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Introduction:  Meteorite impact cratering is one of 

the major processes that shaped the early Earth and con-

tinues to modify the surfaces of planetary bodies even 

today. Craters on Earth are important as they often host 

economic mineral deposits, as well as provide habitable 

environments for diverse ecosystems, among other 

things. More than 190 craters on Earth have been con-

firmed to be of an impact origin [1] while many more 

possible structures are still being studied. The dynamic 

geologic processes on Earth tend to erode craters heav-

ily over long periods of time, but the surviving struc-

tures provide invaluable analogs to craters on other bod-

ies such as the Moon or Mars.  

Zircon is an important mineral that can survive very 

high temperatures and pressures such as those encoun-

tered in an impact event. Shock features like chemical, 

textural or structural changes in the mineral grain are 

effective tools [e.g., 6,7,8] for constraining tempera-

tures and pressures. Impact events can also reset trace 

element systems in zircon, making the mineral a viable 

chronometer [e.g., 9]. The current study was undertaken 

for analyzing zircons in the impact melt rocks of Gow 

Lake in order to reconstruct their thermal history. 

Gow Lake Crater:  The Gow Lake impact structure 

lies in Saskatchewan, Canada. The structure can be 

identified by its circular lake and a central uplift in the 

form of an island within the lake [2]. The structure is ~5 

km in diameter and the presence of a central uplift at this 

small diameter suggests that the crater transitional be-

tween simple and complex types [2]. The target rocks 

consist mainly of quartzofeldspathic granitoids and 

gneisses [2]. The impact stratigraphy was briefly de-

scribed by [4] and consists of target rocks at the base 

overlain by a sequence of impact melt bearing breccias 

and impact melt rocks. A recent estimate of age of Gow 

Lake using 40Ar/39Ar step heating methods placed the 

impact event at ~ 197 Ma [5], but due to the challenges 

involved in this dating method, more precise techniques 

need to be implemented for a better age determination.  

Methods:  Previously collected samples [3] from 

crater fill impactites consist of green and pink melt 

rocks. Two polished thin sections each of green and 

pink impact melt rocks were used for the present work.  

A JEOL JXA-8530F field-emission electron micro-

probe in the EPMA laboratory at the University of 

Western Ontario was used for Backscattered Electron 

Imaging (BSE), Scanning Electron Microscopy (SEM) 

integrated with Electron Dispersive Spectroscopy 

(EDS) and Cathodoluminescence (CL) Imaging to 

identify zircons and to acquire high resolution electron 

images. The instrument was also used for obtaining el-

emental maps of major (Or, Si and Ca) and trace (U, Pb, 

Th, Y and Hf) elements.  

Figure 1: Optical photomicrographs showing charac-

teristics of pink melt rock.  

 

Results: Mineralogically, the melt rocks are com-

posed of quartz and feldspars much like the target lithol-

ogy. Flow textures are prevalent in the melt in both the 

pink and green rocks. Quartz with planar fractures (Fig. 

1) and planar deformation features (PDFs) are also pre-

sent [3].  
A total of 128 zircons were identified in the 4 thin 

sections. The size of zircons varied widely with the 

smallest ones less than 5 um and larger ones up to a few 

tens of um. The larger zircons were mainly euhedral 

while most of the smaller ones were anhedral. Figure 2 

shows two zircons in BSE and CL images.  

Among the analyzed zircons, no shock features such 

as planar fractures, or granular texture were evident. 

Zoned zircons are very common in the melt rocks. Fig-

ure 2 shows examples of zircons with oscillatory zon-

ing. Oscillatory zoning is indicative of primary mag-

matic growth processes and is seen easily in BSE and 

CL images. This patch of unzoned zircon appears bright 

in the CL image (Fig. 2B). The zircon from the green 

melt rock (Fig. 2C and D) also shows oscillatory zoning 

but no overprinting is evident in the BSE or CL image.  
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Figure 2: BSE and CL images of zircons from impact 

melt rocks. A and B: Zircon from pink rock; the dashed 

red line shows a possible overprint on the initial zoning 

of the crystal. C and D: Zircon from the green melt rock. 

 

Figure 3 shows the distribution of major and trace el-

ements in the same zircon from the pink melt rock. No 

significant variation is seen in the major element distri-

bution within the zones of the zircon. Amongst the trace 

elements, the notable ones are U and Y. The U concen-

tration is lower in the unzoned portion of the zircon than 

the rest of the crystal, and Y occurs in slightly higher 

concentration in the core of the zircon. The concentra-

tions of the other trace elements are too low to observe 

variations in their distribution from these maps. 

Discussion: Many zoned zircons in the impact melt 

rocks of Gow Lake structure contain overprints of 

unzoned zircon as well as patches of different zonation. 

Oscillatory zoning develops in zircons during early 

stages of magmatic crystallization and unzoned over-

prints may form as a result of interaction of zircon with 

melt, replacement reactions during late stage crystalli-

zation or post crystallization, or solid-state recrystalli-

zation [10]. As no conspicuous shock features were seen 

in the analyzed zircons, the zonation may be used for 

determining their cooling history and age. Formation of 

zones in zircon also affects the distribution of trace ele-

ments. Correlation of trace element distribution with 

zoning may prove useful in understanding the formation 

of the zircon. For example, lower amount of uranium in 

the marginal portion indicates that the unzoned portion 

formed after the original zoned crystal as incorporation 

of incompatible elements during recrystallization 

causes the zoned zircon to be replaced by newer 

unzoned zircon [10]. However, this is speculation based 

only on elemental maps and electron  

 

 

 

 

 

Figure 3: Elemental maps of zircon from figure 2A. 

From top left to bottom right, the elements are Zr, Si, 

Ca, U, Y, Th, Hf and Pb. 

 

images and hence needs validation through further anal-

yses. If the zircon is indeed recrystallized, possibly due 

to impact, the U-Pb system may be expected to have re-

set and can be used for age determination.  

Conclusion: Electron microprobe results proved ef-

fective for a preliminary analysis of microtextures of the 

zircons.  For precise age dating of these zircons in situ 

analyses or separation of zircons would be essential. Fu-

ture work will also involve analyses of structural prop-

erties of the zircon by methods such as Raman or XRD 

to look for impact generated polymorphs or structural 

deformation in the zircon crystals. 
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