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ABSTRACT 
 

Kimberlites are the source of most natural diamonds, and despite extensive study 
many aspects of such magmas remain enigmatic. Their explosive method of emplacement 
indicates high volatile content, but the composition of these volatiles is still poorly 
constrained. Kimberlitic diamonds often show resorption features such as rounded 
morphologies and trigonal etch pits which develop from interaction between the diamond 
surface and fluids in the kimberlite melt. Experimental studies at high pressures have 
reproduced many resorption features of natural diamonds and indicated the effect of the 
composition of kimberlitic fluid on diamond resorption morphology. However, the extent 
and character of diamond resorption in a kimberlite body after the emplacement is not 
known. This study exposed unresorbed kimberlitic diamonds to melts of Na2CO3, 
Na2CO3-NaCl, and Na2CO3-NaF at 950ºC and 0.1 MPa. The developed resorption 
features were measured using atomic force microscopy (AFM). The study examines how 
the presence of halogens in the carbonate melt affects diamond dissolution kinetics and 
the morphology of positively oriented trigonal etch pits. The study confirmed that 
positive trigons can be produced by near-surface resorption. Comparison of the 
experimentally produced positive trigons to those present on natural diamonds from Snap 
Lake kimberlite allows us to shed more light on the process of emplacement of the Snap 
Lake dyke.  Results of this study provide new insights into the mechanism of diamond 
resorption as well as the occurrence and evolution of etch pits on the diamond surface by 
observing how the same trigons change from consequent runs with AFM. 

Key words: kimberlite fluid composition, diamond dissolution, carbonate-halogen melts, 
AFM, experimental petrology 
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CHAPTER 1: INTRODUCTION 

1.1 Kimberlites and diamonds 

1.1.1 General background 

 Kimberlites are an enigmatic rock type that is the source of the majority of the 

world’s natural diamonds, and thus are of economic interest.  Kimberlites are volatile-

rich ultrabasic igneous rocks with mantle-sourced xenoliths and megacrysts set in a fine-

grained matrix (Mitchell, 1986) that generally occur as cone or carrot-shaped intrusions, 

often called pipes, in continental regions underlain by cratons.  The widely accepted 

model of kimberlitic melt is one that is Mg-rich, ultrabasic, hydrous, and enriched in 

incompatible trace elements (Kamenetsky et al, 2009).  Although such a melt 

composition is consistent with the observed kimberlite mineralogy, it is inconsistent with 

other kimberlite properties such as inferred magma temperatures, rheological properties, 

and style of magma ascent and emplacement (Kamenetsky et al, 2009). 

 Kimberlites occur in regions of continental crust that are underlain by cratons that 

usually have an older (>2.4 Ga) core and an attached belt of younger (>1.0 Ga) deformed 

rocks.  Kimberlites that contain diamonds usually occur in regions where the craton core 

is older than 2.4 Ga (Mitchell, 1986).  The craton is commonly overlain by sedimentary 

or volcanic rocks of Phanerozoic age.  These areas of the crust where kimberlite 

magmatism occurs are called kimberlite provinces (Mitchell, 1986). Kimberlite provinces 

in Southern Africa, the Northwest Territories of Canada, and Siberia have the most 

economically valuable diamond mines.  Figure 1.1.1 shows areas of Earth with cratons 

and associated kimberlites. 
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Figure 1.1.1.  Global craton and kimberlite distribution.  Areas of cratonized crust are outlined and shaded.  
Kimberlites are represented by circles.  Kimberlite occurrence is correlated with areas of cratonized crust; 
those that exist outside of cratons are usually not diamondiferous.  Eckstrand et al. (1995).  
 
 
Kimberlitic diamonds often show various resorption features that indicate their 

dissolution in the kimberlite magma as well as during residence in the mantle 

(Fedortchouk, 2015).  The morphology of diamond resorption features depends on the 

composition and conditions of diamond-destructive fluids in both environments 

(Fedortchouk, 2015) and can be used as a mineralogical tool to provide more information 

about kimberlitic fluids and the emplacement process. 

 

1.1.2 Volatiles in kimberlites 

 Kimberlite magmas are believed to have a very high volatile content, evidenced 

by their explosive method of emplacement, as well as measured values as high as 15 wt% 

CO2 and 12 wt% H2O (Brooker et al, 2011).  Although the origin of these volatiles is still 

unclear, the presence of primary calcite and phlogopite in kimberlites shows significant 
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Figure 4.1.2.  Evolution of EK-2 in Na2CO3-NaCl 
melt; a, b, c, and d show microphotographs of the 
same [111] face before experimental runs, and 
after run 1, 2, and 3 respectively; e, f, and g show 
AFM maps of a portion of the same [111] face 
before experimental runs, after run 1, and after 
run 2, respectively.  Greenish-yellows indicate 
topographic highs and red indicates topographic 
lows.   Scale bars in a, b, c, and d represent 100 
µm.  Maps e, f, and g represent an area of 50 µm2

,  
20 µm2, and 25 µm2, respectively. 
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4.1.3 Sample EK-3 in Na2CO3-NaF melt 

Run 1 

 After an exposure to a Na2CO3-NaF melt for 1 hour, EK-3 lost 8.9% of its mass.  

Side length decreased by 2.2% and the area of the [111] face decreased by 1.3% with 

slight rounding of the edges and corners.  The [111] face was covered in numerous flat- 

and point-bottomed positive trigons.  The few shallow negative trigons that were present 

initially could not be located.   

Run 2 

 After exposure to a Na2CO3-NaF melt for 2 hours, EK-3 lost 13.7% of its mass in 

total.  Side length decreased by 3.1% and the area of the [111] face decreased by 3.6%.  

The edges and corners of the diamond remained slightly rounded.  The [111] face was 

covered with flat- and point-bottomed positive trigons. The size of these trigons did not 

change significantly, but the abundance slightly increased (Figure 4.1.3). 
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Figure 4.1.3.  Evolution of EK-3 in Na2CO3-
NaF melt; a, b, and c show microphotographs 
of the same [111] face before experimental 
runs, after run 1, and after run 2 respectively; d, 
e, and f show AFM maps of a portion of the 
same [111] face before experimental runs, after 
run 1, and after run 2, respectively.  Greenish-
yellows indicate topographic highs and red 
indicates topographic lows.   Scale bars in a, b, 
and c represent 100 µm.  Maps d, e, and f 
represent an area of 70 µm2

, 25 µm2, and 50 
µm2, respectively. 
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4.2 Kinetics of diamond dissolution 

 Table 4.2 summarizes the % weight loss, % [111] area decrease, and vertical 

dissolution depth for each melt.  Diamonds lost between 2 and 4 mg per run. [111] area 

decreased between run 1 and run 2 for every diamond.  EK-1 in Na2CO3 had the lowest 

total weight loss after three runs, but the highest total [111]area decrease and the greatest 

vertical dissolution between runs 1 and 2.  EK-2 in Na2CO3-NaCl had intermediate total 

weight loss and total [111] area decrease, but the smallest amount of vertical dissolution.  

EK-3 in Na2CO3-NaF had the highest total weight loss, the lowest total [111] area loss, 

and an intermediate amount of vertical dissolution between runs 1 and 2. 

 Figure 4.2a shows the relationship between % weight loss and run duration for 

each diamond and melt composition.  Despite the differences in % weight loss, the 

dissolution rate for all diamonds was between 0.31–0.32 mm/hr, indicating that the 

difference in % weight loss is due to the differences in starting weight of the diamonds.  

Figure 4.2b shows the relationship between % [111] area decrease and run duration for 

each diamond and composition.  EK-1 in Na2CO3 had a much higher [111] area decrease 

than EK-2 in Na2CO3-NaCl and EK-3 in Na2CO3-NaF due to the higher degree of 

rounding that occurred during dissolution of EK-1 compared to EK-2 and EK-3.   

 

Table 4.2. Summary of diamond weight loss, [111] area loss, and vertical dissolution between run 1 and 
run 2. % area loss refers to the area of one [111] face. 

Diamond % wt. loss, 
Run 1 

% wt. loss, 
Run 2 

% wt. loss, 
Run 3 

% [111] 
area loss, 

Run 1 

% [111] 
area loss, 

Run 2 

% [111] 
area loss, 

Run 3 

Vertical 
dissolution  

between Runs 1 
and 2, nm 

EK-1 3.7 5.6 8.3 3.7 13.8 19.8 439 
EK-2 3.7 5.1 12.2 1.1 3.5 9.0 140 
EK-3 8.9 14.6 22.2 1.3 4.8 7.5 296 
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Figure 4.2. (a) Weight loss (%) vs. run duration. (b) [111] area loss (%) vs. run duration.  EK-1, EK-2, and 
EK-3 are represented by circles with black lines, squares with dashed lines, and triangles with dotted lines 
respectively.   
 

4.3 AFM study of trigonal etch pits 

 Table 4.3 summarizes the average diameter, depth, and wall shape of trigons from 

each diamond.  Flat-bottomed trigons showed a range of sizes that could be divided into 

two groups based on their diameter.  Most flat-bottomed trigons had Y-shaped walls.  

Point-bottomed trigons could be divided into two groups based on diameter after run 1, 

but after run 2 were confined to one size range.  Most point-bottomed trigons had Y-

shaped walls. 

The trigons that developed on EK-1 after run 1 (Figure 4.3.1) were all of very 

similar diameter, ranging from 17.8 to 24.0 µm.  Depths varied from 82 to 944 nm.  They 

were all flat-bottomed and had pronounced Y-shaped walls.  On EK-1, all trigons are flat-

bottomed with Y-shaped walls, and the average diameter and depth increased from run 1 

to run 2.  There was a weak correlation between increased diameter and increased depth, 

and there were no distinct size groups. 
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Table 4.3. Trigon diameter, depth, and shape for each diamond after runs 1 and 2. Trigons on EK-2 were 
split into two groups based on size.  Trigons on EK-3 were split into two groups based on bottom shape. 

Diamond 
Average trigon 
diameter, run 1, 

µm 

Average trigon 
diameter, run 2, 

µm 

Average trigon 
depth, run 1, nm 

Average trigon 
depth, run 2, nm 

Trigon 
shape, 
run 1 

Trigon 
shape, 
run 2 

EK-1 20.8 27.6 278 292 

Y- 
shaped 
Flat-

bottomed 

Y-shaped 
Flat-

bottomed 

EK-2 

Large 
20.6 

Small 
3.5 

Large 
22.6 

Small 
6.3 

Large 
617 

Small 
160 

Large 
592 

Small 
205 

Y-, U-, 
V-shaped 

Flat-, 
point-, 
round 

bottomed 

Y-, U-, 
V-shaped 

Flat-, 
point-, 
round 

bottomed 

EK-3 

Flat 
19.2 
Point 
19.8 

Flat 
26.4 
Point 
25.1 

Flat 
419 

Point 
908 

Flat 
412 

Point 
1157 

Y-shaped 
Flat-, 
point- 

bottomed 

Y-shaped 
Flat-, 
point- 

bottomed 

 

The trigons that developed on EK-2 after run 1 (Figure 4.3.2) showed a wide 

range of diameters, depths, bottom shapes, and wall shapes, however some trends appear 

when they are considered in terms of their relationship to the large circular feature in the 

center of the [111] face.  The trigons inside the circular feature, called group 1 trigons, 

ranged from 16.4 to 27.4 µm in diameter and 244 to 1337 nm in depth.  They were flat- 

and round-bottomed and had U-, Y-, and V-shaped walls. The average upper wall slope 

to lower wall slope ratio was 0.92.  The trigons outside the circular feature, called group 

2 trigons, ranged from 2.5 to 5.6 µm in diameter and 61 to 279 nm in depth.  They were 

flat-bottomed with Y-shaped walls. Trigons on EK-2 can be split into two groups based 

on whether they were inside or outside the circular feature.  Trigons inside the circular 

feature were flat- or round-bottomed and had U-, Y-, and V-shaped walls.  Although their 

average diameter increased from run 1 to run 2, their average depth decreased, being the 

only group of trigons to do so.  Group 1 trigons, being larger in diameter, were deeper 
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than group 2 trigons that had smaller diameters, however there was no strong correlation 

between depth and diameter within the individual groups.  Trigons outside the circular 

feature were flat-bottomed and had Y-shaped walls.  Although their morphology was 

similar to trigons formed on EK-1, these trigons were much smaller in diameter.  Their 

average diameter and depth increased from 3.5 µm and 160 nm to 6.3 µm and 205 nm 

between run 1 and run 2. 

The trigons that developed on EK-3 (Figure 4.3.3) were grouped based on their 

bottom shape.  Run 1 developed shallower flat-bottomed trigons ranging from 11.5 to 

29.4 µm in diameter and 195 to 684 nm to depth and all Y-shaped; and the deeper point-

bottomed trigons ranged from 17.8 to 21.8 µm in diameter and 809 to 1043 nm in depth 

with Y-shaped walls.  The point-bottomed trigons for the same diameter are much deeper 

than the flat-bottomed trigons. Flat-bottomed trigons after run 2 ranged from 16.9 to 42.5 

µm in diameter and 236 to 1009 nm in depth, and all had Y-shaped walls.  Point-

bottomed trigons ranged from 22.8 to 28.5 µm in diameter and 1020 to 1274 nm in depth, 

with Y-shaped walls.  The point-bottomed trigons continued to be smaller in diameter but 

still slightly deeper than flat-bottomed trigons.  Trigons on EK-3 were point- and flat-

bottomed and had Y-shaped walls.  Their diameter and depth increased from 19.4 µm and 

594 nm to 24.8 µm and 702 nm between run 1 to run 2.  

 Figure 4.3.4 shows the diameter-depth relationship for groups of trigons on each 

diamond.  Overall, trigons with larger diameters had greater depths.  There was no 

overall correlation between morphology and dimensions.   
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Figure 4.3.1. Trigons in EK-1 in Na2CO3 melt, scanned using an AFM.  (a) shows a typical trigon after run 
1.  Trigons were flat bottomed with Y-shaped walls.  (b) and (c) show typical trigons after run 2.  Trigons 
are flat-bottomed with Y-shaped walls.  Some trigons, as in (c), have narrower bottoms. 
 
 

 

 

 
 
 
Figure 4.3.2. Trigons in EK-2 in Na2CO3-NaCl melt scanned using an AFM.  a–d show trigons after run 1.  
(a) Y-shaped flat-bottomed. (b) Y-shaped point-bottomed. (c) U-shaped round bottomed. (d) V-shaped flat 
bottomed.  e–h show trigons after run 2.  (e) Y-shaped flat bottomed. (f) Y-shaped point-bottomed. (g) V-
shaped flat bottomed. (h) V-shaped flat-bottomed. (d) and (h) have drastically smaller diameters.  These 
trigons were located outside the circular feature in the centre of the diamond. 
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Figure 4.3.3. Trigons in EK-3 in Na2CO3-NaF melt scanned using an AFM.  (a) and (b) show trigons from 
run 1. (a) V-shaped point-bottomed. (b) Y-shaped flat-bottomed.  (c) and (d) show trigons from run 2.  (c) 
Y-shaped flat-bottomed. (d) Y-shaped point-bottomed trigon. 

 

 
Figure 4.3.4. Diameter-depth relationships for trigons on each diamond after run 1 and run 2.  Black 
squares represent trigons after run 1 and grey diamonds represent trigons after run 2.  Trigons on EK-3 
were split into two groups based on bottom shape.  
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4.4 Growth and evolution of trigonal etch pits during diamond dissolution 

4.4.1 EK-1 in Na2CO3 melt 

 After run 2 an effort was made to scan the same trigons that were scanned after 

run 1, but significant resorption in [111] direction had removed most of the previously 

scanned trigons. Only the deepest trigon from run 1 could be identified.  I estimated at 

least 439 nm of vertical resorption occurred on the [111] face, based on the maximum 

depth of a trigon from run 1, which disappeared after run 2.  The range of trigon diameter 

increased to 21.6 to 39.3 µm.  Depths varied from 199 to 1010 nm.  They all remained 

flat-bottomed with Y-shaped walls.  Figure 4.3.1 shows representative trigon profiles 

from run 1 and run 2. 

 Figure 4.4.1 shows the profile of the trigon that could be followed from run 1 to 

run 2.  After both runs, the trigon is flat-bottomed with Y-shaped walls.  The diameter 

increased from 21.3 µm to 29.9 µm, and the depth decreased from 944 nm to 505 nm, 

likely due to vertical resorption. 

 

4.4.2 EK-2 in Na2CO3-NaCl melt 

 Almost every trigon scanned after run 1 was still present after run 2.  The 

minimum amount of vertical resorption was 140 nm, determined by the minimum amount 

of vertical distance the surface must have moved so that the bottom of trigons scanned 

after run 2 were not above the bottom of trigons scanned after run 1.  After run 2, group 1 

trigons ranged from 17.2 to 29.8 µm in diameter and 198 to 1133 nm.  They were flat- 

and round-bottomed and had U-. Y-, and V-shaped walls.  Group 2 trigons ranged from 

2.5 to 9.2 µm in diameter and 53 to 468 nm in depth.  They all remained flat-bottomed 
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with Y-shaped walls.  Figure 4.3.2 shows representative trigon profiles for groups 1 and 2 

from run 1 and 2.   

 Following the same trigons between run 1 and run 2 showed that trigons 

maintained their morphology after both runs.  Figure 4.4.2 shows overlain profiles after 

run 1 and run 2 for individual trigons.  Trigon diameter increased by an average of 2 µm 

and depth decreased by 25.8 nm.  In one case (Fig. 4.4.2), where the bottom of the trigon 

was narrow after run 1, the bottom became significantly wider with virtually no change in 

depth after run 2. 

 

4.4.3 EK-3 in Na2CO3-NaF melt 

 After run 2, it was possible to identify 11 of 13 trigons scanned after run 1.  The 

minimum amount of vertical resorption was 296 nm, based on the deepest trigon from 

run 1 that disappeared after run 2. .  Figure 4.3.3 shows representative flat- and point-

bottomed trigons from run 1 and 2.  Figure 4.4.3 shows overlain profiles of trigons that 

could be followed between run 1 and run 2.  In general, trigons maintained their 

morphology after both runs.  The diameter of flat-bottomed trigons increased by an 

average of 7.2 µm and depth decreased by an average of 6.3 nm.  The diameter of point-

bottomed trigons increased by 5.3 µm and depth increased by 248 nm.   
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Figure 4.4.1. Trigon evolution on EK-1 in Na2CO3 melt.  Black line represents trigon after run 1; grey line 
represents trigon after run 2.  The trigon remained flat-bottomed, but its bottom widened after consequent 
runs.   
 

 

 
Figure 4.4.2. Trigon evolution on EK-2 in Na2CO3-NaCl melt.  Black lines represent trigons after run 1; 
grey lines represent trigons after run 2.  Trigons retained the same morphology after consequent runs.  In 
the case of (d), the bottom remained flat, but also widened after run 2.  
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Figure 4.4.3.  Trigon evolution on EK-3 in Na2CO3-NaF.  Blck line represents trigons after run 1; grey 
lines represent trigons after run 2.  Trigons maintained the same morphology between runs 1 and 2.   
 
 

4.4.4 Summary 

 Diamond dissolution in Na2CO3 melt (EK-1) developed only one type of positive 

trigons: flat-bottomed trigons with Y-shaped walls.  As runs progressed, diameter and 

depth of trigons increased, while morphology remained the same.  The minimum amount 

of vertical resorption between run 1 and run 2 was determined to be 439 nm, the greatest 

of all three samples.   

 Diamond dissolution in Na2CO3-NaCl melt (EK-2) developed two groups of 

trigons based on their relationship to the large circular feature in the center of the [111] 

face.  Group 1 trigons were larger than group 2 trigons and had flat-, round-, and point-

bottoms.  Group 2 trigons were confined to small, flat-bottomed trigons with Y-shaped 

walls.  The depth of group 1 trigons decreased as run progressed, whereas the depth of 

group 2 trigons increased.  The minimum amount of vertical resorption between run 1 

and run 2 was 140 nm. 

 Diamond dissolution in Na2CO3-NaF melt (EK-3) developed flat- and point-

bottomed trigons which remained as their respective morphologies as runs progressed.  In 

general, flat-bottomed trigons had larger diameters and shallower depths than point-
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bottomed trigons, which had small diameters but deeper depths.  The minimum amount 

of vertical resorption between run 1 and run 2 was 296 nm. 

 

CHAPTER 5: DISCUSSION 

5.1 Mechanism of diamond etch pit growth 

Angus and Dyble (1975) proposed a model illustrating that diamond etch pits 

favour a triangular shape due to the preferential removal of two-bonded carbon atoms 

over three- and four-bonded atoms on the [111] surface, and furthermore that negative 

trigons are more energetically favourable than positive trigons because the formation of 

positive trigons requires removal of three-bonded carbon atoms (Angus and Dyble, 

1975).  The results of this study show that at the experimental conditions, there is enough 

energy to remove three-bonded carbon atoms and form positive trigons. 

When one carbon atom is successfully removed, a “kink site” develops.  In Angus 

and Dyble’s (1975) model, atoms are removed in a “step” along the edge of the trigon 

moving away from the kink site in both directions.  This process, called the kink 

mechanism, may occur as a single-kink or multiple-kink mechanism, depending on how 

many new kink sites are being formed (Angus and Dyble, 1975).  When the time required 

to form a new kink site is much longer than the time required for a kink to propagate 

along the step, atoms will be removed by the single-kink mechanism (Angus and Dyble, 

1975).  When the time required to form a new kink site is much shorter than the time 

required for a kink to propagate along the step, atoms will be removed by the multiple-

kink mechanism (Angus and Dyble, 1975).   
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Figure 5.1.  Effect of kink mechanism on trigon wall slope proposed by Angus and Dyble (1975).  (a) 
shows that when carbon atoms are removed via the single-kink mechanism, the slope of the trigon wall will 
decrease as distance from the centre of the trigon increases.  (b) shows that when carbon atoms are removed 
via the multiple-kink mechanism, the slope of the trigon wall will remain constant.  After Angus and Dyble 
(1975). 

 
 
Angus and Dyble (1975) state that when atom removal occurs via the single-kink 

method, the slope of the trigon wall will decrease as distance from the center of the trigon 

increases.  According to the wall slope classifications used in this study, the single-kink 

mechanism would produce Y-shaped trigons.  When atom removal occurs via the 

multiple-kink mechanism, the slope of the trigon will remain constant as distance from 

the center of the trigon increases (Angus and Dyble, 1975).  Using the classifications in 

this study, the multiple-kink mechanism would produce V-shaped trigons.  Figure 5.1 

shows how trigon wall slope differs between the two mechanisms. 

The results of this study were that in Na2CO3 melt, diamonds developed Y-shaped 

trigons.  In Na2CO3-NaCl melt, diamonds developed Y-, V-, and U-shaped trigons.  In 

Na2CO3-NaF melt, diamonds developed only Y-shaped trigons.  Comparison to Angus 

and Dyble’s (1975) model indicates that in Na2CO3 and Na2CO3-NaF melt the single-kink 

mechanism was dominant, while in Na2CO3-NaCl melt both the single- and multiple-kink 

mechanism were active.  Since the multiple-kink method requires that the time required 

to form a new kink site be less than the time required for a kink to propagate along a step, 
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there must be some mechanism occurring in the Na2CO3-NaCl melt that makes it easier to 

form new kink sites. 

Etch pits begin to form at defect sites on the diamond surface, a process called 

selective etching (Khokhryakov et al, 2006).  Trigon morphology may be related to the 

type of defect at the trigon nucleation point.  Results of selective etching experiments 

have suggested that point-bottomed etch pits form from dislocations, and that flat-

bottomed trigons form from shallow surface defects such as impurity agglomerations or 

microcracks (Khokhryakov et al, 2006).  The results of this study show that in some 

compositions, different types of defects do not always produce different trigon 

morphologies, and some melt compositions better expose defect type.  We assume that all 

three diamonds used in this study have similar defect populations.  In Na2CO3 melt, all 

trigons were flat-bottomed; in Na2CO3-NaCl melt, trigons were flat-, point-, and round-

bottomed; and in Na2CO3-NaF melt, trigons were flat- and point-bottomed.  The 

difference in trigon morphology with melt composition indicates that in Na2CO3 melt 

trigon morphology is not controlled by defect type, whereas in Na2CO3-NaCl and 

Na2CO3-NaF melt, the defect type may control the trigon morphology.   

In the case of flat-bottomed trigons, once the vertical resorption of the entire [111] 

faces reaches the depth of the surface defect, the flat-bottomed trigons will disappear 

(Khokhryakov et al, 2006).  The erasure of flat-bottomed trigons by vertical resorption 

was observed in this study’s experiments, as most of the flat-bottomed trigons on EK-1 

that were present after run 1 disappeared after run 2.  Any trigon that was less than 439 

nm deep on EK-1 after run 1 was no longer there after run 2.  This indicates that the 
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controlling factor for flat-bottomed trigon depth is the depth of the surface defect around 

which they nucleate. 

There are several opposing ideas on the mechanism for trigon morphological 

development.  Arima and Kozai (2008) postulated that trigons begin as small flat-

bottomed trigons and with progressive dissolution become larger point-bottomed trigons.  

Khokhyrakov and Palyanov (2006), on the other hand, showed initially small point-

bottomed trigons developing into larger flat-bottomed trigons with progressive 

dissolution.  Zhang et al (2015) also suggested that trigons begin as small point-bottomed 

trigons and develop into larger flat-bottomed trigons.  Fedortchouk (2015) demonstrated 

the effect of fluid composition, suggested that in H2O fluid, the time required to form a 

new kink site is so much longer than the time required for a kink to propagate around the 

perimeter of the pit that three-bonded carbon atoms on the bottom on the pit are not easily 

removed and flat-bottomed trigons develop (Figure 5.1).  In contrast, in CO2 fluid, the 

time required to form a new kink site is close enough to the time required for kink 

propagation around the pit perimeter that atoms on the bottom of the pit may be removed 

easily enough for point-bottomed trigons to form (Fedortchouk, 2015). 

My results did not confirm whether trigons progress from small, point-bottomed 

trigons to large flat-bottomed trigons.  All trigons retained the same morphology between 

run 1 and run 2.  However, in many cases for flat-bottomed trigons, the diameter of the 

bottom of the trigon grew between run 1 and run 2 with virtually no change in depth.  

This could be a sign that the initial surface defect that the trigon nucleated on was no 

longer present at the depth of the bottom of the trigon, and that atoms were only being 
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removed from the walls.  This is in agreement with postulations from Khokhryakov et al. 

(2006). 

 

5.2 Effect of halogens on diamond resorption 

 Rudenko et al. (1967) proposed that diamond dissolution occurs when volatile 

molecules such as H2O or CO2 attach to carbon atoms on the diamond surface, forming 

various HCO complexes that break the C-C bonds to liberate carbon atoms from the 

diamond structure.  On the diamond surface, the carbon atoms that are not bound to the 

layer below have one free valence electron perpendicular to the diamond surface 

(Rudenko et al, 1967).  The free valence electrons are saturated with monovalent 

molecules, the most probable being OH–, which could also easily be replaced by Cl– or F– 

(Rudenko et al, 1967).  Figure 5.2 shows the mechanism of diamond oxidation when Cl 

and CO2 are present postulated by Rudenko et al. (1967).  

 Sonin et al. (2008) showed that NaCl and NaF halogenide melts were capable of 

etching diamonds at 3 GPa and 1300-1350ºC, however chloride contents in the 

Udachnaya-East kimberlite pipe are not high enough to be the sole diamond etchtant.  

Sonin et al. (2009) conducted dissolution experiments with silicate-NaCl and silicate-NaF 

melts at 3 GPa and 1350ºC and found that negative trigons developed similar to those 

observed on natural kimberlitic diamonds.  As diamond dissolution rate is much higher in 

hydrous fluid than in “dry” silicate fluid, Sonin et al. (2009) proposed that a silicate-

halogenide fluid would be better able to preserve diamonds during transport to the 

surface, while still causing diamond dissolution features to develop. 
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Figure 5.2.  Cl-C-O complex on the diamond surface during diamond oxidation by CO2.  Rudenko et al. 
(1967) propose that the formation of such complexes makes it easier to remove carbon atoms from the 
diamond lattice.  After Rudenko et al. (1967). 
 
 

My results show that the presence of halogens affects the character of diamond 

resorption at atmospheric pressure.  In Na2CO3 melt, diamond edges became rounded and 

the [111] face was covered with large flat-bottomed positive trigons.  The maximum 

amount of vertical resorption (439 nm) occurred in this melt.  In Na2CO3-NaCl melt, 

diamond edges did not become rounded, the [111] face was covered with numerous flat-, 

point-, and round-bottom positive trigons with that ranged in size from very small to 

large, and the smallest amount of vertical resorption (140 nm) occurred.  In addition, a 

large circular feature developed on the center of two opposing faces.  In Na2CO3-NaF 

melt, very little rounding of diamond edges occurred and the [111] face was covered in 

medium to large flat- and point-bottomed trigons.  The amount of vertical resorption was 

intermediate (296 nm) compared to the other diamonds and melt compositions.  In 

general, the presence of halogens in the melt supressed vertical resorption and diamonds 

in carbonate-halogen melts developed flat-, point- and round-bottomed trigons, whereas 

diamond in pure carbonate melt developed only flat-bottomed trigons. 

One way that halogen presence in the etching fluid may affect resorption is by 

decreasing the viscosity of the melt, allowing for faster diffusion.  If halogen presence in 

the melt increased diffusion of carbon into the melt, the overall dissolution rate would be 

expected to increase.  The dissolution rates in Na2CO3, Na2CO3-NaCl, and Na2CO3-NaF 
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melts measured in this study were 0.011 mg/(hr*mm2), 0.014 mg/(hr*mm2), and 0.021 

mg/(hr*mm2) respectively.  These rates indicate that the dissolution rate increased when 

halogens were present. 

I suggest another mechanism, aside from altering the viscosity, that halogen 

presence in the etching fluid may affect resorption.  In Figure 5.2, the complex that forms 

on the diamond surface when Cl fills the free valence of carbon atoms on the surface has 

Cl and O on one end.  Since Cl and O are the third- and second-most electronegative 

elements, that end of the complex would be very electronegative and would tend to 

attract electrons.  Electrons from the end of the complex, where carbon is bound to the 

surface of the diamond, would be pulled towards the other end of the complex, 

effectively weakening the bonds that carbon holds with other carbons on the diamond 

surface.  This process is called the inductive effect.  Weakening the C-C bonds between 

carbon atoms on the surface of the diamond would make it easier to remove them. 

Weakening of C-C bonds on the diamond surface may encourage the formation of 

new kink sites during trigon etching, explaining why the multiple-kink mechanism was 

more active in Na2CO3-NaCl melt than in Na2CO3 melt.  However, if both Cl and F are 

extremely electronegative, the multiple-kink mechanism would be expected to be active 

during etching in Na2CO3-NaF melt, which was not the case. 

 

5.3 Diamond dissolution conditions in Snap Lake kimberlite 

 Li et al. (2015) examined 251 microdiamonds from the Snap Lake kimberlite.  

Diamonds had both negative and positive trigons, indicating two phases of resorption at 

depth and at the surface (Li et al, 2015).  The negative trigons had truncated corners, 
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similar to the truncated corners that developed on the large negative trigon initially 

present on EK-2 in Na2CO3-NaCl melt.  The positive trigons on the Snap Lake diamonds 

showed a range of morphologies, including flat-, point-, and round-bottomed, and were 

believed to have formed at temperatures < 1000ºC based on comparison with 

experimental results (Li et al, 2015).  Li et al. (2015) proposed that the different 

morphologies of the positive trigons were a product of three different trigon evolution 

trends, based on the observation that each diamond from the Snap Lake kimberlite tended 

to show only one type of positive trigon morphology.  According to Li et al. (2015), the 

diamonds were exposed to different resorption conditions that produced different positive 

trigon morphologies, and under the same resorption conditions, only one type of positive 

trigon morphology should be present. 

 The results of this study show that it is possible to create more than one type of 

positive trigon morphology on the same diamond face in the same resorption conditions.  

In the case of EK-2 in Na2CO3-NaCl, flat-, point-, and round-bottom trigons of varying 

sizes were produced on the same face under the same conditions.  Similarly, EK-3 in 

Na2CO3-NaF developed flat- and point-bottomed trigons in the same conditions.  These 

observations suggest that although differences in melt composition influence positive 

trigon morphology, differences in trigon morphology do not always indicate a difference 

in resorption conditions between diamonds.  The different positive trigon morphologies 

observed on EK-2 and EK-3 could be a result of different types of defects on the diamond 

surface. 

 The diamonds from the Snap Lake kimberlite contained positive trigons < 4 μm in 

diameter and < 350 nm in depth, with a range of flat-, point-, and round-bottomed 
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morphologies (Li et al, 2015).  The only experiment carried out in this study that 

produced positive trigons with all three types of morphologies as well as comparable 

diameters and depths was EK-2 in Na2CO3-NaCl melt.  Although group 1 trigons on EK-

2 were >15 μm in diameter and much larger than positive trigons on Snap Lake 

diamonds, group 2 trigons on EK-2 were < 6 μm in diameter after run 1 and < 10 μm in 

diameter after run 2.  These results indicate that the trigons on diamonds from Snap Lake 

kimberlite could have been exposed to a carbonate-chlorine melt at atmospheric pressure 

if the time exposed to the fluid was an hour or less. 

 

CHAPTER 6: CONCLUSIONS 

 Diamonds develop positive trigons in Na2CO3, Na2CO3-NaCl, and Na2CO3-NaF 

melts at 950ºC and 0.1 MPa.  Halogen presence in the melt affects trigon morphology.  In 

Na2CO3 melt, trigons are flat-bottomed with Y-shaped walls.  In Na2CO3-NaCl melt, 

trigons are flat-, point-, and round-bottomed with Y-, V-, and U-shaped walls.  In 

Na2CO3-NaF melts, trigons are flat- and point-bottomed with Y-shaped walls.  According 

to Angus and Dyble’s (1975) model, trigon wall slope may be related to the mechanism 

of carbon atom removal during dissolution.  The presence of trigons with only Y-shaped 

walls on EK-1 and EK-3 exposed to Na2CO3 and Na2CO3-NaF melts respectively 

indicates that the single-kink mechanism was active during dissolution; in contrast, the 

presence of trigons with Y- and V- shaped walls on EK-2 exposed to Na2CO3-NaCl 

indicates that both the single- and multiple-kink mechanism were active during 

dissolution.  
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 Diamonds are oxidized during dissolution by the formation of HCO complexes on 

the diamond surface, which make it easier to remove carbon atoms from the diamond 

lattice.  The presence of halogens in the melt may alter these HCO complexes in such a 

way that the strong electronegativity of Cl or F destabilizes the bonds between carbon 

atoms in the diamond lattice and makes removal even easier.  If this were the case, the 

multiple-kink mechanism of atom removal would be favoured and trigons would tend to 

have V-shaped wall slopes.  V-shaped trigon wall slopes observed on EK-2 in Na2CO3-

NaCl melt support this idea. 

 The results of this study could not confirm whether trigons evolve from point- to 

flat-bottomed during development or vice versa, as all trigons maintained the same 

morphology between run 1 and run 2.  However, the nature of flat-bottomed trigon 

growth, where trigon depth seems to hit a certain depth and remain fixed while diameter 

continues to increase, indicates that flat-bottomed trigon depth may be controlled by the 

depth of the surface defect around which it nucleated.   

 Comparison of experimental dissolution features with dissolution features on 

diamond from the Snap Lake kimberlites indicates that the diamonds may have been 

exposed to carbonate-chlorine fluid at atmospheric pressure and 950ºC for less than an 

hour.  If the Snap Lake kimberlite magma contained chlorine as a volatile, alteration post-

emplacement may explain why the kimberlite is not chlorine-rich.     
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