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Dissolution experiments of amorphous silica in solutions 

containing various concentrations of bovine serum albumin 
(BSA) were performed to evaluate the effects of proteins on 
the dissolution rates. The dissolution experiments were carried 
out using Pyrex glass flask containing 0.1 g of amorphous 
silica (5-100um in size) and 100 ml of 0.1 mM NaCl solutions 
with 0.05, 0.1, 0.2, 0.5, 1.0 mg/ml of BSA. Three sets of these 
flasks were prepared, and solution pH of each set was initially 
adjusted to pH4, 5, and 6 by HCl or NaOH, and then 
dissolution reactions were conducted at 25oC for 10 days. 
During the reaction, solution pH and concentrations of Si and 
BSA were measured every two days with a glass electrode, 
HPLC equipped with ion exclusive column, and UV-VIS 
spectrometer, respectively, Similar experiments using 0.1, 1.0, 
and 10.0 mM NaCl solutions without BSA were also carried 
out for inorganic controls. The dissolution rates of amorphous 
silica in theses reaction systems were obtained using the Si 
concentrations for the reaction period of 2 to 10 days. Results 
of the experiments demonstrated that BSA showed strong rate-
enhancement effects on the dissolution of amorphous silica 
depending on its concentrations and also on solution pH. The 
dissolution rates were increased successively about 4, 7, and 
13 times relative to those of inorganic controls with increasing 
concentrations of BSA up to 1.0 mg/ml at pH6, 5, and 4, 
respectively. These values of increasing rates at pH 6 to 4 are 
consistent with increase in positive charge of BSA originated 
from protonation of amino group. Therefore, surface 
complexation of the positively charged sites of BSA (NH3

+) 
with the negatively charged sites (SiO-) of amorphous silica is 
likely to be an important factor enhancing the dissolution rates 
of amorphous silica. 
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In his years at UBC, Richard Lee Armstrong pioneered 

concepts of the co-evolution of crust and mantle. He held that 
for most of earth history, crustal mass has been constant. 
Referring to processes, for him this required equality of 
subduction flux of crust-derived sediment to the mantle, and 
mantle-derived magmas to continental crust. Utilization of 
processes briefly noted as “on the horizon” by Armstrong 
(1991)--his last paper—has proliferated in the literature on the 
destruction side: lower crustal delamination events at Andean 
margins and as a consequence of continental collisions, slab-
breakoff events, and subduction erosion events. Although 
calling on these processes is increasingly commonplace (for 
2007, Citation Index lists over 1600 citations to crustal 
delamination alone), criteria for their identification are 
evolving. Remember that Dick thought that the geochemical 
community was not inclined to accept the volumetric 
importance of even sediment subduction. Here "important" is 
taken to be one whose global rate exceeds on the order of 1 
km3 a year. This is called an Armstrong Unit (AU). The 
criteria for identifying candidate processes differ for events 
occurring at present, which can be studied using geophysical 
tools, and those that occurred in the past, where processes 
must be inferred from geochemically distinctive magmatic 
rocks, spatially changing magmatic patterns and abrupt 
thermal events in short-duration orogenies. Also, there are 
“missing crustal parts” to many orogens: accretionary prisms 
and forearcs in general, and lowermost mafic crust. It is 
inferred that these parts have low survival probability and may 
be returned to the mantle, over the lifetime of an orogeny. 
Examples in British Columbia and the Adirondacks show the 
challenge of applying this train of thought to crust/mantle 
evolution. 


