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Timing of mineral and chemical changes following deposition, cooling, devitrification, and burial of 
the unusual alkaline pyroclastic rocks of the middle Cretaceous Crowsnest Formation, southwestern 
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The Crowsnest Formation is dominated by subaerial pyroclastic deposits containing crystal clasts and abundant heterolithic, juvenile, 

cognate and accidental rock clasts. Crowsnest rocks conformably overlie the fluvial-deltaic Blairmore Group and are unconformably 

overlain by the marine Blackstone Formation. The Crowsnest Formation is informally divided into a recessive, crystal-rich lower member 

dominated by air-fall, pyroclastic flow and pyroclastic surge deposits, and an upper member composed of massive, resistant pyroclastic 

breccias dominated by lithic fragments. Chemistry from cognate/juvenile rock fragments supports a compositional range using field 

terms from Blairmorite (sodic: analcime and lesser sanidine and melanite phenocrysts) to analcime phonolite (intermediate: sanidine, 

analcime and melanite phenocrysts) to trachyte (potassic: sanidine and melanite phenocrysts). Trachyte is dominant. Whole rock and 

REE data show that the deposits of the lower member fall within the trachyte and analcime phonolite fields whereas those of the upper 

member trend towards a newly identified hyper-potassic field (+10 % K20) related to the matrix of the upper member. Study of the 

matrix of the pyroclastic rocks in the <2 um size fraction combined with petrological and SEM analyses indicate significant differences 

between the upper and lower members despite rapid and continuous deposition. The matrix of the lower member is fragmental, but 

with significant development of clay minerals and the local presence of calcite. Remnant glass is present but rare. The <2 um size 

fraction is composed entirely of mixed-layer illite (65%)/smectite (35%), lesser discrete illite and chlorite. Conversely, the upper member 

has a micro-crystalline texture in the matrix and is dominated by a mix of K-feldspar, chlorite and discrete illite along with local calcite 

and other Crowsnest mineral constituents. Macroscopically, reaction between some cognate/juvenile lithic fragments and the matrix is 

observed. Deposition of the lower member is interpreted to have been under temperatures that initially preserved glass in the matrix 

while deposition of the upper member was at significantly elevated temperatures that induced recrystallization of the matrix during 

cooling and resulted in a significant reduction of porosity. The hyper-K composition likely aided recrystallization. Subsequent reaction 

with seawater produced an initial pure smectite phase in the matrix of the lower member while that of the upper member remained 

unaffected. Illite-smectite ratios indicate conversion of the initial smectite phase during burial and heating to ~200°C. The development 

of chlorite and discrete illite would have been facilitated in both members at this temperature; however, the micro-crystalline feldspathic 

matrix of the upper member remained relatively stable.  
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