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ABSTRACT	Comment by Schwartz, Theresa Maude: Channel names will be changed as follows to better reflect geographic locations:

Boom  Madrid East
Zebra  Madrid West
Don’t’ Shoot  Valdez (sorry, I know this is stupid)
Valdez Lower  Segundo Lower
Valdez Upper/Lightning  Segundo Upper
Coal Beans  Incline
Flank Steak  Contact
Wavy Gravy  Little Crow
Big Muddy  Armstrong
CHS1885  Stubblefield	Comment by Schwartz, Theresa Maude: Kristi and Marieke – I simplified the abstract to tell the readers only what we can say for certain with our data, with one amorphous suggestion for drivers of change.	Comment by Schwartz, Theresa Maude: FOR FINAL SUBMISSION:
Black text
Double spaced
	The Raton basin of Colorado-New Mexico, USA, is the southeasternmost basin of the Laramide intraforeland basin network of North America. It hosts a thick succession (15,000 ft, or 4.5 km) of Upper Cretaceous to Paleogene marine and continental strata that were deposited in response to the final regression of the Western Interior Seaway and the onset of Laramide intraforeland deformation. The Upper Cretaceous-Paleogene Raton and Poison Canyon Formations have previously been described as meandering and braided river deposits that represent distal and proximal members of rivers that drained the basin-bounding Sangre de Cristo-Culebra Laramide uplift. We present new observations of fluvial channel architecture that suggest both formations contain the deposits of sinuous fluvial channels. Channel fills of the Raton Formation preserve perennial fluvial channels that likely had extrabasinal sources, whereas overlying channel fills of the Poison Canyon Formation preserve ephemeral, locally sourced fluvial channels, perhaps constituting a fluvial fan that emanated from the Sangre de Cristo-Culebra uplift. We suggest that the transition in fluvial style reflects both tectonic and climatic influences on the basin, including emergence of the Sangre de Cristo-Culebra uplift and changes in precipitation patterns and runoff due to climatic changes that occurred during the Paleogene. 	Comment by Schwartz, Theresa Maude: Kristi – I agree with your comments about not explicitly calling upon the PETM without better age constraints/independent isotopic data; that certainly is for a future paper. 

INTRODUCTION
	The past few decades have witnessed renewed, focused interest in determining the geologic and topographic history of the Laramide intraforeland province of the North American Cordillera. Studies on both local and regional scales have highlighted its paleoelevation history (e.g., Davis et al., 2009b; Chamberlain et al., 2012; Fan et al., 2014; Copeland et al., 2017), sediment routing within (e.g., Carroll et al., 2008; Davis et al., 2009a; Schwartz and Schwartz, 2013; Smith et al., 2017) and beyond (Blum and Pecha, 2014; Sharman et al., 2017) the Western Interior region, and the influence of paleoclimatic events on landscape evolution (Sewall and Sloan, 2006; Fan et al., 2014; Schwartz et al., 2019). As part of this, multiple recent studies have utilized Laramide basin fills to document local sedimentary responses to global climatic events (e.g., Foreman et al., 2012; Foreman, 2014; Plink-Bjorklund et al., 2014; Wang and Plink-Bjorklund, 2019; Zellman, 2019). Most of these studies have relied on data collected from relatively few, well-studied basins that lie in the interior of the Laramide province, such as the Bighorn, Wind River, Green River-Washakie, and Uinta-Piceance basins. In contrast, relatively few studies have focused on similar issues in basins on the eastern periphery of the Laramide province. 	Comment by Schwartz, Theresa Maude: Kristi, you suggested a PPB abstract from 2014 – do you know which it is, specifically? Here are some she cites in her 2015 review paper:

	The Raton basin of Colorado-New Mexico, USA is the southeasternmost “perimeter” basin of the Laramide intraforeland province (Fig. 1; nomenclature after Dickinson et al., 1988; Lawton, 2008). Similar to many other Laramide basins, the Raton basin contains a kilometers-thick succession of Upper Cretaceous-Paleogene strata (Pillmore et al., 1984) that were deposited synchronous with the transition from Sevier- to Laramide-style deformation in the Western Interior, the concomitant building of topography, and significant changes in global climate. The Raton and Poison Canyon Formations of the Raton basin provide a nearly uninterrupted record of fluvial deposition that spans the Cretaceous-Paleogene (K/Pg) boundary and the early Paleogene. In spite of dense vegetation, roadside outcrops afford a detailed view into fluvial depositional processes through time. Within the context of paleotectonic, paleoelevation, and paleoclimate studies across the Western Interior region, these deposits record environmental conditions for a Laramide basin located distal to the Cordilleran orogen, on the eastern periphery of the Laramide intraforeland province.
	We provide detailed descriptions of Upper Cretaceous (Maastrichtian) to Paleocene, and possibly Eocene, fluvial deposits of the Raton and Poison Canyon Formations. We document marked temporal trends in fluvial channel architecture, overbank deposit character, channel dimensions, and sediment caliber that demonstrate a transition from deposition by perennially active sinuous channels that were laterally confined by coal-rich overbank deposits to deposition by ephemeral sinuous channels that were laterally mobile and relatively unconfined by fine-grained overbank deposits. These new interpretations and existing sediment provenance data highlight changes in paleodispersal patterns and fluvial processes that likely occurred in response to regional tectonic and global climatic events in the early Paleogene. 

STUDY AREA & PREVIOUS WORK	Comment by Schwartz, Theresa Maude: TMS: Re-do figure numbers to accommodate changes
Raton basin
The Raton basin is the southernmost of three large “perimeter” Laramide basins located east of the Colorado Plateau, flanking the Laramide deformation front of Colorado and New Mexico (Fig. 1; Dickinson et al., 1988; Lawton, 2008). The basin is a north-trending, asymmetric syncline that is bound on the west by a series of high-angle, east-verging reverse faults that uplift Mesoproterozoic crystalline basement of the Sangre de Cristo Mountains and Culebra Range over Pennsylvanian-Permian and younger strata (Lindsey, 1998). The synformal axis of the basin (the La Veta Syncline) closely parallels the range front (Fig. 1). The sedimentary rocks on the west limb of the syncline dip eastward toward the basin axis, whereas sedimentary rocks on the east limb are largely sub-horizontal (Tyler et al., 1995; Topper et al., 2011; this study). The northern sector of the basin fill is intruded by Oligocene-Miocene stocks and radial dike swarms of the Spanish Peaks (Knopf, 1936; Muller, 1986; Penn and Lindsey, 2009).

Cretaceous-Paleogene stratigraphy
We use the subdivisions of Cather (2004) and separate the Laramide depositional history of the Raton basin into three phases: (1) an early transitional phase represented by marine to coastal plain deposits of the Upper Cretaceous (Campanian-Maastrichtian) Pierre, Trinidad, and Vermejo Formations; (2) a middle phase represented by terrestrial deposits of the uppermost Cretaceous (Maastrichtian) to Paleocene(?) Raton and Poison Canyon Formations; and (3) a late phase represented by terrestrial deposits of the Eocene(?) Cuchara, Huerfano, and Farisita Formations (Fig. 1).
	The Cretaceous Pierre Shale (up to 580 m or 1,900 ft thick), Trinidad Sandstone (30-40 m or 130 ft thick), and Vermejo Formations (up to 120 m or 395 ft thick) record the final regression of the Western Interior Seaway from the region (Pillmore et al., 1984; Flores, 1987). The three formations form a conformable, northeast-prograding succession of offshore and prodelta shale and siltstone, beach-delta sandstone, and heterolithic coastal plain deposits (Pillmore et al., 1984). The succession youngs toward the northeast, with the top of the Trinidad Sandstone inferred to be ca. 71.5 Ma near Raton, NM, and ca. 68.7 Ma near Walsenburg, CO (Berry, 2016). 
The Vermejo Formation is unconformably (in the west) to conformably (in the east) overlain by the uppermost Cretaceous—Paleocene Raton Formation (up to 650 m or 2,100 ft thick; Pillmore et al., 1984; Flores, 1987; Berry, 2016). Palynostratigraphy, megafloral biostratigraphy, and ammonite biostratigraphy suggest that the magnitude of the Vermejo-Raton unconformity is spatially variable, representing up to 4 Myr in the southeastern part of the basin near Raton, NM (ca. 71.5 Ma to 67.5 Ma) and less than 1 Myr in the northern basin near Walsenburg, CO (Berry, 2016). The unconformity represents a period of erosion that occurred between the early and middle phases of Raton basin sedimentation (after Cather, 2004). 
The base of the Raton Formation is marked by a chert pebble conglomerate with a quartz sandstone matrix that extends across much of the basin (Flores, 1984; Pillmore et al., 1984). Above the basal conglomerate, the Raton Formation is an assemblage of sandstone, siltstone, carbonaceous shale, and coal that has traditionally been subdivided into a lower coal-rich zone, a cliff-forming “barren series” that contains few coal layers, and an upper coal-rich zone (Pillmore et al., 1984; Flores and Pillmore, 1987; Topper et al., 2011). Notably, the upper part of the lower coal zone preserves the K/Pg boundary layer, recorded in the Raton basin by palynology records (Tschudy et al., 1984) and a variably preserved, iridium-enriched, kaolinitic claystone layer (Pillmore et al., 1984). The presence of the K/Pg boundary layer provides a robust age datum of 65.4 ± 0.1 Ma (Obradovich, 1993) where preserved.
The Paleocene(?) Poison Canyon Formation (up to 750 m or 2,500 ft thick) interfingers with the Raton Formation adjacent to the Sangre de Cristo-Culebra uplift, but ultimately overlies the Raton Formation across much of the basin (Pillmore et al., 1984; Flores, 1987). In the west, the Poison Canyon Formation is differentiated from the Raton Formation based on its coarser sediment caliber (granular to conglomeratic), increased feldspar abundance, lack of coal, sandy siltstone overbank facies, and laterally amalgamated to stacked channel assemblages (Flores, 1987). In central to eastern parts of the basin, the Poison Canyon Formation can be strikingly similar to the underlying Raton and Vermejo Formations but contains less organic material (Flores, 1987). 
The Poison Canyon Formation is overlain by the Eocene(?) Cuchara, Huerfano, and Farisita Formations (cumulatively > 2,000 m or 6,500 ft thick; Johnson, 1969; Tyler et al., 1995; Cather, 2004). The Cuchara, Huerfano, and Farisita Formations are unconformity-bound successions of varicolored (red, pink, white, tan) conglomerate, sandstone and mudstone that represent continued deposition in fluvial channel and overbank environments (Johnson, 1969; Rasmussen & Foreman, 2017).

METHODS
Outcrop limitations and regional dip corrections
	We acknowledge that the lack of lateral outcrop continuity and age control in the Raton and Poison Canyon Formations limits our ability to correlate individual fluvial channel fills across the basin. However, outcrops located east of the basin axis (Fig. 1) are nearly horizontal, dipping approximately 0.5° toward the north-northeast on average. Thus, along the east-west oriented outcrop transects described below, we use surface elevation as a proxy for relative stratigraphic height. We correct for regional dip between the two outcrop transects by inferring that a regional dip of 0.5° equates to an approximately 25 foot-per-kilometer change in elevation in the direction of dip (see Supplementary Information). 

Depositional environments and paleodispersal
	We provide detailed descriptions of channelized intervals of the Raton and Poison Canyon Formations that are well-exposed in roadside outcrops along highways CO-12 and NM-555 in the central part of the Raton basin, generally east of the axis of the La Veta Syncline. Individual outcrops are named according to nearby localities (Fig. 1; Table 1). We purposefully highlight channels in the interior of the basin, distal to the range front, in order to minimize the presence of basin margin (e.g., alluvial fan) facies in the successions to focus solely on environments that are demonstrably fluvial. Both highways provide access to fresh outcrop surfaces that are not obscured by dense vegetation, providing insight into sub-decimeter-scale sedimentary features within fluvial channel fills. In addition, the road cuts transect the channel fills roughly perpendicular to their paleoflow directions (Fig. 1), enabling the measurement of paleochannel widths and depths. Representative stratigraphic sections through each channel complex were measured at 5-cm resolution to document trends in grain size and sedimentary structures (Fig. 2; Supplementary Information). Fluvial channel deposits were photographed using a digital camera and were photostitched to generate detailed photo panoramas onto which channel fill architectural trends were interpreted (e.g., Figs. 3-8). 
Apparent channel widths and depths were measured using a laser range finder when possible and were otherwise estimated using measurement tools available in Google Earth (Table 1). Due to the limitations of outcrop exposure and the effects of compaction during burial, the reported measurements are considered minimum dimensions. Paleocurrent directions were measured from ripple and dune cross-stratification, parting lineations, flute casts, and the orientations of transported logs. Similarly, channel orientations were estimated using the strike/dip of exposed channel margins and/or the surfaces of accretion sets within channel fills that roughly paralleled channel margins, wherein the paleoflow directions of host channels were estimated to be approximately parallel to the strikes of measured surfaces. Paleocurrent and channel orientation measurements were plotted using the freeware Stereonet (Allmendinger et al., 2013; Cardozo and Allmendinger, 2013; see Supplementary Information). 

RESULTS: FLUVIAL CHANNEL DIMENSIONS AND ARCHITECTURE
	We subdivide our descriptions of channel architecture into three sub-groups: 1) isolated channel fills of the lower coal zone of the Raton Formation; 2) amalgamated channel-fills of the “barren series” of the Raton Formation; and 3) laterally amalgamated channel-fills of the Poison Canyon Formation. Importantly, we note that the three sub-groups share various characteristics and are not strictly unique from one another. Changes in fluvial architecture are transitional between the sub-groups, and subdivisions are made only for ease of description based on lithostratigraphic trends. 

Isolated channel fills of the lower coal zone of the Raton Formation
	The lower coal zone of the Raton Formation contains laterally isolated, white to light tan, sandstone-dominated fluvial channel assemblages that are encased in overbank successions of coal, dark gray carbonaceous shale, and gray siltstone. Overbank siltstone is commonly interbedded with tabular, sheet-like beds of very fine- to fine-grained, current ripple-bearing sandstone up to 50 cm thick that pinch out over distances > 100 m. Sandstone and siltstone intervals may be heavily rooted and may contain fossilized tree casts in growth position, especially when associated with coal horizons. We highlight three channels including Zebra, Don’t Shoot, and Valdez. Individual channel elements range from ~30-50 m wide and ~4-8 m high (Table 1), with laterally nested channel assemblages > 90 m wide (e.g., Fig. 4a-b). Channel fills are sandstone-dominated, but may also be heterolithic at the tops of channel fills or near channel margins where sandstone beds pinch out and/or transition into overbank mudstone. Individual channel fill successions fine upward from lower medium- or upper fine-grained sandstone to upper very fine-grained sandstone and/or siltstone (Fig. 2). Disseminated organic debris is abundant and tends to be concentrated in heavily laminated intervals of sandstone channel fills; coalified logs are common as lags at basal and intra-channel erosional surfaces. 
The internal architectures of individual channels vary. Zebra displays some cut-and-fill structures that parallel the channel margin, but no internal erosion surfaces with < 1 m relief. Coaly rip-ups occur at the channel base, and dark, organic-rich zones of laminated sandstone extend inward from the channel margin toward the channel axis (Fig. 3a-b, Fig. 9a). Zebra is dominated by parallel to gently undulating laminations (Fig. 9b) with some possible tangential dune cross-stratification that suggests paleoflow toward the north-northwest (Fig. 3a). Undulating surfaces may also reflect soft-sediment deformation. Approximately 45 m (150 ft) up-section, Don’t shoot is heavily amalgamated with a relatively homogenous grain size, rendering internal structures difficult to discern (Fig. 3c-d). Similar to Zebra, Don’t Shoot contains abundant parallel to undulating lamination with zones of apparent soft-sediment deformation manifested as trains of meter-high antiforms and synforms with oversteepened limbs (Fig. 3d). The basal surface of Don’t Shoot is lined by siltstone rip-up clasts and an array of sub-parallel tree trunks that indicate paleoflow toward the northwest (Fig. 3c), which is corroborated by rare flute casts. Another 45 m (150 ft) up-section, Valdez includes multiple channel elements that are dominated by inclined, sandstone-dominated macroforms that parallel exposed channel margins (Fig. 4a-b). Macroform sets are bound by subtle erosion surfaces that generally parallel macroform surface (Fig. 4a-b); they also stack on top of one another to form a nested, composite channel-fill succession (Fig. 4c). Macroform sets are sandy and amalgamated in their lower (i.e., toeset) to middle (i.e., foreset) parts, but become heterolithic toward their tops (Fig. 4c-d). The sandstone portions of macroforms contain small dune (< 20 cm amplitude) and ripple cross-lamination (Fig. 9c). The heterolithic tops of macroforms also contain ripple cross-lamination that is commonly overprinted by rootlets. Siltstone interbeds at the tops of macroforms preserve large plant fragments (e.g., palm fronds, leaves, and ferns; Fig. 9d). Macroform orientations and paleocurrent measurements from cross-laminae indicate mean flow toward the north-northwest (Fig. 4d).

[bookmark: _Hlk27564938]Amalgamated channel fills of the “barren zone” of the Raton Formation
	The “barren zone” of the Raton Formation is characterized by laterally and vertically amalgamated, light gray to tan, sandstone-dominated fluvial channel assemblages that are separated vertically by relatively thin overbank successions similar to those in the lower Raton Formation, but with minor coal. We highlight two channel complexes from this interval including Lightning and Coal Beans. Due to dense vegetation and outcrop orientations, the dimensions of individual channel elements are difficult to measure. However, individual channel elements are estimated to be ~5-8 m thick and at least 80-90 m wide based on the dimensions of exposed macroforms (see description below). Channel fill assemblages are sandstone-dominated, more so than underlying examples, but do contain some heterolithic intervals that are especially apparent near the base of the “barren zone”, such as within the Lightning channel fill. Higher in the section, at Coal Beans, heterolithic intervals were only observed at the tops of channel fills. In both areas, individual channel fill successions fine upward from medium-grained to upper very fine-grained sandstone with siltstone.
	Similar to the lower Raton Formation, the internal architectures of channel fills in the “barren zone” vary. The Lightning channel fill succession begins with meter-scale inclined heterolithic strata that are poorly exposed in outcrop (no photographs available). These are incised and overlain by a sandstone-dominated channel element that contains pervasive climbing ripple cross-lamination (Fig. 9e) with some tangential dune cross-stratification (< 20 cm amplitude; Supplementary Information). Within climbing ripple successions, climb surfaces and ripple partings are crudely defined by concentrations of oxidized minerals (dark laminations in Fig. 9e); these features may be confused for dune cross-strata, resulting in uncertain paleoflow indicators. Paleocurrent measurements from a collection of dune and ripple surfaces provide an inconclusive paleoflow direction for Lightning, but channel margin orientations suggest northeast-directed paleodispersal. Approximately 128 m (420 ft) up-section, Coal Beans is dominated by large (~7.5 m high, ≥30 m wavelength) accretionary macroforms that drape an erosion surface across a lower sandstone interval (Fig. 5). Channel margins are not clearly exposed. Both the lower and upper sandstone intervals exhibit soft-sediment deformation with folds ≥ 1 m high. Soft-sediment folds are apparent at the top of the lower sandstone interval and at the toes of macroforms in the upper sandstone interval, with apparent crumpling of macroforms toward the northeast (Fig. 5). Both the lower and upper sandstone intervals contain trains of small mudstone intraclasts and disseminated plant debris that are aligned along low-angle to convolute laminations. Ripple lamination (Fig. 9f) was only observed near the tops of macroforms where they interfinger with siltstone. No paleocurrent measurements were collected at this location, but the northeastward vergence of deformed macroforms suggest either 1) northeastward paleodispersal if the macroforms accreted downstream or 2) northwest or southeast paleodispersal if the macroforms accreted laterally. Given consistent northward paleocurrent measurements from all other observed channels, we prefer a northwest or northeast paleoflow direction for the Coal Beans channel.

Laterally amalgamated channel fills of the Poison Canyon Formation
	The contact between the Raton and Poison Canyon Formations is gradational, but in general, sandstone-dominated intervals of the Poison Canyon Formation are coarser than those of the Raton Formation. Fluvial channel successions consist of laterally to vertically amalgamated channel elements containing orangish-tan sandstone that interfingers with reddish-brown, sandy siltstone. Notably, silt-rich sandstone makes up a significant percentage of some channel fills, resulting in a heterolithic character (e.g., Fig. 7). Coals are absent in the Poison Canyon Formation, but large plant fragments and mats of plant debris are abundant in both overbank deposits and the finer-grained intervals of channel fills (Fig. 2b). We highlight four channel fill successions from the Poison Canyon Formation including Flank Steak, Wavy Gravy, Big Muddy, and CHS1885. Individual channel elements range from ~25-70 m wide and ~3-5 m thick. Channel elements fine upward from pebble-bearing coarse-grained sandstone to lower fine-grained sandstone and siltstone (Fig. 2b-c). Sandstones contain abundant mica. Pebbles and rare cobbles (< 5 cm) are present as thin lags or trains within sandstone beds; clasts are typically angular and include granite, meta-granite, chert, whitish quartzite, red quartzofeldspathic sandstone, and megacrystalline quartz and feldspar. 
	Again, the internal architectures of individual Poison Canyon channel fills vary. The Flank Steak channel fill, which occurs at the mapped contact of the Raton and Poison Canyon Formations, is heavily amalgamated with few discernable internal features (Fig. 6a-b). Crude amalgamation surfaces are lined by coalified to petrified logs, and disseminated organic material is relatively abundant. Approximately 61 m (200 ft) up-section, Wavy Gravy is similarly amalgamated but preserves multimeter-high cut-and-fill features with internal sedimentary structures. Bedding dominantly consists of undulating lenses of structureless sandstone that are bound by laminated intervals of organic-rich sandstone (Fig. 6b-c). Lenses contain low-angle inclined to wavy bedding, with minor (possible) tangential dune cross-stratification that suggests northeast-directed paleoflow (Fig. 6c). Some undulation may be related to soft-sediment deformation. Another 9 m (30 ft) up-section, Big Muddy includes many channel elements that are dominated by inclined macroforms composed of alternating, pebbly, very coarse- to coarse-grained sandstone and silty, very fine-grained sandstone (Figs. 2b, 7a-b). Shale drapes are also preserved between some sandstone beds (Fig. 2b), but are commonly eroded to form trains of intraclasts (Fig. 9g). The macroforms tend to parallel exposed channel margins, but are separated from one another by distinct erosion surfaces that are sub-parallel to macroform surfaces (Fig. 7d). Macroforms are laterally amalgamated to form a >170 m- (550 ft-) wide composite channel-fill succession (Fig. 7a-b). Gravelly beds are concentrated near the axes of channel elements. Many of the inclined macroforms are lenticular and/or have pinch-swell geometries, and some display soft-sediment folding that verges toward the channel element axis (Fig. 7c). Internally, sandstone beds contain rare dune cross-stratification (< 1 m amplitude; Fig. 9g), low-angle lamination, and/or convolute lamination. Intervening finer-grained intervals commonly contain ripple cross-lamination and organic material. Macroform orientations and paleocurrent measurements from ripples and dunes indicate north-northwestward paleoflow (Fig. 7d). Near the top of the Poison Canyon Formation, channel elements of CHS1885 are heavily amalgamated to heterolithic (Fig. 8). Sandstone beds vary from pebbly with a granular or very coarse-grained sandstone matrix to medium- or fine-grained sandstone (Fig. 2c). Rip-up clasts (up to 10 cm) of sandy siltstone are common. Amalgamated, sandy channel fills appear mostly structureless with undulating to convex amalgamation surfaces, inclined macroform surfaces, and soft-sediment deformation features including gentle folds (Fig. 8a-d). Some inclined units contain crude bedding-parallel lamination. A wedge of graded, bedding-parallel laminae (each up to 1 cm thick) also occurs near the top of one channel element (Fig. 8e-f). Meter-scale tangential dune cross-strata lined by pebbles and granules (Fig. 8e) are apparent in one area, indicating east-northeast paleoflow (Fig. 8a). Similar to Big Muddy, finer-grained interbeds and overbank material are organic-rich, micaceous, and heavily rippled. 

INTERPRETATIONS
Fluvial Style and Processes
Isolated channel fills of the lower coal zone of the Raton Formation. --- We interpret the observed channel fills from the lower Raton Formation as two channel types within a classical sinuous channel network: 1) perennial, sinuous trunk channels (e.g., Valdez) and 2) transient cut-off or crevasse splay channels (e.g., Zebra and Don’t Shoot). Rationale for each interpretation is provided below. These interpretations are consistent with those of Flores and Pillmore (1987) and Flores (1987), who interpreted the lower Raton Formation in the middle of the Raton basin to record meandering streams that were laterally confined by voluminous levee-overbank, splay, and coal swamp deposits. 	Comment by Schwartz, Theresa Maude: Kristi – fair comment about Piret’s preferences for writing style; she’s not the only one, by any means.

I’m going to leave this interpretive organization alone because it’s my personal preference. Since Piret will (hopefully) be an internal reviewer, her comments can be taken with a grain of salt (sand?). Given artistic license, we can retain this organization unless she has a super-good point, especially because her review won’t be taken as seriously as those of formal reviewers. Even so, this argument stands for formal journal reviewers too. I’ve had similar comments before, mostly from old men/women who are stuck in their ways, and I have been able to argue my way out of it.

Therefore, unless it becomes a real sticking point, I’m going to stick to my preferred style here  If Piret was a co-author, things would absolutely be different.
The sigmoid, channel margin-parallel macroforms that dominate the Valdez channel fill (Fig. 4a-b) are interpreted as laterally accreting point bar macroforms (Walker and Cant, 1984; Flores and Pillmore, 1987). The presence of point bar deposits supports the interpretation of sinuous fluvial channels that were sustained by paired cut bank erosion and point bar migration (Walker and Cant, 1984). Lateral nesting of erosion surface-bound point bar sets (Fig. 4a-b) reveals lateral shifts in the position of the channel following high-energy events (floods) that modified previous channel geometries, whereas vertical stacking and nesting of point bar sets (Fig. 4a-c) reveals channel aggradation (Walker and Cant, 1984). The high volume of fine-grained overbank deposits in the Raton Formation (estimated to be > 50%; Flores, 1987) restricted sinuous channels from migrating great distances, and instead prompted channel and floodplain aggradation paired with periodic channel avulsion. Ripple and dune cross-stratification (Fig. 9c) throughout the point bar deposits reflect the migration of ripples and small, sinuous-crested dunes across point bar surfaces under subcritical flow conditions. Inclined to horizontal heterolithic deposits at the tops of channel fills (Figs. 2a, 4c-d) represent gradual channel abandonment, wherein mudstone beds represent suspension deposition during low flow energy or ponded conditions and rippled sandstone beds represent periodic, higher-energy flows into the semi-abandoned channel. The presence of rooted horizons within upper heterolithic intervals supports an overall quiescent setting during abandonment. Given the lack of rooted horizons or paleosols within the lower parts of point bar successions, we interpret the sinuous channels to have flowed perennially. 
In contrast, cut-off and crevasse splay-related channels lack sigmoid point bar macroforms (Fig. 3a-d), indicating that the channels were not sustained by progressive meander migration. Rather, these channels were more likely rapidly excavated and filled by flood events that breached levees and flowed away from trunk channels (Walker and Cant, 1984). Examples discussed here occur immediately above a coal (Zebra, Don’t Shoot; Fig. 3a-d) and/or at the top of coarsening-upward crevasse splay successions (Don’t Shoot; Fig. 3c-d; after Flores, 1987), recording incision into levee-overbank environments. Concentrated, channel-parallel tree casts lining the erosional bases of channels (e.g., Don’t Shoot) also support catastrophic flooding and rapid erosion into overbank environments. Apparent inclined heterolithic strata at the base of Zebra (Fig. 4a-b) are interpreted as rotated blocks of overbank deposits that slumped into the channels closely following excavation (after Flores and Pillmore, 1987), rather than heterolithic bar foresets deposited under fluctuating flow conditions. Within the sandstone-dominated channel-fills, transient, rapid deposition is supported by a lack of well-developed point bar macroforms and dune cross-stratification, the presence of abundant soft-sediment deformation, and an abrupt vertical transition from sandy channel fill back to overbank mudstone (Fig. 4a-d). In addition, some of the undulating laminated intervals observed at Zebra and Don’t Shoot (e.g., Fig. 9b) may represent aggradational supercritical flow structures such as those produced by antidunes (McBride et al., 1975; Allen, 1984; Cheel, 1990), which may have formed due to rapid deposition during the initial, high-energy phases of flood events. 	Comment by Schwartz, Theresa Maude: T: Look up Crevasse Splay paper (AC lecture notes); add reference here
Amalgamated channel fills of the “barren zone” of the Raton Formation. --- Following the rationale of Flores and Pillmore (1987), we interpret the “barren zone” of the Raton Formation to record a period of deposition by laterally mobile, avulsion-prone sinuous channels that lacked the robust overbank confinement that was present for lower Raton Formation channels. The lack of aggradational overbank deposits in the “barren zone” allowed sinuous channels to rapidly incise, fill, and avulse to new positions, resulting in laterally and vertically amalgamated channel fill assemblages with minor preservation of overbank deposits (Flores and Pillmore, 1987). Incision into overbank areas is supported by the presence of inclined heterolithic intervals at the base of Lightning that we interpret as foundered overbank deposits (similar to those pictured for the lower Raton Formation in Fig. 3b). Periodic channel filling and avulsion are recorded by the lateral incision and nesting of channel fills, such as at Coal Beans where large, accretionary macroforms drape an erosional surface through an underlying fluvial sandstone deposit (Fig. 5). Based on available field data, it is unclear whether the accretionary macroforms at Coal Beans represent laterally or downstream-accreting point bars; however, both are possible in a sinuous channel system (e.g., Walker and Cant, 1984; Miall, 1988; Almeida et al., 2016; Ghinassi et al., 2016). Climbing ripple successions at Lightning (Fig. 9e) reveal rapid flow deceleration paired with contemporaneous suspension load fallout and bedload transport (McKee et al., 1967; Picard and High, 1973); their dominance in the channel fill shows that flows carried abundant sediment in suspension, only depositing climbing ripple successions as flows waned to subcritical conditions. Rapid sedimentation is also indicated by soft sediment deformation throughout channel fills, on both the bed- and macroform-scale (e.g., Fig. 5). Overall, channel systems in the “barren zone” were morphologically similar to those in the lower Raton Formation, but with higher lateral mobility.	Comment by Schwartz, Theresa Maude: Kristi – thanks for your comment here about discontinuity in rationale. This was actually the most difficult interpretation sub-section for me to write, mostly because we had fewer data for this interval.

These may be downstream or laterally accreting macroforms; I’m uncertain which without more field work. The lightning channel is difficult to see any large-scale features on because it’s vertical at the top of crazy-man hill, and Coal Beans was just inconclusive given our time constraints at the end of the day. 

For the sinuous argument, I’m relying quite a bit on descriptions from the literature and pairing those with our new observations. 

See what you think of how I’ve re-written this.

Can’t you still have downstream accretion surfaces in sinuous channels? I think that you can… Thinking of large rivers with medial, detached “islands” that migrate downstream, such as the Missouri. 
Laterally amalgamated channel fills of the Poison Canyon Formation. --- We interpret the observed channel fills from the Poison Canyon Formation as ephemeral, laterally mobile and avulsion-prone sinuous channels that were poorly confined by overbank material. This interpretation revises previous work that recognized features associated with sinuous channels (Flores and Pillmore, 1987) but generalized the coarse-grained channel fills of the Poison Canyon Formation as sand-rich alluvial plain and braided stream deposits (Flores, 1987). Although the Poison Canyon channels were laterally mobile, they lack the trademark architectural features of braided river systems such as cross-cutting, compound bar forms containing multiple scales of dune cross-strata (Walker and Cant, 1984). 
	Similar to the lower Raton Formation, the inclined, channel margin-parallel macroforms that are observed in most Poison Canyon channel fills are interpreted as laterally accreting point bar deposits (Flores and Pillmore, 1987), the presence of which suggests channel migration via cut bank erosion and point bar migration (Walker and Cant, 1984). However, multiple features within the channel fills indicate that channel migration was highly episodic, and perhaps sometimes catastrophic, rather than sustained through time. First, point bar sets are laterally nested and bound by erosion surfaces that obviously truncate earlier macroforms (e.g., Big Muddy; Fig.7a-b, d). Lateral nesting of erosion surface-bound point bar sets reveals lateral shifts in the channel position following high-energy events (floods). Unlike the erosion surfaces that only subtly modify macroform surfaces in the lower Raton Formation, macroform sets are significantly excavated by similar erosion surfaces in the Poison Canyon Formation. Second, some point bar sets are incised and overlain by composite lenses of heavily amalgamated, gravelly sandstone (e.g., Wavy Gravy and CHS1885; Figs. 6c-d, 8a-d). The nesting of amalgamated sandstone lenses within heterolithic point bar deposits suggests re-excavation and filling of existing channel forms by highly erosive flood events.
	In addition to episodic channel reorganization induced by high-energy events, multiple features suggest that floods were flashy and resulted in rapid sediment deposition. Unlike the lower Raton Formation, point bar sets in the Poison Canyon Formation are heterolithic, marked by couplets of gravelly coarse-grained sandstone and silty fine-grained sandstone. The finer-grained horizons commonly extend into and across channel thalweg areas (e.g., Big Muddy; Fig. 7a-b). The alternating distribution of coarse- and fine-grained point bar deposits indicates fluctuations in discharge and flow velocity through time (Plink-Bjorklund, 2015), wherein coarse intervals were deposited during high-energy stages of flood events and finer intervals were deposited by lower energy flows or during the waning stages of flood events. Fluctuating discharge is supported by the presence of soft-sediment deformed sedimentary structures within coarse intervals that indicates rapid deposition followed liquefaction, as well as well-defined ripple lamination within fine intervals that records rapid deposition under lower flow regime conditions. In addition to small-scale soft-sediment deformation, some point bar successions display multimeter-scale slumping of point bars toward the channel thalweg with slump topography infilled/healed by subsequent heterolithic deposits (e.g., Big Muddy; Fig. 7c); such slumping again supports rapid deposition of point bar macroforms and failure due to liquefaction.
	Within amalgamated sandstone lenses, abundant scour-and-fill features that lack internal cross-stratification (Fig. 8a-d) reveal Froude supercritical flow conditions followed by rapid sediment aggradation and infilling of scour features (Plink-Bjorklund, 2015). Rip-up clasts at scour surfaces support erosive upper flow regime conditions, as well as indicate the erosion of in-channel fine-grained intervals (Plink-Bjorklund, 2015). Undulating lamination sets at Wavy Gravy support the formation and aggradation of antidune-like supercritical flow structures during high-energy phases of flow (McBride et al., 1975; Allen, 1984; Cheel, 1990). Similarly, the graded, centimeter-thick laminae at CHS1885 reveal rapid deposition and aggradation that is consistent with upper flow regime conditions and heavy sediment loads (e.g., “overthickened laminae” of Plink-Bjorklund, 2015). The combination of high flow velocity, high deposition rates, and suspension deposition largely suppresses the formation of dunes and cross-stratification (Allen and Leeder, 1980). However, rare dune cross-stratification in gravelly sandstones (e.g., CHS1885; Fig. 8e) reflects periodic flows that were strong but subcritical. Similar to the lower Raton Formation, the upper parts of Poison Canyon Formation channel fills may also be composed of heterolithic to muddy strata that represent channel abandonment (e.g., Big Muddy; Fig. 7e).

Vertical trends in grain size and channel element dimensions
	Considered in succession, channel elements from the Raton and Poison Canyon Formations display systematic changes in grain size distributions and channel element dimensions. Figure 10a summarizes the minimum, maximum, and average sediment size recorded for each observed channel element (Table 1). We note that these data do not reflect systematic, laboratory-based analysis of grain size distributions, and are based purely on field observations made while measuring stratigraphic sections through each channel fill complex (e.g., Fig. 2). The average grain size of channel fills increases gradually from fine-grained sand in the lower Raton Formation to lower coarse-grained sand in the Poison Canyon Formation. Likewise, minimum grain size increases from lower fine- to medium-grained sand, and maximum grain size increases from upper fine-grained sand to pebbles and cobbles. The grain size data reveal net upward-coarsening of channel fills during deposition of the Raton and Poison Canyon Formations and concurrently highlight a temporal widening of grain size distributions. These trends suggest a change in sediment source, a decrease in sediment sorting between source and sink, and/or a decrease in weathering capacity.
	Figure 10b shows vertical trends in the dimensions of individual channel elements by summarizing pairs of channel element widths and depths as aspect ratios (where aspect ratio is calculated as element width divided by depth; Table 1). When all measured channel elements are considered together, there is a weak increase in aspect ratio through time (white circles; Fig. 10b), indicating that channel element width generally increases relative to channel element depth through time. To better highlight this trend, we separate channel elements whose margins and heights were fully visible in outcrop (Zebra, Don’t Shoot, Valdez, Wavy Gravy, Coal Beans Big Muddy 1, CHS1885 1) from those whose full dimensions were obscured (Boom, Lightning, Flank Steak, Big Muddy 2, CHS1885 2). Although the dimensions remain variable, there is a slightly stronger positive correlation between aspect ratio and stratigraphic height (gray circles; Fig. 10b). Finally, we separate channel elements that are considered to represent well-developed trunk fluvial channels (Valdez, Coal Beans, BM1, CHS1885-1) from channels that are considered to be subsidiary. These trunk channels (black circles; Fig. 10b) show a strong positive correlation between stratigraphic height and aspect ratio (R2=0.992), supporting that trunk fluvial channels became wider and shallower through time.

Paleodispersal patterns
	With one exception, paleocurrent indicators from all observed channels suggest persistent paleodispersal toward the northern hemisphere (Fig. 1). Paleocurrent measurements from the lower Raton Formation consistently indicate a north-northwest paleodispersal direction, whereas measurements from the Poison Canyon Formation show north to east-northeast paleodispersal directions. These results are generally consistent with environmental reconstructions depicted by Flores et al. (1985). We interpret the north- to northeast-directed paleoflow directions to reflect axial flow through the middle of the Raton basin, approximately parallel to the emerging range front. Channel-specific variations in average flow direction may be explained by channel sinuosity and/or differences between the absolute flow directions of trunk and subsidiary channels.

DISCUSSION
Temporal trends in fluvial depositional systems
	Based largely on lithostratigraphic mapping, previous work defined the Raton and Poison Canyon Formations as more-or-less conformable and interfingering with one another, with different stratigraphic intervals representing the end-members of a classical fluvial depositional spectrum (e.g., Rust and Koster, 1984). The Poison Canyon Formation and overbank-poor intervals (“barren series”) of the Raton Formation were interpreted as range-proximal alluvial fan to braided fluvial deposits, whereas overbank-rich, coal-bearing intervals of the Raton Formation were interpreted as distal, meandering fluvial deposits (Flores et al., 1985; Flores and Pillmore, 1987). Accordingly, temporal variations in fluvial style were attributed to periodic basinward advance of proximal environments across distal environments.  
	Our new interpretations allow us to modify the previous model by highlighting five systematic trends in the Raton-Poison Canyon stratigraphy: 1) net upward-coarsening and upward-widening of in-channel grain size distributions (Fig. 10a); 2) net upward-widening and -shallowing of channel elements (Fig. 10b); 3) an upward-decrease in the volume of overbank fines and lower preservation of organic material; 4) an increase in apparent channel mobility; and 5) a transition in fluvial architecture that suggests a shift from perennially to ephemerally occupied channels (Figs. 4, 7). Despite these temporal changes, we consistently interpret basin-center fluvial systems to be composed of northward-flowing sinuous channel networks.	Comment by Schwartz, Theresa Maude: “everything listed here, with perhaps the exception of shallowing channel elements, is also indicative of a prograding alluvial fan. This includes the shift from perennially to ephemerally occupied channels since fans are linked to environments that experience highly variable discharge”

“data may show one episode of fan progradation that spans the Tpc”
	On the most fundamental level, we argue that basin-center fluvial deposits of the Raton and Poison Canyon Formations record changes in the lateral confinement of sinuous channels, and therefore changes in channel stacking patterns, rather than alternating deposition by meandering and braided rivers. Sinuous channels were strongly confined by thick overbank successions during deposition of the lower Raton Formation, producing vertically stacked channel fill assemblages (e.g., Valdez; Fig. 4a-c). Channel confinement decreased during deposition of the “barren series” of the Raton Formation, allowing for both vertical and lateral amalgamation of channel fills. Channel confinement continued to decrease during deposition of the Poison Canyon Formation, allowing for the deposition of laterally extensive, nested channel fill assemblages (e.g., Big Muddy; Fig. 7a-b). 
	On a broader scale, we speculate that the gradual transition from isolated, sinuous channels in the lower Raton Formation to laterally amalgamated channels in the Poison Canyon Formation represents progradation of fluvial fans (e.g., DeCelles and Cavazza, 1999; Leier et al., 2005; Hartley et al., 2010; Weissmann et al., 2010; Latrubesse, 2015; Ventra and Clarke, 2018) across the Raton basin. In this context, the coal-bearing intervals of the lower Raton Formation are deposits of a basin-axial river system, whereas the “barren series” of the Raton Formation and the Poison Canyon Formation are deposits of sinuous channels located progressively higher on a fluvial fan surface. Progradation of a fluvial fan system over the basin is supported by the observed trends in grain size (Fig. 10a), channel geometry (Fig. 10b), overbank deposit character, degree of channel avulsion, and evidence for perennial vs ephemeral channel occupation (REFS). It is reasonable that uplift along the Sangre de Cristo-Culebra Laramide uplift and/or Late Cretaceous to Paleogene climatic events induced changes in sediment supply, sediment transport mechanisms, sediment routing, and basin subsidence, each of which may affect the migration of depositional environments within the Raton basin. Detrital zircon data from Bush et al. (2016) suggest regional drainage reorganization during deposition of the Raton Formation, wherein the lower Raton Formation received sediment from the Upper Cretaceous arc and the upper Raton and Poison Canyon Formations were fed by local sediment sources. In other words, fluvial systems of the lower Raton Formation were far-reaching with headwaters beyond the Raton basin, whereas overlying fluvial fans emanated from the emerging Sangre de Cristo-Culebra uplift. 	Comment by Schwartz, Theresa Maude: Kristi – anything to add here? I tried to make the fluvial fan interpretation more up front (“fluvial fan” is also a keyword and emphasized more in the abstract/intro), but I feel like the paragraph ends too abruptly. If you can think of anything to strengthen, please do add.

Implications for tectonic and climatic controls
	Previous studies have invoked tectonism as the primary driver of sedimentation in the Raton basin, with only minor emphasis on potential climatic influences. Although uplift along the Sangre de Cristo-Culebra Laramide uplift certainly influenced subsidence rates and patterns (Flores, 1987; Lindsey, 1998; Higley, 2007; Bush et al., 2016), sediment source areas (Flores, 1987; Bush et al., 2016), and sediment routing (Cather, 2004; Bush et al., 2016), our new data underscore the concurrent influence of climate on sediment availability and transport.
	Available sedimentary and paleobotanical evidence indicate a transition in the Raton basin from warm and perennially wet during deposition of the lower Raton Formation to drier with periodic rainfall during deposition of the upper Raton Formation and Poison Canyon Formation. First, this interval hosts a marked transition from volumetrically abundant, gray to black, clay- and silt-rich overbank deposits (e.g., FIG) to lower volume, reddish-orange and sandy overbank deposits (e.g., Figs. 3, 4); accompanying this is better preservation of detrital feldspar grains through time (Flores, 1987). These trends suggest increasingly poor weathering of source rocks, possibly due to climatic drying and/or cooling that would have inhibited chemical weathering of feldspathic and lithic sediment to silt and clay. Paleobotanical records from the K/Pg boundary record a subhumid climate during deposition of the lower Raton Formation followed by a rapid-onset, humid, high-precipitation climate after the K/Pg impact event (Wolfe and Upchurch, 1987); such conditions would foster high-intensity weathering of source rocks at this time, both degrading feldspathic sediment and providing abundant fine-grained sediment to the basin. The wet, post-impact climate persisted into the early Paleocene (Wolfe and Upchurch, 1987), presumably becoming drier afterward. Although unroofing of different basement rocks in the Sangre de Cristo-Culebra Laramide uplift is an alternative explanation for changes in the character of sediment in the basin (e.g., Flores, 1987; Bush et al., 2016), the increasingly poor accumulation and preservation of organic material supports climatic drying and/or cooling through the Raton-Poison Canyon transition. Finally, the transition in fluvial channel architecture described herein reveals a transition in fluvial style from perennial, axial rivers to ephemeral channels located on a fluvial fan, ostensibly related to climatic drying and/or cooling. 
	We propose two possibilities for the apparent transition in climate preserved by the Raton and Poison Canyon Formations. Basinal drying, cooling, and increasingly periodic rainfall may reflect the influence of Laramide uplifts on atmospheric patterns, wherein the growth of Laramide topography may have produced localized rain shadows across the Laramide intraforeland province. However, Paleogene paleoclimate models suggest summertime (monsoonal) winds blowing northwestward from the Gulf of Mexico toward the Raton basin (Sewall and Sloan, 2006, their fig. 2f). Since the Sangre de Cristo-Culebra uplift bounds the Raton basin on its western margin, it is unlikely that precipitation-bearing winds from the Gulf would have experienced rain-out prior to reaching the Raton basin, making a rain shadow effect across the Raton basin unlikely. Alternatively, we posit that drying, cooling, and increasingly periodic rainfall may instead reflect global Paleogene climatic events, such as gradual cooling during the Paleocene (REFS) or abrupt, transient warming associated with the Paleocene-Eocene thermal maximum (PETM; REFS). Pollen data (REFS??! Pillmore??) from the NM-555 outcrop belt support that the Raton Formation is Maastrichtian near the base of the “barren series” and is Paleocene throughout the upper Raton Formation (Fig. 1). Above the Raton-Poison Canyon contact, pollen samples yield species that are indeterminately Paleocene or Eocene. Although the pollen ages are not definitive, they prompt further investigations into the age of the Poison Canyon Formation, and potentially place the Paleocene-Eocene boundary up to 2,500 feet (~760 m) lower in the Raton basin stratigraphy. If all or part of the Poison Canyon Formation is Eocene, it is reasonable that Paleocene drying or the PETM is captured within the Raton-Poison Canyon interval. Accordingly, the changes in fluvial architecture described herein may have been a response to enhanced monsoonal precipitation, discharge, and sediment flux during the PETM, such as has been observed for other Laramide basins in North America (Foreman et al., 2012; Foreman, 2013; Zellman et al., 2020).	Comment by Schwartz, Theresa Maude: Marieke – this is where we need references for these pollen data. 	Comment by Schwartz, Theresa Maude: Kristi – please add your projected citation information to the References

CONCLUSIONS
	We demonstrate that basin-center fluvial deposits of the Maastrichtian-Eocene(?) Raton and Poison Canyon Formations in the Raton basin of Colorado-New Mexico, USA, record marked temporal changes in fluvial style. Although channel systems remained sinuous throughout that time period, channel fill architectures reveal a transition from regional, through-going, perennial river systems (exemplified by sandstone-dominated, aggradational point bar successions) to more locally sourced, ephemeral river systems (exemplified by heterolithic, laterally amalgamated point bar successions). We speculate that the transition in river type, fluvial style, and stratigraphic architecture occurred due to 1) partitioning of the Western Interior Region by Laramide intraforeland uplifts and 2) global and/or local climatic trends of drying, cooling, and increasingly periodic rainfall during the early Paleogene. Although available age data are not conclusive, we speculate that the contact of the Raton and Poison Canyon Formations may occur near the Paleocene-Eocene boundary, up to 2,500 ft (~760 m) lower in the Raton basin stratigraphy than previously placed. These new findings provide a stronger context for understanding the depositional history of the Raton basin, and ultimately lay a foundation for additional studies regarding basin-wide chronology as well as the effects of tectonic and climatic drivers on basin and landscape evolution. 
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TABLES
Table 1. Location, grain size, and dimensional data for fluvial channels observed in this study.

FIGURES
Figure 1. (A) Simplified map of the Raton basin illustrating modern extent of the Cretaceous-Paleogene basin fill (gray shading) and major structures within the basin. White circles denote outcrops observed for this study. Pollen data are adapted from REF. (B) Stratigraphic column summarizing the Upper Cretaceous-Paleogene fill of the Raton basin. 	Comment by Schwartz, Theresa Maude: Need reference information here.

Figure 2. Stratigraphic sections measured through trunk fluvial channels of (A) the lower Raton Formation (TKr) at Lower Segundo and the Poison Canyon Formation (Tpc) at (B) Armstrong and (C) Stubblefield. Additional measured sections are provided in the Supplemental Information.

Figure 3. Photopanels and line drawing interpretations of splay-related channels in the lower Raton Formation: (A-B) Madrid West channel; (C-D) Valdez channel. Note that both channels are associated with thick successions of carbonaceous overbank deposits. Average paleoflow for the channels is toward the north-northwest. Yellow – sandstone; light gray – siltstone; dark gray – carbonaceous shale; black – coal.

Figure 4. Photopanels and line drawing interpretations of sinuous channel deposits in the lower Raton Formation: (A-B) Lower Segundo point bar complex; (C) nested erosion surfaces filled by heterolithic bedding in the upper part of Lower Segundo; (D) point bar deposits recording aggradation and translation within the sinuous channel system. Average paleoflow from Lower Segundo is toward the north-northwest. Yellow – sandstone; light gray – siltstone; dark gray – carbonaceous shale; black – coal.

Figure 5. (A) Photopanel and (B) line drawing interpretation of large-scale accretion sets in the “barren series” of the Raton Formation (Incline channel complex). Note that accretion sets show evidence of liquefaction and failure toward the east-northeast. Inferred paleoflow is toward the north.  Yellow – sandstone; light gray – siltstone; black – coal; green - vegetation.

Figure 6. Photopanels and line drawing interpretations of sinuous channel deposits in the lower Poison Canyon Formation: (A-B) Contact channel complex; (C-D) Little Crow channel complex. Average paleoflow from Little Crow is toward the northeast. Yellow – sandstone; tan – sandy siltstone; green - vegetation.

Figure 7. Photopanels and line drawing interpretations of sinuous channel deposits in the Poison Canyon Formation: (A-B) Armstrong channel complex; (C) heterolithic channel margin deposits that show liquefaction and failure toward the channel thalweg; (D) lateral amalgamation of heterolithic accretion sets bound by erosion surfaces; (E) channel element filled by sandy siltstone beds that drape the channel form. Yellow – sandstone; tan – sandy siltstone; green - vegetation.

Figure 8. Photopanels and line drawing interpretations of sinuous channel deposits in the upper Poison Canyon Formation: (A-B) lower channel element at Stubblefield; (C-D) upper channel element at Stubblefield; (E) meter-scale, gravelly, tangential cross-strata; (F) cm-thick, aggradational planar laminations. Yellow – sandstone; tan – sandy siltstone; green - vegetation.

Figure 9. Characteristic sedimentary structures in the Raton (TKr) and Poison Canyon (Tpc) Formations: (A) organic-rich laminations extending from the margin of the Madrid West channel (TKr) toward its thalweg, person for scale; (B) undulating to low-angle laminations filling the Madrid West channel (TKr); (C) ripple to dune cross-lamination lined by dark, disseminated organic material in the Lower Segundo channel (TKr); (D) carbonaceous fern fossils from heterolithic overbank deposits associated with the Lower Segundo channel (TKr); (E) climbing ripple sets with oxidized mineral partings in the Upper Segundo channel (TKr); (F) aggradational and slightly climbing ripples from the tops of macroforms at the Incline channel complex (TKr); (G) mud rip-up clasts lining crude tangential cross-strata in the Armstrong channel complex (Tpc); (H) plant fossils from heterolithic overbank deposits associated with the Armstrong channel complex (Tpc). 

Figure 10. (A) Grain size and (B) channel dimension trends through the Raton (TKr) and Poison Canyon (Tpc) Formations. Grain size distributions show that channels coarsen upward and have progressively wider grain size distributions (vf – very fine; f – fine; m – medium; c – coarse; vc – very coarse; gr – granular; peb – pebbles; cob – cobbles; -l – lower; -u – upper). Aspect ratios of trunk channels indicate that individual channel elements become shallower and wider through time. 
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