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Introduction:  Hypervelocity impact events pro-

duce a wide variety of impactites, including shocked 

rocks, melt rocks, and breccias. Impactites are found in 

4 main geological settings within and around impact 

structures: (1) as crater-fill deposits within the crater 

interior, (2) as dykes in the crater floor, wall/terraces or 

central uplift, and in (3) proximal or (4) distal ejecta 

deposits [1]. Here, we compare observations of impac-

tite dykes from terrestrial impact structures. For the 

purposes of this review, impactite dykes have been 

subdivided according to the composition of their ma-

trix into those with an impact melt matrix (impact melt 

rock dykes) and those with a clastic matrix (lithic brec-

cia dykes). Pseudotachylites, which are not impact melt 

rocks sensu stricto [1], are discussed separately.  

 
Fig. 1. (A) Sudbury Breccia (pseudotachylite). (B) Close-up 

image of (A) showing a thin Sudbury breccia vein. (C) Offset 

Dyke from the Sudbury impact structure showing clast-poor 

(right) and clast-rich (left) varieties. 

Pseudotachylite: Pseudotachylite dykes vary from 

<1 mm to 10s of cm’s across and several meters long 

[2]. These thin dykes are similar to the Type A breccias 

described by [3]. They consist of a melt matrix, with a 

composition that typically corresponds to the surround-

ing target rocks [2,3]. In crystalline targets, 

pseudotachylite typically consists of a fine-grained 

black, almost glassy matrix, with microscopic to cm-

sized angular lithic clasts and mineral fragments, typi-

cally derived from the local footwall material (Fig 1B) 

[2]. Further away from the impact melt sheet they can 

occur as complex, anastomosing networks of veins and 

dykes that can form irregular bodies (e.g., Type B1 

breccias [3], pseudotachylite at Vredefort [2,4] or the 

so-called Sudbury Breccia, Figs. 1A and 1B).  

Several formation mechanisms have been proposed 

for pseudotachylite, but they can generally be grouped 

into two categories: in-situ frictional melting and/or 

cataclasis (parautochthonous breccias) [2] or injection 

from an overlying melt sheet (allochthonous breccias). 

However, recent work by [5] demonstrates that the 

composition of the Sudbury Breccia matrix can be 

modeled from footwall lithologies, with no contribu-

tion from the impact melt sheet. Regardless of their 

formation mechanism, the presence of clasts of 

pseudotachylite in thicker dykes and in ejecta deposits 

[2,3] is evidence that they were formed early in the 

impact cratering process (i.e., during the contact and 

compression stage and/or early excavation stages). 

Impact melt rock dykes: Impactite dykes with im-

pact melt matrices vary from clast-free to clast-rich, 

and can be found in impact structures of various sizes, 

from the 1.9-km diameter Tenoumer crater [6], to the 

~300-km diameter Vredefort impact structure [4] and 

generally come in two varieties: mm to m-thick dykes, 

and more substantive dykes 10s of m’s thick.   

Thin impact melt rock dykes: These straight, con-

tinuous dykes range from a few mm to several meters 

thick, and contain lithic, mineral, and glass fragments. 

The composition of the matrix typically corresponds to 

the immediate target lithologies the dyke cross-cuts. 

Dykes of this scale generally correspond to type B2 

breccias, and likely formed during late-stage fracturing 

during the crater modification process [3]. 

In crystalline targets (e.g., Mistastin Lake [7], West 

Clearwater [8] impact structures), thin impact melt 

rock dykes typically consist of a fine-grained black to 

grey matrix, with microscopic to cm-sized angular lith-

ic clasts and mineral fragments, typically derived from 
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the local footwall material. Impact melt rock dykes do 

occur in sedimentary targets, but do not stand out as 

plainly as they do in crystalline targets. Examples in-

clude sedimentary-hosted impact melt rock dykes have 

been reported at the Chicxulub [9], Manicuoagan [2], 

Siljan [10], and Terny [11] impact structures.  

Thick impact melt rock dykes: On a different scale 

altogether are impact melt dykes that range from ~10 to 

80 meters wide and up to 50 kilometers in length. They 

occur as planar sheets and/or discontinuous bodies 

within the footwall rocks and occur concentrically 

around – or extending radially outwards from – the 

impact melt sheet. Further away from the impact melt 

sheet they contain no clasts and pinch out to only a few 

meters thick [12]. The most well-known example of 

these dykes is the Offset Dykes at the Sudbury impact 

structure, so called for the way they terminate and re-

appear displaced by as much as a few kilometers paral-

lel to strike [12]. Dykes of this scale appear to be re-

stricted to large impact structures in crystalline target 

rocks such as Carswell (~39 km diameter) [13], Chicx-

ulub (~180 km diameter) [9], Sudbury (~150–200 km 

diameter) [12], and Vredefort (~300 km diameter) [4]. 

Although clast-poor varieties of these dykes do oc-

cur, they more commonly consist of a clast-poor phase 

along the margins of the dyke and a clast-rich phase in 

the center of the dyke, with lithic clasts that vary from 

several meters across to microscopic (Fig. 1C). The 

lithic clasts are typically derived from the local host 

rocks, although xenolithic clasts have been observed in 

some dykes suggesting that significant transport was 

involved in their formation. For example, the target 

rocks at the Sudbury impact structure consisted of Pre-

cambrian crystalline rocks overlain by Paleoproterozo-

ic sedimentary sequences. North of the melt sheet, Off-

set Dykes hosted in Archean granitoids and gneisses 

have been known to contain metasedimentary clasts, 

which likely originated from the overlying sedimentary 

rocks [14]. These clasts must have been transported 

several kilometers to reach their current location. 

Despite over 100 years of exploration, the timing of 

formation of the Offset Dykes at Sudbury (and other 

large impact melt rock dykes), with respect to the im-

pact cratering process, remains uncertain. However, 

due to the presence of Ni-Cu-PGE deposits within the 

dykes, it is generally accepted that the dykes formed 

after sulfide saturation of the melt sheet [12]. Em-

placement likely continued well into the cooling history 

and evolution of the melt sheet [14,15], possibly during 

late readjustments of the cooling crater floor. 

Lithic breccia dykes:  Lithic breccia dykes consist 

of a fine-grained clastic matrix, and include both 

polymict and monomict breccias. They occur as dykes 

or irregular-shaped bodies in the crater floor or central 

uplift, and vary considerably in size from 10s of cm’s 

wide (e.g., Manicouagan [2]) to over 10s of meters 

wide (e.g., Slate Islands [16]). Dykes of this nature 

generally correspond to Type B2 breccias, and have 

been proposed to have formed during the modification 

stage of crater formation [3]. Lithic breccia dykes also 

occur within impact structures in sedimentary targets 

(e.g., at the Île Rouleau [17], Kentland [18], Luizi [19], 

and Manicouagan [2] impact structures). 

Lithic breccia dykes typically have distinct contacts 

with the country rocks and the lithic fragments they 

contain [2,3]. The clasts vary from angular to rounded, 

and typically consist of the locally-derived country 

rocks. This is sometimes attributed to the in situ brec-

ciation of the target rock (e.g., monomict lithic breccia 

dykes at the Luizi impact structure [19]). However, 

lithic breccia dykes have been known to contain clasts 

of non-local lithologies, in some cases transported by 

at least several hundred meters [e.g., 2,9,11].  

Conclusions: Impactite dykes in the floors, 

walls/terraces, and central uplifts of impact structures 

vary considerably depending on the nature of the target 

rocks, the size of the impact structure, and the distance 

from the centre of the impact. But commonalities can 

be seen from impact structures around the world. Thin, 

impact melt rock dykes can be found in impact struc-

tures of nearly any size or target lithology, whereas 

large impact melt rock dykes 10s of meters thick ap-

pear to occur only in large impact structures in crystal-

line target rocks.  
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