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Abstract 

The Talbragar Fish Bed is one of Australia's most important Jurassic deposits for freshwater 
fishes, land plants and aquatic and terrestrial insects. The site has yielded many well pre

served fossils, which has led to the formal description of numerous new species and higher 

taxa. The excellent preservation of many fossils has allowed detailed anatomical studies, 
e.g. of the early teleost fish Cavenderichthys talbragarensis (Woodward, 1895). Here we 
report on the fluorescent characteristics and mineral composition of a range of Talbragar 
fossils. Most specimens fluoresce under ultraviolet, blue and green light. Elemental and min

eralogical analyses revealed that the Talbragar fossils consist predominantly of quartz 
(Si02) , a mineral that is likely to account for the observed fluorescence, with trace kaolinite 

(Al2Si20 5(0H)4) in some of the fish fossils. Rock matrices are predominantly composed of 
quartz and goethite (FeO(OH)). Closer inspection of a plant leaf (Pentoxylon australicum 

White, 1981) establishes fluorescence as a useful tool for the visualisation of anatomical 

details that are difficult to see under normal light conditions. 

Introduction 
The Talbragar Fish Bed near Gulgong in New South Wales (NSW), Australia, is of Upper 
Jurassic age, ca. 151 Ma, as determined by radiometric dating of zircon crystal inclusions using 
a sensitive high-resolution ion microprobe (SHRIMP) instrument [l ]. This Lagerstii.tte is 
famous for its fishes and plants, but in recent years it has also yielded fossils of numerous and 
sometimes beautifully preserved insects. 

Since the discovery of the site in 1889 [2], a large number of bony fishes of several species 
[2, J] and remains of an elasmobranch shark [1] have been recovered. The most commonly 
found fish, Cavenderichthys talbragarensis (Woodward, 1895) [2], is a primitive teleost [5-, _6]. 
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Fluorescence of Talbragar Fish Bed fossils 

Many fish at the site show signs of tetany (severe postmortem muscular contraction), such as 

open mouths, erect fins and arched backs, which suggests a lack of oxygen as the cause of 

death [Z, ~l- This and other evidence suggests that the animals died in a single or a series of 
mass-killing events under hypoxic or anoxic conditions and that they were quickly buried, 

possibly as a consequence of a large influx of volcanic ash [l, 2]. The absence of common 
Jurassic marine organisms such as ammonites, belemnites, brachiopods and teeth of marine 
sharks indicates that the Talbragar Fish Bed was deposited in a freshwater ecosystem. 

Another hallmark of the Talbragar Lagerstiitte is the presence of abundant terrestrial plants 
[10, ll], suggesting a location near to lush vegetation. The dominant plant fossils are leaves of 
the conifer Agathis jurassica White, 1981, which in recent literature (e.g. [12, 13]) is often 

placed in the genus Podozamites, but this combination is apparently not validly established. 
The assumption that the Talbragar Fish Bed is a shallow-water deposit close to the shoreline is 

further supported by the discovery of abundant insect remains (>600 fossils) of both aquatic 
and terrestrial species from a small area a few hundred metres south of the original excavation 
site, where most of the larger fish were found (e.g. [14, 15]; older papers are reviewed in [2]). 
Two spiders have also been found, one of which has been formally described [16]. Taken 

together, the finds document a complex Jurassic ecosystem, with representatives from a diverse 
range of fish, insect and plant taxa. 

The Talbragar fossils are embedded in ferruginous shale and preserved as compression fos
sils. A typical fish fossil is a medium-sized (i.e. 40-80 mm long) specimen of C. talbragarensis 
with a complete, fully articulated skeleton and most if not all of its scales still in place. The 
most frequently found insects are one or more as yet undescribed species of aphid-like winged 
insects belonging to the extinct family Protopsyllidiidae. These small ( <8 mm) insects are very 
delicate but nevertheless almost always completely preserved, with all appendages (i.e. four 
wings, six legs and two antennae) still attached to the body. Plant fossils are ubiquitous, com
prising mainly individual leaves but also, more rarely, small twigs, fruiting bodies or fragments 
ofbark. Most fossils (fish, insects, plants and others) present as "split fossils", i.e. the rock splits 
along the fossil (as it represents a natural weakness in the rock), resulting in a "part" and 
"counterpart" of the specimen. White mineral(s) associated with Talbragar fossils have been 

described as either kaolinite, (opaline) quartz or a combination of kaolinite and quartz [l, 12]. 
Some fossils, however, are largely brown, especially larger fish from the northern end of the 
site. The brown colour in some fossils and the concentric (Liesegang) banding in many Talbra

gar rocks have been attributed to the deposition of iron minerals [l ]. Other fossils are partially 
or completely black. In these cases, manganese dioxide has been suggested as an infilling min
eral, causing a (secondary) blackening of fossils [12]. However, we found it difficult to judge 
whether or not any of these minerals are indeed involved in the permineralisation ofTalbragar 
fossils, as all statements in the literature so far are either claims unsupported by data (e.g. in 
[12]) or based on personal communications (e.g. in [l ]). 

In this paper we use ultraviolet (UV) light-induced fluorescence/photoluminescence, X-ray 
fluorescence (XRF) and X-ray diffractometry (XRD) to determine the mineral and elemental 

composition of a range ofTalbragar fossils and their rock matrices in greater detail and to 
assess whether fluorescence can be used to reveal anatomical details in the fossils that are not 
visible under white light. 

Materials and methods 

Locality and fossils 
The Talbragar Fish Bed (32° IO'S 149°41'£) is located in the Central Tablelands of New South 

Wales, approximately 25 km northeast of the town of Gulgong. Though the site is on private 
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Fig 3. Photoluminescence/Fluorescence of a plant fossil ("Plant1 "). (a) Rock with two leaves of the 
gymnosperm Pentoxylon australicum (AM F.142427) [11). (b, c) Higher magnification of the right leaf, 
showing lateral and central veins photographed under normal (white) light. (d--g) Same areas photographed 
with a microscope equipped to detect photoluminescence/fluorescence: (d) fluorescence of violet/blue light 
after excitation with long-wave UV light; (e, f) emission of green light after excitation with blue light; and (g) 
emission of red light after excitation with green light. (e) Area identical to the part of the leaf shown in (b); (d, f, 
g) area identical to the part of the leaf shown in (c). The specimen (i.e. the larger leaf on the right) is identical 
to "Plant1" in Tables 1 and 2 and Fig 4. 

https://doi.org/10.137Mournal.pone.0179029.g003 

one component (say, Si) causes an increase in the reminder (say, Fe). Instead, ratioing the data 
(cf. Aitchison 1986 [23]), in this case to Zr, retains these patterns. Rock matrices consist solely 
of quartz (Si02) and goethite (FeO(OH)); no other trace minerals were found (Table 2) and 

the minerals hosting elements other than Si and Fe are below the 0.1-2 wt% detection limits 
of the X-ray diffractometer (Table 1). Diffractogram backgrounds are very low, suggesting that 
there is little amorphous content in the matrix. 
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