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a-as, in Fig. 2. Fig. 4 is a plan of a 
50 

55 

APPARATUS FOR SEPARATING GOLD AND OTHER METALs FROM sAND, &c. 

. 

To all whom, it may concern; 
Be it known that I, EzRA. S. HoyT, a citi 

zen of the United States, residing at San 
Luis Obispo, in the county of San Luis 
Obispo, State of California, have invented 
a new and useful Apparatus for Separating 
Gold and other Metals from Sand, &c., of 
which the following is a specification. 
This invention relates especially to means for separating gold from gold bearing sand 

or gravel, pulp, mill tailings, &c., although 
the principle of the invention is applicable 
in other connections. 
The main object of the invention is to pro 

vide means for handling a large quantity of 
material, for separation of gold therefrom, 
at minimum expense. 
Another important object of the invention 

is to provide for practically complete recov 
ery of the flake or flour gold in the sand, 
pulp and tailings. . 
Another object of 

gold. V 

Another object of the invention is to pro 
vide a gold saving apparatus wherein the 
final separation is effected by separating 
units which can be added to, in any particu, 
lar case, according to the requirements of 
Another object of the invention is to pro 

vide in connection with such a multiple unit 
separating apparatus, special distributer 
means which will supply the ore and water 
successively to the units, dividing the ore be 
tween the several units in a continuous and 
automatic manner. . 
Another object of the invention is to pro 

vide means for automatic regulation and 
units. 
In the accompanying drawings:-Figure 

1 is a plan of the apparatus. 
longitudinal section of the separating units 
at the line of division between the fine and 
the coarse gold separating parts of the ma 
chine. Fig. 3 is a transverse section on line 

screen and movable slide valve or gate for 
controlling the passage of the material to 
the separators. Fig. 5 is a vertical longi 
tudinal section thereof. Fig. 6 is a plan of 
the receiving end portion of a modified form 
of the apparatus. Fig. 7 is a vertical see 

the invention is to pro 
vide in a single machine for successive re 
covery of the fine gold and of the coarse 

ig. 2 is a 
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tion, on line. 2'-a'...in Fig. 6. Fig. 8 is a 
vertieal seetion on line a -a in Fig. 7. Referring to Fig. 1, the apparatus com 
prises a plurality of rifle or separator units 
1, 2, arranged in pairs in two parallel rows, 60 
each row comprising a first set or plurality 
of units 1 for treating the finer material 
and a second set of units 2 for treating the 
coarser material. A launder or flume 3 ex 
tends between the two rows of separators 
and somewhat above the level of the same, 
said flume having openings along its course 
in its bottom, there being one opening for 
each pair of separator units, and E. 
or gates 4 are provided at these openings for 
controlling the passage of material there 
through, a screen 5 being provided over each 
slide valve or gate. Said slide valve orgate 
discharges onto a distributing means 6 for 
conveying the material to the upper end of 

ide valves 

65 

70 

75 
the respective units, and said units dis 
charge onto any suitable means such as 
flumes or troughs 7 extending along each 
side of the machine. 

frame 8. 
The fume 3 is provided with supplemen 

side walls 10 spaced from the inside 
walls 1 of the flume 3 by spacing blocks 
or partitions 12, thus dividing the space 
between the walls 10, ii. into pockets or com 
partments 13 which, communicate with the 

All of the above parts. 
are arranged on and supported by a suitable 80 

85 

main fune 3 through openings 14 in the in 
side walls 11 Screens 19 extend over open 
ings 14. Water feed regulating pipes 15 
extend and fit in openings 16 in the bottom 
of the eompartments 13, said pipes being 
opened at each end and having an opening 

90 

17 in the side through, which water ean 
pass therethrough, said water discharging 
through the bottom of the pipe onto the dis 
tributing means 6. Each pipe 15 is verti. 
cally slidable in the opening 16 so as to ent 
able the level of the water inlet opening 17 
to be adjusted according to the requirements, 

95 

10G 
and is provided with slidable gates or 
closures 18 for the opening 17, to regulate 
the water supply to the rifle units. m A flaating drag or deflector plate 20 is, 
hinged or pivoted in the flume 3 as by means 
of a roek shaft 21 journaled in the side walls 

105 

11 of same flume, the said drag extending 
from and secured to said rock shaft and hav 
ing its forward end bent or shaped to pre: 
sent a forwardly and downwardly inelined 
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face or lip 39 to the water and material 
traversing the flume, this portion of the 
drag being directly over the discharge slide 
valve or gate 4, so that the flume serves to 
concentrate the flow and scaur, and to main 
tain a definite head and quantity of water 
at the gate independent of temporary varia 
tions in the Supply. 
The discharge slide valve or gate 4 con 

sists of a sliding plate movable longitudi 
nally on a seat or stationary plate 22, the 
said two plates having transverse slots or 
openings 23, 24, which register when the 
gate is fully open and can be brought out of 
register by moving the slide plate 4 to close 
the gate, this operation being effected by a 
lever 25 on a rock shaft 26 and an arm 27 
thereon connected to the plate 22. A spring 
30 tends to draw the gate to closed position, 
this movement being arrested by an adjust 
able stop 42, which is set for the proper de 
livery of fluid, so that when it is desired to 
flush the gate, the lever can be pulled to 
open position and allow a full run of Water 
through the gate, clearing the gate. On 
then releasing the lever the gate is pulled to 
normal position by the spring. The valve 
plate 4 and its seat plate 22 are arranged 
in a recess 29 in the bottom of the flume 3 so 
that they are somewhat below the general 
course of the water in the fiume, and the 
screen plate 5 is placed at the top of Said 
recess flush with the bottom of the flume, 
said screen plate having openings 31 of a 
sufficient size to permit the passage there 
through of material of a fineness suitable 
for the operation of the rifles. The afore 
said parts, namely, the gate and the Screen, 
are located at the mid-width of the flume 
and the bottom of the flume dips upon each 
side toward the mid-width of the flume so 
that there is a constant tendency of the ma 
terial to settle or wash to the middle and 
onto the discharge screen and gate. The 
flume 3 inclines continuously from its upper 
to its lower end, the successive riffle units 1, 
2, being at successively lower planes and the 
side walls of the flume converge from the 
upper toward the lower end. The gates 4 
and their seats 22 are horizontally arranged, 
and the screens 5 extend horizontally over 
the valve plates 4, the said screen plate being 
flush at the side of the rear end with the 
bottom of the flume and extending at a level 
sufficiently above the valve plate 4 to form 
a passage 32 between the plates 4 and 5. A 
water supply pipe 33 extends transversely of 
the bottom of the flume below the sereen 
plate 5, near the rear end thereof, and is 
perforated at 34 and supplied with water 
under sufficient pressure to discharge or 
force a current of water between the screen 
plate and the gate plate 4. 
The distributing means 6 consists of a 

pan or plate dipping or inclining from its 
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mid-width toward each side and comprising 
four diverging portions leading to two assu 
ciated rifles or separator units 1 or 2 on one 
side and to corresponding units 1 or 2 on the 
other side of the apparatus. 

Each of the separator means 1 may con 
sist of a bottom plate 37 extending between 
side plates 35 resting on stringers 36, said 
bottom plate 37 being preferably formed of 
a sheet metal stamped or pressed to form a 
series of wells or depressions 38, these wells 
being separated by a plane or flat portion of 
the plate 6 and each well having its side 
walls or faces converging downwardly. 
Between side walls 35 extend deflectors or 
baffle plates 40, said deflectors extending ob 
liquely downward into the wells 38. 
The rifle units 2 are similar in construc 

tion to units 1, but are of larger dimensions, 
as regards the depth of the passages allowed 
for the water and material, and the height 
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and distances of the deflectors, etc., being so 
proportioned that they are adapted to op 
erate with, and separate, material of larger 
size than is Supplied to the rifle units 1, and 
the Screens over the gates for the rifle units 
2 are made with larger perforations than 
with the screens for rifle units 1, as shown 
in Fig. 2. 
The operation is as follows:-Gold bear 

ing or metal bearing sand or gravel, pulp 
or mill tailings, etc., is sluiced into the 
flume 3 by any suitable means, and owing to 
the inclination of said flume the material 
travels longitudinally in the flume passing 
successively over the discharge gates 4. The 
screens 5 of the respective discharge gates 
are perforated in such manner that the 
Smaller particles or components of the ma 
terial pass through the first set of screens 
and deliver onto the first set of rifles or 
separator units, and each discharge gate 4 
is set to take only so much of the material 
as its corresponding rifle or separator unit 
can effectually handle. The surplus of ma 
terial passing through the screen, and not 
taken through the gate 4, is washed cut by 
the jet of water between the screen and the 
gate. Each gate therefore withdraws from 
the body of material passing in the flume a 
definite proportion of the material, the total 
amount of material being thus decreased by 
successive abstractions. By this means the 
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material passing the flume is finally cleared 
of all the finer material and the succeeding 
screens in the flume are perforated in such 

2 

manner to allow a coarser grade of material 
to pass therethrough, these screens taking 
successive portions of such material until 
this coarser grade is in turn completely re 
moved from the body of material passing. 
The material discharged from the end of 
the flume will contain only gravel and other 
coarse material and may be passed to any 
suitable means for further treatment, if. 
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1,064,228. 
desired. The material is thus subjected sue 
cessively to the action of finer and coarser 
screens for removing successively finer and 
coarser grades of the material, so that each 
rifle will have a uniform grade or fineness 
of material to operate upon, this being pref 
erable for the effective operation of the rif 
fles.-- Especially will these screens and con 
centrating flume take the black sand and 

logold from gravel, etc. passing the concen 
trates (black sand and gold) over the rif 
fles, where the gold is separated from black 
sand. 

It will be understood that more than two 
sets or grades of screens may be used if de 
sired. In each set or grade of screens there 
are a plurality of gates taking successive 
portions of the material of the correspond 
ing grade and distributing it to different 

20 rifties or separator units, so that the amount 
apportioned to each unit will be in exact 
correspondence with its capacity. While 
the material is being supplied to the rifles 
in this manner, a corresponding definite 
amount of water is supplied to the rifles 
by means of the pipes 15, the closures 18 

5 : 

25 

for said pipes being adjusted to permit ex 
actly the proper amount of water to flow to 
each rifle in correspondence with the 

80 amount of material supplied to the rifle and 
with the capacity of the rifle. The drag 20 
forms a yielding obstruction in the path of 
the material in the flume, so that the ma 
terial and the water are held down toward 

st; the screen, thereby producing a damming up 
the material and water at the screen so that 
an extra head of say about 3 inches is pro 
vided, and the consequent increase in depth 
of the water at this point acts in the first 

40 place to increase the pressure, driving the 
material through the screen, and in the sec 
ond place, by increasing the cross section, 
acts to retard the flow over the screen, giv 
ing more time for the material to pass 

as through the perforations of the screen. The 
forward bottom edge or lip 39 of the drag 
20 extends straight crosswise of the flume, 
and acts in conjunction with the central dip 
of the flume to concentrate the flow at the 

so screen so as to keep the screen clean. The 
said drag also, by holding back the water, 
maintains a sufficient supply or head of 
water above the gate to insure delivery of 
water through the openings 14 into the 

sspockets or compartments 18 for supplying 
the rifles through the water feed regulat 
ing pipes 15. Moreover, in case of tempo 
rary fluctuation in the water supply, these 
fléaits by sing up the water maintain a 
sufficient head for the uniform, operation 
of the rifles during the fluctuation. 
The material discharged onto each pan 

or distributing plate 6 passes therefrom, to 
gether with the water coming through the 

85 water feed regulating, pipes 15, onto the 

water through the rifles. 

rifle or separator unit 1 or 2, the material 
and water passing onto the bottom plate 37 
and being caught by the first deflector 40 so 
that a small quantity of water is accumu 
lated back of the deflector, and the water to 
and material pass down into the well or de 
pression 38 under a small definite head of 
water, say about two inches. The water 
and material thus pass downwardly on top 
of the body of mercury 41, at the bottom of 
the well or depression 38, with a definite 
velocity normal to the surface of the mer 
cury. The inclination of the bottom plate 
and the dimensions of the well and of the 
deflector are such that the velocity of the 

75 

80 water in passing over the body of mercury 
is not sufficient to disrupt the mercury or 
to overcome the surface tension of the mer 
cury. As the material, together with the 
water, encounters the deflector and is de 
flected downwardly, an eddying action re 
sults which separates the masses of the ma 
terial so that each individual particle of 
sand, etc., is separately suspended in the 
water, and this condition is maintained dur go 
ing the entire passage of the material and . 

All of the ma 
terials so suspended in the water are heavier 
than the water, and as the combined body of 
water and material passes downwardly onto 
the body of mercury, and is then deflected 
by the body of mercury, the heavier ma 

85 

95 

terials will tend to continue in their down 
ward motion by virtue of their momentum, 
so that each individual particle of solid ma 
terial, heavier than water, will on reaching 
the body of mercury exert a downward pres 
sure which is in excess of the general pres 
sure due to the head or static pressure of 
the water. This downward pressure of each os 
particle of material, encountering the sur 
face of mercury, is proportional to the spe 

100. 

cific gravity of the material and therefore 
is greatest in the case of heavy metals, such 
as gold, etc. Each particle of solid material lo 
thus produces at a point where it strikes the TT 
mercury surface, a localized static pressure 
normal to the surface which tends to drive 
the particle or body into the mass of mer cury, and by properly proportioning the in- 15 
clinations and dimensions of the parts, the 
static pressure so operating to force the 
solid particles into the mercury, against the 
resistance offered by the surface tension 
thereof, can be made such that only ma- 20 
terials of a specific gravity greater than a 
certain amount, will penetrate the mercury. . 
For example, in case of black sand contain 
ing gold and other heavy metals, the pro 
portions will be such that the momenturn 25 
imparted to the black sand will not be sufi-T 
cient to enable it to breakthrough the skin 
of the mercury, but in case of gold and other 
metals, heavier than black sand, the momen 
tum will be sufficient to cause the metal to 13n 



10 

14. 

penetrate the body of mercury, and be amal 
gamated therein or to be either retained 
therein, free milling gold will under such 
circumstances be amalgamated in the mer 
cury, and gold which is so coated or con 
stituted as not to be capable of being amal 
gamated in mercury, will by virtue of its 
greater specific gravity and its downward 
velocity pass to the bottom of the mercury 
and be there retained. As the material and 
water pass successively to the wells or de 
pressions of the rifles, a further amount of 
the heavy metal is taken out at each step 

15 

20 

until the residue is discharged into the 
waste flume substantially free of values. 
While the explanation above has been 

mainly for gold saving it will be understood 
that the same principle is applicable to any 
heavy substance. The operation of the first 
set of gates 4 clears the body of material in 
the flume from all the finer grades, so that 
the material is left in shape for effective 
treatment of the coarser grade of material 

25 

30 

35 

40 

by the second set of rifles, this being neces 
sary in order to avoid packing of the rifle 
by the passage thereinto of a grade of ma 
terial finer than is adapted to the conditions 
of velocity, etc. at that rifle. In this con 
nection it may be stated that the principle 
of forcing the heavier particles into the 
body of mercury by virtue of their momen 
tum, provides a partial but not perfect com 
pensation for variation in size, for the 
larger the size of a particle of a definite 
specific gravity, the greater will be its mass 
and therefore its momentum, for the defi 
nite velocity in the rifle; and the area of 
the particle and of the surface of mercury 
which has to be opposed and broken by the 
particle also increases with the size of the 
particle, but notin the same proportion as the 
mass. It is therefore important to segregate 
the material into grades of different fineness 
so that each grade of material can be worked 

45 
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in a rifle with a velocity or static head ap 
proximately proportioned to the size of the 
particles. - 

In some cases, particularly where a low 
grade of materialis being worked, it is de 
sirable to subject the material to preliminary 
concentration before it passes to the dis 
tributing flume 3. For this purpose a sup 
plementary or preliminary concentrating 
flume is provided as shown in Figs. 6 to 8, 
said supplementary flume 43 extending over 
the top of the flume 3 and resting thereon 
or on intermediate members 44. Said mem 
bers 44 are inclined toward the center of 
the distributing flume 3 and at their outer 
ends extend upwardly to support the bottom 
of the concentrating flume 43. The bottom 
of said concentrating flume also inclines 
toward the mid-width thereof and has up 
wardly extending side walls 45 and inner 
side walls 46 forming pockets or compart 

1,064,223 

ments 47 communicating with the body of 
the flume by openings 48 in said inner side 
Walls. 
A series of openings provided with gates 

52 and screens 53 similar to the gates 4 and 
screens 5 above described, are provided 
along the course of the flume 43, and for 
each screen a floating deflector plate or drag 
54 is provided, hinged in the upper flume 
and extending over the corresponding 
screen, the lower or rear end of this deflector 
plate being formed to present a surface ob 
lique to the direction of motion of material 
in the flume. The openings 48 in the inner 
side walls 46 of the upper flume 43 are lo 
cated between the level of the screens 5 and 
the deflectors 54 so that the water passing 
down the upper flume and encountering said 
deflectors R be forced partly through said 
openings 48, the latter being protected by 
screens 58 to prevent gravel, etc. from being 
carried through into the water supply pock 
ets 47. From each water supply pocket 47 
a pipe 59 leads through the bottom of said 
pocket downwardly into the space beneath 
the upper flume, said pipes discharging onto 
the intermediate members 44 aforesaid. 
Water supply pipes 60 are preferably pro 

vided at each gate for clearing the space be 
tween the gate 52 and the screen 53 above 
the same. The lower flume 3 and the rifle 
units are as above described. In the opera 
tion of this form of the invention, the ma 
terial supplied into the upper flume 43 is 
carried downwardly in the same over the 
successive screens 53. Any material which 
is too large to pass through the screens is 
simply carried along and discharged at the 
lower end. Light material, even if small 
enough to pass through the screens, is 
mostly carried forward by the entraining 
action of the water and discharged at the 
lower end of the upper flume, but such of 
the heavy material as is small enough to 
pass through the screens is discharged 
through the screens and gates into the lower 
or distributing flume 3 where it is acted 
upon as above described. The supple 
mentary or upper flume thus provides for 
the initial concentration and elimination of 
a large proportion of the waste material, 
thus increasing the capacity of the distribut 
ing and rifle means. 
What I claim is:- 
1. The combination with a rifle unit, of a 

said opening, a gate beneath said screen con 
trolling the flow through the screen, said 
gate being spaced from the screen, means 
for Supplying water between the screen and 
gate, and means for conducting the material 
from the gate to the rifle unit. r U 

2. The combination with a rifle unit, of a distributing flume having an opening in its 
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120 
distributing flume having a concave bot 
tom with an opening therein, a screen at 
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bottom, a screen for said opening, a station 
ary plate extending under and separated 
from the screen, and having openings, a 
movable stationary plate having openings to 

5 register with those of the gate plate, and 
provided with manual operating means, 
means for supplying water between the 
screen and the gate plate, and means for 
conducting material from the openings in 
the stationary gate plate to the rifle unit. 

3. The combination with a rifle unit, of a 
distributing flume provided with an open 
ing at the bottom, said flume being inclined 
from end to end, a horizontal screen at said 
opening, one end of the screen being sub 
stantially on a level with the bottom of the 
flume and the other end of the screen being 
above such bottom a distance corresponding 
to the drop of the flume in the length of 
the screen, forming an opening between said 
end of the screen and the bottom of the 
flume, a gate beneath said screen, means for 
conducting material from the gate to the 

O 

5 

20 

rifle unit, and water supply means extend 
ing into the space between the screen and 25 
the gate at the end farthest removed from 
the aforesaid open space to deliver a curs 
rent of water through said space. 

4. The combination with an inclined 
flume, a horizontal perforated gate seat in 
the bottom thereof, a horizontal perforated 
gate plate sliding on said gate seat, a hori 
zontal screen above the gate and separated 
therefrom the space between the seat and 

35 gate opening at one end onto the bottom 
of the flume, and a water supply pipe open 
ing into said space at the other end thereof 
to supply a current of water through said 
space. 

5. The 
a flume having a gate, said gate being ad 
justable to control the supply of material 
therethrough, means for conducting ma 
terial from said gate to the rifle unit, a 
screen for the gate, said screen being above 
the gate and located in the bottom of the 
flume, a regulatable water supply connec 
tion from the flume at said gate discharg 
ing onto the rifle unit, and deflector means 
extending over said screen to confine the 
flow of water toward the screen and to con 
trol the supply of water from the flume to 
the water supply connection, said deflector 
being pivoted to the flume and extending 

55 from its pivotal point longitidinally over 
the screen and in a down-stream direction. 
6. The combination with a rifle unit, of a 

flume having a gate in its bottom, a floating 
deflector in the flume over said gate, and 

30 

40 

45 

50 

60 means for receiving and conducting to the 

combination with a rifle unit, of 

53 

Ele unit the material passing through the 
gate. . 

7. The combination with a rifle unit, of 
an inclined flume having an opening, a screen 
in said opening and located at the bottom 
of the flume, a gate beneath said screen, 
means for conducting the material from the 
gate to the rifle unit, and a deflector over 
said screen, said deflector being adjustably 
Supported in the flume to dam up the flume 
over the screen, whereby an additional head 
is provided over the screen for forcing the 
material through the screen. 

8. The combination with a rifle unit, of 
a flume having a gate for said rifle unit, a 
floating deflector extending longitudinally 
in the flume above the gate, and separated 
from the gate to form a channel for the 
passage of water and material, and a regu 
latable water supply connection communicat 
ing with the flume at the side of said chan 

65 

70 

75, 

80 

nel, to receive water from the flume, and 
to deliver water to the rifle unit. . 

9. The cdmbination with a rifle unit, of 
a flume having an opening in its bottom for 
said rifle unit, a screen for said opening, 
means for directing the material and water 
from said opening to the rifle unit, and a 
deflector pivoted in the flume at said gate 
and extending from its pivoted portion 
longitudinally of the flume over the gate 
in the down-stream direction of the flume, 
the down-stream end of said deflector be 
ing free to move vertically. Wa 

10. The combination of a flume having a 
gate alon 
flume, a floating obstructing device extend 
ing above said gate to maintain a definite 
head at the gate, and a separator unit sup 
plied from the gate. 

11. The combination with a series of rifle 
units, of a distributing flume provided with 
gates for the respective rifle units, and a 
concentrating flume extending over the dis 
tributing flume and having a series of 
screens along its bottom to discharge onto 
the distributing flume, said concentrating 
flume being provided with lateral water dis 
charge outlets, and intermediate members 
between the flumes to receive the water from 
said outlets and lead it to the distributing 
flume. . . . 
In testimony whereof, I have hereunto 

set my hand at Los Angeles this 23rd day 
of May, 1908. 

EZR.A. S. HOYT. 
In presence of - 

F. M. TownsEND, . 
A. P. KNIGHT, 
FRANKL. A. GRAHAM. 
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