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ABSTRACT‑The palynoflora of the Green River Formation in Fossil Basin, Wyoming, provides an excellent opportunity to study the vegetational history of an Eocene intermontane basin. Outcrop samples were collected and processed for plant microfossils from three measured sections representing the center and marginal areas of Fossil Lake.

The abundance of hardwood, riparian and conifer taxa suggests that moist lowlands and floodplains existed around Fossil Lake with upland forests on the surrounding ridges and mountains. Streams originating in the highlands supplied water for Fossil Lake and the surrounding vegetation. The palynofloral assemblage of the Fossil Butte Member and the lower part of the Angelo Member indicate that a mixed mesophytic forest grew near Fossil Lake.

A mixture of subtropical and warm temperate floral elements in the Fossil Butte Member suggests the climate was transitional between humid, subtropical and drier, warm temperate with fluctuations during various episodes of deposition.

INTRODUCTION

T

he purpose of this study was to use plant microfossils to interpret the vegetational history and paleoclimate of an intermontane basin during deposition of the lacustrine Eocene Green River Formation in Fossil Basin, Wyoming. Fossil Lake was one of three major Eocene lakes whose sediments form the Green River Formation (Figure 1). Fossil Lake lay to the west of the much larger Lake Gosiute, which covered most of southern and central Wyoming. Fos​sil Lake formed along the eastern edge of the Idaho‑Wyo​ming thrust belt in a small, structurally controlled basin. The Crawford Mountains and Tunp Range form the western boundary, Oyster Ridge the eastern boundary, and the Uinta Mountains the southern boundary. The lacustrine Green River Formation consists of buff colored, laminated calci​and dolomicrite, brown to black, kerogen‑rich, laminated calci​and dolomicrite, siltstone, mudstone, and clavstone with sev​eral thin tuff beds. Laterally, these lithologies grade into algal, ostracodal, gastropodal, and bioturbated calcimicrites deposited in shallow water near the shore of ancient Fossil Lake (Rubey, Oriel, and Tracey, 1975; Buchheim, 1994).

Buchheim (1994) divided the Green River Formation in Fossil Basin into three informal units (Figure 2). Each of these units represents a distinct depositional phase of Fossil Lake. Briefly, the lower unit is a lacustrine sequence charac​terized by siliciclastic mudstone and sandstone, bioturbated calci‑ and dolomicrite. and kerogen‑rich and kerogen‑poor laminated micrite. Some fossil fish and gastropods occur in the lower unit. Toward the marlin of the lake the Sandstone Tongue of the Wasatch Formation separates the lower unit from the middle unit. The middle unit is a well‑developed lacustrine sequence characterized by laminated calci‑ and dolomicrite with high kerogen content. Toward the margin the laminated micrite becomes bioturbated. The middle unit contains most of the fossils that occur in the basin. The upper unit represents the waning stages of the lake. It is characterized by poorly laminated dolomite‑rich carbonates, many of which contain calcite pseudomorphs after saline minerals, and some kerogen‑rich, laminated dolomicrite. Fos​sils are rare in the upper unit. The lower, middle, and lower part of the upper units form the Fossil Butte Member and the upper part of the upper unit forms the Angelo Member (Buchheim, 1994).

PREVIOUS PALEOBOTANICAL STUDIES

Lesquereux (1873 to 1883) first described fossil plants from the Green River Formation in a series of papers pub​lished as part of the U.S. Geological Survey of the Territories. Newberry (1883, 1898) followed with more descriptions of fossil plants from the same area as Lesquereux. Although the exact location(s) from which these floras were collected are not known. it is thought that the fossil plants of Lesquereux and Newberry were collected from the western part of the Green River Basin. i.e., Lake Gosiute (MacGinitie, 1969). Knowlton (1923.) later revised the taxonomy of the Green River flora and published lists of earlier collections. Knowlton also included descriptions of fossil plants from the Green River Formation of northwestern Colorado (Lake Uinta). Knowlton's collections were probably from a higher strati​graphic horizon than those from Lake Gosiute (MacGinitie, 1969). In other studies, Cockerel] (1909, 1925, 1927) contrib​uted several new species to Knowlton's list of Uinta Basin taxa. Consequently, the described Green River Flora was a composite of assemblages from numerous stratigraphic hori​zons deposited in separate lake basins.
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Figure 1- Geographic and geologic features in the vicinity of Fossil Basin, Wyoming. Study localities are FB. CC, and LM in the left‑hand figure. Modified from Buchheim and Eugster (1998) and Biaggi and Buchheim (this volume). Shaded areas represent area extent of the Eocene Green River lake system.

As more of the Green River Flora was described, later paleobotanical studies became more interpretive. Brown (1929, 1934) believed the Green River Flora was an assem​blage of plants from warm, wet lowlands with plants trans​ported from surrounding cool, dry uplands. MacGinitie (1969) similarly interpreted the Green River Flora of the Uinta Basin to represent warm temperate to tropical floras similar to those that now exist in Mexico and some parts of Central and South America.

Bradley (1931) published the earliest study of the Green River palynoflora. His work on the pollen and spores laid the foundation for the more extensive research by Wodehouse (1933), Based on his study of the palynoflora, Wodehouse believed that Lake Uinta existed in a hot, desert valley and was fed by streams originating in surrounding highlands where there was greater precipitation. Wodehouse also sug​gested that Lake Uinta was shallow and muddy with exten​sive marshy areas along the margins. In addition, the pres​ence of conifer pollen provided evidence for the existence of a flourishing "mesophytic forest" in the neighboring high​lands (Wodehouse, 1933). Later studies by Newman (1974, 1980) in the Uinta and Piceance Creek basins led to the devel​opment of a palynostratigraphy for the Green River Forma​tion in these basins.

In Fossil Basin, Brown (1929, 1934) studied the megaflora and concluded that Fossil Lake existed in an intermontane basin. Unfortunately, Brown did not provide specific locality or stratigraphic information and it is difficult to draw specific conclusions regarding the vegetational history from his re​search. However, McGrew and Casilliano (1975) used Brown's overall interpretation of the megaflora and pictured swamps and floodplains surrounding Fossil Lake with nearby ridges and highlands providing the elevational changes reflected in the plant assemblages. Lacking from all of the previous pa​leobotanical research is a study on the plant microfossils of the Green River Formation in Fossil Basin. This study begins to fill that void and utilizes plant microfossils o understand the vegetational history of the Green River Formation in Fos​sil Basin. 

METHODS

Forty‑nine outcrop samples of the Green River Forma​tion in Fossil Basin were collected and processed for plant microfossils. The samples were collected from three mea​sured stratigraphic sections corresponding to localities 217, 122 and 740 of Buchheim (1994) and illustrated in Figure 2. The three stratigraphic sections were measured at localities FB, CC, and LM in Figure 1. The Fossil Butte section (FB, locality 217 [SW 1/4 NW 1/4 sec. 5, T. 21 N., R. 117 W.)) repre​sents an intermediate area of the lake, just north of the lake depocenter. The Clear Creek section (CCS, locality 122 [NW 1/4 SE 1/4 sec. 35 and NE 1/4 SE 1/4 sec. 34, T. 21 N., R. 117 W.]) represents the depocenter of Fossil Lake. The Little Muddy Creek section (LM, locality 740 [SE 1/4 SE 1/4 sec. 24, T. 20 N., R. 118 W.]) represents an environment more proximal to the lake margin. Rock samples were collected from each of the major lithologies at each section. Phillips Petroleum Company pro​cessed the samples using standard palynological techniques. Twelve of the 49 samples produced palynomorphs. Analysis of the palynoflora included pollen counts of all 12 samples. Ten of the 12 productive samples contain statistically ad​equate numbers of palynomorphs. Two hundred or more palynomorphs were counted from each of the 10 statistically adequate samples.

THE PALYNOFLORAL ASSEMBLAGE

The outcrop samples from the Fossil Butte Member and lower Angelo Member of the Green River Formation yielded a diverse palynoflora. The assemblage consists of 176 forms representing 38 families, 54 genera, and 7 identifiable spe​cies. Approximately 2270 pollen, spores, dinofagellates, and acritarchs were identified from the 12 productive samples. Of the 2270 plant microfossils, 1.5% represent non‑bladdered conifers, 23% bladdered conifers, 37.5% angiosperms, 14% ferns and lower plants, 1% dinoflagellates, 22.5% acritarchs, and 0.5% of unknown affinity. The stratigraphic variation in relative abundance of the representative palynomorphs is shown in Figure 3.

The alga Pediastrutn constitutes 8% of the total plant microfossils identified. However, its primary occurrence is in one sample from the lower part of the middle unit (FB‑4) where it composes 91% of the entire assemblage (Figure 3). The most common member of the fern group is Laevigatosporites, which makes up 3.5% of the total. However, unlike Pediastrum, Laevigatosporites is distributed throughout the stratigraphic sequence. Other fern spores (e.g., Cyathidites and Deltoidospora) are restricted to the middle and upper units.
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Figure 2‑Generalized plant microfossil diagram illustrating relative abundance of various plant types, including aquatic palynomorphs. The light gray shading indicates < 5% abundance.
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Figure 3‑Stratigraphic chart illustrating stratigraphic units. facies relationships and relationships of measured sections. Locality 217 = FB, 122 = CC, and 740 = LM. Modified from Buchheim and Eugster (1998).

Among the gymnosperms, Pinus (9%) is the most abundant taxon with Picea (2.5%) the most common type. Other gymnosperms present are Podocarpus (2%), Abies (0.5%), Taxodium (0.5%), Tsuga (0.5%) and Juniperus (0.5%). Gymnosperm pollen occurs in all three units of the Green River Formation (Figure 3). More specifically, gymnosperm pollen is fairly abundant in the lower unit, less abundant in the middle unit, then becomes very abundant in the upper unit.

Among the angiosperms present, the most common taxa are Carya (5.5%), Ulmus (3%), Compositae (2.5%), Chenopodiaceae (2.5%), Momipites (2%), Salix (1.5%), Platycarya (1.5%), and Quercus (0.5%). Of the most com​mon angiosperm taxa, Carya, Ulmus, Momipites, Salix, Platycarya (1.5%), and Quercus (0.5%) occur in all three units. Asteraceae, Chenopodiaceae, and Poaceae occur only in the middle and upper units. Overall, the angiosperms are more abundant in the lower and middle units (Figure 3).

In summary, both angiosperm pollen and gymnosperm pollen occur in the lower unit, but the angiosperm pollen are more abundant (Figure 3). In the middle unit, the angiosperm pollen dramatically increases in abundance (among the ter​restrial taxa) and the gymnosperm pollen decreases. In the upper unit, the gymnosperm pollen become more abundant and the angiosperm pollen decrease.

Dinoflagellates and acritarchs occur primarily in the lower and middle units, although there are a few in the upper unit (Figure 3). In two samples, (CC‑8 from the middle unit and LM‑1 from the base of the lower unit) the dinoflagellates and acritarchs are the only taxa present with the exception of one unidentified triporate pollen in LM‑1. In sample FB‑6 (from the middle unit) a large number of acritarchs and a few di​noflagellates occur with a diverse angiosperm pollen assem​blage.

PALEOCLIMATE

The overall climatic range of plant microfossil taxa in the Fossil Basin palynoflora is tropical to boreal. However, the majority of taxa have climatic ranges that overlap in the sub​tropical to warm temperate climate zones.

The palynomorph assemblage of the lower unit includes several important climatic indicators. Abies, Picea, Alnus, Corylus, and Pterocarya are all elements of warm temperate

or cooler climates. The other dominant taxa in the lower unit such as Pinus, Podocarpus, Carya, and Platycarya have wider climatic ranges. This palynofloral assemblage sugests that the climate during deposition o1 the lower unit was warm temperate.

In the middle unit, pollen of Ulmus, Carya. and the Chenopodiaceae are dominant. Along with these taxa, the majority of the plants represented by pollen in the middle unit have broad climatic ranges. However, the Bombacaceae range from tropical to subtropical and occur in low numbers in the middle unit. Based on the presence of the Bombacaceae and the scarcity of forms found in cooler climates (i.e., Abies, Picea, Alnus, Corylus, and Pterocarya) the climate during deposition of the middle unit was probably more subtropical than the lower unit.
The plant microfossil assemblage of the upper unit yielded a mixture of the forms that occur in the lower and middle units. From the lower part of the upper unit, Picea, Tsuga, Castanea, and Pterocarya indicate that the climate may have become cooler. However, the occurrence of the Bombacaceae in the lower part of the upper unit suggests that the transition was gradual. The cooler climate indica​tors, such as Abies, Picea, and Tsuga, become more abun​dant higher in the upper unit. However, the occurrence of Reevesia (a tropical to subtropical element) in the uppermost sample of the upper unit suggests that the climate was tran​sitional between subtropical and warm temperate.

Overall, the mixture of elements from subtropical to warm temperate climates in the middle and upper units suggests that the climate may have fluctuated from the warm temperate climate in the lower unit, to more subtropical in the middle unit, and then back to a warmer temperate climate in the middle of the upper unit. Alternatively, the assemblage may simply represent a transitional flora characterized by mixed subtropical and warm temperate elements. As a whole, the palynoflora is well represented by plants that occur in subtropical climates (83%) and those that occur in warm temperate climates (93%). The palynomorph data suggest that the climate of Fossil Basin was in transition between subtropical and warm tem​perate with slight fluctuations during the life of Fossil Lake.

PALEOECOLOGY

In the lower unit, the dominant plant microfossil taxa are Pinus, Picea, Carya, Platycarya, and Corylus. The pre​dominance of these taxa suggests that the areas around the lake were heavily wooded. The occurrence of Platycarya (in all three units) suggests that there were also open, ephemeral habitats where this early successional plant could thrive (Wing and Hickey, 1984). However, the occurrence of Pinus, Picea, Alnus, Carpinus, and Tilia represent vegetation similar to that which MacGinitie (1969) concluded occurred 900 meters above Lake Uinta. It is likely that streams carried palynomorphs from the surrounding highland floras into Fossil Lake. The presence of these streams is supported by the occurrence of riparian taxa such as Platanus, Salix, and Populus. At lower elevations, vegetation composed of Alnus, Carya, Corylus, Myrica, Platycarya, Podocarpus, Tilia, and Minus grew. Around Fossil Lake itself, forests of Populus, Pterocarya, and Salix grew on the floodplains, while in the moist lowlands, cattails, ferns, and horsetails thrived.

During deposition of the middle unit the vegetation ad​jacent to Fossil Lake remained much the same as in the lower unit. However, the vegetation at the lower elevations be​came better developed and taxonomically more diverse, per​haps due to increased rainfall and a more subtropical climate. During this time, the upland vegetation was partially dis​placed upward by elements from the warmer, lowland vegeta​tion. The sedimentological data suggest that during deposi​tion of the middle unit the lake reached its peak development (see Buchheim and related papers, this volume).

During deposition of the upper unit the dominant veg​etation around Fossil Lake was once again the upland flora. Carya, Myrica, Platycarya, Populus, Quercus, Tilia, and Ulmus are still well represented. However, rainfall was prob​ably more restricted to the highlands where Abies, Picea, Pinus, Podocarpus, and a variety of ferns flourished. The shallowing of the lake is indicated by the increased abun​dance of Taxodium‑type pollen in the upper unit and would also corroborate with the deposition of evaporite sequences that occur in the upper unit. The changes in the flora and the shallowing of the lake during deposition of the upper unit probably resulted from the onset of a cooler, drier climate.

CONCLUSIONS

Overall, the vegetation that existed around Fossil Lake during deposition of the lower, middle, and upper units of the Green River Formation in Fossil Basin indicates that the lake existed in an intermontane basin and was affected by slight fluctuations in climate and rainfall.

The abundance of hardwood, riparian, and conifer taxa suggests that moist lowlands and floodplains existed around Fossil Lake with upland forests on the surrounding ridges and mountains. The occurrence of Platycarya throughout the section suggests that there were also open, ephemeral habitats where this early successional plant thrived. These ephemeral habitats were a result of fluctuating lake levels throughout the life of Fossil Lake (see Buchheim and related papers, this volume). Streams originating in the highlands supplied water for Fossil Lake and the surrounding vegeta​tion. The palynof7ora assemblages of the Fossil Butte Mem​ber and the lower part of the Angelo Member indicate a mixed mesophytic forest grew near Fossil Lake.

The mixture of subtropical and warm temperate floral elements in the Fossil Butte Member suggests the climate was transitional between humid, subtropical and drier, warm temperate with fluctuations during various episodes of depo​sition.
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