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Abstract
The work presents a colloidal and physical transport
texture of colloform-banded hair-line veinlet
with electrum-quartz-adularia composition and a
conceptual model for the formation of bonanza
electrum from the low-sulfidation, sedimentary
rock-hosted Khan Krum gold deposit, SE Bulgaria
– a representative of the bonanza vein type gold
deposits worldwide.
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Introduction
Epithermal, low-sulfidation (of adularia-sericite
alteration) gold deposits are an economically
important class of precious-metal deposits. Styles
of mineralization include veins, stockworks,
breccias and layer-like (tabular) bodies. Veins
usually display a level of bonanza ores. Following
Romberg (1992), bonanza is a descriptive, semiquantitative and subjective term used to describe
deposits from which large quantities of precious
metals have been recovered from relatively small
but high-grade orebodies. According to this
author, most deposits with local gold grades which
reach hundreds of grams per tone are referred to as
bonanza type gold deposits. Such concentrations
occur in deposits from the Pacific Rim, Australia,
Carpathians, Zabaikalie (Russia). There, bonanza
electrum forms agglomerations visible either
under optical microscope or macroscopically.
Most authors support a colloidal origin of the
bonanza precious-metal ores, but others think that
colloids are not necessary for bonanza electrum
formation. The origin of bonanza electrum is still
poorly constrained because of paucity of direct
observations, common re-crystallization of the
ores and diverse origin of the quartz precursor
(true or colloidal solutions) since epithermal
quartz commonly is the main gang mineral

(review in Marinova et al. 2014). Experiments and
simulations on the flow of colloidal solutions in
thin channels like in the natural fractures in some
extent imitate natural environment. Some of they
have demonstrated that colloidal particles have
been trapped in low velocity zones on the lee side
of fracture walls, where some recirculation has
happened (Boutt et al. 2006). Indeed, Saunders
et al. (2011) have documented deposition of
electrum AuAg and naumannite Ag2Se on the lee
side of protrusions along vein walls explaining
these textures as “colloidal and physical transport
textures”.
In the present work we show similar colloidal and
physical transport texture of bonanza electrum
from the Khan Krum gold deposit, SE Bulgaria
(also known as Ada Tepe deposit) and present a
conceptual model for its formation. In samples
from high-angle veins in the deposit, high gold
grades are assayed reaching up to 639 ppm (Jelev
2007), indicating that the deposit is of the bonanza
vein type gold deposits.
Material and Method
To demonstrate the model, a polished section
(Fig. 1a) is studied under optical microscope in
reflected light. The section is prepared from a subvertical veinlet of colloform-banded texture about
2.5 cm wide. Veinlet composition, texture and
trace element distribution have been investigated
by Marinova et al. (2014). The studied polished
section consists of 10 bands, 9 of which are almost
barren and visible by naked eye. The electrumrich band is hair thin (0.3 mm wide) with distinct
brown color and a lot of oval voids inside. Under
optical microscope, the hairline band consists
of 4 individual micro-bands, separated by thin
interrupted syneresis cracks. Only the rightmost
micro-band that is a subject of the present study is
abundant of electrum and pyrite aggregates as well
as of adularia while the rest three micro-bands are
almost entirely of quartz composition (Fig. 1b, c).
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Figure 1. Bonanza electrum in a colloform micro-banding: a) in polished section, designated with arrows. Pores seen
as black spots and speckles (2×). The black rectangle enlarged in (b); b) photomicrograph of part of the micro-banding
comprising four micro-bands; the rightmost one has a lot of pores (black spots), and abundant electrum aggregates (white
speckles) concentrated exclusively in widened parts, in reflected light; c) detail from b).
Figure 2. Conceptial model of
electrum enrichment in widened
portions of steep veinlets: a)
expected random distribution
of electrum and silicate colloidal
particles along a joint of constant
width; b) expected distribution of
colloidal particles of electrum and
silicates and of gas bubbles along
a joint with variable aperture in a
Poiseuille flow with enrichment in
electrum of widened portions and
combining of gaseous bubbles along
the centerline; c) real distribution
of electrum aggregates, pores and
silicate matrix (to scale) along the
joint from figure 1b after coagulation
of a boiling electrum-silicate
colloidal solution with formation
of quartz-adularia matrix, pores of
gas bubbles and of syneresis, and
electrum agglomerations.
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Results and Model
Under optical microscope it is observed that
the studied micro-band consists of alternating
wide and narrow portions and electrum forms
considerable accumulations only in widened
parts (with an aperture up to about 200 µm). As
a rule, these portions contain dense micron-sized
electrum aggregates, while the narrow ones (up to
about 40 µm wide) are almost barren. The ratio
of the wide sections to the narrow ones reaches 4
to 5 (Fig. 1b). This apparent influence of the joint
aperture reveals a flow under the laws of Bernoulli
and Poiseuille. The Bernoulli’s effect links the
flow velocity (V1) and fluid pressure (P1) in wide
portions to these ones (V2 and P2, respectively)
in next narrow portions in the following
inequalities: V1<V2 and P1>P2. According to the
Poiseuille’s law, the volume flow rate (F) changes
in direct proportion to the fourth degree of the
channel radius (R): F=πR4∆P/8ηL, where ∆P is
the difference of the flow pressure in widened
portion and next narrowed one; η is the dynamic
fluid viscosity, and L is the length of the channel
(Batchelor 1967). In a channel/joint of constant
aperture the colloidal particles of electrum and
silicates should be distributed randomly in the flow
(Fig. 2a) but in a channel of variable aperture it is
a priori expected an impact of the joint aperture
due to the huge difference in the specific weight of
electrum and that of silicates as it happens along
river beds. In our case, the volume flow rate in
the wide portions has to increase 256 to 625 times
as compared to the narrow sectors considering the
ratio of the wide portions to the narrow ones. This
significantly would decrease the flow velocity
in wide portions and according to the energy
conservation law (Batchelor 1967) it should lead
to delay of the heavy electrum colloidal particles in
comparison with the light silicate ones. As a result,
the wide portions will be enriched in electrum as
compared to the colloidal silicate particles which
continue their flow along the joint together with
the dispersion medium (Fig. 2b). In addition, it is
expected that in the lee sites of the wide portions,
the electrum colloidal particles would re-circulate
and in result collide and adhere due to increase of
their abundance. Such a re-circulation has been
observed in aqueous flow along micro-channels of
similar geometry just after the entrance of widened
portions (Campo-Deano et al. 2011). If the studied
electrum micro-texture has been formed by true
solution, then such an effect would not occur.
During subsequent coagulation of the colloidal
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solution electrum particles would further adhere;
aggregate and form agglomerations in widened
portions of joint (Fig. 2c). It is important to say
that in figure 1b, c the largest pores are located
along the virtual center line of the rightmost
micro-band. Small pores are distributed all over
the veinlet and have been identified as pores of
syneresis since they are outlined with microscopic
euhedral to subhedral crystals of quartz and
adularia (Marinova et al. 2014). The location of
the largest pores along the centerline indicates that
they have been bubbles of gas separated during
boiling of moving hydrothermal fluid (Fig. 2b, c)
as in experiments with gas-liquid flow (Trifonov,
2010) (Fig. 1). In addition, they indicate a relatively
high flow velocity when small gaseous bubbles
have combined in larger ones (Wongwises and
Pipathattakul, 2006).
By combining the present work with this one by
Marinova et al. (2014) the following conclusions
can be made.
Conclusions
1. Presented here electrum micro-texture is
evidence for transport of natural colloidal
solution along micron-size wide veinlets
under epithermal conditions in a boiling
environment.
2. The electrum enrichment only of widened
portions of the veinlet demonstrates apparent
influence of the joint’s aperture under the laws
of Bernoulli and Poiseuille, and means a flow
of three-phase colloidal solution that consists
of dispersion medium, heavy electrum particles
and light silicate ones. The location of largest
pores along the centerline of the joint reveals a
flow of gaseous bubbles during boiling, e.g. the
flow was four-phase one, including as well as
gaseous phase.
3. The widened portions being low velocity
zones have acted as trapping zones for the
heavy electrum colloidal particles causing their
collision, adhesion and agglomeration inherited
during further coagulation and gel formation.
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