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Puzzle of the missing angiosperms in the 
fossil record
Warren H. Johns

either wind or animals (especially insects), explaining the 
need to have the pollen well-protected during its occasionally 
longdistance transport. 

The cell wall of the pollen is composed of an extremely 
durable substance called sporopollenin, defined by Wikipedia 
as “one of the most chemically inert biological polymers”,1 
which means it can rarely be broken down. Acidic soils, such 
as found in peat, preserve pollen extremely well. Highly 
alkaline soils do not. Rocks and minerals with a high pH 
(>9.0), such as lime, do not preserve pollen very well. Pollen 
does well under pressure, as when peat or other plant material 
is transformed into hard coal, but it can be destroyed by 
high levels of heat as in highly metamorphosed rocks. If 
angiosperms were in existence when Precambrian rocks were 
laid down, one would definitely expect pollen to survive the 
rigours of Earth history until the present. 

Pollen in the Precambrian of Grand Canyon

The initial reports of pollen in the Precambrian (lowest 
strata) of Grand Canyon were the result of collecting 
efforts by creationist Clifford Burdick, who was pursuing 
a doctorate in geology at the University of Arizona.2,3 He 
studied under the tutelage of the worldrenowned German
American palynologist, Gerhard Kremp, originally from 
Germany.4 A palynologist is one who studies fossil pollen 
and spores. Burdick’s 1966 and 1972 reports published in 
issues of the Creation Research Society Quarterly (CRSQ) 
have microphotographs of fossil pollen from Precambrian 
and Paleozoic rocks in Grand Canyon. 

Loma Linda University faculty and biology students 
wanted independent confirmation that the reported pollen 
was not the product of contamination, so they met with 
Burdick and collected additional samples from the same 

Conventional geology has yet to discover fossil angiosperm pollen, leaves, flowers, or wood in situ below the Cretaceous. The 
failure to find a long history of flowering plants prior to the Cretaceous is known as ‘Darwin’s abominable mystery’. However, 
creationists have also found this puzzling, and have advanced several arguments for pre-Cretaceous angiosperms.
Three major lines of evidence are scrutinized that are found in creationist literature purportedly supporting a pre-Cretaceous 
history of angiosperms: 1) The finding of fossil angiosperm pollen in the Precambrian and lower Paleozoic formations of 
Grand Canyon, USA; 2) the finding of angiosperm evidences such as cuticles in the Salt Range Formation of the Punjab, 
Pakistan; and 3) the discovery of purported Eocene pollen in the Roraima Formation (Precambrian) of Suriname (Dutch 
Guiana), South America. The best arguments advanced by creationists for the presence of angiosperm pollen and plant 
remains in the Precambrian are found to be lacking credibility. 

Definitions

Angiosperms form one of two major branches of seed 
plants, the other being gymnosperms. Angiosperms 

receive their definition from their basic characteristic, having 
a seed composed of endosperm enclosed within a case or 
vessel (Gr. angeion). The Greek word for seed is sperma; 
hence, the derivation of the word angiosperm (angeion + 
sperma). The seed plants of the other major branch lack 
the enclosed seed; therefore, they are called gymnosperms 
(‘naked-seeded’; Gr. gumnos). In angiosperms the fleshy case 
or vessel matures into the fruit, which encloses the seed or 
seeds. In Scripture the literal meaning of ‘fruit’ (Heb. peri) 
is a reference to the edible production of angiosperms, as 
in Genesis 1:11, but this word has taken on a much wider 
group of meanings through its metaphorical usage. The plant 
food source for humans consists almost entirely of the fruits, 
roots, and leaves of angiosperms. Today there are well over 
300,000 species of flowering plants, making it by far the 
largest group of plants. By contrast, today’s gymnosperms 
number just over 1,000 species. Only angiosperms have 
flowers; gymnosperms lack flowers and fruits.

Angiosperm pollen is unique and can be clearly identified, 
as can gymnosperm pollen (spores). Most other vascular 
plants, the non-seed plants, technically do not have 
pollen, but usually reproduction is based upon spores, as 
in mosses and ferns. Pollen is the male part of the plant 
and is enclosed in a highly resistant shell in which is the 
protoplasm containing the DNA and other elements needed 
for reproduction. The female part of the plant, the ovum, is 
stationary on the plants and must await the transfer of pollen 
to it in a process called pollination. Nonseed plants lack 
pollination. The male pollen is most often transferred by 
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original sites. Burdick accompanied them to the LLU 
palynology lab where he was able to process the additional 
samples using the same processing methods that he had relied 
upon previously. The Loma Linda group published the new 
findings, which resulted in a total failure to find fossil pollen 
in the same rocks.5,6 Their conclusion was that the samples 
had been contaminated, although Burdick disagreed with 
that assessment. To justify the possibility of finding pollen 
as low as the Precambrian rocks in Grand Canyon, Burdick 
published in CRSQ two brief news reports in which he 
cited other published reports of pollen being found in the 
Precambrian and lower Paleozoic throughout the world.7,8 The 
two best studies in these reports were from the Precambrian 
of the Punjab, Pakistan, and the Precambrian Formation 
of British Guiana, South America—both published in the 
leading journal Nature. Both sites with their findings will 
be addressed in our present study.

Four explanations can be offered to explain the contra dic-
tory findings between Burdick working from the University 

of Arizona palynology laboratory and the Loma Linda 
University scientists, all of them creationists, working from 
the Loma Linda laboratory:
1. Contamination occurred in the laboratory due to careless 

laboratory methods.
2. Contamination occurred from careless handling of samples 

between the field and the laboratory.
3. Contamination of the samples was with modern pollen 

prior to the collection of the samples.
4. No contamination with pollen can be found because pollen 

was deposited in situ at the time that the Precambrian, 
Cambrian, and other Paleozoic sediments were deposited.

For creationists the preferred option is the fourth, 
which would cause some serious challenges for the system 
of geological dating. The present article questions whether 
the fourth option can be supported any longer. Options 1 
and 2 are still supported by Leonard Brand, creationist and 
a colleague of Arthur Chadwick, who was the Loma Linda 
palynological expert who processed some of Burdick’s samples 
in the 1970s.9

Perusing all the reports of Precambrian pollen in Grand 
Canyon, including subsequent reports published by other 
scientists in CRSQ,10–15 one can conclude that the pollen 
found and pictured in articles is not simply laboratory 
contamination. Also, it is highly unlikely that samples 
have been contaminated in the process of putting them in 
plastic bags and sealing the bags for transport. But what is 
acknowledged is that the pollen does not represent ancient 
pollen or pollen of extinct plants. It is modern pollen, most 
of which was from trees and herbs growing on the plateaus 
surrounding Grand Canyon. This alone strongly suggests the 
pollen is not in situ.

However, the rocks in which the pollen grains were found, 
shale, have low permeability, and this presents a challenge to 
any contamination thesis. The rock types where pollen has 
been found are (figure 1):
• Supai Formation (Permian)—sampling done on the shaly 

portion at the lowest Permian,
• Redwall Limestone (Mississippian)—sampling taken 

from the shaly portions of this limestone,
• Bright Angel Shale (Cambrian)—shale,
• Hakatai Shale (Precambrian)—shale.

Because of its very tight crystal structure shale is 
generally impervious to ground-water movement. Shale is 
the perfect capstone rock for trapping oil in rocks below the 
shale because oil cannot rise vertically through shale. That 
would also be true of ground-water movement—no vertical 
movement.

However, the crystal structure of shale is also very flat, 
which results in it splitting easily along lines of weakness.16 
As such, in tectonically active areas such as the western 
United States, there has been a large amount of faulting. 
Some of the faulting would be along zones of weakness 
producing much horizontal movement in shale rocks. Only 

Figure 1. Schematic diagram of Grand Canyon formations with 
Precambrian formations tilted below the Tapeats Sandstone 
(Cambrian). Green arrows point to the portions of the Grand Canyon 
that are rich in shale rocks. The top shaly formation is the Hermit Shale, 
which has no reported pollen in any of the CRSQ reports. Airborne pollen 
cannot penetrate shale; hence, the Hermit is devoid of pollen. The other 
sites marked with green arrows have evidence of contamination with 
waterborne pollen.
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in faulted areas could ground water flow through shale. 
Moreover, the predominant direction of flow would be 
horizontal within the shale, not vertical through it. Burdick 
does not comment on faulting in his publications, nor does 
he have any photographs of the outcrops where the samples 
are collected. His samples may have been collected where 
groundwater contamination has occurred. 

Moreover, ground water exits from weeping rocks of 
Grand Canyon. Under rare conditions water could flow 
into the rocks along faulted lines of weakness, introducing 
contaminants such as pollen into the ground rocks. For 
instance, if Grand Canyon has ever been filled or partly 
filled with water, the shale of canyon walls could have 
absorbed water that was contaminated with the pollen that is 
ubiquitous where the canyon is exposed to the atmosphere. 
The North Rim of Grand Canyon is heavily forested with 
conifers, mostly pine (genus Pinus). Pines are some of the 
most prolific pollinators. During the spring pines surrounding 
a pond release pollen that collects as a yellowish powder on 
the windward side of the pond, sometimes a few centimetres 
thick. Grand Canyon Pinus pollen is pictured in creationist 
studies.17 The CRSQ followup study in 1988 pictures Pinus 
pollen as by far the most common pollen in the Hakatai 
(Precambrian) Shale.15 Likewise, Pinus is the most common 
forest tree on the plateau north of Grand Canyon.

Such conditions as may be suitable to ‘in the field’ 
contamination are suggested by the study of Austin and 
Rigg.18 They report that a total of 13 lava flows have dammed 
the Colorado River, forming large temporary lakes along the 
course of the river. The lava flows have been potassium-argon 
dated as Pleistocene. The tallest and oldest of the lava dams 
crested at 700 m above the current water level of the river, 
thus forming a backwater that extended 480 km. to Moab, 
Utah. The town of Moab is built next to the Colorado River 
and has an average elevation of about 1,220 m. The average 
elevation of the river in the canyon today is about 700 m. 
Thus, the lake formed by the largest lava dam was about 
520 m (1,700 ft) above present river level. The resulting 
water level was high enough to bury the three lowest sites 
where Burdick found pollen. Natural lakes surrounded by 
some trees always have an abundance of pollen in the water 
column. A reverse process could likely have taken place 
whereby the shale buried by lake water absorbed occasional 
pollen grains in zones of weakness and faulted areas. The 13 
lava flows, which are dated as Pleistocene, harmonize well 
with the identification of pollen found in shales as being 
Pleistocene. No extinct or ancient pollen, such as Paleozoic 
spores, have been found in any of the tested samples.

The highest elevation of the four collection sites was in 
the Supai at the lowermost Permian. Ancient temporary lake 
levels may have not reached that high, but rockslides and 
travertine deposits often have formed small ponds inside 
canyons, thus accounting for possible contamination in 
the Supai shaly portion of the Permian. The reports for 

out-of-place pollen in Grand Canyon fail to give the various 
elevations at which samples were collected. What is different 
in the Supai samples collected by Burdick is the large 
proportion of conifer pollen—up to 20 conifer grains reported 
on one microscope slide. That’s to be expected because of 
the closer proximity to the pine pollen sources. By contrast, 
he could identify only half a dozen angiosperm pollen grains 
in total from the Supai.19 

Perhaps other scenarios can explain the contamination of 
Paleozoic and Precambrian rocks with angiosperm pollen. 
Nevertheless, we must assume that the laboratory processing 
methods in most cases are not at fault. The conclusion of this 
review of all creationist studies in the search for pollen in the 
lowermost Grand Canyon is that there is no valid evidence 
for in-situ angiosperm pollen in the Precambrian or most 
of the Paleozoic. Indeed, the problem is greater than just 
Grand Canyon. Ten major geological formations lie above 
Grand Canyon before the first significant angiosperm pollen 
is found in the Dakota Formation (Albian-Cenomanian of 
the Cretaceous). See figure 2 for the cross-section of fifteen 
formations above the Kaibab Limestone at the Grand Canyon 
rim (northern Arizona), ending with Bryce Canyon (southern 
Utah) at the top. This is called ‘the Grand Staircase’, which 
represents about 1,520 m (5,000 ft) of sediments in addition 
to the approximately 1,520 m of Grand Canyon sediments. 
Creation geologists have noted the great thickness of 
Grand Staircase sediments lying on top of Grand Canyon 
sediments.20,21 Future studies will need to discuss possible 
reasons why no angiosperm pollen has been found in more 
than 2,130 m (7,000 ft) of flat-lying sediments of northern 
Arizona and southern Utah.

Precambrian/Cambrian  
pollen at two other geological sites

The two leading finds of Precambrian/Cambrian pollen 
cited by creationists are published in the prestigious journal 
Nature: 1) The discovery of Eocene pollen, spores, and 
cuticles in the Precambrian Salt Range Formation of the 
Punjab, Pakistan;22,23 and 2) the reporting of angiosperm 
pollen in the Precambrian Roraima Formation of British 
Guiana, South America.24 Both of these findings have been 
given extensive notice in creationist publications. Paul Price 
recently has discussed the Salt Range report as an answer to 
the ‘Precambrian rabbit’ charge.25 An expert on karst deposits, 
Emil Silvestru, has analyzed the Roraima Formation on 
the basis of its cave formation and other karstic evidence, 
concluding that pollen could not have intruded into the 
Precambrian metamorphic rock.26 A much shorter discussion 
of this ‘pollen paradox’ was co-authored by Silvestru with 
Carl Wieland.27 In non-peer-reviewed creationist literature 
a web article on pollen both in the Punjab Salt Range and 
the South American Roraima Formation has been authored 
by Sean Pitman, M.D.28
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However, apparently the Punjab find can now be dis-
missed based on either laboratory or field contamination. 
Remains of angiosperms, such as cuticles and cell walls, 
have been reported throughout the 1940s in Salt Range 
deposits dated as Cambrian. This uncertainty and controversy 
continued throughout the 1980s. The angiosperms were 
representative of Eocene plants. How can they be both 
Eocene and Cambrian, when Cambrian has no other evidence 
of angiosperms around the world? The definitive answer 
to this dilemma was first published in 2017 by Nigel C. 
Hughes in an Indian paleobotanical journal.29 All of the 
angiosperm evidences were fragile and fragmentary. Cuticle 
is the waxy coating on angiosperm leaves. Identification of 
cuticle is no longer accepted by paleobotanists as a valid 
way of identifying fossil angiosperms. They need the leaves 
themselves, not the waxy coverings. No angiosperm leaves 
have been found in the Precambrian or Cambrian of India 
and Pakistan. Hughes suggests contamination of samples, 
but does not speculate whether the contamination occurred 
in the laboratory or with collecting in the field.

The Roraima Formation (RF) with its pollen in Pre-
cambrian igneous rocks of British Guiana, South America 
is a more complex situation, but its explanation is similar to 
the explanation used for angiosperms appearing in the shale 
and shaly beds of Grand Canyon down to and including 
the Precambrian. Contamination may have been caused 
by ground water seeping between the bedding planes as 
in Grand Canyon. Silvestru adamantly denies ground-
water contamination as an explanation.26 The RF has both 
igneous and metamorphic rocks, especially in very thick 
sills (lateral intrusions). Generally metamorphic rocks can 
be impervious to ground water penetration, but not totally. 
Silvestru describes the rock as “compact, impervious hornfels 
rock”.30 But then he debates whether it actually is impervious 

because of the presence of limonite, an iron mineral very 
often associated with ground-water movements. 

In years of collecting Paleozoic fossils in the Midwest 
of the U.S. the author has found frequent evidence of iron 
stain ing with limonite due to groundwater penetration. A 
quote from Stainforth, the author of the original Nature 
article reporting the sensational discovery of angiosperm 
pollen, notes cleavage “along finely laminated bedding 
planes which are coated with limonite.”31 Silvestru has 
skipped over the word ‘coated’, and instead has argued that 
the limonite was a primary feature in the rock (not post
depositionally added by ground water, thus contaminating the 
rock). A coating of limonite usually indicates groundwater 
flow. Also, Silvestru failed to cite any studies documenting 
‘syngenetic’ limonite in Precambrian rocks. His use of the 
term syngenetic implies that the limonite formed at the same 
time the hydrothermal minerals were formed, not afterward. 
It is pure speculation to assume that limonite is syngenetic 
when it is so commonly formed with ground-water flow. And 
finally, from a creationist standpoint it should be noted that 
the formation where the pollen has been found has ‘finely 
lami nat ed bedding planes’, just like the shale of Grand 
Canyon has formed finely laminated beds. If Grand Canyon 
Precambrian samples are now assumed to be the result of 
groundwater contamination along areas of weakness in 
bedding planes, then it is all the more likely that the Roraima 
Precambrian samples have resulted from the same type of 
groundwater contamination. 

The conclusion is that all three of the major sites of 
purported Precambrian and Cambrian pollen can be now 
explained as contamination. The questionable evidence for 
Precambrian and Cambrian angiosperm pollen of Grand 
Canyon, the Punjab of Pakistan, and the Roraima Formation 
of South American should be added to the list of arguments 
that creationists should not use to support creation.32 Ruling 
out the in-situ pollen in Precambrian or Paleozoic rocks raises 
the question of whether any rocks below the Cretaceous have 
valid evidences of angiosperms.

Earliest valid evidence of  
angiosperms in the fossil record

A general consensus among paleobotanists is that no valid 
pre-Cretaceous evidence of angiosperms has been found as 
yet.33 The latest assessment by expert paleobotanists is this: 

“Critical scrutiny shows that supposed pre
Cretaceous angiosperms either represent other plant 
groups or lack features that might confidently assign 
them to the angiosperms.”34 

The Cretaceous is the highest of the three systems 
that comprise the Mesozoic. The apparently total lack of 
angiosperms prior to the depositing of Cretaceous rocks 
bothered Darwin, whose theory required a very long, gradual 
history of every major group of organisms from simple to 

Figure 2. The Grand Staircase. A cross-section of the geological 
formations extending from Grand Canyon, Arizona (at the base) to Bryce 
Canyon, Utah approximately 240 km apart. The diagram represents 
16 distinct formations. The earliest that angiosperm pollen is found 
in significant numbers is the Dakota Formation, more than halfway 
up the Staircase.
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complex. The angiosperms do not have a single pre-angiosperm 
lineage leading up to the first valid angiosperms. The lack of 
a long history is known as ‘Darwin’s abominable mystery’. 
It has been a mystery ever since he first described it as a 
mystery in a letter to Joseph Hooker on 22 July 1879.35 One 
encounters articles with titles, such as, “Darwin’s Mystery 
Is a Mystery Still”, well over a hundred years later in the 
scientific literature.36–38

From a creationist viewpoint, angiosperms should exhibit 
a fossil history somewhat comparable to gymnosperms 
because of their being created at the same time. The 
earliest that gymnosperms appear in the geological record 
is in the upper Devonian, which is in the middle of the 
Paleozoic.39 The earliest conifers, which are a subdivision of 
gymnosperms, are first found in the Upper Carboniferous.39 
Creationists have their own ‘abominable mystery’, and that 
is to explain why gymnosperms have an appearance in the 
geological record well below angiosperms, which presently 
are only in uppermost Mesozoic through Cenozoic rocks.

One creationist argument is that there have been reports 
of pre-Cretaceous angiosperm pollen in Lower Mesozoic 
(Triassic and Jurassic) rocks. True, there have been reports, 
but even if such are published in reputable journals that 
does not mean that such reports are supported by the general 
consensus of palynologists. Creationists have pointed to 
the supposed finding of six different types of angiosperm 
pollen from a Triassic borehole in Switzerland.40–43 The four 
microphotographs of ‘angiosperm-like pollen’ pictured in 
Brian Thomas’s analysis do not in any way look like the 
earliest valid angiosperm pollen in the Lower Cretaceous. 
The report of finding pollen in the Triassic has not discovered 
anything new; the Triassic has angiosperm-like pollen that 
palynologists call ‘pre-angiosperm pollen’. The authors of 
the Triassic find never claim that the plants were ancestors 
of any specific Cretaceous angiosperms.44 Creationists have 
skipped over the last sentence in the report of six types of 
angiosperms in the Middle Triassic rocks:

“… we have to await discoveries of the corre spond-
ing megafossils to learn more about the morphology 
and relationship of the parent plants of the pollen grains 
here described.”

No leaves or any other megafossil can be assigned 
to the six types of pollen grains discovered. By contrast, 
leaves, stems, wood, fruit, and even flowers have been 
found for numerous angiosperm genera reported from the 
Cretaceous alone. It would be premature to elevate the 
Triassic finds to the same level as Cretaceous finds without 
well-documented megafossils to validate the six pollen types 
as being angiosperms, not preangiosperms.

The eminent palynologist, Valentin Krasilov, spent a 
lifetime studying angiosperms in the Cretaceous before 
he died in 2015.45 His final major work was a 2012 study 
on the origin of angiosperms, in which he concluded 
there are no valid fossil angiosperms below the Aptian 

of the Cretaceous, which is a stage near the base of the 
Cretaceous.46 This definitive study is well illustrated with 
photographs of pollen as well as leaf fossils, which are 
needed for unquestioned angiosperm identification. The 
Triassic angiosperm-like pollen, being from a deep bore 
core, has no leaf fossils and is suspect. Had Krassilov 
included the Triassic evidence he would have labelled this 
as ‘proangiosperm’ or pre-angiosperm evidence, as he did 
for perhaps dozens of preCretaceous fossils. A decade later 
reports of older angiosperms have been published, but these 
more recent finds are still Cretaceous. One important point is 
that Krassilov never pinpointed any pre-Cretaceous ancestor 
of angiosperms.

Many creationists share a common quest with 
evolutionists—to extend the fossil record of angiosperms 
much lower in the geological column. The failure for 
evolutionists to find a lengthy pre-Cretaceous history for 
angiosperms negates evolutionary gradualism and opens 
the door to the concept of ‘explosive evolution’ similar to 
the Cambrian ‘explosion’ when supposedly all the major 
phyla, both of plants and animals, came into existence in a 
fairly short period geologically speaking. For creationists 
all living things, plants and animals, came into existence 
within six literal days a few thousand years ago. The 
creationist ‘mystery’ then is why no apparent evidence exists 
for angiosperms in rocks that can be dated to the early 
postCreation history of the earth or in the early history of 
the Genesis Flood. Further study is needed to unravel this 
mystery from a biblical perspective. The solution most likely 
will be biblical, not scientific.

Conclusion

At present, approximately the lowest three fourths of the 
fossil record have no valid evidence of angiosperm presence. 
The purported finding of angiosperm pollen in Precambrian 
and Cambrian rocks in Pakistan, Suriname, and Arizona 
can all be explained on the basis of contamination. The 
Pakistan study has been best explained as contamination due 
to substandard laboratory procedures. The Suriname and 
Grand Canyon studies are explained as post-depositional 
contamination by pollenbearing water and should not 
be considered as having in situ pollen. What is lacking 
in all three studies is the finding of leaf or wood fossils 
from angiosperms in Precambrian and Cambrian through 
Permian rocks, that is, in rocks covering all Grand Canyon 
strata. Pollen is minute enough that it can be carried by 
water through tiny cracks and fissures into rocks generally 
considered impervious to ground water, such as shale 
and metamorphic rocks. Claims of four different types of 
angiosperm pollen being found in a Triassic borehole in 
Switzerland cannot be substantiated. Palynologists label 
those finds as ‘pre-angiosperm pollen’ because they do not 
possess all the characteristics of modern pollen. For any 
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pre-Cretaceous angiosperm pollen to be treated as valid, 
the reports would have to include leaf fossils. For readers of 
this journal, the lesson to be learned in this study is that the 
finding of angiosperms in the lower echelons of the fossil 
record, especially in Precambrian and Cambrian strata, is an 
argument that creationists should no longer use.
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