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Diamictites Galore



Deformed Diamictites!



Pencil Structure



RESEARCH GOALS 

1. Quantify the three-dimensional finite strain and vorticity in 
deformed rocks of the Ghubrah and Fiq formations in order to 
understand the regional kinematic history

2. Determine the physical conditions and timing of deformation, 
as well as its relationship to the orogenic history of northern Oman.

METHODS 
Field mapping, structural analysis, strain + vorticity analysis,
petrologic analysis, and Ar/Ar geochronology





Ghubrah Bowl, northern Oman

oblique aerial view to the north (photo by Éva Rosta) 
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Cross sections of the Ghubrah Bowl 



beds dip gently to moderately 
towards the north

foliation dips 
towards the south 

N-S striking 
steeply-dipping 
space cleavage

lineation typically plunges 
gently to the south



Duckbill Structure
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DUCKBILL 
mineralogy 

sericite, 
quartz, 
± calcite 
± chlorite





Rf-phi Strain Analysis

On slabbed + polished surfaces 
Multiple surfaces per hand sample 
>50 class per 2D section 
Bootstrap analysis to determine 
    ‘average’ sectional strain 
2D sections combined to determine 3D strain

18GB-5a18GB-5a: Bootstrap Runs



Rf-phi Strain Analysis

18GB-5a 18GB-5a: Bootstrap Runs





‘Average’ strain in diamictites
X/Z ratios: 3.0 to 1.8 

narrow range in Y/Z space 

Apparent Flattening Strain 
(k = 0.2 - 0.9)

from Hatcher & Bailey (2019)



‘Average’ strain in diamictites
X/Z ratios: 3.0 to 1.8 

narrow range in Y/Z space 

Apparent Flattening Strain 
(k = 0.2 - 0.9)

Strain in clast-supported arkoses



Strain Partitioning



Strain Partitioning
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X/Y section
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X/Z section

approximately 
Y/Z section

Finite Strain Results 
North/South elongation 
subvertical shortening



Vorticity Analysis

When present: Top-to-the-South asymmetry 
Symmetric structures dominant 

Back-rotated clasts at high-angle to foliation 
PURE SHEAR Dominated 

(Wm = 0.1 - 0.4)

Back-rotated clast



Geochronology
Ar/Ar analysis @ US Geological Survey

drilled out matrix, duckbills, + clasts

duckbill

matrix





muscovite growing below closure T 
this is messy business! 

syntectonic growth @ ≤90 Ma

duckbill

matrix



1D thermal modeling indicates that the 
sub-ophiolite units of Jebel Akhdar 
were overthrust by 4.5 km-thick 

Samail Ophiolite and Hawasina units 
in the late Cretaceous

2017



CONCLUSIONS
Cryogenian diamictites in northern Oman experienced:  
          moderate ‘whole rock’ strain that involved 
          north-south elongation and subvertical shortening 
          with significant strain partitioning 

         Deformation occurred under chlorite-grade conditions 
         Argon geochronology is messy with mixed ages, but  
         syntectonic muscovite grew after ~90 Ma 

         Deformation is associated with southward emplacement  
                 and loading by the Oman ophiolite & Hawasina Group  
                 over the autochthonous sequence


