Wang and Pfefferkorn, 2013).

The Euramerican floral realm, of which the flora reported here is a part,beshknown
of the Permian seasonally dry vegetation types. Assemblages have betreddson the
southwestern U.S.A., eastern U.S.A., eastern Canada, North Africa, western Europe, and t
Ukraine (e.g., Florin, 1938-1945; Doubinger, 1956; Kerp et al., 1990; Kerp, 1996; Broutin et al.,
1998; Blake et al., 2002; Zeigler et al., 2002; DiMichele et al., 2007; Galtier and Broutin, 2008;
Blake and Gillespie, 2011; RoRler et al., 2012; Tabor et al., 2013), all of which lay within 10
degrees of the paleoequator (Rees et al., 2002). According to Zeigler et al. {2082}called
walchian conifers are the most characteristic, abundant and widespreadmlhaistearly
Permian seasonal tropical vegetation.

Walchian conifers (walchian VoltzialsensuRothwell et al., 2005) were the earliest
conifers to appear in the fossil record and were characterized by a plpigitranching pattern
and narrow, triangular to linear, needle-like leaves (e.g., HernandékeGzsal. 2003,

Rothwell et al., 2005). Their ovulate ovuliferous dwarf shoots were organized in coneseor fert
zones. Walchian dwarf shoots had numerous sterile scales interspersed witpartgphylls,
which showed at least some indication of radial symmetry. Distinctly diffewed evolutionarily
more derived are the voltzian conifers or voltzian VoltziasenguRothwell et al., 2005). They
were trees with an irregular branching pattern (orthotropic) and bifa@s danceolate to

linear medium-sized leaves (e.g., Clement-Westerhof, 1988; Rothwell et al., 28@%kelthe
walchian conifers, these conifers also produced ovuliferous cones or fertite Zbpesterile
scales and sporophylls in their ovuliferous dwarf shoots, however, were partly tetzynpl

fused, and the whole structure was bilaterally symmetrical and more datéssed in one
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plane (e.g., Clement-Westerhof, 1987; Looy and Stevenson, 2014). During the Permian, both of
these groups are largely confined to the Euramerican floral realm, althouglatbeeports of
walchian Voltziales from transitional assemblages (Cathalisiand Yao, 2013possibly
Angara: LePage et al., 2003).

This report describes a distinct assemblage of early Permian (lakeA}plant
macrofossils from the Robledo Mountains in southern New Mexico. These fossilesee/pd
in an unusual depositional setting, a small channel filled with muddy, brackishiteemar
limestone, bordering a seaway. The assemblage indlugés roots, which provide evidence of
plant growth in the lime muds, under saline conditions higher than freshwater. Refymatd c
appears to have been periodically semi-arid to perhaps even arid (Tabor and Montafiez, 2004;
Tabor et al., 2008; Mack et al., 2010, 2013; Tabor et al., 2013). The bottom portion of the
channel contains a flora dominated by walchian conifer logs, preserved inlya $ocated,
conglomeratic lag deposit, probably emplaced during channel incision or lnaitikdilling
phases. The middle portion is a lime mudstone in which the dominant floral elements are
vegetative and reproductive remains of voltzian conifers and the calliptet@Via This is the
earliest record of voltzian conifers, considerably extending the range afehge from its
previously oldest known occurrence near the early-middle Permian boundary (Looy, @697; L
and Stevenson, 2014). It also is the westernmost occurrehod®fia oxydatauntil now
known only from similar aged exposures in central Europe and the Appalachian Basiar{erp
Haubold, 1988; DiMichele et al., 2013b).

This flora from the middle portions of the channel fill differs entirely from
contemporaneous early Permian western Pangean floras preserved in themAditoRand its

equivalents (Hunt, 1983; DiMichele et al, 2013a). These floras are known from coastal pla
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siliciclastic red-bed deposits, which crop out widely from the northern to thieesoaotost parts
of New Mexico, through the central part of the state (Lucas et al., 2013), includhg in t
Robledo MountaingMack et al., 2010; Voigt et al., 2013). They are dominated by walchian
conifers, with local occurrences of the peltasp8upaia thinnfeldioide@iMichele et al., 2007,
2012), rare callipterid peltasperms and isolated occurrences of other taxaamonon in
assemblages from other Permian equatorial regions (Kerp and Fichter, 2%&%;dhd Broutin,
2008; Oplustil et al., 2013; Tabor et al., 2013).

Other compositionally unusual assemblages of plants not dominated by walchians have
been reported from the early Permian of the Euramerican equatorial regio{®lichele et
al., 2001, 2004), one of which was characterized by voltzian conifers (e.g., Looy, 20658. T
assemblages, often known from isolated occurrences, such as the one reportadmgise, s
suggest the existence of tropical biomes distinct from that dominated by aveddmifers,

perhaps reflecting different patterns of rainfall seasonality or habithtyqua

2. Geological context

The fossiliferous deposit we describe here crops out in the Prehistoric agesckw
National Monument (PTNM) near Las Cruces, Dofia Ana County, south-central Newolexi
U.S.A. (Lucas et al., 2011, Hunt et al., 1993; MacDonald, 1994; Lucas and Heckert, 1995; Lucas
et al., 1998ab, 2011; Minter and Braddy, 2009) (Figure 1). Map coordinates for the new fossil
site are on file at the New Mexico Museum of Natural History and Sciedd®({\HS),
Albuquerque, New Mexico, and the National Museum of Natural History (NMNH), Washing
D.C. Only a few fossil plant assemblages have been previously reported fih (¥Digt et

al., 2013; Falcon-Lang et al., 2014). The new material described here is housed in the



139  paleontological collections at the NMMNHS as collecting localities NWHM3016 and 7981

140  (these are NMNH localities USNM 43550-43554 and 43563).

141

142  2.1. Stratigraphy and age

143 The fossil plant assemblages, discussed herein, occur in the lower Permian Hugxo G
144  which comprises, from base to top, the Shalem Colony, Community Pit, Robledo Mountains, and
145  Apache Dam formations (Kottlowski, 1960; Mack and James, 1986; Lucas et al., 1998a, b;
146  Krainer et al., 2003, 2009; Voigt et al., 2013). The fossils are from 10-15 m above the base of
147  the local section of the approximately 91-m-thick Community Pit Formationhwheans they
148 are from the lower part of the formation (Figure 2). Based on the currenbstateknowledge,
149 summarized below, the age of the fossil plant assemblage in the lowermost@ionit

150 Formation of PTNM is late Asselian. It is bracketed by earliest fsstisulinids in the

151 underlying Shalem Colony Formation and is positioned ca. 40 m below a bed contgiategt(?
152  Asselian fusulinids in the middle part of the Community Pit Formation, and Sakresaién

153  Artinskian strata in the middle to upper part of the Community Pit Formatiom@rat al.,

154  2009; Voigt et al., 2013; Falcon-Lang et al., 2014).

155

156  2.1.1. Biostratigraphic findings

157 Below the plant-bearing beds, immediately below the Community Pit Formation,

158  fusulinids and smaller foraminifers are found in the Shalem Colony Formatiose The

159 foraminifers indicate, in regional terminology, an early Wolfcampian(sgedham, 1937;

160 Lucas et al., 2002; Krainer et al., 2009). On the international time scale, thisoiaéwhere
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within the latest Gzhelian—earliest Asselian interval, i.e., the Carboagd?ermian boundary
(Henderson et al., 2012a).

Above the plant-bearing beds biostratigraphically significant fusulinide discovered
from a packstone (Bed 51, Figure 2). This bed was positioned 53.5 m above the base of the
Community Pit Formation at NMMNH locality 7981, and positioned ca. 40 m above the plant
beds (equivalent to beds 18-20, Figure 2). The fusulinids inElseedoschwagerinaeedei
Dunbar and Skinner 193Bseudoschwageringf. P. rhodesiThompson 1954 and
Paraschwagerinap. with phrenothecae @araschwagerinaff. P. phrenesaVilde 2006 or
Paraschwagerinaff. P. fax Thompson and Wheeler 1946). Based on correlations across New
Mexico (Wilde, 2006), we interpret these occurrences as indicative of a katerotatest
Nealian (i.e., late to latest Asselian) age. We note that altifaigtschwagerinapecimens
with phrenothecae first appear in the uppermost Lenoxian (lower Artinskiaa) atidew
Mexico (Wilde, 2006), they are present much earlier in the McCloud Limestdahe Bfamath
Terrane in northern California (Zone C of Skinner and Wilde, 1965), in rocks that are probably
equivalent to the early Asselian. Therefore, their presence in the CommitiibyRation is not
inconsistent with the age indicated Bgeudoschwagerina

The foraminiferPseudovermiporellhas been identified from the middle and upper part
of the Community Pit Formation elsewhere in Dofla Ana County. Based on the Firstakmeea
Datum (FAD) of this species, Krainer et al. (2009) inferred a Sakmariaif kigeassignment
was based on correlation with the FAD of this genus in successions of the Apsnaf Austria
(Vachard and Krainer, 2001; Krainer et al., 2009). Formerly dated as Saknkanike, (1995),

this interval is now placed in the early Artinskian based on conodonts and fusulinidsl¢g &ty



183 al., 2013), which suggests that the correlative Community Pit Formation may Ise, in it

184  uppermost part, of early Artinskian age.

185 Conodonts obtained from the middle part of the Robledo Mountains Formation,

186 immediately overlying the Community Pit Formation, indicate an assignméme late

187  Wolfcampian (Lucas et al., 1998a, b, 2002); this is equivalent to a late Artinskian age

188 (Henderson et al., 2012) on the international time scale. An Artinskian age for thedroble
189  Mountains Formation also is inferred based on the occurrence of the small fusulinid

190 Pseudoreichelinghroughout the formation (Krainer et al., 2009). This genus, however, ranges
191 into middle Leonardian strata in Central America (Guatemala, northerrc&)eand the

192  southwestern USA (New Mexico, Texas and Nevada) (Vachard et al., 1997), suggesting
193  Kungurian upper age limit (Henderson et al., 2012a).

194

195 2.2. General paleoenvironmental interpretation

196 The Community Pit Formation is a mixed siliclastic-carbonate unit, contanaingbly
197  fossiliferous beds of dolomudstone, lime mudstones and wackestones, and sitichkls

198  (Figure 2; Krainer et al., 2003, 2009; Mack et al., 2013). It was deposited in a shallow toari
199 supratidal setting (the Hueco Seaway) on the western margin of theatdgracrOrogrande

200 Basin (Lucas et al., 1998a, b; Voigt et al., 2013) at a paleolatitude of about 2°N (Talbor et
201  2008). Elsewhere in Dofia Ana County, the unit contains a somewhat restricted marae fa
202 and red/green-mottled caliche paleosols are developed at a few intervaier(l€tal., 2003,
203  2009; Lucas et al., 2002; Mack et al., 2010). Fifty kilometers north of Dofia Ana County, this
204  same stratigraphic interval comprises only red bed alluvial facies éfé&ormation

205 (DiMichele et al., 2007; Lucas et al., 2012). Therefore, during the Early Peimidocation of
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the PTNM lay close to the fluctuating Hueco Seaway coastline (Mack ares$ Jh886), with
alluvial plains to the north (Lucas et al., 2012).

In a PTNM section that largely comprises the Community Pit Formatiork btead.
(2013) identified six supratidal and shallow marine facies. They compared tladl over
paleoenvironment with semi-arid portions of the present-day Trucial Coast of iAddi, D
highlighting the presence of gypsum. This interpretation of climate asas&ms consistent
with regional studies of paleosols (Mack, 2003; Tabor et al., 2008; Mack et al., 2010). However
the remains of large fossil trees, which would have required a good water supphatoccur
several intervals in the formation (Tidwell and Munzing, 1995; Falcon-Larlg 20a4). There
are three possibilities to explain this apparent inconsistency: (1) Regionale was, in fact,
semi-arid to arid, but there were localized poorly drained, groundwater-depenbiésisigotted
across the landscape (cf. DiMichele et al., 2006), where arborescentieegstald flourish
despite the aridity. (2) Regional climate was overall somewhat wettawjrag the geographic
co-occurrence of minor evaporites with large trees, as seen, for exarttpepresent-day
southern Mediterranean region (cf. Francis, 1984). (3) Regional climatatestiletween
wetter and drier phases, the large trees being associated with thedtanmage states and the

evaporites with the latter (cf. Parrish and Falcon-Lang, 2007).

3. Paleoenvironment of the fossil site

The fossil site, reported here, occurs within a 5-6 m deep channel cut into a smcoessi
shale, limestone and dolomite at NMMNH locality 7981 (Figure 3A). The channedawts
from a horizon c. 15.5 m above the base of the Community Pit Formation section (Figure 2, 3A).

Measured on an east-west outcrop, sub-perpendicular to the channel axis, the apgament c
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width is about 140 m (Figure 4). The eastern channel margin appears steeper trestethe w
margin, but this may be an artifact of outcrop orientation. In addition, the westeagim risa
truncated by a fault. Seven sections (A - G) were measured across thel ¢Ragure 4). Three

distinct units fill the channel; the lower two contain fossil-plant asserablafydifferent kinds.

3.1. Lower unit

The basal unit, which occurs only in the central part of the channel (Figure 4, seetions B
E), comprises a lens of limestone pebble-to-cobble conglomerate, 0.05-1.1 m thick, aing conta
Plant Assemblage 1. This rudstone is dominated by sub-angular to sub-rounded, elastzate
of gray-orange lime mudstone, 20-150 mm long, and accumulations of detrital crinoids and
bryozoans (locally comprising multiple, cemented, randomly arranged flaggnents, clearly
reworked from underlying beds), within a poorly sorted matrix of medium- to coasegr
mixed carbonate-siliciclastic sandstone and mudstone. Specimens of coaéditdinks, up to
0.17 m diameter, co-occur with cubic, sub-rounded, 20-50 mm diameter blocks of charcoalified

wood (Plant Assemblage 1) in the basal rudstone.

3.2. Middle unit

The middle unit, up to 4 m thick, is more laterally extensive, and extends beyond the
margins of the underlying conglomeratic lag, which is confined to the central jmason of the
channel. Lime mudstone beds, up to 1.4 m thick, with undulatory or wavy lamination are the
most prominent macroscopic feature of this unit (Figure 3B, C). In thin sectioe ltbds are
planar laminated, partly bioturbated lime mudstone with minor low-angle siiéedsvith

slightly coarser grained carbonate material. They also includaealasiltstones with rare thin
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layers of very fine-grained sandstdres to 10%), composed of quartz and subordinate feldspar
silt-size detrital grains, some of which appear to be wind-blown (Figuréng)silt- and sand-
sized layers contain abundant recrystallized carbonate skeletons andramaiits of detrital
dolomite (Figure 5). Most common are hollow, needle-like skeletons ~30 to 60 um in diameter
and up to 0.5 mm long, which are recrystallized sponge spicules (Figure 5C),coparakel to
bedding planes. There also are subordinate ostracodes and smaller forsuffiniferiting
Syzrani&, and nodosinelloid forms) (Figure 5D) and probably other, completely recrysiallize
fragments that cannot be identified. Non-skeletal grains are small pel@dsx(BA). The silt-
sized and sand-sized material indicates transport by weak currents antiatepoaishallow,
restricted environment.

In addition to the carbonate muds, the middle unit contains poorly exposed siliciclasti
shale beds and a single, thin calcarenite lens, 0.14 m thick and several metemniingel to
the central part of the channel and some medium- to coarse-grained stlcsdend that shows
climbing ripple cross-laminations.

Macrofossils and traces in the middle unit include scattered pterinopectinidesizadd
rare lingulid brachiopods, and horizons with vertical burrows. The low-diversity of the
invertebrate fossil assemblage and overall fine-grained nature of the mubddyatas is typical
of restricted marine or brackish depositional environment. Also present at smblifons are
rooted zones associated with the adpressed megaflora (Plant Assemblagidb@diessection
5). A few weakly calcified tree-trunks, up to 0.18 m diameter and > 1.4 m long, occur in the
undulatory beds. These logs have an orientation sub-perpendicular to the channel maggins. Ra

fragments of wood also are identifiable in thin sections of the limestone matrix
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3.3. Upper unit
The uppermost channel-fill unit is a distinctive yellow dolomite, up to 1.2 m thick,
showing prominent calcite-filled vugs and nodular gypsum (Figure 4). No magi®ivsse

identified in this portion of the channel fill.

3.4. Paleoenvironmental interpretation

There are several possible explanations for the incision of the fossil-belaangel and
its subsequent filling, primarily with carbonate, which must be treated as t@igpodependent
phenomena. The occurrence of an incised channel system, albeit unique in the region,
necessitates a fall in base level sufficient to sub-aerially expdsenezaes formed on the marine
shelf and to cause channel incision. Most incised features of this nature have bgeizedadn
non-marine, siliciclastic depositional settings; however, a few exarmhalesbeen reported in
carbonate-dominated settings (e.g., Johnson and Simo, 2002; Jiang et al., 2003; Tucker, 2003).
The term “incised channel” (rather than incised valley) is the most apgegescriptor for the
feature (Gibling, 2006; Falcon-Lang et al., 2009) because it is relativelly(¢4@m wide and
5-6 m deep) with a low aspect ratio (about 25:1).

There are several possible causes of base-level change. Eustatic l@ivegagevel is,
perhaps, the hypothesis most likely to be invoked first, given that the CommunityrrRation
may have been deposited sometime during one of several intervals of infemeanP®uthern
hemisphere glaciation (middle Asselian-early Artinskian) (Montafielz, 2007; Fielding et al.,
2008ab; Rygel et al., 2008; Montafiez and Poulsen, 2013). Were it due to a eustatic event,
resulting in a global lowering of sea level, additional evidence of incision ing¢henaght be

expected at this same horizon, which is widely traceable within the moditynedie portion of
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298 the Community Pit Formation. However, such evidence has not been found by us or reported
299 elsewhere.

300 It is also possible that rapid, local base-level change could have been triggered b

301 tectonism, given the location of the PTNM in the intracratonic Orogrande BasiRTNM is

302 positioned close to and on the subsiding side of a line separating active uplift and eoosion fr
303 subsidence in this region. Although most of the active tectonism was in the eaftawmhn,

304 the age of this deposit and the duration of the tail end of that tectonism arestiyfici

305 unconstrained that this must remain an active possibility.

306 Finally, autogenic processes are another possibility, but these museopithat a larger
307 eustatic or tectonic framework whereby local base-level had been lovikadlya\Were base-

308 level/sea-level already low, on a landscape that generally expetitieerainfall, it is possible
309 that there were few drainages, particularly in a low-gradient coastabement. In this

310 scenario, the channel may have originated by avulsion or stream captuce|grgrif base-

311 level lowering happened in combination with an increase in regional moisturgereqgi

312 The central portion of the channel contains a basal rudstone composed of pebbles and
313 cobbles of marine limestone and faunal detritus, clearly well indurated antheftits erosion

314 and deposition. Thus, it does not appear to represent a submarine channel. The smallesize of t
315 channel, and the fact that the only sedimentary particles in it are of local fooigi within the

316 areas of the immediate drainage basin, suggest a seasonally dry atithat&éme of incision,

317 and a relatively small overall drainage area (Feldmann et al., 2005). Therdowester, have

318 been sufficient moisture to promote plant growth proximate to the channel, indicated by

319 moderate-sized logs in the basal channel fill, and to bring about incision in theaioest
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The filling of the channel appears to comprise several phases. Cledyygrear
particular, there were periods of active transport of sedimentary partidiereas at other times
the channel appears to have been significantly less active to stagnant and pohsiadéyhad
portions subaerially exposed. The middle unit lime muds and their invertebrate foagihave
been washed in from seaward, by the backfilling tidal waters. This may haveedconce the
fluvially incised channel was flooded by tidal waters during base levd#gehrise. Gypsum in
the later stages of channel filling suggests an increasingly driettelimiid time.

The fill sequence suggests a base-level rise. The basal conglorayaiticluding
permineralized, partially to completely fusinized logs, indicates sefftienoisture on the
landscape to support trees, and water movement in the channel during its periodsaf flow t
cause significant erosion and to move, at least periodically, large sediyneentiEcles. The
combination of intraformational gravels and logs, preserved partially oryvdlitharcoal, is
consistent with a semi-arid to dry sub-humid climate (Cecil and Dulong, 2003). Théalgasa
was emplaced either during the more active parts of water flow in the tloameing the early
phases of transgression.

Above this basal lag, lime mudstones formed under brackish to nearly marineesaliniti
with strong suggestions of periods of standing or sluggishly moving water. Triigysaid
carbonate accretion are most likely reflective of base-level mi$é¢hee invasion of the channel
by marine waters, mixed to some small degree with continued freshwabét from the
surrounding terrestrial landscape. A change from a sub-humid to a semi-aateairndicated.
However, it is likely that water cover was maintained most of the timen gvielence of

syndepositional occupation of surfaces within the channel by vascular plants and the
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342  incorporation of plant remains into the limestone matrix, which consisted of gictivel

343  forming/accumulating carbonate muds.

344 The final sediments in the channel are lime mudstones with gypsum cemenis) &oki
345 evidence of vascular plants nearby or living on the surface. The lack of plantateinag be

346 interpreted to mean that plants were not growing in or around the channel. Absernderafe2

347 not being evidence of absence, plants may no longer have been present on the landscape or
348 conditions may have been unfavorable for the accumulation and preservation of orgaaric mat
349  or both. One must keep in mind that most sediments formed in fully terrestrial ot coasta

350 transitional settings lack terrestrial fossils, even if all othecatdrs are consistent with the

351 presence of vegetation and fauna.

352

353 4. Isotopic analyses of the middle unit

354 In order to more tightly constrain the extent of marine influence on the lime mudsfones
355 the middle unit, carbon, oxygen, and strontium isotopic analyses were carried outadrit@dr
356 samples of the carbonate samples from the middle unit.

357

358 4.1. Methodology

359 Thick sections (~200 pum thick) of two hand samples from the middle unit were studied
360 petrographically under transmitted light and cathodoluminescence in order ttyidalaite

361 fabrics and textures. Thick sections of the two samples were microdrille@lite 0 pug £10

362 g samples) and radiogenic isotope (0.5 gm) analysis using a Merchante&tadtom

363  microdrilling system.

364 Samples (n=10) for stable isotope analysis were roasted at 375° C under vacuum for 30
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365 minutes to remove organics and subsequently reacted in 105% phosphoric acid at 90° C in either
366 acommon acid bath on a GVI Optima Stable Isotope Ratio Mass SpectronRMBE{SUr a

367  Gilson Multicarb Autosampler system (individual acid injection vials) intedavith an

368 Elementar Isoprime Mass Spectrometer housed in the UC Davis Stable Isabopatory. CQ

369 gas was analyzed in dual inlet mode and values were corrected using theo@exgon to

370  account for thé’O contribution (Craig, 1957) and to an internal standard and reported relative to
371 the Vienna Pee Dee Belemnite (VPDB). Both systems pra¥itzprecision of + 0.04%. and

372 &0 precision of + 0.06%.

373 Microdrilled samples (n=2) for strontium isotope analyses were prewastted i

374 ammonium acetate in order to remove Sr associated with absorbed (on clays)dedinc

375 noncarbonate phases (Montafiez et al., 2000). Strontium was isolated using Spex cation ex-
376  change resin and microliter columns attached to a channel B(®nff’Sr ratios were measured
377  in solution mode on a Nu MC-ICPMS in the Interdisciplinary Center for Plasma Mass

378  Spectrometry, UC Davis. Values are typically normalized to a nominal valid$dr standard
379 SRM987 of 0.710249. SRM987 for the measurement period averaged 0.716249 (2

380 0.000035) based on standards analyzed during this period.

381

382 4.2. Results

383 The well-preserved micrites have avera© ands**C compositions —of -3.0%o (2 std
384  err. of 0.2%0) and 1.1 %o (2 std err. of 0.1%0), respectively (Table 1).

385

386 4.3. Paleosalinity interpretation
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Given the earliest Permian age of the carbonates, these values support a dominant
marine environment. However, these stable isotopic values indicate thatehadias likely did
not form in pure seawater given typical Midcontinent and Panthalassan seawatesitions
during this time (Grossman et al. 2008). Seawsifi® in the Pennsylvanian and early Permian
likely ranged between -1 and 0%. (Came et al., 2007) given the occurrence of tsarshee
southern Gondwana. TREO composition of low-latitude coastal river water likely was in the
range of -1 to -4%o (cf. Bowen and Wilkinson, 2002), and perhaps a few per mil lower if the
climate was monsoonal (Rozanski et al., 1993). Notably§'fi@of low latitude, coastal waters
can be enriched by several per mil over open ocean seawater (Swart and Price,2@02Y,i@
compatible with the tropical epicontinental environment of the study area. Thasn#aog for
oxygen isotope fractionation between water and calcite at 25° +3°C, the néicic
compositions are compatible with formation in waters over a range of sal(ngie$resh to fully
marine).

Carbonaté'*C values, in contrast, provide constraints on the depositional waters in the
channel. Seawatér*C from the latest Ghzelian through earliest Sakmarian in western
Euramerica was +4%o +0.5%0. The measus&E values, which are 2 to 3%. lower than
contemporaneous seawater, can be explained by an input of a maximum of 10-20% freshwate
This assumes a freshwatéfC composition of -8 to -10%., which is typical of tropical coastal
rivers and associated with subhumid to semi-arid climates and moderate degsigtion
(Mook and Tan, 1991). Although lowland tropical rivers draining carbonate terrains t4 be
enriched due to interaction with the carbonates along the flow path, the obsenddtbfassi

indicate a likely source of locally derivétC-enriched terrestrial C to the channel waters.
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A measured average Sr isotopic composition (n=2) of the laminated lime mudstese fac
of 0.708571 (Table 1) is slightly more radiogenic than middle to late AsseliaateedVrfSr
of 0.70785 to 0.70790; Henderson et al., 2012b). Application of the measured cat{8nfass
ratios and Sr concentrations (180 ppm £32 ppm) to a Sr isotope—([Sr] fluid mixing model
(Ingram and DePaolo, 1993) suggests that the fluid from which the carbonate pestgotad
accommodate up to 17% freshwater.

The assumption of brackish conditions is thus reasonable for the inferred semi-add to ar
terrestrial paleoenvironment of the study interval. Furthermore, if thenehformed as part of a
coastal tidal channel complex, then the measaif&ivalues could record the enhanced
contribution to the seawater DIC B-enriched C locally derived from levee banks and/or
interdistributary ponds. This finding provides independent confirmation of salinityatss

inferred from invertebrate fauna.

5. Plant Assemblages

The Community Pit Formation floras encompass two distinct assemblagesdhain
different facies of the channel. The lowermost flora, consisting solely ofabdywemains of
walchian conifers, is representative of the widespread, Late Pennsghiarly Permian
seasonally dry biome described from many localities across the Euwramequatorial region
(Rees et al., 2002; Zeigler et al., 2002; Bashforth et al., 2014; DiMichele, 2014). The flora
preserved in the middle unit of the chanc@htains a unique assemblage, dominated by a
voltzian conifer and a callipterid, unknown in combination from any other locality in Ewican
and preserved under environmental conditions suggestive of a tolerance of higy-salini

substrates of one or both taxa.
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Details of the lowermost flora have been described by Falcon-Laigeetd are
only be briefly précised here. It includes coalified tree-trunks andadidied wood preserved
in the basal rudstone. Four specimens of charcoal, which was the only materiaétaere
anatomical detail, were examined. These specimens are housed in theooslieicthe New
Mexico Museum of Natural History and Science under catalogue numbers NMM8I18P —
P68184, and comprise pycnoxylic wood that conforms to the Type 1l Paleozoic wood of
Doubinger and Marguerier (1975). These specimens are essentially identieaiviood-type
Macdonaldodendroiralcon-Lang, Kurzawe et Lucas, which was described from higher in the
Community Pit Formation (Falcon-Lang et al., 2014). This wood is considered to be of
walchian-conifer affinity. Other woods considered or confirmed to be of walétfieity are
similar to the study specimens (Reymanowna, 1962; Lemoigne and Tyroff, 196 &l add/
Munzing, 1995).

In this current paper, we focus our attention on the peculiar flora from the middle
beds of the channel. This flora has been described in brief by DiMichele et al. (2i21%)
emphasis on its stratigraphic implications. Here, we detail the morphology landgmogy of
the plants and their broader evolutionary implications.

The flora comprises adpressed megafloral remains and a few weakigdatee-trunks
are preserved in micritic limestone. Adpressed megafloral remaipses@nt at multiple levels
(Figure 3B, C) in discontinuous limestone lenses, each up to 30—50 mm thick and traceable for
several meters along strike. Within these lenses, there are variabéatrations of randomly
oriented plant fragments, ranging from comminuted plant debris to fragments 10430 cm
breadth (however, we note that this is a minimum size estimate becaus#icul th obtain

large slabs of material). Identifiable material comprises threestanally preserved
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455 adpressions and partially cutinized leaves. Associated with these fol@insetiere are also

456  open-to-somewhat-denser networks of roots of variable diameter, which crassitiztions and
457  are in growth position.

458

459  5.1. Material and methods

460 A total of 155 rock specimens were collected, each showing at least one adplasised
461 fragment. Collections were made at four separate sites (Figureidnsekt C and E) spanning
462 the entire channel width over an outcrop distance of 120 m, with a fifth collection (sorgpri
463  four sub-collections) obtained as random samples from float. Two specimens cdaaler-

464  trunk were also collected, and for each specimen, standard TS, RLS, and TLS pleicdgna

465 sections were made, and viewed using an Olympus binocular BH-5 microscope.

466 The proportional abundance of taxa was quantified using a variant of the method of
467  Pfefferkorn et al. (1975), in which each hand specimen is treated as a “quadha¢deh taxon
468  occurring on that quadrat counted only once, regardless of the number of individual spexime
469 fragments of specimens present (Table 2). Comminuted plant debris and othemimdéter

470 fragments were excluded from such counts,; however, gymnosperm axes of uycaifiaity

471 and invertebrates were included. The dominance and diversity data reported belagedrerb
472  the three largest collections only, which include the majority (n = 114) of terspes (sections
473  C, E and float; localities USNM 43550, 43554, and NMMNH SGL-09-136, respectively), and
474  represent the frequency of occurrence of each taxon as a proportion of the number & guadra
475 those counts. For rare taxa, the number of occurrences in the entire collectpamtedte

476 Specimens are housed in the Paleobotanical Collections of the New Mexico Museum of

477  Natural History and Science, Albuquerque, NM (NMMNH) and the United Statesnshti
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Museum of Natural History, Smithsonian Institution (USNM). lllustratedawretd specimens are
stored in the Paleontological Type and lllustrated Collections of the NMMNH timeleatalog

numbers NMMNH P68185 - P68346.

5.2.Voltzian conifers

By far the most common plant remains present in the megafloral assemblathes e
voltzian conifers (occurring in 78 out of 114 quadrats; frequency 68.4 %), of which four foliar
morphotypes (A - D) and a single ovuliferous cone are present (Figure 6).mbggetypes
are distinguished based on details of leaf attachment to the stem, ovésdibles, leaf profile,
length to width ratio (L:W) of the leaves, and leaf angle of departure from the Stene
specimen have cuticles preserved, unfortunately they do not preserve eptenas.
Morphotype A is represented by five isolated shoots (Figure 6A), two of whichleuditnate
tips of the branch preserved. Leaves are bifacially flattened (cf. Tigeves; de Laubenfels,
1953), and are oblong in shape with obtuse apices. Leaf widths (W) range from 2 to 3.5 mm.
Leaf lengths (L) are difficult to measure, due to overlap among them, andeastd#20 - 25
mm. L:W ratios range from 7 to 11, calculated on a per leaf basis. Leavesfa®pdhe stem at
angles from 15 to 40°, and are straight to slightly incurved when viewed in profileed asy
highly imbricate, particularly on the branch tips, resulting in a distinctgttifappearance.
Details of the leaf attachment and axis diameter are obscured by overlazvies; |

Morphotype B is represented by four isolated shoots, and three other specimens
preserving two or three orders of branching (Figure 6B). Branching is rapmtwith higher
order branches occurring in the axils of persistent leaves at angles of 5&s beatetragonal

in cross section (Type | leaves: de Laubenfels, 1953), and attached headithéystem by
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thickened cushions that are distinctly rhomboidal in shape (Figure 6B). Leavesligipiéy

from the point of attachment to obtuse apices. Leaf length is 15 - 30 mm, and leaf widdsredu
from 2.5 - 3.5 mm at the point of attachment to about 2 - 2.5 mm mid-leaf (L:W ratios: 6 - 9).
The angle of leaf departure from the stem axis is variable (averagevif’the leaves mostly
straight in side profile, but occasionally slightly incurved. Leaves on thickecbes depart at

the higher angles, and are more reflexed in profile.

Morphotype C is represented by four isolated foliar shoots (Figure 6C). Leaves are
tetragonal in cross section, and attached to the stem on rhomboidal leaf cushionse(tf. Ty
leaves: de Laubenfels, 1953). Leaves are distinguished from those of Morphotypailyhby
having a distinctly falcate profile, and by showing a greater degree of tapettfe base to the
tip of the leaf. Leaves depart at a high angle (average 60°), then curve inward tiogv
supporting axis. There is considerable variation in the absolute size of ladvagis
morphotype, varying from 6 - 20 mm in length and 1 - 3.5 mm in width (L:W ratios: 5 - 9; ratio
calculated per leaf). One relatively small specimen, which isaimmilall other leaf
characteristics, represents the tip of a branch, and may be juvenile foliage.

Morphotype D is represented by one, relatively large, branched specimere @gur
Ultimate branches occur in the axils of persistent leaves, and the ovemahibgapattern is
orthotropic. Leaves have decurrent attachments to the stem, with the decutrens pdrithe
bases thick and clearly distinguishable for the entire length of the interreaieed depart from
the stem at angles commonly up to 90°. It should be noted, however, that there is a high degree
of variation that may have been influenced by taphonomic processésas drying of the
material prior to deposition. Leaves are slightly more than 20 mm long, and 1.2 - 2dam wi

(resulting a distinctively high L:W ratio of 12.5) and have a straight proftle an obtuse apex.
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524  The leaves are dorsiventrally flattened in cross section (cf. Typaviés: de Laubenfels, 1953),
525 with a thick, fleshy appearance. Leaves on the thicker, higher order axis appetxnore

526  however, again, this could reflect taphonomic processes, such as differemigladrgead

527 foliage prior to incorporation into the sediment.

528 The ovulate cone associated with these foliar morphotypes is compound with bract-
529 ovuliferous dwarf shoot complexes helically arranged around the axis (Figuigré&ts are

530 narrow and elongate with an obtuse apex and slightly bend toward the cone axisHowts,
531 which have an axillary position, are flattened and bilaterally symecaétxiith five to six

532 partially fused, similarly shaped, oblong sterile scales and/or sporophtyilebtuse apices

533  (Figure 6F). The base of the dwarf shoots is stalk-like, and given their size &rmhpmsthe
534  cone, dwarf shoots are likely partially fused with the bract.

535 Late Paleozoic conifer classification is based on a combination of morphology and
536 internal and cuticular anatomy of stems, leaves, pollen cones, and ovuliferousesr(sich as
537  owvuliferous cones and fertile zones) (e.g., Clement-Westerhof, 1984, 1987, 1988; Rothwell et al
538 1997, 2005). Several features of the novel conifer material reported here atidwve itefferred to
539 voltzian conifers. First, their foliar morphotypes show generally bifacial plzateeolate to

540 linear medium-sized leaves, which are characteristic of voltzians. Seobadpnforphotypes B
541 and D show orthotrophic branching, also characteristic of voltzians, but distincthieom

542  plagiotrophic walchians (Rothwell et al., 2005). Third, the sterile scales and sptzapliye

543 dwarf-shoots are fused, more or less flattened in one plane, and show a lylsyenatietrical
544  organization. At this point in time, it is uncertain how many taxa these four teghotypes

545 represent. Heterophylly does occur in voltzian conifers, and generally inebffezences in leaf

546  size, shape in face view, and apex shape. Voltzians are, however, relativeltenonsisaf
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characters like mode of attachment, features of leaf bases and shape sectioss-
Morphotypes B and C might represent a sirtgl®n, but we have no confirmatory evidence for
that, such as attachment to a common branch. The leaves of morphotypes A and D are both
bilaterally flattened, but arise at different angles, and have ditf&neds of attachment.
Collection of further material is required to answer this question. More niasemiao needed to
ensure that we have collected the full range of the diversity of conifegdahethis flora.

We note that the earliest voltzian conifers described to dateehosvskia grandifolia
andManifera talarisfrom the uppermost lower Permian—lowermost middle Permian of north-
central Texas (Looy, 2007; Looy and Stevenson, 2014). Therefore, the novel conifer
morphotypes from Plant Assemblage 2 extend the temporal range of this clade iartythe e

Permian (late Asselian), and represent the oldest known occurrence of valtaiansc

5.3 Callipterid foliage Lodevia oxydata

The other dominant taxon in the flora is an unusual callipterid (occurring in 34 out of 114
guadrats; frequency 29.8 %). The material shows considerable morphologicabnamti
encompasses immature and mature pinnae (Figure 7A-E). Included amonggetioé specimens
are pinnae with remarkably robust axes bearing slightly decurrent, piniudtedyto segmented,
pinnules. Pinnule lobes typically have blunt tips, particularly those forming the @iapek.
The venation is pronounced with an indistinct, sometimes slightly flexuous midvein \aehywi
spaced, steeply ascending lateral veins inserted at angles of 20-30°yvkitesdibrk once or
twice, depending on the segmentation with a single vein per lobe. The suite of spetiovess
a number of noteworthy phenologic features. For example, some fronds show pineaegdres

in the process of unfolding (Figure 7A), a developmental pattern found in otherecallijpixa
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(e.g., Kerp, 1988). Still others comprise young, immature pinnules (Figure 7E),@nd a f
unusual mature specimens exhibit pinnules with irregularly curled edges«RiD). Another
axis has a swollen base (Figure 7C), which usually indicates that commptets Were abscised.

Axes of small to medium size (up to 28 mm in diameter) co-occur with this foliar
material and are sometimes found in organic connection with it, suggestingatiest heay have
been retained on branches for some time. This was observed in 16 quadrats.

Pinnae and associated axes are identifiddbdsvia oxydatdGoppert) Haubold et Kerp
based on their broad, stiff rachial axes and bluntly ending pinnules (Kerp and Haubold, 1988).
Pinnules are up to 3.2. cm long, which is larger than in aib@eviaspecies. The pinnule is
composed of segments that widen markedly towards their tips. Segment tips and jpicesle a
are very blunt, and not rounded. The pinnules, overall, appear "flat," and the rachakeaxes
robust. Also, compared to othendeviaspecies, the basal pinnuledlinoxydataare quite large.
The absence of large diameter axes, despite the existence of quitecallagi®n, suggests that

L. oxydatamay have been a shrub.

5.4. Roots

Among the remaining adpressed material, only roots occurring in growtlopgs = 17
guadrats) are common, being found in all fousitu collections. Roots comprise dense,
interwoven networks and more extensive, open systems (Figure 7H). They show foue,or mor
orders of branching, the largest being c. 25 mm in diameter, the smallest <rildiameter.
They ramify irregularly, side-axes being disposed at variable airglhe higher-order axes.

The identity of these roots is unknoyvaithough it is possible to narrow down their

affinities, which are most likely with seed plants. They share some featitrepteridospermous
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593 root systems, which have a similar indeterminate growth pattern (Rotmaél/hiteside, 1974;
594  Stull et al., 2012). Although roots attributable to Paleozoic conifers are poorly knowermmod
595 forms have root morphologies similar to those of other seed plants. What these roots are
596 likely to be is equally as enlightening as what they might be. They argonltrooting features
597  of arborescent and herbaceous lycopsids (Dawson, 1868; Jennings et al., 1983; Pigg, 1992). Nor
598 are they calamitalean roots, suctPasnulariaandMyriophyllites which show side-branches
599 disposed perpendicular to primary axes and comprise discontinuous size-classforders

600 branching (Dawson, 1868; Taylor et al., 2009). Neither do they appear to be marattisde

601 fern root systems, which are networks of generally relatively &traigforked, larger roots (4 - 6
602 mm diameter, but often larger: Ehret and Phillips, 1977; Mickle, 1984; Millay, 1997) that
603 commonly form dense networks in isolated clumps (Falcon-Lang, 2006).

604 In consideration of the likely seed plant affinities of the roots, the most imppdantt

605 they highlight is that rooting of the lime mudstones took place contemporaneously witly or ve
606  shortly after the entombment of the aerial remains of coniferfaaheliain this same limey

607 mud. Because these roots are in and ramify through the limestone, and becauseeoéthe rat
608  which subaerially lime mud hardens and becomes effectively impenetrabtegspand because
609 there is no evidence within these beds of brecciation associated with longe#ogenesis and
610 development of terra rosa type residual siliciastic soils, it is ni@dy lihat the roots were

611 derived from the voltzian conifers and/or the callipterids, though whether one or bott ba
612 determined. The possibility remains, of course, that they were derived from aareddiind of,
613  most likely, seed plant that left no other macrofossil record. The likely contangigror near
614 contemporaneity of the aerial debris and roots also suggests that the plantsom guesst

615 growing on these limey muds while they were water covered. The combinatioysafghh
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sedimentological evidence, isotopic values of the lime muds, the brackish-to-muaeriebrate
fauna also present within the sediment, and the necessity for incorporatiomlofietes and
roots into the muds prior to solidification, strongly suggests growth of these plavasars of

brackish to near-marine salinities.

5.5. Other rare taxa

All other taxa are rare and include walchian conifévalChiasp., n = 7 quadrats) (Figure
7F), some small seeds of indeterminate affinity (n = 7), which may bedetabne of the
conifers or pteridosperms, the sphenogsiularia spicataGutbier) Schimper (n = 1; Figure
7F), and a putative fern, G3phenopterign = 1). A small number of weakly calcified tree-trunks
(up to 0.18 m diameter) associated with the adpressed remains comprise pyaumigropsid

wood that is too coarsely re-crystallized for more accurate determination.

6. Discussion
There are certain aspects of the PTNM limestone channel deposit resge that frame
the paleoecological interpretation of its biota.
(1) The geological setting. The basic setting is a channel cut into adimegdatform,
thus indicative of some lowering of base level at least locally. The channelag/nshallow
and asymmetrical. There are, as far as we know, no other incised chdangfed anywhere in
the surrounding geological exposures of the Community Pit Formation in the &tehist
Trackways National Monument, which has been thoroughly scouted for more than a decade by
Jerry MacDonald (1994), the discoverer of the deposit, and numerous other ge(dgogists

Lucas et al., 1998a, b, 2011; Mack et al., 2013; Falcon-Lang et al., 2014).
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(2) The host lithologies. The channel is filled primarily with lime muds, the lesnah
which are separated by thin siliciclastic parting beds. The fill can be sdédivito three units.
The basal channel fill, present only in the center of the channel, as typidalgadeposit, is
conglomeratic and includes plant remains, mainly coniferous tree trunks. The onddge
composed of lime mudstone lenses separated by thin siliciclastic beds, and hostetitg of
adpression plant fossil remains. The upper unit is a lime mudstone with scatigsdergys
nodules.

(3) The biota. A brackish-to-marine water invertebrate fauna was found in thetloove
units of the channel fill, consistent with the isotopic compositions of the carbonabe matr
Trunks of walchian conifers occur in the basal lag deposit and many of thesesam ¢ as
charcoal. The middle unit contains a flora dominated numerically by undescribedrvoltzi
conifers, with subdominant numbers of the calliptéadevia oxydataThese aerial remains
occur intermixed with in situ roots that appear to have a seed-plant affinity.

It must be emphasized that this is an extremely unusual deposit, of a type rarel
encountered by the authors in their combined many years of fieldwork. Limesihe f
terrestrial channels are uncommon. The closest analogue may be linféletdh@kes that
formed under semi-arid to occasionally arid climates, such as those that iyfaify
Pennsylvanian and early Permiaxposures in the Appalachian Basin of the eastern USA (e.qg.,
Montafiez and Cecil, 2013), from which plant fossils (callipterids, tree ferns) ana lemul
reported (e.g., DiMichele et al., 2013b).

In addition to being physically unusual, this channel deposit contains an exceptional
flora. That flora includes the earliest known voltzian conifers, extending tge ddrthe lineage

downward from the Kungurian-Roadian boundary to the Asselian-Sakmarian, appebyxidgat

29



662

663

664

665

666

667

668

669

670

671

672

673

674

675

676

677

678

679

680

681

682

683

684

million years. It also includes a rare species of calliptedevia oxydatanow known from
Poland, the Appalachian Basin, and New Mexico, all in deposits of earliesaRerge. Both of
the common plants indicate the existence of vegetation types rarely presetivegeological
record, or perhaps rarely sampled because of the unlikely nature of the host depsits

what appear to have been long stratigraphic ranges and broad geographic distributi

6.2. Flora 1: Walchian and other coniferous wood.

The earliest vegetation from the PTNM limestone channel deposit for which we have
evidence is preserved as coalified tree-trunks and charcoalified wood fitsgmehe calcirudite
at the base of the channel (Falcon-Lang et al., 2015). The specimens exaanmedlchian
conifer affinity. Species that are part of the large complex of walchiazi¥lels are by far the
most commonly encountered kinds of conifers in Euramerican fossiliferous depfdaitest
Pennsylvanian and early Permian age (e.g., Kerp and Fichter, 1985; Clemésniadfe$988;
Kerp, 1996; Ziegler et al., 2002; Hernandez-Castillo et al., 2001, 2009; Rothwell et al., 2005;
Looy 2013; Looy and Duijnstee, 2013). They are dominant elements in the red siltis&ines t
make up much of the Community Pit Formation and its more inland equivalent, the Abo
Formation (DiMichele et al., 2007, 2013a), which crops out in a long north-south band on the
margin of the Rio Grande rift and elsewhere, throughout central New Mexicagetal., 2012,
2013).

The source of the walchian logs is most likely from the margins of the channel and
perhaps from the surrounding floodplain, though we detected no paleosol evidence af,a later
subaerially exposed surface. These trees are preserved in what is atfgeialditest phase of

channel development, during which there were periodically high flow volumes #&aaiitto
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carbonate precipitation. The predominance of walchians is consistent with tkenvat®n in
other kinds of Hueco Group (e.g., in the Robledo Mountains Formation, which immediately
overlies the Community Pit Formation) environmental settings, specifib@lgiliciclastic
redbed siltstones, which also suggest seasonality of moisture under a tiehatas at most dry
subhumid. If the drop in sea level in this area is attributed to glacio-eustasgethavere

growing at times of near-glacial maximum (Falcon-Lang and DiMé&#910).

6.3. Voltzian-callipterid vegetation

A plant assemblage entirely distinct from that preserved in the basal clamdelposits
is represented by fossils preserved in the middle unit of the channel fill. Hewejwdations of
randomly-oriented adpressions, associated with calcified tree-trunks sitaifossil roots,
occur within lime mudstones and wackestones, with biogenic grains that indicat&ialta-
marine origin. The plant assemblage is dominated by a low-diversity tasasting of
undescribed voltzian conifers (Figure 6) and subdominant amounts of the callipiena
oxydata(Figure 7A-E). A few specimens suggest the presence of walchiansgHiG),
calamitaleans (Figure 7F) and small ferns as rare elements. Thegsiapteserved mainly as
compressions and have variably preserved cuticle on the outer surfaces.

It is probable that one or both of the taxa that comprise this flora were growgongtact
with saline water. This assertion is supported by several aspects of éhetsleaphonomy and
the attributes of the deposit itself. The lime mudstones—wackestones in whichrttseqaicur
have only weak bedding and are not brecciated or fractured. Thus, the organic remarizehad t
deposited in that substrate while it was both soft and still accumulating. Thdaege

fragments of branches and leafy shoots among the fossilized plant partstisgdigeised
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transport and, thus a local, parautochthonous origin. Preserved cuticle on both conifer and
callipterid foliage indicates rapid burial. The lime muds are rooted, and ttseareotlearlyn

situand transgressed the substrate while it was still soft enough to be penetratdthphef

the root masses and the character of the rock matrix suggest that they diemnaloeigt cracks

in already lithified limestone. Roots are not found in the overlying limestone sedscan be
assumed that they originated from plants growing on or immediately adja¢katitme muds

within the channel. However, an origin from one specific plant taxon or the other, or both cannot
be ascertained. The stable and radiogenic isotopic and invertebrate paleortelodgrae both
indicate accumulation of the lime muds under brackish-to-marine salinities.

Perhaps the simplest interpretation that can be made of this deposit isattmaed in a
quiet, abandoned or largely abandoned channel, perhaps as a lake deposit or as a sluggish
drainage into a coastal embayment. The lime mud almost certainly is obraland algal
origin. In order for invertebrates, plant parts and roots to be preserved in thedona
shallow, persistent water cover was required, at least during those timesevla material was
being incorporated. Lime muds such as these harden and develop surface crusts Qarckly w
exposed subaerially. If these crusts were thin, that is if periods of watarexceeded those of
exposure, plants could recolonize the surfaces and roots could “punch through” the crustose
surfaces. The key attributes then as they affect the vascular planbkggeare high salinity,
high pH, fluctuating but semi-persistent water cover, and high rates of etraparad
transpiration.

The voltzian conifers in this deposit are the earliest known (late Asselmeyeatative
of this evolutionary lineage, significantly extending the known stratigraphgerdownward

from the Kungurian-Roadian (Early-Middle Permian) boundary in Texas (Looy, 200y;dnd
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Stevenson, 2014). These previously oldest voltzian conifers occur in deposits interfretbe, li
PTNM limestone channel deposit, to have formed under dry-subhumid to semi-arid conditions.
They were part of an assemblage that included conifer and cycad taxa withahlaeer

Permian (Zechstein/Wuchiapingian) to Mesozoic aspect (DiMichele 20all).

The other common plant in the mid-channel assembldgadisvia oxydataThis is a
very rare species that has only been described twice previously in the fossll Btbr
previous occurrences are from near the Pennsylvanian-Permian boundary irR@dfjidgend of
Lower Silesia, Poland (Goppert, 1864-65) and (2) the Dunkard Group of the Central
Appalachian Basin, U.S.A. (DiMichele et al., 2013b). The New Mexico occurextteads the
geographic range of this taxon across the entire breadth of the Eurameaaloaninghe
Appalachiansl.. oxydatais known from limestone beds lacking evidence of marine influence
(Montafiez and Cecil, 2013) at two, closely adjacent, localities, interpretediag feamed
under a semi-arid to dry subhumid climate regime (DiMichele et al., 2013b). Thegeod
specimen is from a very different environmental setting, occurring in ardibiasin located far
from the nearest marine influence and not characterized by either aridawnditany evidence
of elevated salinity.

In summary, the deposit described here indicates the existence of a previouslyrunknow
type of late Paleozoic plant assemblage. This assemblage is of low djw@rsgisting of two
abundant seed-plant species and a few rare taxa. Its habitat of growth, on the ohargins
rooted within the lime muds of a shallow, highly saline channel, is most unusual and suggests a
mangrove habit for one or both of the dominant forms. The discovery of such deposits involves a
great deal of luck and indicates the necessity for continued field studies andatamof even

unlikely looking sedimentary-rock strata.
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FIGURE CAPTIONS

Figure 1. County map of New Mexico highlighting the location of the PTNM in Dofa Ana
County, where the fossils were obtained (index map: location of New Mexico in the
U.S.A).

Figure 2. Measured section of the Community Pit Formation. Beds are numbered. The
fossiliferous site discussed in this paper is indicated as NMMNH locality 7981.

Figure 3. Fossiliferous, limestone filled channel. A., Eastern margin of dh&ianel base is
indicated by arrows. The main fossil excavation was carried out at thenegstaenel
margin; B., Excavation at site A (Fig. 4) to show the nature of the mid-channeddjshol
a dense, micritic limestone. Geological hammer for scale; C., Exposomé-channel
micritic limestone in western portion of channel. White arrow indicatedcdied tree
trunk. Scale increments 1 foot (30.5 cm).

Figure 4. Geology of the limestone-filled channel in the Community Pit FeematiNMMNH
locality 7891, showing correlated measured sections through channel. Solid lines
demarcate correlatable surfaces. Surface 1 is the base of the chariaet Suwo
separates the middle-channel fill, containing the voltzian conifer-caitijtera, from
the upper channel fill, which is devoid of plant macrofossils. Surface 3 marks the top of
the channel fill.

Figure 5. Common limestone microfacies of the middle channel-fill imesitdme section
photographs all under plane light. A., Fine-grained calcareous sandstone con&ning f
foraminiferans; B., Calcareous siltstone with rare formaniferans; C.fifradig

laminated calcareous siltstone containing sponge spicules; D., Calcarestasesilvith
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rare foraminiferans (a particularly conspicuous example can be seen @amnteeaf the

slide). Scale bars = 0.5 mm.

Figure 6. Adpressed conifer foliar morphotypes, and an ovuliferous cone and dwarf shoot of

voltzan conifer in Plant Assemblage 2; A., Ultimate shoot of Morphotype A, scale: 10
mm, NMMNH P68185; B., A branch system of Morphotype B with three orders of
branching, scale: 10 mm, NMMNH P68186; C., Part of a shoot of Morphotype C
(Specimen in right hand corner), scale: 10 mm, NMMNH P68187; D., A branch system
of Morphotype D with two orders of branching, scale: 5 mm, NMMNH P68188; E.,
Mature ovuliferous cone with bract—dwarf shoot complexes helically arragadd

axis, scale: 5 mm, NMMNH P68189; F, Flattened dwarf shoot with partly fused base, and

six obtuse scales, scale: 10 mm, NMMNH P68190.

Figure 7. Adpressed callipterids, voltzian conifers and sphenopsids in Plantdage®; A.,

Callipterid,Lodevia oxydatashowing unfolding frond, scale: 25 mm, NMMNH P68191,
B., Callipterid,Lodevia oxydatashowing typical mature foliage, scale: 10 mm, NMMNH
P68192; C., Swollen base (possible abscission surface) of callijiedielyia oxydata

scale: 10 mm, NMMNH P68193; D., Callipteridhdevia oxydatashowing desiccated
appearance with curled tips to pinnules, scale: 10 mm, NMMNH P68194; E., Callipterid,
Lodevia oxydatashowing immature foilage, scale: 10 mm, NMMNH P68195; F.,
SphenopsidAnnularia spicatascale: 4 mm, NMMNH P68196; G., Walchian foliage,
scale: 5 mm, NMMNH P68197; H., Fine network of branching gymnosperm roots, of

probable callipterid affinity, scale: 20 mm, NMMNH P68198.

52



1177 TABLE CAPTIONS

1178

1179 Table 1. Stable and radiogenic isotope compositions of the Community Pit Fm.

1180

1181 Table 2. Quantitative quadrat data for adpressed megafloral assemblages¢Bémblage 2) in

1182  the middle unit of the incised channel (using methodology of Pfefferkorn et al., 1975).
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Abstract

The Pennsylvanian-Permian transition has beenreden be a time of significant
glaciation in the Southern Hemisphere, the effetighich were manifested throughout the
world. In the equatorial regions of Pangea, thpaese of terrestrial ecosystems was highly
variable geographically, reflecting the interactiaf polar ice and geographic patterns on
atmospheric circulation. In general, however, tiveas a drying trend throughout most of the
western and central equatorial belt. In westerrgPanthe climate proved to be considerably
more seasonally dry and with much lower mean anraiafall than in areas in the more central
and easterly portions of the supercontinent. Hexelescribe lower Permian (upper Asselian)
fossil plant assemblages from the Community Pitagion in Prehistoric Trackways National
Monument near Las Cruces, south-central New Mexic8,A. The fossils occur in sediments
within a 140-m-wide channel that was incised imtdurated marine carbonates. The channel
filling can be divided into three phases. A basalrmel, limestone conglomerate facies contains
allochthonous trunks of walchian conifeRseservation-as-charcoalified-wood-indicates that
these-trees-were-subject-to-periodic-fiemiddle channel fill is composed of micritic limtege
beds containing a brackish-to-marine fauna witth@arand oxygenand strontiunmisotopic

compositionthat provide independent support for salinity iefezesise-indicative-of-brackish

to-marine-conditionsThe middle limestone also contains a (par)autaritus adpressed
megaflora co-dominated by voltzian conifers andcdléipteridLodevia oxydataThe upper
portions of the channel are filled with muddy, g§@®us limestone that lacks plant fossils. This
is the geologically oldest occurrence of voltziamiers. It also is the westernmost occurrence
of L. oxydata a rare callipterid known only from the PennsylearPermian transition in

Poland, the Appalachian Basin and New Mexico. Tiesgnce of in situ fine roots within these



47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

channel-fill imestondeds and the taphonomic constraints on the incorpanaifcaerial plant
remains into a lime mudstone indicate that the shbhsediments were periodically colonized by
plants, which suggests that these species wemanblef salinity, making these plants one of, if

not the earliest unambiguous mangroves.

Keywords: Permian, estuary, voltzian conifers, callipterigigngrove, New Mexico

1. Introduction

During the early Permian, the Earth went througtaasition from a globally cool to

warm climate (Montafiez et al., 2007; Tabor and =yl 2008Montafiez and Poulsen, 2013

which resulted in prominent vegetational changeséda on a global dataset, Rees et al. (2002)
recognized four distinctly different floral realrdaring early Permian (Sakmarian) time: (1) a
Gondwanan realm characterized by glossopteridsmpérate regions of the Southern
Hemisphere (Cuneo, 1996; Tewari et al., 2012)a(Euramerican realm characterized by
walchian conifers, peltasperms and ferns in a sedlyadry tropical setting (Kerp et al., 1990;
Zeigler et al., 2002); (3) a Cathaysian realm ctterézed by lycopsids, sphenopsids and ferns in
the humid tropical islands bordering the westerthy® (Hilton and Cleal, 2007; Wang et al.,
2012); and (4) a poorly resolved Angaran realm attarized by cordaitaleans in Northern
Hemisphere temperate mid-latitudes (Meyen, 1982881&omankov, 2009). Transitional
vegetation also has been identified at the boueslafi these realms (Broutin et al., 1998;
Berthelin et al., 2003; LePage et al., 2003). Dhibal floral realm architecture had much earlier
origins in the Carboniferous (Chaloner and Mey&v,3), though the lycopsid-rich wetland

biome, so typical of the Carboniferous Euramerieguatorial regions, was almost completely
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absent there by the early Permian (e.g., Kerp &idd¥, 1985; Kerp, 199@®iMichele et al.,

2009;0plustil et al., 2013; Tabor et al., 2013) and st in Cathaysia (Hilton and Cleal, 2007;

Wang et al., 2012; Wang and Pfefferkorn, 2013).

The Euramerican floral realm, of which the floraoged here is a part, is the best known
of the Permian seasonally dry vegetation typesebdages have been described from the
southwestern U.S.A., eastern U.S.A., eastern Cammtth Africa, western Europe, and the
Ukraine (e.g., Florin, 1938-1945; Doubinger, 1986¢p et al., 1990; Kerp, 1996; Broutin et al.,
1998; Blake et al., 2002; Zeigler et al., 2002; [idtle et al., 2007; Galtier and Broutin, 2008;
Blake and Gillespie, 2011; RoRler et al., 2012;dradd al., 2013), all of which lay within 10
degrees of the paleoequator (Rees et al., 2002prAing to Zeigler et al. (2002), the so-called
walchian conifers are the most characteristic, dbohand widespread plants in this early
Permian seasonal tropical vegetation.

Walchian conifers (walchian VoltzialegnsuRothwell et al., 2005) were the earliest
conifers to appear in the fossil record and wesratterized by a plagiotropic branching pattern
and narrow, triangular to linear, needle-like lea(eg., Hernandez-Castillo et al. 2003;
Rothwell et al., 2005). Their ovulate ovuliferousatf shoots were organized in cones or fertile
zones. Walchian dwarf shoots had numerous stexdies interspersed with a few sporophylls,
which showed at least some indication of radial syatny. Distinctly different and evolutionarily
more derived are the voltzian conifers or voltA&itziales 6ensuRothwell et al., 2005). They
were trees with an irregular branching patterrh@rbpic) and bifacial ovate, lanceolate to
linear medium-sized leaves (e.g., Clement-Westef#88; Rothwell et al., 2005). Just like the
walchian conifers, these conifers also producedifevaus cones or fertile zones. The sterile

scales and sporophylls in thevuliferousedwarf shoots, however, were partly to completely
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fused, and the whole structure was bilaterally sytnital and more or less flattened in one

plane (e.g., Clement-Westerhof, 1987; Looy and&tsgn, 2014)During the Permian,&oth

of these groups are largely confined to the Euramraerfloral realm, although there are reports of
walchian Voltziales from transitional assemblageatfiaysiaHerrandezSastito-etal-—2001

Liu and Yao, 2013possibly Angara: LePage et al., 2003).

This report describes a distinct assemblage o €atmian (late Asselian) plant
macrofossils from the Robledo Mountains in southéemv Mexico. These fossils are preserved
in an unusual depositional setting, a small chafiltesd with muddy, brackish-to-marine
limestone, bordering a seaway. The assemblagediesitu situ roots, which provide evidence of

plant growth in the lime muds, undssnditions-of-high-daitysaline conditions higher than

freshwater Regional climate appears to have been perioglisalhni-arid to perhaps even arid
(Tabor and Montafiez, 200%#abeor—200+Tabor et al., 2008; Mack et al., 2010, 2013; Tadtor
al., 2013). The bottom portion of the channel cmrsta flora dominated by walchian conifer
logs, preserved in a locally sourced, conglometataleposit, probably emplaced during
channel incision or initial backfilling phases. Timéldle portion is a lime mudstone in which the
dominant floral elements are vegetative and remtivkiremains of voltzian conifers and the
callipterid Lodevia This is the earliest record of voltzian conifarsnsiderably extending the
range of the lineage from its previously oldestwnaccurrence near the early-middle Permian

boundary (Looy, 20Q7_ooy and Stevenson, 2014t also is the westernmost occurrence of

Lodevia oxydatauntil now-_enhrknown only from similar aged exposures in centialdpe
and the Appalachian Basin (Kerp and Haubold, 1888tichele et al., 2013b).
This flora from the middle portions of the chanfikdiffers entirely from

contemporaneous early Permian western Pangeas floeaerved in the Abo Formation and its
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equivalents (Hunt, 1983; DiMichele et al, 2013d)e3e floras are known from coastal plain,
siliciclastic red-bed deposits, which crop out vijdeom the northern to the southernmost parts
of New Mexico, through the central part of theest@tucas et al., 2013), including in the
Robledo MountaingMack et al., 2010; Voigt et al., 2013). They arenittated by walchian
conifers, with local occurrences of the peltasp8upaia thinnfeldioidegDiMichele et al., 2007,
2012), rare callipterid peltasperms and isolatemimences of other taxa more common in
assemblages from other Permian equatorial regkbagp(and Fichter, 1985; Galtier and Broutin,
2008; Oplustil et al., 2013; Tabor et al., 2013).

Other compositionally unusual assemblages of plasttsiominated by walchians have
been reported from the early Permian of the Eureaerequatorial region (e.g., DiMichele et
al., 2001, 2004), one of which was characterizedgddizian conifers (e.g., Looy, 2007). These
assemblages, often known from isolated occurrerstes) as the one reported here, strongly
suggest the existence of tropical biomes distirmrhfthat dominated by walchian conifers,

perhaps reflecting different patterns of rainfalhsonality or habitat quality.

2. Geological context
2 Ceslogienloeiing

The fossiliferous deposit we describe here crapsrothe Prehistoric Trackways
National Monument (PTNM) near Las Cruces, Dofia Spanty, south-central New Mexico,
U.S.A. (Lucas et al., 2011, Hunt et al., 1993; ManBld, 1994; Lucas and Heckert, 1995; Lucas
et al., 1998ab, 2011; Minter and Braddy, 2009) Fégl). Map coordinates for the new fossil

site are on file at thelMMNHS-New Mexico Museum of Natural History and Science

(NMMNHS), Albuguerque, New Mexicand theNMNH National Museum of Natural History
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(NMNH), Washington, D.C.Only a few fossil plant assemblages have beeriqursly reported

from PTNM (Voigt et al., 2013; Falcon-Lang et &0149). The new material described here is

housed in the paleontological collections atitéMNHS New-Mexico-Museum-of- Natural

Histery-and-SeienceAlbuguergueNew-Mexieas collecting localities NMMNH 3016 and 7981
these ardlational-Museum-of- Natural-HistoMMNH localities USNM 43550-43554 and
(

43563).

2.1. Stratigraphy and age

The fossil plant assemblages, discussed hereinr atthe lower Permian Hueco Group,
which comprises, from base to top, the Shalem Gol@emmunity Pit, Robledo Mountains, and
Apache Dam formations (Kottlowski, 1960; Mack aadhés, 1986; Lucas et al., 1998a, b;
Krainer et al., 2003, 2009; Voigt et al., 2013)eThssils are from 10-15 m above the base of
the local section of the approximately 91-m-thicdn@nunity Pit Formation, which means they
are from the lower part of the formation (Figure Bdsed on the current state of our knowledge,
summarized below, the age of the fossil plant abtage in the lowermost Community Pit
Formation of PTNM is late Asselian. It is bracketgdearliest Asselian fusulinids in the
underlying Shalem Colony Formation and is posittboa. 40 m below a bed containing (?)latest
Asselian fusulinids in the middle part of the Conmity Pit Formation, and Sakmarian—early
Artinskian strata in the middle to upper part af tbommunity Pit Formation (Krainer et al.,

2009; Voigt et al., 2013; Falcon-Lang et al., 2814

2.1.1. Biostratigraphic findings
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Below the plant-bearing beds, immediately belowGoenmunity Pit Formation,
fusulinids and smaller foraminifers are found ie ®halem Colony Formation. These
foraminifers indicate, in regional terminology, @arly Wolfcampian age (Needham, 1937;
Lucas et al., 2002; Krainer et al., 2009). On titernational time scale, this falls somewhere

within the latest Gzhelian—earliest Asselian iné&rie., the Carboniferous-Permian boundary

(Henderson et al., 204R

Above the plant-bearing beds biostratigraphicaltiyiicant fusulinids were discovered
from a packstone (Bed 51, Figure 2). This bed vessitipned 53.5 m above the base of the
Community Pit Formation at NMMNH locality 7981, apdsitioned ca. 40 m above the plant
beds (equivalent to beds 18-20, Figure 2). Theifuida includePseudoschwagerinaeedei
Dunbar and Skinner 193Bseudoschwagerinet. P. rhodesiThompson 1954 and
Paraschwagerinap. with phrenothecae @araschwagerinaff. P. phrenesaVilde 2006 or
Paraschwagerinaff. P. fax Thompson and Wheeler 1946). Based on correlatiorsss New
Mexico (Wilde, 2006), we interpret these occurrenas indicative of a late or even latest
Nealian (i.e., late to latest Asselian) age. Wenbéat althouglParaschwagerinapecimens
with phrenothecae first appear in the uppermosbkim (lower Artinskian) strata of New
Mexico (Wilde, 2006), they are present much eaitighe McCloud Limestone of the Klamath
Terrane in northern California (Zone C of Skinned &Vilde, 1965), in rocks that are probably
equivalent to the early Asselian. Therefore, the@isence in the Community Pit Formation is not
inconsistent with the age indicated Byeudoschwagerina

The foraminiferPseudovermiporellhas been identified from the middle and upper part
of the Community Pit Formation elsewhere in Dofi@Alounty. Based on the First Appearance

Datum (FAD) of this species, Krainer et al. (2008¢rred a Sakmarian age. This assignment
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was based on correlation with the FAD of this geinusuccessions of the Carnic Alps of Austria
(Vachard and Krainer, 2001; Krainer et al., 206@rmerly dated as Sakmarian (Forke, 1995),
this interval is now placed in the early Artinskiaased on conodonts and fusulinids (Davydov et
al., 2013), which suggests that the correlative @amity Pit Formation may be, in its

uppermost part, of early Artinskian age.

Conodonts obtained from the middle part of the RdblMountains Formation,
immediately overlying the Community Pit Formatiamdicate an assignment to the late
Wolfcampian (Lucas et al., 1998a, b, 2002); thisgeivalent to a late Artinskian age
(Henderson et al., 2012) on the international threde. An Artinskian age for the Robledo
Mountains Formation also is inferred based on teaiwence of the small fusulinid
Pseudoreichelinghroughout the formation (Krainer et al., 200MisTgenus, however, ranges
into middle Leonardian strata in Central Americai@®&mala, northern Mexico), and the
southwestern USA (New Mexico, Texas and Nevadaglfeed et al., 1997), suggesting a

Kungurian upper age limit (Henderson et al., 2012

2.2. General paleoenvironmental interpretation
The Community Pit Formation is a mixed siliclasterbonate unit, containing variably

fossiliferous beds of dolomudstorimestendime mudstones and wackestonasd siliciclastic

shale (Figure 2; Krainer et al., 2003, 2009; Matcile 2013). It was deposited in a shallow
marine to supratidal setting (the Hueco Seawaytherwestern margin of the intracratonic
Orogrande Basin (Lucas et al., 1998a, b; Voigl.e@13) at a paleolatitude of about 2°N
(Tabor et al., 2008). Elsewhere in Dofia Ana Couthiy,unit contains a somewhat restricted

marine fauna, and red/green-mottled caliche pale@se developed at a few intervals (Krainer



207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

et al., 2003, 2009; Lucas et al., 2002; Mack et28110). Fifty kilometers north of Dofia Ana
County, this same stratigraphic interval comprizely red bed alluvial facies of the Abo
Formation (DiMichele et al., 2007; Lucas et al.12p Therefore, during the Early Permian the
location of the PTNM lay close to the fluctuatingédt¢o Seaway coastline (Mack and James,
1986), with alluvial plains to the north (Lucasakt 2012).

In a PTNM section that largely comprises the Comityupit Formation, Mack et al.
(2013) identified six supratidal and shallow mariaeies. They compared the overall
paleoenvironment with semi-arid portions of thespra-day Trucial Coast of Abu Dhabi,
highlighting the presence of gypsum. This intematiet of climate as semi-arid is consistent
with regional studies of paleosols (Mack, 2088ber-200%Tabor et al., 2008; Mack et al.,
2010). However, the remains of large fossil treg¢gch would have required a good water
supply, occur at several intervals in the formafididwell and Munzing, 1995; Falcon-Lang et
al., 2014). There are three possibilities to explain thipagnt inconsistency: (1) Regional
climate was, in fact, semi-arid to arid, but thesre localized poorly drained, groundwater-
dependent habitats dotted across the landscafeikdichele et al., 2006), where arborescent
vegetation could flourish despite the aridity. R&gional climate was overall somewhat wetter,
allowing the geographic co-occurrence of minor evaes with large trees, as seen, for example
in the present-day southern Mediterranean regibriF{ancis, 1984). (3) Regional climate
oscillated between wetter and drier phases, tlge leiees being associated with the former

climate states and the evaporites with the latiefRarrish and Falcon-Lang, 2007).

3. Paleoenvironment of the fossil site

10
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3-1-Sedimentary-facies

The rewfossil site, reported here, occurs within a 5-6eemlchannel cut into a
succession of shale, limestone and dolomite at NNMMdtality 7981 (Figure 3A). The channel
cuts down from a horizon c. 15.5 m above the basecCommunity Pit Formation section
(Figure 2, 3A). Measured on an east-west outcnap,perpendicular to the channel axis, the
apparent channel width is about 140 m (Figure A @astern channel margin appears steeper
than the western margin, but this may be an attdaoutcrop orientation. In addition, the
western margin is truncated by a fault.

Seven sections (A - G) were measured across thmehérigure 4). Three distinct units

fill the channel; the lower two contain fossil-plaxssemblages of different kinds.

3.1:1 Lower unit | -

- { Formatted: Font: ltalic

o {Formatted: Font: Italic

The basal unit, which occurs only in the centrat pathe channel (Figure 4, sections B-
E), comprises a lens of limestone pebble-to-cobbieglomerate, 0.05-1.1 m thick, and contains
Plant Assemblag#l. This rudstone is dominated by sub-angular tersubded, elongate clasts
of gray-orange lime mudstone, 20-150 mm long, atdiaulations of detrital crinoids and
bryozoans (locally comprising multiple, cementethdomly arranged fossil fragments, clearly
reworked from underlying beds), within a poorlytsdrmatrix of medium- to coarse-grained
mixed carbonate-siliciclastic sandstone and mudstBpecimens of coalified tree-trunks, up to
0.17 m diameter, co-occur with cubic, sub-roun@&50 mm diameter blocks of charcoalified

wood (Plant Assemblag#l) in the basal rudstone.

342, Middle unit »
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The middle unit, up to 4 m thick, is more lateratensive, and extends beyond the
margins of the underlying conglomeratic lag, which is confinedhe central, basal portion of
the channel. Lime mudstone beds, up to 1.4 m thigk, undulatory or wavy lamination are the
most prominent macroscopic feature of this unigg@iF¢ 3B, C). In thin section, these beds are
planar laminated, partly bioturbated lime mudstatte minor low-angle scours filled with
slightly coarser grained carbonate material. THey gaclude calcareous siltstones with rare thin
layers of very fine-grained sandstdreb to 10%), composed of quartz and subordinadispear
silt-size detrital grains, some of which appeabeonind-blown (Figure 5). The silt- and sand-

sized layers contain abundant recrystallizathonateskeletonsand small amounts of detrital

dolomite (Figure 5). Most common are hollow, needle-likelskons ~30 to 60 pm in diameter
and up to 0.5 mm long, which are recrystallizedggospicules (Figure 5C), oriented parallel to
bedding planes. There also are subordinate osteactl smaller foraminifer$beriting
Syzrani®&, and nodosinelloid forms) (Figure 5D) and probalilyeo, completely recrystallized
fragments that cannot be identified. Non-skeletalrgs are small peloids (Figure 5A). The silt-
sized and sand-sized material indicates transgondak currents and deposition in a shallow,

restricted environmen

In addition to the carbonate muds, the middle caittains poorly exposed siliciclastic
shale beds and a single, thin calcarenite lend,®.thick and several meters wide confined to
the central part of the channel and some mediurneapse-grained siliciclastic sand that shows
climbing ripple cross-laminations.

Macrofossils and traces in the middle unit inclsdattered pterinopectinid bivalves and
rare lingulid brachiopods, and horizons with vetiourrows. The low-diversity of the

invertebrate fossil assemblaged overall fine-grained nature of the muddy cagtesis typical

12
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of abrackish-tarestricted mariner brackishdepositional environment. Also present at multiple
horizons are rooted zones associated with the ssiplemegaflora (Plant Assemblage 2
described in sectio#-25). A few weakly calcified tree-trunks, up to 0.18dmameter and > 1.4
m long, occur in the undulatory beds. These log® Iz orientation sub-perpendicular to the
channel margins. Rare fragments of wood also a&mtifthble in thin sections of the limestone

matrix.

343, Upper unit - { Formatted: Font: ltalic

o ‘[Formatted: Font: ltalic

The uppermost channel-fill unit is a distinctivélges dolomite, up to 1.2 m thick,
showing prominent calcite-filled vugs and nodulgpsum (Figure 4). No macrofossils were

identified in this portion of the channel fill.

36.41. Paleoenvironmental interpretation

There are several possible explanations for thisiorcof the fossil-bearing channel and

its subsequent filling, primarily with carbonatehish must be treated as temporally independent

phenomena. The occurrence of an incised channtnsyslbeit unigue in the region,

necessitates a fall in base level sufficient to-aekally expose carbonates formed on the marine

shelf and to cause channel incision. Most incisedures of this nature have been recognized in

non-marine, siliciclastic depositional settingswewver, a few examples have been reported in

carbonate-dominated settings (e.g., Johnson and, i002; Jiang et al., 2003; Tucker, 2003).

The term “incised channel” (rather than incisedexglis the most appropriate descriptor for the

feature (Gibling, 2006; Falcon-Lang et al., 2008¢dwise it is relatively small (140 m wide and

5-6 m deep) with a low aspect ratio (about 25:1).
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There are several possible causes of base-levetieh&ustatic lowering of sea-level is,

perhaps, the hypothesis most likely to be invokesd, fgiven that the Community Pit Formation

may have been deposited sometime during one ofaawmtervals of inferred Permian southern

hemisphere glaciation (middle Asselian-early Atking) (Montafiez et al., 2007; Fielding et al.,

2008ab; Rygel et al., 2008; Montafiez and Poulseéh3R Were it due to a eustatic event,

resulting in a global lowering of sea level, adzh&l evidence of incision in the area might be

expected at this same horizon, which is widelydadde within the mostly carbonate portion of

the Community Pit Formation. However, such evidemae not been found by us or reported

elsewhere.

It is also possible that rapid, local base-levelnde could have been triggered by

tectonism, given the location of the PTNM in th&acratonic Orogrande Basin. The PTNM is

positioned close to and on the subsiding sidelimfeaseparating active uplift and erosion from

subsidence in this region. Although most of thévadiectonism was in the early Wolfcampian,

the age of this deposit and the duration of tHeetad of that tectonism are sufficiently

unconstrained that this must remain an active pibibgi

Finally, autogenic processes are another posgitilitt these must operate within a larger

eustatic or tectonic framework whereby local b&sel had been lowered already. Were base-

level/sea-level already low, on a landscape thaggdly experienced little rainfall, it is possible

that there were few drainages, particularly inva-tpadient coastal environment. In this

scenario, the channel may have originated by avulsi stream capture, particularly if base-

level lowering happened in combination with an @&ge in regional moisture regime.

The central portion of the channel contains a basitone composed of pebbles and

cobbles of marine limestone and faunal detrituesarty well indurated at the time of its erosion
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and deposition. Thus, it does not appear to reptessubmarine channel. The small size of the

channel, and the fact that the only sedimentarighes in it are of local origin from within the

areas of the immediate drainage basin, suggestsasally dry climate at the time of incision,

and a relatively small overall drainage area (Feldmet al., 2005). There must, however, have

been sufficient moisture to promote plant growtbxgmate to the channel, indicated by

moderate-sized logs in the basal channel fill, tanoking about incision in the first place.

The filling of the channel appears to comprise savghases. Clearly, early on in

particular, there were periods of active transpbgedimentary particles, whereas at other times

the channel appears to have been significantlydesge to stagnant and possibly to have had

portions subaerially exposed. The middle unit limeds and their invertebrate fossils may have

been washed in from seaward, by the backfillingltidaters. This may have occurred once the

fluvially incised channel was flooded by tidal wat€eluring base level/sea-level rise. Gypsum in

the later stages of channel filling suggests areasingly drier climate with time.

The fill sequence suggests a base-level rise. @ibal lzonglomeratic lag, including

permineralized, partially to completely fusinized)$, indicates sufficient moisture on the

landscape to support trees, and water movemeheinhtannel during its periods of flow to

cause significant erosion and to move, at leasbgherlly, large sedimentary particles. The

combination of intraformational gravels and logeserved partially or wholly as charcoal, is

consistent with a semi-arid to dry sub-humid clien@ecil and Dulong, 2003). The basal lag

was emplaced either during the more active pangatér flow in the channel or during the early

phases of transgression.

Above this basal lag, lime mudstones formed undackish to nearly marine salinities,

with strong suggestions of periods of standindwygishly moving water. The salinity and
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carbonate accretion are most likely reflective agdylevel rise and the invasion of the channel

by marine waters, mixed to some small degree vattticued freshwater runoff from the

surrounding terrestrial landscape. A change frasulahumid to a semi-arid climate is indicated.

However, it is likely that water cover was maingdmmost of the time, given evidence of

syndepositional occupation of surfaces within themmel by vascular plants and the

incorporation of plant remains into the limestoratnix, which consisted of actively

forming/accumulating carbonate muds.

The final sediments in the channel are lime mudstamth gypsum cements, lacking any

evidence of vascular plants nearby or living ongtidace. The lack of plant debris cannot be

interpreted to mean that plants were not growingriaround the channel. Absence of evidence

not being evidence of absence, plants may no |dmae been present on the landscape or

conditions may have been unfavorable for the actaiion and preservation of organic matter,

or both. One must keep in mind that most sedimfenised in fully terrestrial or coastal

transitional settings lack terrestrial fossils, eifeall other indicators are consistent with the

presence of vegetation and fauna.

3:-24—_|sotopic analyses of the middle unit

In order toassess-thmore tightly constrain thextent of marine influence on the lime

mudstones of the middle unit, carbon, oxygen, armh8um isotopic analyses were carried out

on microdrilled samples of the carbonékilesfaciessamples from the middle unit

4.1. Methodology

Thick sections (=200m thick) of two hand samples from the middle unit werelsd

16



368 | petrographically under transmitted light and catilothinescence in order to identify calcite

369 | fabrics and textures. Thick sections of the twoaswere microdrilled for stable (50 ug +10

370 | pg samples) and radiogenic isotope (0.5 gm) arsaly@ng a Merchantek automated

371 | microdrilling system.

372 Samples (n=10) for stableisotope analysis were roasted at 375° C under vadau30

373 | minutes to remove organics and subsequently reactEdb% phosphoric acid at 90° C in either

374 | a common acid bath on a GVI Optima Stable IsotogoRviass Spectrometer (SIRMS) or a

375 | Gilson Multicarb Autosampler system (individual ganjection vials) interfaced with an

376 | Elementar Isoprime Mass Spectrometer housed ib@®avis Stable Isotope Laboratory. £0

377 | gas was analyzed in dual inlet mode and values e@rected using the Craig correction to

378 | account for thé’O contribution (Craig, 1957) and to an internahstad and reported relative to

379 | the Vienna Pee Dee Belemnite (VPDB). Both systerosige 5-°C precision of + 0.04%. and

380 | &0 precision of + 0.06%.

381 Microdrilled samples (n=2) fasSrontiumrisotope analyses were prewashed with 1 M

382 | ammonium acetate in order to remove &sociated with absorbed (on clays) or included

383 | noncarbonate phases (Montafiez et al., 2000). $tronas isolated using Spex cation ex-

384 | change resin and microliter columns attached toaaieel pump®’SrFP®Sr ratios were measured

385 | in solution mode on a Nu MC-ICPMS in the Interdiiciary Center for Plasma Mass

386 | Spectrometry, UC Davi$/alues are typically normalized to a nominal valoieNIST standard

387 | SRM987 of 0.710249. SRM987 for the measuremenogewveraged 0.710249d¢2=

388 | 0.000035) based on standards analyzed during ¢hisdo

389

390 | 4.2. Results
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interval-The well-preserved micrites haseerages*®0 ands'*C compositionbetween2.7-to-

—0f -3.0%o0(2 std err. of 0.2%cP-4%eandi-2anrd-+4.1 %o (2 std err. of 0.19%%p, respectively

(Table 1)

4.3. Paleosalinity interpretation

Given the earliest Permian age of the carbondtesgetvalues support a dominantly
marine environment. However, these stable isotegliges indicate that the lime muds likely did
not form in pure seawater given typical Midcontinend Panthalassan seawater compositions

during this time (Grossman et al. 200Bawateb®0 in theLate CarbeniferetRennsylvanian

and early Permian likely ranged between -1 and @&sr{e et al., 2007) given the occurrence of

ice sheets in southern Gondwan&he 5'%0 composition of low-latitude coastal river water

likely was in the range of -1 to -4%. (cf. Bowen aMilkinson, 2002), and perhaps a few per mil

lower if the climate was monsoonal (Rozanski et1£193). Notably, thé'®0 of low latitude,

coastal waters can be enriched by several perveil @en ocean seawater (Swart and Price,

2002), a scenario compatible with the tropical epimental environment of the study area.

Thus, accounting for oxygen isotope fractionatiebw®en water and calcite at 25° +3°C, the

micritic 5*%0 compositions are compatible with formation in evatover a range of salinities

(i.e., fresh to fully marine).

Carbonaté™*C values, in contrast, provide constraints on ghgoditional waters in the

channel. Seawateb'*C from the latest Ghzelian through léest Sakmarian in western

Euramerica was +4%o +0.5%.. The measu& values, which are 2 to 3%. lower than
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contemporaneous seawater, can be explained byahaha maximum of 10-20% freshwater.

This assumes a freshwaterfC composition of -8 to -10%o, which is typical ifers-draining

jongopical coastal riverberdering

eratensand associated with subhumid to semi-arid climatesmoderate density vegetation

(Mook and Tan, 1991). Although lowland tropical rivers draining carbonégerains can b&C-

enriched due to interaction with the carbonatesatbe flow path, the observed fossil flora

indicate a likely source of locally derivétC-enriched terrestrial C to the channel waters.

A measured average Sr isotopic composition (n=2h®faminated lime mudstone facies

of 0.708571 (Table 1) is slightly more radiogeriart middle to late Asselian seawafés(f°sr

of 0.70785 to 0.70790; Henderson et al., 2012kpliéation of the measured carbonffigrfeSr

ratios and Sr concentrations (180 ppm +32 ppm)3o igotope—I[Sr] fluid mixing model

(Ingram and DePaolo, 1993) suggests that the fiaid which the carbonate precipitated could

accommodate up to 17% freshwafBEsis

Theassumption of brackish conditions is thus reasenfiithe inferred semi-arid to arid

terrestrial paleoenvironment of the study interidreever—Furthermore, ithe channel

formed as part of a coastal tidal channel compten the measured*C values could record the
enhanced contribution to the seawater DIG*6fenrichederrestrialC locally derived from

levee banks and/or interdistributary pondsis finding provides independent confirmation of

salinity estimates inferred from invertebrate fauna

45. Plant Assemblages
The Community Pit Formation floras encompass tigtircct assemblages that occur in

different facies of the channel. The lowermostd|aonsisting solely of the woody remains of
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walchian conifers, is representative of the wideadr Late Pennsylvanian-Early Permian
seasonally dry biome described from many localgie®ss the Euramerican equatorial region
(Rees et al., 2002; Zeigler et al., 2002; Bashfetthl., 2014; DiMichele, 2014). The flora
preserved in the middle unit of the chano@htains a unique assemblage, dominated by a
voltzian conifer and a callipterid, unknown in camdgion from any other locality in Euramerica
and preserved under environmental conditions stiggesf a tolerance of high-salinity
substrates of one or both taxa.

Details of the lowermost flora have been descritg&alcon-Lang et ahnd are

only be briefly précised her20154b—inpres3-and-willonly-be-touched-on-briefly-hele.

includes coalified tree-trunks and charcoalifiecodd@reserved in the basal rudstone. Four

specimens of charcoal, which was the only matésigreserve anatomical detail, were

examined. These specimens are housed in the cofiscif the New Mexico Museum of Natural

History and Science under catalogue numbers NMMI§BIB1 — P68184, and comprise

pycnoxylic wood that conforms to the Type |l Paleicavood of Doubinger and Marguerier

(1975). These specimens are essentially idenbdhle wood-typédMlacdonaldodendroffralcon-

Lang, Kurzawe et Lucas, which was described frogimdi in the Community Pit Formation

(Falcon-Lang et al., 2014). This wood is considdgpelde of walchian-conifer affinity. Other

woods considered or confirmed to be of walchiam#yf are similar to the study specimens

(Reymanowna, 1962; Lemoigne and Tyroff, 1967; Tidlared Munzing, 1995).

Ratheln this current paper, waeve focus our attention on the peculiar flora from the

middle beds of the channel. This flora has beenritexd in brief by DiMichele et al. (2@+in
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pres$), with an emphasi$eedson its stratigraphic implications. Here, we detad morphology

and paleoecology of the plants and their broadeluéenary implications.

The flora comprisesfedpressed megafloral remains and a few weakly dadctfee-

trunks are preserved in micritic limestorfesm-the-middle-unit-of the-channel-filkdpressed
megafloral remains are present at multiple leviéigure 3B, C) in discontinuous limestone

lenses, each up to 30-50 mm thick and traceablecfaral meters along strike. Within these
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lenses, there are variable concentrations of rahdoriented plant fragments, ranging from
comminuted plant debris to fragments 10-30 cm @adith (however, we note that this is a
minimum size estimate because it is difficult taadb large slabs of material). Identifiable
material comprises three-dimensionally preserveutems$ions and partially cutinized leaves.
Associated with these foliar remains, there are afen-to-somewhat-denser networks of roots

of variable diameter, which crosscut laminationd are in growth position.

5.1. Material and methods

A total of 155 rock specimens were collected, estwdwing at least one adpressed plant
fragment. Collections were made at four separés gFigure 4, sections A - C and E) spanning
the entire channel width over an outcrop distarice20 m, with a fifth collection (comprising
four sub-collections) obtained as random samptas fioat. Two specimens of calcified tree-
trunk were also collected, and for each specimandard TS, RLS, and TLS petrographic thin
sections were made, and viewed using an Olympuxbliar BH-5 microscope.

The proportional abundance of taxa was quantife@dgua variant of the method of
Pfefferkorn et al. (1975), in which each hand spedi is treated as a “quadrat,” with each taxon
occurring on that quadrat counted only once, rdgasdof the number of individual specimens or
fragments of specimens present (Tailp Comminuted plant debris and other indeterminate
fragments were excluded from such coyrtswever, gymnosperm axes of uncertainty affinity
and invertebrates were included. The dominancedarmuaisity data reported below are based on
the three largest collections only, which include iajority (n = 114) of the specimens (sections

C, E and float; localities USNM 43550, 43554, afdMINH SGL-09-136, respectively), and
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represent the frequency of occurrence of each taganproportion of the number of quadrats in
those counts. For rare taxa, the number of occoeeim the entire collection is reported.
Specimens are housed in the Paleobotanical Callectf the New Mexico Museum of
Natural History and Science, Albuquerque, NM (NMMN&hd the United States National
Museum of Natural History, Smithsonian InstitutiiSNM). lllustrated or traced specimens are
stored in the Paleontological Type and lllustra@adlections of the NMMNH under the catalog

numbers NMMNH P68185 - P68346.

54.2:1. Voltzian conifers - { Formatted: Font: Italic

Ay et LI ____________________ |

By far the most common plant remains present imikgafloral assemblages are those of
voltzian conifers (occurring in 78 out of 114 quedr frequency 68.4 %), of which four foliar
morphotypes (A - D) and a single ovuliferous coree@esent (Figure 6). These morphotypes
are distinguished based on details of leaf attadhmnoethe stem, overall leaf shape, leaf profile,
length to width ratio (L:W) of the leaves, and leafle of departure from the steBome

specimen have cuticles preserved, unfortunately dioenot preserve epidermal patterns.

Morphotype A is represented by five isolated sh@bigure 6A), two of which have the
ultimate tips of the branch preserved. Leaves dagiblly flattened (cf. Type Il leaves; de
Laubenfels, 1953), and are oblong in shape withsgbapices. Leaf widths (W) range from 2 to
3.5 mm. Leaf lengths (L) are difficult to measutae to overlap among them, and are at least 20
--25 mm. L:W ratios range from 7 to 11, calculatecagrer leaf basis. Leaves depart from the
stem at angles from 15 to 40°, and are straighlightly incurved when viewed in profile.

Leaves are highly imbricate, particularly on thertwh tips, resulting in a distinct "tufted”

appearance. Details of the leaf attachment anddiexiseter are obscured by overlapping leaves.
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Morphotype B is represented by four isolated shaotd three other specimens
preserving two or three orders of branching (FigiBg Branching is orthotropic, with higher
order branches occurring in the axils of persiseges at angles of 55°. Leaves are tetragonal
in cross section (Type | leaves: de Laubenfels3),9nd attached helically to the stem by
thickened cushions that are distinctly rhomboidathape (Figure 6B). Leaves taper slightly
from the point of attachment to obtuse apices. lerajth is 15 - 30 mm, and leaf width reduces
from 2.5 - 3.5 mm at the point of attachment towdl®- 2.5 mm mid-leaf (L:W ratios: 6 - 9).
The angle of leaf departure from the stem axisitable (average 55°), with the leaves mostly
straight in side profile, but occasionally slighihcurved. Leaves on thicker branches depart at
the higher angles, and are more reflexed in profile

Morphotype C is represented by four isolated fadianots (Figure 6C). Leaves are
tetragonal in cross section, and attached to t#ma sh rhomboidal leaf cushions (cf. Type |
leaves: de Laubenfels, 1953). Leaves are distihgdisrom those of Morphotype B primarily by
having a distinctly falcate profile, and by showimgreater degree of taper from the base to the
tip of the leaf. Leaves depart at a high angler@ye 60°), then curve inward toward the
supporting axis. There is considerable variatioth@absolute size of leaves within this
morphotype, varying from 6 - 20 mm in length and3l5 mm in width (L:W ratios: 5 - 9; ratio
calculated per leaf). One relatively small specinveimich is similar in all other leaf
characteristics, represents the tip of a branathnaay be juvenile foliage.

Morphotype D is represented by one, relativelydatyranched specimen (Figure 6D).
Ultimate branches occur in the axils of persisteaves, and the overall branching pattern is
orthotropic. Leaves have decurrent attachmentsegtem, with the decurrent portions of the

bases thick and clearly distinguishable for thérehéngth of the internode. Leaves depart from
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550 ‘ the stem at angles commonly up to.9@ewever-lit should-be notedhowever;that there is a
551 high degree of variation that may have been infledrby taphonomic processesch as drying
552 ‘ of the material prior to deposition. Leaves argtgly more than 20 mm long, and .2 mm

553  wide (resulting a distinctively high L:W ratio o25) and have a straight profile with an obtuse
554 apex. The leaves are dorsiventrally flattened as€isection (cf. Type leaves: de Laubenfels,
555  1953), with a thick, fleshy appearance. Leavesherthicker, higher order axis appear more lax;
556  however, again, this could reflect taphonomic psses, such as differential drying of dead
557 foliage prior to incorporation into the sediment.

558 The ovulate cone associated with these foliar matyges is compound with bract-

559  owvuliferous dwarf shoot complexes helically arrashgeound the axis (Figure 6E). Bracts are
560 narrow and elongate with an obtuse apex and sfifiethd toward the cone axis. Dwarf shoots,
561  which have an axillary position, are flattened aildterally symmetrical with five to six

562 partially fused, similarly shaped, oblong steritales and/or sporophylls with obtuse apices
563  (Figure 6F). The base of the dwarf shoots is dilk-and given their size and position on the
564  cone, dwarf shoots are likely partially fused wtitle bract.

565 Late Paleozoic conifer classification is based eorabination of morphology and

566 | internal and cuticular anatomy of stems, leavelepa@ones, and ovuliferous structufesuch
567 | as ovuliferous cones and fertile zopés.g., Clement-Westerhof, 1984, 1987, 1988; Rollhste
568 al., 1997, 2005). Several features of the noveifeomaterial reported here allow it to be

569 referred to voltzian conifers. First, their folimorphotypes show generally bifacial ovate,

570 lanceolate to linear medium-sized leaves, whiclhchegacteristic of voltzians. Second, foliar
571  morphotypes B and D show orthotrophic branchingp aharacteristic of voltzians, but distinct

572 | fromtheplagiotrophic walchians (Rothwell et al., 2005)irththe sterile scales and sporophylls
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in the dwarf-shoots are fused, more or less flatlen one plane, and show a bilaterally
symmetrical organization. At this point in timejstuncertain how many taxa these four leaf
morphotypes represent. Heterophylly does occupitzian conifers, and generally involves
differences in leaf size, shape in face view, goekashape. Voltzians are, however, relatively
consistent in leaf characters like mode of attaattnfeatures of leaf bases and shape in cross-
section. Morphotypes B and C might represent destagon, but we have no confirmatory
evidence for that, such as attachment to a commanch. The leaves of morphotypes A and D
are both bilaterally flattened, but arise at défarangles, and have different kinds of attachment.
Collection of further material is required to answds question. More material is also needed to
ensure that we have collected the full range ofittaersity of conifer foliage in this flora.

We note that the earliest voltzian conifers désatito date areebowskia grandifolia
andManifera talarisfrom the uppermost lower Permian—lowermost midtéemian of north-
central Texas (Looy, 2007; Looy and Stevenson, R0llerefore, the novel conifer
morphotypes from Plant Assemblagfeextend the temporal range of this clade intoeimdy

Permian (late Asselian), and represent the oldesivk occurrence of voltzian conifers.

= = e e Y Yy Y e N ) e e, -

54.3.2.2 Callipterid foliage -Lodevia oxydata - [ Formatted: Font: Italic

The other dominant taxon in the flora is an unusadipterid (occurring in 34 out of 114
quadrats; frequency 29.8 %). The material showsidenable morphological variation and
encompasses immature and mature pinnae (Figure)7iadiuded among the suite of specimens
are pinnae with remarkably robust axes bearingitiglecurrent, pinnately lobed to segmented,
pinnules. Pinnule lobes typically have blunt tipatticularly those forming the pinnule apex.

The venation is pronounced with an indistinct, smes slightly flexuous midvein with widely
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spaced, steeply ascending lateral veins insertadgiés of 20-30°; lateral veins fork once or

twice, depending on the segmentation with a simgle per lobe. The suite of specimens shows

a number of noteworthy phenologic features. Fonmta, some fronds show pinnae preserved
in the process of unfolding (Figure 7A), a develepial pattern found in other callipterid taxa
(e.g., Kerp, 1988). Still others comprise youngmiature pinnules (Figure 7E), and a few

unusual mature specimens exhibit pinnules witlgirtarly curled edges (Figure 7D). Another

axis has a swollen base (Figure 7C), which usuatlicates that complete fronds were abscised.

Axes of small to medium size (up to 28 mm in disaneto-occur with this foliar

material and are sometimes found in organic coforegtith it, suggesting that leaves may have

been retained on branches for some time. This Wssreed in 16 quadrats.

Pinnae and associated axes are identifidcbdsvia oxydatdGoppert) Haubold et Kerp
based on their broad, stiff rachial axes and bjuettiding pinnules (Kerp and Haubold, 1988).
Pinnules are up to 3.2. cm long, which is largantm othelLodeviaspecies. The pinnule is
composed of segments that widen markedly towaris tips. Segment tips and pinnule apices
are very blunt, and not rounded. The pinnules, @iyappear "flat," and the rachial axes are

robust. Also, compared to othendeviaspecies, the basal pinnuled.inoxydataare quite large.

The absence of large diameter axes, despite teteage of quite a large collection, suggests that

L. oxydatamay have been a shrub.

2424 Roots !
Among the remaining adpressed material, only rootsirring in growth position (n = 17
guadrats) are common, being found in all fousitu collections. Roots comprise dense,

interwoven networks and more extensive, open sys{éigure 7H). They show four, or more,
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619 orders of branching, the largest being c. 25 maiiameter, the smallest <1 mm in diameter.
620  They ramify irregularly, side-axes being disposedagiable angles to the higher-order axes.
621 The identity of these roots is unknoyaithough it is possible to narrow down their

622  affinities, which are most likely with seed planthiey share some features with pteridospermous
623  root systems, which have a similar indeterminatemn pattern (Rothwell and Whiteside, 1974;
624  Stull et al., 2012). Although roots attributableRaleozoic conifers are poorly known, modern
625 forms have root morphologies similar to those tkotseed plants. What these roots are not
626 likely to be is equally as enlightening as whattheght be. They are not typical rooting features
627  of arborescent and herbaceous lycopsids (Daws@8; J&nnings et al., 1983; Pigg, 1992). Nor
628 are they calamitalean roots, suchPasnularia andMyriophyllites which show side-branches
629  disposed perpendicular to primary axes and comgigmntinuous size-class orders of

630 branching (Dawson, 1868; Taylor et al., 2009). haitdo they appear to be marattialean tree-
631 fern root systems, which are networks of genenalgtively straight, unforked, larger roots (4 - 6
632 mm diameter, but often larger: Ehret and Philli®77; Mickle, 1984; Millay, 1997) that

633  commonly form dense networks in isolated clumpscralLang, 2006).

634 In consideration of the likely seed plant affirstief the roots, the most important point
635  they highlight is that rooting of the lime mudsterieok place contemporaneously with or very
636  shortly after the entombment of the aerial remainsonifers and.-odeviain this same limey

637 mud. Because these roots are in and ramify thrtluglimestone, and because of the rate at
638  which subaerially lime mud hardens and becomestéffdy impenetrable to roots, and because
639 there is no evidence within these beds of breariassociated with long-term pedogenesis and
640 development of terra rosa type residual siliciastits, it is most likely that the roots were

641 derived from the voltzian conifers and/or the gadirids, though whether one or both cannot be
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determined. The possibility remains, of courset thay were derived from an additional kind of,
most likely, seed plant that left no other macrsfiocord. The likely contemporaneity or near
contemporaneity of the aerial debris and roots silggests that the plants in question were
growing on these limey muds while they were watereced. The combination of physical
sedimentological evidence, isotopic values of time Imuds, the brackish-to-marine invertebrate
fauna also present within the sediment, and thess#y for incorporation of aerial debris and
roots into the muds prior to solidification, striynguggests growth of these plants in waters of

brackish to near-marine salinities.

54.2.5. Other rare taxa | _- [ Formatted: Font: Italic

~

All other taxa are rare and include walchian casif@valchiasp., n = 7 quadrats) (Figure
7F), some small seeds of indeterminate affinity (), which may be related to one of the
conifers or pteridosperms, the sphenopgsidularia spicataGutbier) Schimper (n = 1; Figure
7F), and a putative fern, cdphenopterign = 1). A small number of weakly calcified treertks
(up to 0.18 m diameter) associated with the adpressmains comprise pycnoxylic coniferopsid

wood that is too coarsely re-crystallized for maceurate determination.

65. Discussion

There are certain aspects of the PTNM limestoa@mél deposit, recited here, that frame
the paleoecological interpretation of its biota.

(1) The geological setting. The basic setting éhannel cut into a limestone platform,
thus indicative of some lowering of base levekaist locally. The channel is narrow, shallow

and asymmetrical. There are, as far as we knowther incised channels identified anywhere in
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the surrounding geological exposures of the CommRit Formation in the Prehistoric
Trackways National Monument, which has been thdnbugcouted for more than a decade by
Jerry MacDonald (1994), the discoverer of the depasd numerous other geologists (e.qg.,
Lucas et al., 1998a, b, 2011; Mack et al., 2018;dfaLang et al., 201}.

(2) The host lithologies. The channel is fillednpairily with lime muds, the benches of
which are separated by thin siliciclastic partirgl®. The fill can be subdivided into three units.
The basal channel fill, present only in the cenfehe channel, as typical of a lag deposit, is
conglomeratic and includes plant remains, mainhjifecous tree trunks. The middle unit is
composed of lime mudstone lenses separated bitlticlastic beds, and hosts the majority of
adpression plant fossil remains. The upper uratlime mudstone with scattered gypsiferous
nodules.

(3) The biota. A brackish-to-marine water invertbrfauna was found in the lower two
units of the channel fill, consistent with thbleisotopic compositions of the carbonate matrix.
Trunks of walchian conifers occur in the basaldagosit and many of these are preserved as
charcoal. The middle unit contains a flora domidatamerically by undescribed voltzian
conifers, with subdominant numbers of the callipt&odevia oxydataThese aerial remains
occur intermixed with in situ roots that appeah&ve a seed-plant affinity.

It must be emphasized that this is an extremelyualudeposit, of a type rarely
encountered by the authors in their combinethyever200-persoryears of fieldwork.
Limestone filled, terrestrial channels are uncomnidre closest analogue may be limestone-
filled lakes that formed under semi-arid to occaally arid climates, such as those that typify

Late Pennsylvanian and early Perméxiposures in the Appalachian Basin of the east&A U
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687 (e.g., Montafiez and Cecil, 2013), from which plassils (callipterids, tree ferns) are known
688 and reported (e.g., DiMichele et al., 2013b).

689 In addition to being physically unusual, this chalntheposit contains an exceptional

690 flora. That flora includes the earliest known vi@tzconifers, extending the range of the lineage
691 downward from the Kungurian-Roadian boundary toAkselian-Sakmarian, approximately 25
692  million years. It also includes a rare speciesadffterid, Lodevia oxydatanow known from

693  Poland, the Appalachian Basin, and New Mexicoinatleposits of earliest Permian age. Both of
694 the common plants indicate the existence of veigetéypes rarely preserved in the geological
695  record, or perhaps rarely sampled because of filelynnature of the host deposits, despite
696  what appear to have been long stratigraphic raagd$road geographic distributions.
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65.2. Flora 1: Walchian and other coniferous wood.

The earliest vegetation from the PTNM limestonencieh deposit for which we have
evidence is preserved as coalified tree-trunksciiadcoalified wood fragments in the calcirudite
at the base of the channel (Falcon-Lang et al 4&8)1 The specimens examined have walchian

conifer affinity. Species that are part of the &aopmplex of walchian Voltziales are by far the
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777  most commonly encountered kinds of conifers in Bn@dcan fossiliferous deposits of latest
778 Pennsylvanian and early Permian age (e.g., Kerg-afder, 1985; Clement-Westerhof, 1988;
779  Kerp, 1996; Ziegler et al., 2002; Hernandez-Castll al., 2001, 2009; Rothwell et al., 2005;
780 Looy 2013; Looy and Duijnstee, 2013). They are dw@nt elements in the red siltstones that
781  make up much of the Community Pit Formation andnitse inland equivalent, the Abo

782  Formation (DiMichele et al., 2007, 2013a), whicbgs out in a long north-south band on the
783  margin of the Rio Grande rift and elsewhere, thrmug central New Mexico (Lucas et al., 2012,
784  2013).

785 The source of the walchian logs is most likely friite margins of the channel and

786  perhaps from the surrounding floodplain, thoughdetected no paleosol evidence of a lateral,
787  subaerially exposed surface. These trees are peesigr what is arguably the wettest phase of
788  channel development, during which there were péa@dig high flow volumes and little or no
789  carbonate precipitation. The predominance of walthis consistent with their preservation in
790  other kinds of Hueco Group (e.g., in the Robledaultains Formation, which immediately

791 overlies the Community Pit Formation) environmesettings, specifically the siliciclastic

792  redbed siltstones, which also suggest seasondlitosture under a climate that was at most dry
793  subhumid. If the drop in sea level in this areattsbuted to glacio-eustasy, the trees were

794  growing at times of near-glacial maximum (Falcomgand DiMichele, 2010).

795

796 ‘ 65.3. Flera-2:-Voltzian-callipterid vegetation

797 A plant assemblage entirely distinct from that presd in the basal channel-lag deposits

798 is represented by fossils preserved in the middieaf the channel fill. Here, accumulations of

799 | randomly-oriented adpressions, associated withfiealdree-trunks angh situ fossil roots, | - { Formatted: Font: Italic
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occur withinmieriticlimestondime mudstones and wackestotesls which-with biogenic

grains that indicate evidenee-drackish-to-marine origin. The plant assemblagioiwinated

by a low-diversity flora consisting of undescribealtzian conifers (Figure 6) and subdominant
amounts of the callipteridodeviaoxydata(Figure 7A-E). A few specimens suggest the presence
of walchians (Figure 7G), calamitaleans (Figure &fd small ferns as rare elements. The plants
are preserved mainly as compressions and haveblyapeeserved cuticle on the outer surfaces.

It is probable that one or both of the taxa thahpose this flora were growing in contact
with saline water. This assertion is supportedduesal aspects of the flora, its taphonomy and
the attributes of the deposit itself. The lime nmodss—wackestonem which the plants occur

hashaveonly weak beddin@nd are not brecciated or fractur@tius, the organic remains had to

be deposited in that substrate while it was bothasal still accumulating. There are large
fragments of branches and leafy shoots among #silifted plant parts, suggesting limited
transport and, thus a local, parautochthonousrorigieserved cuticle on both conifer and

callipterid foliage indicates rapid burial. Theme mudshime-mudsare rooted, and the roots are

shape of the root masses and the character obthematrix suggest that they did not enter

along cracks in already lithified limestone. Raats not found in the overlying limestone beds,
so it can be assumed that they originated fromtplgrowing on or immediately adjacent to the
lime muds within the channel. However, an origionfrone specific plant taxon or the other, or

both cannot be ascertained. Table and radiogengtableisotopic and invertebrate

paleontological evidence both indicate accumulatibtihe lime muds under brackish-to-marine

salinities.
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Perhaps the simplest interpretation that can kdernathis deposit is that it formed in a
quiet, abandoned or largely abandoned channelapsrs a lake deposit or as a sluggish
drainage into a coastal embayment. Tmesteneime mudalmost certainly is of microbial and
algal origin. In order foitte-stay-in-a-hereemented-statesuch-thiawertebrates, plant parts and
rootseouldto be preserved itthe lime muda shallow, persistent water cover was required, a
least during those times when aerial material veaisghincorporated. Lime muds such as these
harden and develop surface crusts quickly whenseghsubaerially. If these crusts were thin,
that is if periods of water cover exceeded thosexpbsure, plants could recolonize the surfaces
and roots could “punch through” the crustose seda@he key attributes then as they affect the
vascular plant assemblage are high salinity, highfluctuating but semi-persistent water cover,
and high rates of evaporation and transpiration.

The voltzian conifers in this deposit are the eatlknown (late Asselian) representative
of this evolutionary lineage, significantly extendithe known stratigraphic range downward
from the Kungurian-Roadian (Early-Middle Permianuhdary in Texas (Looy, 20§1.ooy and
Stevenson, 2014). These previously oldest volte@nifers occur in deposits interpreted, like the
PTNM limestone channel deposit, to have formed uddesubhumid to semi-arid conditions.
They were part of an assemblage that included eoaiid cycad taxa with an overall late
Permian (Zechstein/Wuchiapingian) to Mesozoic asfi@dlichele et al., 2001).

The other common plant in the mid-channel assereliElgodevia oxydataThis is a
very rare species that has only been describee tarieviously in the fossil record. Both
previous occurrences are from near the PennsylvaPgamian boundary in (1) the Rotliegend of
Lower Silesia, Poland (Goppert, 1864-65) and (2)@lunkard Group of the Central

Appalachian Basin, U.S.A. (DiMichele et al., 201.3Bhe New Mexico occurrence extends the
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geographic range of this taxon across the enteadih of the Euramerican realm. In the
Appalachiansl.. oxydatais known from limestone beds lacking evidence afine influence
(Montafiez and Cecil, 2013) at two, closely adjacectlities, interpreted as having formed
under a semi-arid to dry subhumid climate regimiEnele et al., 2013b). The Rotliegend
specimen is from a very different environmentatisgf occurring in an inland basin located far
from the nearest marine influence and not charaeggby either arid conditions or any evidence

of elevated salinity.

In summary, the deposit described here indicaegxistence of a previously unknown
type of late Paleozoic plant assemblage. This dsdsgm is of low diversity, consisting of two
abundant seed-plant species and a few rare taxaaltitat of growth, on the margins of and
rooted within the lime muds of a shallow, highljisa channel, is most unusual and suggests a
mangrove habit for one or both of the dominant farithe discovery of such deposits involves a
great deal of luck and indicates the necessitgdatinued field studies and examination of even

unlikely looking sedimentary-rock strata
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FIGURE CAPTIONS

Figure 1. County map of New Mexico highlighting tbeation of the PTNM in Dofia Ana
County, where the fossils were obtained (index nagation of New Mexico in the
U.S.A).

Figure 2. Measured section of the Community Pinkadion. Beds are numbered. The
fossiliferous site discussed in this paper is iatid as NMMNH locality 7981.

Figure 3. Fossiliferous, limestone filled chanmel. Eastern margin of channel. Channel base is
indicated by arrows. The main fossil excavation sasied out at the eastern channel
margin; B., Excavation at site A (Fig. 4) to shdwe nhature of the mid-channel lithology,
a dense, micritic limestone. Geological hammeistle; C., Exposure of mid-channel
micritic limestone in western portion of channelhité arrow indicated a calcified tree
trunk. Scale increments 1 foot (30.5 cm).

Figure 4. Geology of the limestone-filled chanmettie Community Pit Formation at NMMNH
locality 7891, showing correlated measured sectibramigh channel. Solid lines
demarcate correlatable surfaces. Surface 1 isabe &f the channel. Surface two
separates the middle-channel fill, containing tbkkzian conifer-callipterid flora, from
the upper channel fill, which is devoid of plantar@fossils. Surface 3 marks the top of
the channel fill.

Figure 5. Common limestone microfacies of the nadthiannel-fill imestone. Thin section
photographs all under plane light. A., Fine-graicatareous sandstone containing few
foraminiferans; B., Calcareous siltstone with famenaniferans; C., Indistinctly

laminated calcareous siltstone containing spongeilgs; D., Calcareous siltstone with
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rare foraminiferans (a particularly conspicuousnepie can be seen in the center of the

slide). Scale bars = 0.5 mm.

Figure 6. Adpressed conifer foliar morphotypes, anavuliferous cone and dwarf shoot of a
voltzan conifer in Plant Assemblage 2; A., Ultimat®ot of Morphotype A, scale: 10
mm, NMMNH P68185; B., A branch system of Morphotyevith three orders of
branching, scale: 10 mm, NMMNH P68186; C., Par shoot of Morphotype C
(Specimen in right hand corner), scale: 10 mm, NMIR68187; D., A branch system
of Morphotype D with two orders of branching, sc&enm, NMMNH P68188; E.,
Mature ovuliferous cone with bract—dwarf shoot céexrps helically arranged around
axis, scale: 5 mm, NMMNH P68189; F, Flattened dwadot with partly fused base, and

six obtuse scales, scale: 10 mm, NMMNH P68190.

Figure 7. Adpressed callipterids, voltzian conifansl sphenopsids in Plant Assemblage 2; A.,
Callipterid,Lodevia oxydatashowing unfolding frond, scale: 25 mm, NMMNH P631
B., Callipterid,Lodevia oxydatashowing typical mature foliage, scale: 10 mm, NMM
P68192; C., Swollen base (possible abscissionca)rfa callipterid Lodevia oxydata
scale: 10 mm, NMMNH P68193; D., Callipteridydevia oxydatashowing desiccated
appearance with curled tips to pinnules, scalent NMMNH P68194; E., Callipterid,
Lodevia oxydatashowing immature foilage, scale: 10 mm, NMMNH B83; F.,
SphenopsidAnnularia spicatascale: 4 mm, NMMNH P68196; G., Walchian foliage,
scale: 5 mm, NMMNH P68197; H., Fine network of twfaing gymnosperm roots, of

probable callipterid affinity, scale: 10 mm, NMMNP58198.
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1290 | TABLE CAPTION S
1291

1292 | Table 1. Stable and radiogenic isotope compositidrise Community Pit Fm.

1293
1294 | Tablei2. Quantitative quadrat data for adpressed megafigsemblages (Plant Assembl&@g

1295 | in themiddle unit of the incised channel (using methodglof Pfefferkorn et al., 1975).

1296
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Figure 1 Map Flood
Click here to download high resolution image
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Figure 2 Geology Flood
Click here to download high resolution image
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Figure 3 Channel Outcrop Flood
Click here to download high resolution image

@



http://ees.elsevier.com/palaeo/download.aspx?id=426047&guid=6ea81ca4-1e1f-4410-8849-596eb0e4624a&scheme=1

Figure 4 Sections Across Channel Flood
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Figure 5 Microfacies Flood
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Figure 6 Conifers Flood
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Figure 7 Lodevia Others Flood
Click here to download high resolution image
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Table 1 Isotopes
Click here to download Table: Table 1 isotopes.xIsx

Table 1. Stable and radiogenic isotope compositions of the Community Pit Fm.

Sample d®C %)  d®O0 %)  Fsr/sr
SGL-09-136A 1.22 -2.72 0.708562
laminated lime mudstone 141 -2.49 0.70858
1.21 -2.73
1.36 -2.41
Sample Average (x1s) 1.30 (+0.09) -2.59 (x0.14)  0.708571
SGL-09-136B 0.94 -3.66
siliciclastic lime mudstone 0.95 -3.34
0.81 -3.00
0.85 -3.18
1.22 -3.24
0.98 -3.14

Sample Average (x1s) 0.96 (x0.16)  -3.14 (+0.09)

Overall Average 1.09 -2.99 —
2 Std Err (n=10) 0.13 0.24 —
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Table 2 Megafloral data
Click here to download Table: Table 2 Megafloral data.docx

Sites with numerous specimens Sites with few specimens

Section C E Random1 Tot./Mean A B Random2 Random3 Random4 Tot./Mean

NM2010- NM2010- SGLO09- NM2010- NM2010- NM2010-
NMMNHS collection 05 01 136 n/a 03 02 14 n/a n/a n/a
USNM locality 43554 43550 n/a n/a 43552 43551 43563 n/a 43553 n/a
Quadrats (number) 27 50 37 114 7 8 19 6 1 41
Voltzian conifer 17 30 31 78 0 4 8 5 1 18
Frequency (%) 63 60 83.8 68.9 0 50 42.1 83.3 100 55.08
Lodevia oxydata 3 19 12 34 5 3 9 1 0 18
Frequency (%) 11.1 38 32.4 27.2 71 375 47.3 16.7 0 345
AXes 5 6 2 13 1
Roots 3 4 5 12 2
Seeds 4 1 1 6 0 0 0 1 0 1
Walchian conifer 3 1 2 6 1 0 1 0 0 2
cf. Autunia 0 2 0 2 0 0 1 0 0 1
Annularia spicata 0 1 0 1 0 0 0 0 0 0
Sphenopteris sp. 0 1 0 1 0 0 0 0 0 0

Pterinopectinid
bivalve

Lingulid brachiopod 1 0
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