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Diatom fossils are prevalent in fossil sedimentary deposits, certainly from the early Cretaceous (and possibly Jurassic) together
with more recent layers across Australia, Asia, Europe, Russia, North Africa, the Americas, and the Arctic poles [1-17]. There
is general agreement on the Cretaceous period for their development [1, 8, 11-12, 14-16] but earliest forms are known from
Jurassic [12] and possibly pre-Jurassic [1]. Some recent authors still consider their origins enigmatic [11]. They are found mostly
in marine sediments but odd examples of diatoms in amber [2-3, 8], and meteorites [7, 10] are recorded. Their geometric shapes
preserved in silica are stunning (even Darwin asked, “...were they only created to be admired under the microscope?” [9]. Now we
know that their genome is exceedingly complex as is the morphogenesis of those legendary geometric shapes [9]. It has been esti-
mated that only 12% of diatoms have been described and that nearly 1000 years of work at the current rate must be undertaken to
describe them all [18]. Fossil diatom layers seem to coincide with deposits known for dinosaurs such as [1-3, 8, 11-12, 14,15].
Nevertheless, the scarce dinosaur fossil reports that make mention of diatoms generally discount any appearance of co-existence
between the two. The reader is referred to works that offer deeper background on these compelling organisms [9, 18].

Forensics, a field that has grown immensely by employing microcopy, considers the “diatom test” (or the presence of diatoms in
cadaver bones and organs) the “gold standard” of a diagnosis of death by drowning [19-32]. In recent years this has been hotly
debated because of the ubiquitous nature of diatoms, both fresh and salt water (even airborne, and in toothpaste, paint, road
markings, building materials, etc.), [19-20, 22-24, 26, 28-30]. Thus, in recent years a conclusion of death by drowning (and dia-
toms in cadavers), as an important forensic metric has become controversial due to contamination possibilities [20-21 24-25
27-29].

Lately, the study of their chemistry and the chemical relationship between diatoms and drowned cadavers has increased in the
diatom literature [1, 9-10, 12-15, 18] as well as in the field of forensics [19, 21, 31]. For example, diatoms have been identified on
and within bodies (and clothing) that died of natural or some other cause [25,27-28, 31]. One study submerged porcine bones in
diatom-rich water and in the Colorado river. Bone marrow from bones which had mechanically or chemically induced access
points were significantly contaminated however no diatoms entered bone marrow that had not been altered.

A valuable report from 2025 has illustrated that even the glass slides microscopists use can be a source of contamination in
forensics since some vendors use diatoms to clean slides before they leave production [29]. Further complicating the contamin-
ation issue, a compelling dissertation [32] reported the recovery of almost 100 diatoms from the brain, liver, lung, and bone mar-
row of 13 subjects who died by natural (mostly cardiac) means. The kidneys yielded several hundred diatoms from these subjects
[32].

In recent years, the ‘diatom test” has been applied to forensic archaeological examination of residual bone marrow. One report
illustrated micro-algae recovered from mid-Holocene skeletal human remains (humerus and tibia) found at a 5000-year-old bur-
ial site in coastal Chile [24]. Results were positive for pyritised microalgae (Acritarchs) as well as marine sponge spicules. These
authors further report that one diatom was recovered from a similar bone marrow study of a 400-year old skeletonized human
individual [24].

The present authors have collected dinosaur long bone remains from deposits in Lusk, WY, and at Jordan and Glendive MT for
14 years. Specimens collected include Triceratops, Nanotyrannus, Edmontosaurus (such as a nearly complete skeleton named
Ruth after the discoverer Ruth Terry Armitage - Figure 1) and T. rex. To date we have decalcified and microscopically examined
decalcification debris from approximately 150 of these bones. Decal debris has revealed the presence of fungal elements (unpub-
lished) somewhat similar to those described by other workers [33]. Other fungal elements present in our solutions are markedly
different from those reported by Schweitzer, because a unique, intensely rugose intra-bone fungus appears in many thin sections of
Edmontosaurus bone collected in MT, (paper in prep). Decal solutions from WY and MT have also contained recent nematodes
(Figure 2), insect remains [34] and microbes (not shown). It is curious that we have identified diatoms in these preparations only
recently, and could mean that they were not present in our samples or we simply overlooked them.

Roughly the same quantities of bones have been examined by us through ground sectioning. Distinct fusiform shapes that we
interpret as recent nematodes are clearly visible within bone canals [35] and match living nematodes we have discovered
(Figure 2). However we have not observed or identified diatoms or insect remains within dinosaur bone ground sections.

The large skeletonized remains of an Edmontosaurus at Glendive, MT (Figure 1) has yielded many examples of nematodes,
insect wings and diatoms. Diatom frustules (Figures 3-6) from an extinct variety of the freshwater genus Aulacoseira were noted
and identified (pers. comm. L Bahls) from an Edmontosaurus femur collected in Lusk, WY. Figure 7 shows a similar diatom frust-
ule from the rib of Nanotyrannus collected in Jordan, MT.

Many death scenarios are postulated for the enigmatic demise of the dinosaurs, including climate change, severe competition
for resources, predation, disease, and natural disasters like asteroid impacts, flooding, landslides, extreme drought and ice.
Literature supporting this is found by simple Internet searches and in popular books and magazines. Most death scenarios how-
ever do not generally include death by drowning. This discovery of extinct diatom frustules in the bone marrow of two differing
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species of dinosaur located at burial sites separated by over 370 miles may simply be contamination, however it certainly warrants
further investigation via examination of decalcification solutions for diatom frustules.

The images shown here were acquired while examining unwashed (and therefore cloudy) decal solutions. Exact identification
(currently underway) requires separation of diatom frustules from such solutions. More careful work therefore is required to per-
form dialysis of solutions in addition to the use of certified clean glassware and high refractive index mounting medium.

Fig. 1. (A) Uncovered skeleton, Edmontosaurus annectens, Glendive, MT. Scale bar = 1 meter. (B) Extant nematode worm from E. annectens, Lusk, WY,
Scale bar= 55u. (C-F) Probable Aulacoseira diatom frustules, E. annectens, Glendive, MT; (C) Scale bar = 45u, (D) Scale bar = 45u, (E) Scale bar = 65u, (F)
Scale bar = 55u; (G) Possible Aulacoseira diatom frustule, Nanotyrannus, Jordan, MT, Scale bar = 40u.

920z 1snbny 0 uo 1senb Aq 05/21/8/962 £506e20/] Juswae|ddng/ze/eonie/wew/woo dno-olwspeoe//:sdyy woly papeojumoq



638

Microscopy and Microanalysis, 32 (7), 2026

References

NanpEwbe

10.
11.
12.
13.
14.
15.
16.
17.
. M Julius & E Theriot, The diatoms: Applications for Environmental 52 (2010) DOIL: 10.1017/CB0O9780511763175.003
19.
20.
21.
22.
23.
24.
2S.
26.
27.
28.
29.
30.
31.
32.

18

33.
34.
35.

H Philippe, et al., ] Evol Bio 7 (1994) 10.1046/j.1420-9101.1994.7020247.x

C Acaso, et al., Micropaleo 51(1) (2005) https:/doi.org/10.2113/51.1.59

V Girard, et al., Geology 37(1) (2009) https:/doi.org/10.1130/G25009A.1

L Bahls, Proc Acad Nat Sci Phil 158 (2009) https:/doi.org/10.1635/053.158.0101

M Usoltseva & 1 Tsoy, Dia Res 25(2) (2010) https:/doi.org/10.1080/0269249X.2010.9705859

M Usoltseva et al., Phycologia 52(1) (2013) https:/doi.org/10.2216/12-022.1

N Wickramasinghe et al., ] Cosmo 21 (2013) https:/www.researchgate.net/publication/235892490_Fossil_diatoms_in_a_new_carbonaceous_
meteorite

S S Martin et al., Cret Res 52 (2015) http:/dx.doi.org/10.1016/j.cretres.2014.07.006

E D Tommasi et al., Mar Genom 35 (2017) http:/dx.doi.org/10.1016/j.margen.2017.07.001

R B Hoover et al., Paleon ] 52(13) (2019) https:/doi.org/10.1134/S0031030118130051

V Girard et al., Ear Sci Bul 191 (2020) https:/doi.org/10.1051/bsgf/2020028

K Brylka et al., Sci Rep 13 (2023) https:/doi.org/10.1038/s41598-023-35078-8

L Fontana & M Nascimento, Derbyana 44 (2023) https:/doi.org/10.14295/derb.v44.803

K Brylka et al., ] Phyco 60 (2024) https:/doi.org/10.1111/jpy.13499

K Brylka et al., Mar Micropal 190 (2024) https:/doi.org/10.1016/j.marmicro.2024.102371

L Bahls, Diat Res 40(1) (2025) https:/www.tandfonline.com/doi/pdf/10.1080/0269249X.2024.2383679
W Nowak, Cahi Geog Queb 20 (1976) https:/doi.org/10.7202/021313ar

K Verma, | Foren Res 4(2) (2013) DOI: 10.4172/2157-7145.1000181

K R Scott et al., Archeo Environ Foren Sci (2017) 1(1) https:/discovery.ucl.ac.uk/id/eprint/10024704/

N Fucci et al., Int | Legal Med 131 (2017) DOI: 10.1007/s00414-017-1565-y

G Piegari et al., Fron Vet Sci 6 (2019) https:/doi.org/10.3389/fvets.2019.00404

R Chaudhary & V Dhingra, Int | Foren Med Toxic Sci 6(4) (2021) https:/doi.org/10.18231/;.ijfmts.2021.026
P Andrade et al., | Archaeol Sci 140 (2022) https:/doi.org/10.1016/j.jas.2022.105565

M Marshall et al., | Foren Sci 00 (2023) DOI: 10.1111/1556-4029.15296

B Ludes et al., Int | Legal Med 139 (2024) DOI: 10.1007/s00414-024-03370-5

M Marshall et al., | Foren Sci 00 (2023) DOI: 10.1111/1556-4029.15297

S Verma et al., | Foren Med Toxic 41 (2024) DOI: 10.48165/jfmt.2024.41.2.18

P Lunetta et al., Int | Legal Med (2025) DOI: 10.1007/s00414-025-03527-w

V Sarva & R Dwivedi, Int | Multidisc Res 7(5) (2025) https:/doi.org/10.36948/ijfmr.2025.V07i05.55711

U Kalsoom et al., Int | Pharm Res Tech 5 (2025) DOI: 10.48047/ijprt/15.02.8

A Peabody, Ph.D Disser Univ Surrey (1985) https:/openresearch.surrey.ac.uk/esploroi/outputs/doctoral/Diatoms-and-Diagnosis-of-Death-by/
99513759802346/filesAndLinks?index=0

M A Schweitzer, et al., Sci Rep 15 (2025) https:/doi.org/10.1038/s41598-025-85497-y

J A Cruz and M H Armitage Microsc & Microanaly 31 (2025) https:/doi.org/10.1093/mam/0zaf048965

M H Armitage Micro Tod 32 (2024) https:/doi.org10.1093/mictod/quaad110

920z 1snbny 40 uo 1sanb Agq 0G/2Z1/8/962 £500eZ0/| Juswa|ddng/ze /a0 /wew/wod dno-olwapede//:sdiy wouy papeojumoq


https://doi.org/10.1046/j.1420-9101.1994.7020247.x
https://doi.org/10.2113/51.1.59
https://doi.org/10.1130/G25009A.1
https://doi.org/10.1635/053.158.0101
https://doi.org/10.1080/0269249X.2010.9705859
https://doi.org/10.2216/12-022.1
https://www.researchgate.net/publication/235892490_Fossil_diatoms_in_a_new_carbonaceous_meteorite
https://www.researchgate.net/publication/235892490_Fossil_diatoms_in_a_new_carbonaceous_meteorite
http://dx.doi.org/10.1016/j.cretres.2014.07.006
http://dx.doi.org/10.1016/j.margen.2017.07.001
https://doi.org/10.1134/S0031030118130051
https://doi.org/10.1051/bsgf/2020028
https://doi.org/10.1038/s41598-023-35078-8
https://doi.org/10.14295/derb.v44.803
https://doi.org/10.1111/jpy.13499
https://doi.org/10.1016/j.marmicro.2024.102371
https://www.tandfonline.com/doi/pdf/10.1080/0269249X.2024.2383679
https://doi.org/10.7202/021313ar
https://doi.org/10.1017/CBO9780511763175.003
https://doi.org/10.4172/2157-7145.1000181
https://discovery.ucl.ac.uk/id/eprint/10024704/
https://doi.org/10.1007/s00414-017-1565-y
https://doi.org/10.3389/fvets.2019.00404
https://doi.org/10.18231/j.ijfmts.2021.026
https://doi.org/10.1016/j.jas.2022.105565
https://doi.org/10.1111/1556-4029.15296
https://doi.org/10.1007/s00414-024-03370-5
https://doi.org/10.1111/1556-4029.15297
https://doi.org/10.48165/jfmt.2024.41.2.18
https://doi.org/10.1007/s00414-025-03527-w
https://doi.org/10.36948/ijfmr.2025.V07i05.55711
https://doi.org/10.48047/ijprt/15.02.8
https://openresearch.surrey.ac.uk/esploroi/outputs/doctoral/Diatoms-and-Diagnosis-of-Death-by/99513759802346/filesAndLinks?index=0
https://openresearch.surrey.ac.uk/esploroi/outputs/doctoral/Diatoms-and-Diagnosis-of-Death-by/99513759802346/filesAndLinks?index=0
https://doi.org/10.1038/s41598-025-85497-y
https://doi.org/10.1093/mam/ozaf048965
https://doi.org10.1093/mictod/quaad110

	Are Diatoms in Dinosaur Bones Contamination?
	References


