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Three outcrop sections in Texas, U.S.A. having sediments across the K/T boundary were studied for their palynomorph assemblages. The change in the composiion of palynomorphs across this boundary is conspicuous. There is a general decrease inthe total diversity of palynomorphs from Maastrichtian to the base of Palaeocene. Even the common palynomorph taxa which occur across this boundary in Texas show a proportioal decrease al the base of Palaeocene. Such a change in the palynomorph assemblage across the K/T boundary is suggested to be more due to environmental changes than evolutionary changes. This is evident from the observation that late Palaeocene palynomorph assemblage has closer affinity to the Maastrichtian palynomorph assemblage than the early Palaeocene assemblage. 
The difference in the composilion of palynomorph assemblages betwcen the Midway Group and the Wilcox Group is mainly due o facies change. 
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INTRODUCTION which coincided with widespread fluctuations of the seca 
level during the Mesozoic and Cenozoic eras. Prinmarily In Texas uhe uppermost Cretaceous is represented by the they appear to be the result of (a) major variations in locale 

Navarro Group and uhe lowermost Teriary by the Midway or rate of sedimentation, or (5) regional warping related to 
Group. The contact between the two is unconformable. cpirogenic and isostatic adjustments. 
Though the amount of time represented by this The present paper describes the change in the 
unconformity is unknown, there is sufficient evidence from composition of palynomorph assemblage across the K/T 
sedimentology, invertebrate palacontology, palaeobotany boundary sediments in Texas. This change is demonstrated 
and palynology to support the interpretation that there is a both in terms of the diversity of palynomorphs, which 
time gap represented here between the Navarro and the decreases from Maastrichtian to the base of Palacocene, and 

also the proportional representation of few common 
Due to Larmide orogeny, the late Cretaceous time was palynomorph species decrease from Maastrichtian to the 

marked by elevation of land and retreat of the sca in central base of Palaeocene. Such a change in the composition of the 
Texas, but in the early Tertiary this area was inundated by a palynomorphs across this boundary is interpreted to be more 

Midway Groups. 

new transgression of the sea. The maximum extent of the 
retreat of the latest Cretaceous sea is not precisely known
but it is unlikely that the Taylor and the Navarro seas boundary in Texas is provided and the available literature is 

to ecological factors than evolutionary. 
A discussion on the stratigraphic nature of the K/T 

extended much farther inland than the position of the surveyed to examine the changes in the composition of 
present Balcones fault zone (Sellards et al., 1966).

According to Adkins and Lozo (1951), Lozo and environment across this boundary is discussed in the light of 
Stricklon (1956) and Murray (1955) these transgressive and the movement of shoreline. Brief remark on the 
regressive sequences are cyclic depositional sequences palacoclimatic change is also made. 

various other fossil groups. The change in the deposiuonal 
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Text-figure 1. Map showing the belt of outcrop of he Navarro Group n 
Texas and index map showing he location of areas covered by a series of 

small maps (After Stephenson, 1941). 

SECTIONS STUDIED 
KEMP CLAY 

The Cretaceous-lower 

CORSICANA MARL 

upper Teriary ouLcropsS, NACATOCH SAND CO 

Stratigraphy and important geological features of Texas are 
shown in text-figures7. Three sections were studied, their 

locations arc shown in text-figures 1,2,3 and 4. The Walker Text-figure 2. Outcrop of the Navarro Group in the ILimestone and Falls Creck section is localcd approximatcly 8 km northeast of 
Cameron and 3 Km east of U.S. Highway 77 in the Milam 

country (Text-figs 3, 6). This is number 6 in Smith's (1959) 
ficld uip guide book. Seven samples were collccted here. 
The Brazos River section is stop number WA-18 in 

Pessagno's (1970) ficld urip guide book. This locality is 200 
yards downsurcam from a bridge on the Brazos River, and 

MILES 
3 NEYLANOVILLE MARL 

countics. D. Brazos River Section (After Stcphenson, 1941) 

9 km northeast of Rosebud on the state highway 413 in the 
Falls county (Text-figs 2, 6). Five samples were collected 
from this locality. The Litüg Pit locality is stop number 
A-24 in Pessagno's (1970) ficld trip guidc book. This 
locality is about 3 km SSE of Littig, beiween Liuig and 

PLATE 1 

(Kemp Clay Assemblage. All photographs magnified x 950) 
1. Wodehouse ia fimbriata Stanlcy 1961 
2. Biretisporites poloniaei Delcourt & Sprumont 1955 
3. Stereisporiies dakolaensis (Stanley) Kumar 1992 

4. Camarozonosporites vermiculisporites (Rouse) Krutzsch 1963 
S Cycadopiles giganteus Stanley 1965 

6. Munucolpopolleniles sp. 

1. Cycadopites scabralus Stanley 1965 

8. Todisporites cf. I. minor Couper 1958 

9. Wodehouseia spinata Stanley 1961 

10. Arecipiles cf. A. colunellus, Leffing well 1971 
11. Pterospermella sp. 
12. Cycadopites sp. 
13. ? Deflandrea sp. 
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Text-figure 3. Outcrop of the Navarro Group in the Milam and the 
CORSICANAMARL 

Williamson counlies. E. Walker Creck Section, F. Rockdale Section (After SECTION A, 8, C. AND Pb 4552,L-LITTIG PIT 
SLephenson, 1941) 

Text-figure 4. Outcrop of the Navarro Group in Travis, Hays and 

Elgin in Travis county (Text-figs 4 5). Ten samples were Caldwell counties. L. Littig Section. (After Stephenson, 1941). 
collected from this locality but all were barren of 
palynomorphs. Six samples of Rockdale Formation (Wilcox Navarro Group) and Kincaid Formation lower Midway 
Group) were also studied to examine the change in the Group) are the same except for the glauconite layer at the 
composition of palynomorphs from Palacoccne to lower base of the Kincaid Formation. 
Eoccne. Text-figure 3 shows the locality of this section. 

The Lop of the Navarro is not of the same àge at all poinis 
duc to the fact that the sea reureated earlier in some areas 

PALAEONTOLOGICAL EVIDENCE 

than in others. The basal part of the Midway also varies at 
diffcrent places between clay or limestone. This contact is invertebrates which occur in the Navarro sediments, only 64 
marked in most places by a layer of glauconite, phosphatic 
nodules or a thin suratum of glauconitic sand containing species of molluscs in the Kemp Clay Formation, none 
polishod pebbles and shark teeth. In east central Taxas, the except Gryphaeostrea romer is known to range up into 
lithologies of the Kemp Clay Formation (uppermost of the 

According to Stephenson (1941), out of 192 genera of 

gencra are known to range upward into Tertiary. Of the 99 

Teriary. Gardner (1935) states that out of 5ó molluscan 

PLATE 2 

(Kemp Clay Assenblage. All photographs magnilied x 950) 
1. Palmidiles maxinus Couper 1953 

2. Ghoshispora sp. 
3. Inaperiwopolleniles sp. 
4. Trisyncolpate pollen 

5. Extrairiporopollenilies sp. 
6. Tricolpiles sp. 

7. Ghoshispr u minor (Norton) Srivastava 1978 
8. Momipiles cf. M. quietus (Potonie) 1973 
9. Tricolpitles rugulatus Brenner 1963 
10. Ghoshispora minor (Norton) Srivastava l978 
11. Ghoshispoora spP 

CALOWELL CO 
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Tertiary scas of the Gulf Coast region. Scphenson (1915) 
gives a detailed account of the importance of the faunal 
change across the K/T boundary in the Gulf Coastal region. 

Pessagno (1967) listed the following foraminiferal taxa 
which became extinct at the top of the Navarro: families 
Rolaliporidae, Abathomphalidae, Marginotruncanidae, and 
genera Plummerina, Rugoglobigerina, Archaeolobigerina 

CLAY WITH 

SILT 

and Globotruncana S.S. belonging to the family 
CLAY Globouruncanidae and genera Globigerinelloides, and 

Biglobigerinella belonging to the family Planomalinidae. 
The family Heterohelicidae shows maximum diversity 

during the Navarro times and becomes much less diverse in 

the Midway. The following genera of this family became 

Pb 10623 
SANDSTONE 

CLAY WITH SILT 

FOSSILIFEROUS cxinct at the top of the Navarro Racemiguembelina, 
Pseudotextularia, Pseudoguembellina, Heterhelix, and 
Planoglobulina. Locblich and Tappan (1957) listed the 
following genera of planktonic foraminifera characterisuc 
of Crcaceous but not found in post Maastrichtian surata in 

the Gulf and Adantic coastal deposits; Globigerineloides, 

Hestigerinoides, 
(Hedbergella), 

Rugoglobigerna, 
Pseudotextularia, 

Pb 1062 
SANDSTONE 

CLAY WITH SILTYSHALE 

FOSSILIFEROUS 

Planaomalina, Schackonia, LIMESTONE 

Pb 10619 CONGLOMERATE Praeglobotruncana 
Globotruncana, 

Rotalipora. 
Abathomphalus, 

Gluberina, 

TEETH BONES, WwoO D) 

Cuembellitriella, 
CLAY THIN SILTYSHALE Planoglobulina, 

lleterohelix, Guembelitria, and Biglobigerinolla although 
mosly occur in the Crctaceous but also range into Tertiary. 

After the extinction of many taxa of Cretaceous 
foraminifera a new expansion of planktonic foraminifera 
began in the Tertiary. The oldest Tertiary (Danian) is 

characterised by the genus Chiloguembelina, Woodringina, 
Globigerina, and non keeled species of Globorotalia. 

Considering the conspicuous change in the faunal 
composition across the K/T boundary in Texas, it would 
appear that the time represcnted by this unconformity is 
fairly long. If it was an episode of shorter duration, it would 
secm theoretically probable that a considerable part of the 

Kemp Clay fauna might have survived under the 
presumably similar environmental and climatic conditüons 
that existed in the Kincaid sea. Probably the Danian of the 

European section is not represented by synchronous 

scdiments in the Atlantic and the Gulf coastal plains. 
Gardner (1935) 
corrclaion, has concluded that the Midway Group is 

and Racemiembelina. In addition 
FOSSILIFEROUS 

DARK GREY CLAY 

SLUMP (12 FT) NOT SAMPLED 

Pb 10628 SANDSTONE 

LITTIG PIT, SECTION-. L 
SCALE 

Text-figure 5. Lithology and sample locaion of the Liig Secúon (L) 
across ihe K/T boundary 

genera of the Midway Group only 21 are known from 
Cretaccous and 35 gencra were new immigrants in carly 

following the generally accepted 

PLATE 3 
(Midway and Wilcox Assemblagc. All photographs magnificd x 950) 

1. ?Asteropollis sp. 

2. Quadrapollenites vagus (Stover) Elsik 1968 
3. Tricolpiles reticulatus Cookson 1947 
4. Striatocolporiles sp. 

5. Palmaepollenites sp. 
6. Asteropollis asteroides Hedlund & Norris 1968 

7. Monoporale pollen 
8. Betulaepollenites claripitis (Wodchouse) Kumar 1992 

9. Alnipollentes quadrapollenites (Rouse) Srivastava 1966 

10. Cupuliferoidaepolleniles liblarensis Thonson in lPotonie el al. 1950 

11. Cyathidites australis Couper 1953 
12. Algal structure 
13. Monocolpopolleniles sp. 
14. Rhoipiltes sp. 
15. Rhoipiles sp. 
16. Potamogelonacidites senonicus Takahashi & Sugiyama 1990 

17. Liliacidiles sp. 
18. Arecipiles sp. 

19. Quadrapolleniues vagus (Stover) Elsik 1968 
20. Deltoidospora hallii Miner 1935 
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SECTION-E

SECTION-D

Pb 106477 
(20' ABOVE CONTACT) SHALE 

(CLAYEY) 
Pb 10635 

GREY 

SHALE -L- 
-i 

PbI0646 

CLAY wITH FEW 
Pb 10634 FOSSIL BEDS 

SANDSTONE 
PbI0645 

sILTY SHALE 
coQUINA SHALY LIMESTONE 

PbI0633 LIME STONE FOSSILIFEROUS 
A K -PblO644 Pb I0632 CLAY 

THIN BEDDED CLAY 
WITH SANDY BEOS 8 LIME PbI0631 STONE CONCRETIONS 
WITH FEw FOSSILSs 

BLACK 
CALCAREOUS SILTSTONE 

FOSSILIFE ROUS 
CONCRETIONS ONE TO SHALE Pb10630 TWO FEET IN DIAMETER 

CLAY (SILTY) THIN BEDDED 
WITH LARGE AMMONITES 
AND EXOGYRA 

Pb I0629 

Pbl0643 

(259ELOW cONTACT) 

BRAZOS RIVER SECTION WALKER CREEK SECTION 
SCALE See Figure 11 for its locotion See Figure 12 for its lecotlon ) 

2 FEET 

Tet-tigure 6. L.iuhology and sanple location of the section across the K/T boundary in Texas. D. Brazos River Section, E. Walker Creck Section. 

PLATE 4 

10. Pollen tetrad 
(Wilox Assemblage. All photographs magnilicd x 950 unless otherwise 

Tnenlioncd) 
11,12,14,16. Thomsonipollis magnijicus (Ptlug & Thomson) Knut2sch 

1960 
.Triairiopolleniles bituitus (Potonic) - Thonson & Plug 1953 

2. Rhuipiles sp. 

3,4. Lacvigatosporiles sp. 
5,6. Cupuliferoiduepollenites sp. 
7. Rhuipies sp. 

13. ct. Thomsonipollis sp. 
15. Nyssapolleniles pseulocruciatus Fairchild 1960 

17, Palmidites maximus Couper 1953 (x 400) 

18. Todispor ites majar Couper 1958. 
19. Arecipites inaequalis Elsik 1974 

20. Cupulijer oipollenites sp. 8. Inuperturopollenites dubius (Poonie & Venilz) Thonson & PIlug 

1953 

9. Luevgalosporiles sp. 
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Text-figure 7. Imponlant gcological features of Eastem Texas (Aftcer 

Stchli, 1972). 

GULF OF MEXICO 
synchronous with the Palacocenc section of Europe which 

overlics the Danian. As Danian is itself bounded both bclow 
MEXICO 

by crosional unconfomities representing 
unknown lcngth, the Navarro-Midway 

and above 0O mile 

intcrvals of 
EOCENE 

unconformity is an important tume gap. 
The sweeping changcs in the composition of the fauna 

across he K/T boundary might not be adcquately explaincd 
as an cvolutionay phenomenon if the úme interval was very 
short. The notable inlux of new faunal elements present in 

the Midway Group could be due to two possibilities. Firstly 
it could be due to evolutionary change if we consider the 
Lúme gap to be long enough, secondly it could also be due to 
a major environmental stress caused by drastically reduccd 
arca of shelf habitats during regression of the sea. Selcctive subsequent Danain transgression. Zachos e al. (1989) 
pressure on the organisms under such drastic environmental studied gcochemical and palaeoenvironmental variations 
changes could bring out changes of such high magniude. across the K/T boundary and concluded that the shallow 
During transgression of the Midway sca, some of the older marine temperature along the Gulf Coast was around 199C 

surviving 
characteristúcs that they are classed as differcnt species. over 3 m.y. period beginning in late Maastrichtian was also 
Alongwith such changes ncwer forms also came into the 
Midway sca by migralion. Stephenson (1941) suggestd that 
the newer forms came from the south. Gardner (1935) 
belicved that they may have spread westward from the old 

PALEOCENE 
26 OUTCROP OCATIONS 26 

MASTRICHTIAN 

100 98 96 94 

Text-figure 8. Uppennost Cretaceous and Lower Tertiary outcrops in 

Texas.(After Zaitzeff, 1967). 

sedimenis is exposed. These are mainly limestones and 
marls deposited during late Maasurichuan regression and 

forms may have acquired enough new during the K/T uransition. A gradual cooling of 20C 3C 

Tethyan sca. 
In the past few ycars, several new papers have been 

published on the sedinentological, taphonomical, and on 

he cxlinction patierns across the K/T boundary in Texas 

(Hanscn el al., 1984). Jiang and Gartner (1986) have 

discusscd the succession of calcarcous nannolossil in Texas. 

AL Braggs in ncighbouring Akapama, an alnost complete 

section of shallow marinc Maastrichuan and Danian 

Suggested. Bryan and Jones (1989) provided a long list of 
Tauna which became extünct across the K/T boundary in this 
Section, and concluded that faunal decline across this 
interval was abrupt and severe wiuh 50% ot ermim 
Cretaceous species dropping out of record in Danian. Jarzen 
(1978) provided the data on the changes in the composiuon 
of terrestrial palynomorphs across the K/T boundary a 
Braggs. Donovan et al. (1988) studies sequence straigraphy 
across this boundary at Breggs. The conclusions of these 
WOrks on Braggs section provide a good bas1s tor 
understanding the possible environnients in Texas as well 
during the K/T uansition. 

ayment

Angelina-co 



KUMAR- PALYNOLOGICAL STUDY ACROSS K/T BOUNDARY IN TEXAS 93 

BRAZOS RIVER ROCKDALE FORMAT1ON 
SECTION 

WALKER CREEK SECTION 
(WILCOX GROUP) 

ii 
PALYNOMORPHHS 

ACHOMOSPHAERA RAMULIFERA 
BALTISPHAERIDIUM sPP 
cOROOSPHAERIDIUM SPP. 
CYCLONEPHELIUM SPP 
CYMATIOSPHAERA SP 
DEFLANDREA SPP 
DINOGYMNIUM SP. 
GONYAULACYSTA SP 
MICRHYSTRIDIUM SPP 
PTEROSPERMOPSIS SP 

SPINIFERITES SPP 
SVALBARDELLA SP 
TANYOSPHAERIDIUM SP 
MISCELLANEOUS DINOCYSTS 

AESCULIDITES SP 
ALNIPOLLENITES TRINA 

APPENDICiSPORITES PROBLEMATICUS 
AQUILAPOLLENITES ECHINATUS 
ARECIPITES SP 
BACULATISPORITES SP 
BOMBACACIDITES RETICULATUS 
BIRETISPORITES ANTIQUASPORITES 

CAMAROZONOSPORITES ANNULATUS 
C. CERNIDITES 

CARYAPOLLENITES SIMPLEX 

CICATRICoSiSPORITES HALLE 
FC. ORNATUS 
FCLASSOPOLLIS PARVUS 

C. TOROSUS 
FCOMLEXIOPOLLS 
CONCAVISSIMISPORITES PARKINII 

FCUPULIFEROIDAEPOLLENITES SP. 
CYCADOPITES GIGANTEUS 
FCYATHIDITES MINOR 
DELTOIDOSPORA HALLI 
OivISISPORITES ENORMIS 

ECHINATISPORIS LEVIDENS 
EQUISETOSPORITES vOLUTA 
ERDTMANIPOLLIS SP 
GABONISPORIS BACARICUMULUS 

GLEICHENIJ DITES SENONICUS 
HAMULATISPORIS ALBERTENSIS 
HOLKOPOLLSNITES CHEMARDENSISS 

INAPERTUROPOLLENITES DUBIUS 
LAEVIGATOSPORITES GRACILIS 

L.HARDTII 
LEPTOLEPIOITE s TENUIS 
LILIACioTES SsP 

MATONISPORITES PHLEBOPTEROIDES 
MOMIPITES QUIETUS 

o M TENUIPOLUS 

FMONOcOLPOPOLLENITE SPP 
TEXENSISS 

NEORAISTRICKIA SPECIOSA 

oSMUNOACIDITES WELL MANII 
FPINUSPOLLENITES SP 

FPOLYCINGULATISPORITES RADIATUS 
POLYPOD1ISPORITES INANGAHUENSIS 

POLYPORINA CRIBRARIA 
PROTEACIOITES RETUSUS 
QUADRAPOLLENTES VAGUS 
QUERCOIDITES SP 

RETITRILETES AUSTROCLAVATIDITES 
RHOIPE 

FSCCOSFORIS 
NITES SP 

E AO 
GANIACEAEPOLLENITES SP. 

TEDEispORITES ANTIQUASPORITES 
S.cONGRUENS 
S. DAKOTAENSIS 
STYX MINOR 

SYMPLOCoIPOLLENITES SR 
TAXODIACEAPOLLENITES SSP 

PSEUOOALVEOLATUS 

THOMSONIPOLLIS MAGNIFICuS SP 

TRICHOTOMOSULCITS S 
TRIPOROPOLL ENITEs BITUITUS 

TRICOLPITES GEORGENSIS 

o . HIANS 
T. MICROMUNUS 
TRICOLPiTES SPP 

TRICOLPOROPOLLENTES BAGULOFE RUS 
T. KARUTZSHU 
TRICOLPOPOLLENITES MICROHE NE RICIU 

TRIZONITES SUBRUGULATUS 

TILIAEPOLLENITES SR 

VERRUCATOSPORITES FAVUS 

v. SECUNDUS 
WODEGHOUSE IA SPINATA 
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CRE TACEOUS TERTIARY 
PALYNOMORPHS 

MIDWAY WILCOX NAVARRO 
GROUP GROUP GROUP 

APPEDICISPORITES PROBLEMATICUS 

BACULATISPORITES CF.8. COMAUMENSIS 

8IRETISPORITES POTONIAEI 

BOMBACACIDITES RETICULATUSs 
CAMAROZONOSPORITES(CANULATUS 

CAMAROZONOSPORITES (C) CERNIIDITES 

CERATOSPORITES MORRINICOLUS 

CICARICOsiSPORITES HALLE 
C. ORNATUS 
COMPLEXIOPOLLIS MICROVERRUCOSUS 

CF CYATHIDITES SP 
EQUISETOSPORITES VOLUTA 

GABONISPORIS, BACARICUMULUUS 

GHOSHISPORA MINOR 

GHOSHISPORA SP 

GLEICHENIIDITES SENONICUS 

CAMAROZONOSPORITES ) ALBERTENSIS 

LEPTOLEPIDITES CF VERRUCATUS 
MATONISPORITES PHLEBOPTEROIDES 

OSMUNDACIDITES WELLMANII 

CHENOPODIPOLLIS MULTIPLEX 
PROTEACIDITES RETUSUS 
QUADRAPOLLENITES VAGUS 

FOVEOSPORITES SP 
ASTEROPOLLIS SPB 
STEREISPORITES ANT IQUASPORITES 

s.CRYSTALLOIDES 

S. DAKOTAENSIS 

TAUROCUSPORITES SEGMEN TATUS 

TRICHOTOMOSULCITES SPC 
TRICOLPITES MICROMUNUS 

TRIZONITES SUBRUGULATUS 

wODEHOUSEIA FIMBRIATA 

w.SPINATA 
CYATHIDITES M INOR 

CYCADOPITES CF. GIGANTEUS 

DELTOIDOSPORA HALLII 
ECHINATISPORIS LEVIDENSIS 

VERRUMONOcOLPOPOLLENITES SP 
MOMIPITES TENUIPOLUS 
MONOCOLPOPOLLENITES TEXENSIS 

NEORAISTRICKIA SPECIOSA 

RETITRILETES SP 

RHOIPITES CINGULUS 

INAPERTUROPOLLENITES DUBIUS 
ROUSEA GEORGENSIS 
T. MAXIMUS 

CUPULIFEROIDAEPOLLENITES SP 

cUPULIFERoIDAEPOLLENITES PARVULUS 
VERRUCATOSPORITES SECUNDUS 

ARECIPITES CF COLUMELLUS 
NUPHARIPOLLIS SP 

QUERCOIDITES SP 
STEREISPORITES CONGRUENS 
TRICHOTOMOSULCITES SPD 

ARECIPITES CF: INAEQUALIS 
HOLKOPOLLENITES CHEMAROENSIS 
INAPERTUROPOLLENITES DUu8IUS 
LAEVIGATOSPORITES GRACILIS 
CYCADOPITES SP B 
PITYOSPORITES SP BB 
THOMSONIPOLLIS MAGNIF ICUS5 

RETITRILETES CF: NIDUS 
SCHIZOSPORIS MICROFOVEATUS 
SYMPLOC0IPOLLENITES SP A 

TRICOLPITES HIANS 
AESCULIOITES SP 
CARYAPOLLENITES MICROFOVE ATUS 

CYATHIDITES SP 
MOMIPITEs CF QUIETUS 
POLYCINGULATISPORITES RAUIATUS 

QUADRAPOLLENITES VAGUS 

SEQUOIAPOLLENITES SP 

THOMSONIPOLLIS PALEQCENICUS 

TRICOLPITES MICAOHENERU 

I VARIEFOVAE TU 

TRICOL POROPOLLENITES 8ACULOF ERUS 

T. KRUSCHIU 

VERRUCATOSPORIT ES FAVOUS 

v. PROSEcUNOUS 

Text-figure 10. Stratigraphic diS1TD hOTn O seleced palynanorphs in the Upper Cutaceous and Lower Teuary sediments in Texas. 

figure 
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Anderson (1960), Newman (1964), Stanley (1965), Drugg 
(1967), Norton and Hall (1967), Hall and Norton (1967), 
Snead (1969), Oltz (1969), Leffingwell (1970), Rouse et al. 
(1970), Rouse and Srivastava (1972), Tschudy (1970, 1973, 
1976) Tschudy and Patterson (1975). More recently 
Tschudy (1984), Tschudy et al. (1984) and Tschudy and 
Tschudy (1986) are very significant studies. 

Most of these publications provide a biostratigraphic 

PALAEOBOTANICAL EVIDENCE 

E.W. Berry's comments (in September 1915) about floral 
changes Bbetween the upper Cretaceous and the Eocene in 

eastern Gulf Coast are quoted here : 
" 

with regard to upper 
Cretaceous and Eocene flora of the eastem Gulf region their 
differences are profound, andI believe the unconformity at 
the base of the Midway represents a very long interval. The 
last extensive floras of Cretaceous in the Gulf region are, of characterisation of upper Cretaceous and lower Tertiary 
course, a good way from the end of the Cretaceous, but they 
are totally different form the plants collected near Earl, 
Texas in beds believed to belong to Midway Formation. coast and Rocky Mountain regions. Tschudy (1970), 
Even when comparisons are made between these Midway 
(?) plants and the Wilcox flora of the Gulf and the late 
Cretaceous of the Rocky mountain province, the contrast is conclusions about floral change across the K/T boundary in 
just as marked, unless you are prepared to call the Denver North America can be stated as follows: 

Formation Cretaceous. There are a number of plants of the 
Gulf Eocene, but I do not recall a single Larmie plant." the underlying Creteaceous, but upper Palacocene and 
While discussing the Cretaceous and Tertiary floras of 
eastern North America, Berry (1937) states, that forty per species with a more or lesS modern aspect. 
cent genera of the latest upper Cretaceous floras are 

formations on the basis of palynomorph assemblages. Most 

of the papers dealing with North America are from the west 

Tschudy and Patterson (1975) and Jarzen (1978) deal with 
the Gulf Coast and the Atlantic Coast. The general 

1. Palaeocene fomations yield fewer palynomorphs than 

Eocene rocks show an increase in number and diversity of 

2. According to Tschudy (1970), Cretaceous and 
unknown in the earliest Eocene and over twenty per cent are Palacocene floras of the Mississippi Embayment exhibit 
extinct. According to him this change was not sudden, older closer similarities to the European flora than io those of the 
ypes of plants were dropping out and new ones were Rocky Mountain region. They suggested the cause of loral 
appearing either as a result of evolution or migration from dissimilarity in the two floral provinces (Mississippi 
the other centers of evolution. In the Gulf region the change Embayment and Rocky Mountain) was due to the presence 
in the composition of flora across the boundary is of a north-south trending epiric sea which was wide enough 
pronounced because of the considerable time gap between to inhibit migration between the two floral provinces. 
the latest Cretaceous and the lower Tertiary. 

In the past few years several papers have been published 
on the exra terrestrial causes of mass exuinction at the K/T 

3. In the Gulf Coastal region, floral change coincides 

with the lithologic boundary and may have been the result 
of environmental changes during the time represented by 

boundary (Alvarez et al., 1980, 1984) and how it effected the unconformiy. Most of the Cretaceous species dicd out 
the environment both on land and in the oceanic realm leaving unfilled biological niches that were gradually filled 
(Officer & Drake, 1985; Zachos & Arthur, 1986). The by new species, either evolving from genera already there or 
effcct of such terresurial environmental changes on the migraing into the area from the outside. 
vegetation in North America has been the subject of 
extensive study by Upchurch (1989), Upchurch and Wolfe 
(1987), Wolfe and Upchurch (1986, 1987a, 1987b). All 

these studies provide insight on the changes in the terrestrial 
environments in Texas region during the K/T uransilion 
which led to significant extinction of flora in the Gulf 
coastal region. 

4. Floral changes across this boundary might have been 
strongly influenced either by the depositional environments 
or by the climatic changes brought about by the uplilt of the 

land area or by the transgression of the Gulf of Mexico sea. 
5. The evidences from pollen and leaf floras do not 

Suggest a profound climatic change during the K/T 

transition such as evidenced at the onset of the Pleistocene 

glaciation. Warmer climate existed during upper Cretaceous 
and Palaeocene, but later (mid Oligocene) changed to cooler
climates (Dorf, 1969). The pollen and spore floras of the 
Mississippi Embayment region suggest a temperate to 
subtropical climate during the latest Cretaceous 

6. Jarzen (1978) studied the palaeocommunity structure
during the k/T uansilion at Braggs, Alabama and found that 
these communities persist through the transition period with 
only minor changes in the generic composition. 

PALYNOLOGICAL EVIDENCE 

There are many publications from various parts of the 

at the world palynological changes concerning 
Cretaceous-Tertiary boundary. Several of the major

Conuribuions are : Couper (1953) in New Zealand,

Zaklinskaya (1960) in the U.S.S.R., van der Hammen and 

Wymstra (1964) in Guyana, Van Hocken-Klinkenberg 
(1966) in Nigeria, Muller (1968) in Sarawak, Malaysia, 

Portniagina (1973) and Stover and Evans (1973) in 

Australia. The important North American publications are: 
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CONCLUSION Texas, however, the diversity of pollen and spores decreases 
from Maastrichtian uo the base of Palacocene. Two 

The present study conclusively demonstrates the changecs 
in the palynomorph assemblages across the K/T boundary 
in Texas. Text-figure 9 shows the ranges of allochthonous 
palynomorphs in the sedimentS across the K/T boundary in 
Brazos River and Walker Creek sections. Text-figure 10 
shows the distribution of palynomorph species and their 
relaive abundances. 

significant pollen species, i.e., Aquilapollenites echinatus 

and Wodehouseia spinata mark the end of Cretaceous 

period in Texas. 
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The changes in pollen and spore flora across the K/T 
boundary in Texas is very pronounced. Out of 30 species of 
spores in the upper part of the Navarro, only 8 are found in 
the lower Midway, and only one is new. Only two of the 
Navarro species continue in the Wilcox. Among the 
angiospcrm pollen, of the 23 species which are found in the 
Kemp Clay Formation only 12 are found in the Midway and 

9 specics are new. In the Wilcox Group four species of 
angiosperm pollen range upward from the Navarro and 
threc species from the Midway are found, in addition to ten 

new arrivals. Among the gymnospermous pollen, seven 

species are found in the upper Navarro, six of which are 
represenied in the Midway and two of which are present in 
the Wilcox Group. Although there is no new immigration of 
gymnospermous species in the early Tertiary, they form a Avarez, LW., Avarez, W., Asano, F. & Michel, HV. 1984. The end of 

conspicuous part of the flora because of their higher 

proporlional representation. 
Some of the species found in the Midway Group could be 

recycled specimcns from the Navarro, but it is very difficult 
LO state that a certain species is recycled or has a longer 

range. Eviu (1973) has pointed out this difficulty and he 
notcs that this is due to the abundance of Cretaceous 

REFERENCES 

Adkins, W.S. & Lozo, F.E. 1951 Stratigraphy of the Woodbine and Eagle 

Ford, Waco area, Texas. In A. Lozo, F.E. & Perkins, P.E. (eds)- The 
Woodbine and adjacent strata of the Waco area of Cenlral Texas - A 

symposium. Found Sci. Ser. 4: 101-154. 
Alvarez, LW., Alvarez, W. Asano, F.& Michel, H.V. 1980. 

Extraterrestrial causes for the Cretaceous Tertiary extúnction. 
Science 208 : 1095-1108. 

Cretaceous : sharp boundary or gradual transition. Science 223 
1183-1186. 

Anderson, R.Y. 1960. Cretaceous Tertiary palynology, eastem side of 
San Juan Basin, New Mexico. New Mexico Bur. Mines Mineral Res. 

Mem. 6: 1-59. 
Bery, E.W. 1937. Tertiary floras of eastem North America. Bot. Rev. 

3(1):31-46. 
Bryan, J.R. & Jones, D.S. 1989. Fabric of Cretaceous Teriary marine 

macrofanual transition at Braggs, Alabarna. Paleogeor. palynomorphs in the lower Tertiary. 

The time gap between the Navarro and the Midway is 

quite long, which is evident from the significant differences 
in the pollen and spore assemblages in those two groups. It 
is not possible here to state the exact length of time of non- 

deposiion between them. The changes in the composition 
of pollen and spore appears to be more due to the ecological 
reasons than evolutionary changes. This is suggested 
because several of the elements of the Maastrichtían 

assemblage are not found at the base of the Palacocene, but 
sevcral of them reappcar later in the late Palaeocene and 
younger sediments. Thus there appears to be more similarity 

in the Maasurichtian and late Palaeocene palynomorph 
assemblages than Maasurichtian and early Palaeocene 

asscmblages. 
The floral 'change between the Midway Group and the 

Wilcox Group is mainly due to the facics changes. The 
Midway Group is predominanly marine whercas the Hansen, T.A., Farand, R.B, Mont gomery, H.A. & Bilmann, H.G. 1984. 
Wilcox Group represcnts scdiments deposited in the coastal 
swamp environmenls. Text-figure 10 shows the distribution 
palcrn of palynomorphs in these two groups. 

The composition of dinollagellate cysts and acrilarchs 
docs not significantly vary across the K/T boundary in 

Paleoclimaol. Paleoecol. 69: 279-301 
Couper, R.A. 1953. Upper Mesozoic and Cainozoic spores and pollen 

grains from New Zealand. NZ. Geol. Surv. Paleon. Bdl. 22: 1-71. 
Donovan, A.D., Gaum, G.R., Bleschechmidt, G., Loulit, T.S., Plum, 

C.E., & Vail, P.R. 1988. Sequence stratigraphic setting of 

Cretaceous-Tertiary boundary in central Alabana. In: Wilgus, C.K. 
et al. (eds) Sea Level Changes-An Integrated Approach. SEPM 
Spec. Publ. 42. 

Dorf, E. 1969. Paleobolanical evidence of Mesozoic and Cenozoic climatic 
changes. North Amer. Paleontol conv. Proc. D: 323-346.

Drugg. W.S. 1967. Palynology of the Upper Moreno Fomation (Late 

Cretaceous-Paleocene),
Palaeontographica B120 A : 1-71. 

Eviu, W.R. 1973. Maastrichtian Aquilapollenites in Texas, Maryland and 

New Jersey. Geosci. Man. 7:31-38. 
Gardner, J.A. 1935. The Midway Group of Texas. Texas Univ. Bull. 3301: 

Escarpado canyon, Califomia. 

1-403. 
Hall, J.W. & Norton, N.J. 1967. Palynological evidence of florisic change 

Cretaceous-Tertiary boundary in castem Montana. 
Paleogeogr. Paleoclimatol. Paleoecol. 3: 121-131. 

Sedimentology and extinction pattems across the Cretaceous-Tertiary
boundary in cast Texas. In :Yaneey. T.E. (Ed.) The 
Cretaceous-Tertiary boundary and lower Tertiary of Brazos River
Valley. AAPG SEPM Ann. meeting field trip guidebook. south Texas, 
Geol. Soc. San Antonio: 21-36. 

Jarzen, D.M. 1978. The Lerrestrial palynoflora from he 



KUMAR -PALYNOLOGICAL STUDY ACROSS K/T BOUNDARY IN TEXAS 97 

Cretaceous-Tertiary uransition, Alabama, U.S.A. Pollen Spores 203: (4): 505-553. 
Jaing, M.J. & Gartner, S. 1986. Calcareous nannofossil succession across 

Cretaceous-Tertiary boundary in east-central Texas. 
Micropalaeoniology 32: 232-255. 

Kumar, A. 1976. Palynology of the Navaro group (Maastrichtian) of 
Texas, U.S.A. Michigan State Univ. (Unpub. Diss.). 

Kumar, A. 1980. Palynostratigraphy and Palaeoecology of the Navarro 
Group (Maastrichtian) of Texas, U.S.A. Proc. 4th Iniern. Palynol. 
Conf. Lucknow (1976-77) 2: 329-435. 

Liffingwell, H.A. 1970. Palynology of the Lance (Lae Cretaceous) and 
Fort Union (Paleocene) formations of the type area, Wyoming. In: 
Kosanke, R.M. & Cross, A.T. (eds) Palynology of the Late 
Cretace s and Early Tertiary. Symp. Geol. Sou. Amer. Spec. paper 

Stover, L.E. & Partridge, A.A. 1973. Teriary and late Cretaceous spores 
and pollen from Gippsland Basin, southwestem Australia. Proc. R. Soc. 

Victoria 85(2) : 237-286. 
Stephenson, LW. 1915. Creaceous-Eocene contact in the Auantic and 

Gulf coastal plains. U.S.G.S. Prof. Pap. 90: 155-182. 
Stephenson, LW. 1941. The larger imvertebrate fossils of the Navarro 

Group of Texas (exclusive of corals and crastaceans and exclusive of fauna 
of the Escondido fomation). Texas Univ. Publ. 127: 410-614. 

Tschudy, R.H. 1970. Palynology of the Cretaceous-Teriary boundary in 
the northem Rocky Mountain region and Mississippi Embayment. In. 
Kosanke, R.M. & Cross, A.T. (eds)-Palynology of the late Cretaceous and 

carly Tertiary- A Symposium. Geol. Soc. Am. Spec. Pap. 127: 65-11 
Tschudy, R.H. 1973. Complexiopollis pollen lineage in Mississippi 

Embayment rocks. U.S.G.S. Prof. Pap. 734 :734-C: 15p. 
Tschudy. RH. 1976. Pollen changes near the Fort Union Wasatch 

boundary, Powder River Basin. 28th Ann. Field Conf. 1976. Wyoming 
Geol. Assoc. Guidebook: 73-81. 

the 

127: 238-262. 
Locblich, A.R. & Tappan, H. 1957. Correlation of the Gulf and Atlantic 

coastal plain Paleocene and lower Eocene fomations by means of 
planktonic foraminifera. J. Paleontol. 31: 1109-37. 

Lozo, F.E. & Suricklin, F.L., Jr. 1956. Stratigraphic notes on the outcrops 
of the basal Cretaceous, central Texas. Trans. Gulf Coast Assoc. 
Geol. Soc. 6:67-78. 

Mclcan, D.M. 1968. Reworked palynomorphs in the Paleocene Naheola 
fomaion of southwest Alabama. Jour Paleoniol. 42 1478-1489. 

Muller, J. 1968. Palynology of the Padwan and Plateau Sandstone 

Tschudy, R.H. 1984. Palynological change in the continental noras at the 

Crelaceous-Teriary boundary. In : Berggren, w.A. & Van Couvering. J.A.
(eds)- Catastrophies and Earth History, The New Unifomitarianism. : 
315-337. 

Tschudy, R.H. & Palierson, S.B. 1975. Palynological evidence for late 
Cretaceous, Paleocene, and early and middle Eocene ages for strata in the 
Kaolin bel, central Georgia. U.S.G.S. J. Res. 3(4) 437-445. 

Tschudy, RH., Pillmore, C., Orth, C., Gilmore, J. & Knight, J. 1984. 
Disuption of the terrestrial plant ecosystem at the K/T boundary, westem 

Fomations (Cretaceous-Eocene) Sarawak, Malaysia, n 

Micropaleontology 14 (1): 1-37. 
Murray, G.E. 1955. Midway slage, Sabine slage and Wilcox Group. Am. 

Assoc. Petrol. Geol. Bull. 39 (3): 671-696. 
Newman, K.R. 1964. Palynologic correlation of late Creta ceous and 

Palcocene fonmations, north westem Colorado. In Cross, A.T. (EJ)- 
Palynology in Oil Exploration. SEPM Spec. Publ. 11:169-180. 

Norton, N.J. & Hall, J.W. 1967.Guide spororomorphac in he Upper 

interior. Science 225 : 1030-1032. 

Tschudy, R.H. & Tschudy, B. 1986. Extincion and survival of plant life 
follwing the Cretaceous-Terniary boundary event, westem interior of North 
America. Geology 14 :667-670. 

Upchurch, G.P. Jr. 1989. Terrestrial environmental changes and 
pattems at the Cretaccous-Teriary boundary in North America. In : 
Donovan, S.K. (Ed.). Mass Exinctions. 
195-216. 

ncli on 

Cretaccous-Lower Tetiary of castem Montana (U.S.A.). Rev 
Palaeobo. Palynol. 2 : 99-110. 

officer, C.B. & Drake, D.L. 1985. Teminal Crctaceous environmcntal 

Belhaven Press. London. 

Upchurch, G.P. Jr. & Wolfe, J.A. 1987. Mid Cretaccous lo Early Teniary 

vegetalion and climale: evidence from fossil leaves and wood. In: Frilis, 
E.M., Chaloner, W.G. & Crane, P.R. (eds). The origins of angiosperms and 
their biological consequences: 7-105. 

Van der Hammen, T. & Wymstra, T.A. 1954. A palynological study of the 
Tertiary and upper Crctaccous of British Guiana. Leidse Geol. Med. 30: 

183-241. 

events. Science 227: 1161-1167. 
Pessagno, E.A. Jr. 1967. Upper Cretaceous planktonic foraminifera from 

the westerm Gulf coastal plain. Palaeontograph. amer. 5(37) 
245-445. 

Portniagina, LA. 1971. Siratigraphy and palynology of the Upper 
Cretaceous-Palcogene flysch of the Skale zone of the Carpathians. 
Rev. Palaeobot. Palynol. 11: 55-64. 

Rouse, G.E., Hopkins, w.S. Jr. & Piet, K.M. 1970. Palynology of some 
late Crelaceous and early Tertiary deposis in Briüsh Columbia and
adjascent Alberta. In: Kosanke, R.M. & Cross, A.T. (eds) -

Symposium on the Palynology of the late Creataceous and early 
Tertiary. Geol.Soc. Am. Spec. Paper 127: 213-246. 

Rouse, G.. & Srivastava, S.K. 1972. Palynological zonation of 
Crelaceous and early Tertiary rocks of the Bonnet Plume Fomation, 
Nonhwcstem Yukon, Canada. Canad. J. Earth Sci. 9: 1163-1179. 

Scllards, E.H., Adkins, W.s. & Plummer, F.B. 1966. The Geology of 
Texas. v. 1. Stratigraphy. Univ. Texas Bull. 3232 : 1-1007. 

Shafiqullah, M., Folinshee, R.E., Baddgaard, H., Cumming. G.L. & 
Lerbekmo, J.F. 1968. Geochronology of Cretaceous 
boundary, Alberta, Canada. Proc. 22nd IGC, India 3(3): 1-20. 

Smith, :E. 1959. Lower Teriary and Upper Cretaccous of Brazos river 

valley, Texas. Field Trip Guidebook, Houston Geol. Soc. 54. 
Sncad, R.G. 1969. Microflora diagnosis of the Cretaccous-Teriary 

boundary, cenral Alberta, Res. Coun. Alberta Bull. 25: 148 pp. 

S1 anley, E.A. 1965. Upper Cretaccous and Paleocene plant microfossils 
and Paleocene dinoflagellales and hystrichosphaerids 

northwestem south Dakola. Bull. Am. Paleontol. 49 : 222. 

Van Hoeken-Klinkenberg, P.M.J. 1966. Maastrichtian, Palacocene and 

Eocene pollen and spores from Nigeria. Pollen Spores 6 209-231 
Wolfe, J.A. & Upchurch, G.R. Jr. 1986. Vegetation, climatic and floral 

changes at he Cretaceous-Terniary boundary. Naiwre 324 148-152. 
Wolfe, J.A. & Upchurch, G.R. Jr. 1987a. Leaf asscmblages across the 

Cretaceous-Tertiary boundary in the Raton basin, New Mexico and 
Colorado. Proc. natn. Acad. Sci. U.S.A. 84 (15): 5095-5100. 

Wolfe, J.A. & Upchurch, G.R. Jr. 1987b. Nonth American nonimarine 
climates and vegetaion during the late Cretaccous. Palageo8. 

Paloclimatol. Palaeoecol. 61 (1-2) :33-77. 

Zachos, J.C. & Arthur, NA. 1986. Paleoceanography f the 

Cretaceous-Teriary boundary event, inferences from stable isotopic and 

other data. Paleoceanography 1(1) :5-26. 
Zachos, J.C., Arnhur, N.A. & Dean, W.E. 1989. Geochemical and 

paleoenvironmental variations across the Cretaccous-Teniary boundary at 

Braggs, Alabama. Palaeoyeog. Palaeoclimatol. Palaeoecol. 69 

245-266. 

Teriary 

Zaklinskaya, E.D. 

Angiospemae for the stratigraphy of the Upper Cretaccous and 
Palaeogene. Dokl. Akad. Nauk. U.S.S.R. 132 (2) :431-434. 

1960. The significance of the pollen of the 

from 

Slover, L.E. & Evans, P.R. 1973. Upper Cretaceous-Eocene spore-pollen 
zAonaion offshore Gippsland basin, south westem Australia. Geol. 
Soc. Australia Spec. Publ. 4: 55-72. 



{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }

