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10 all whom it may concern.:

Be it known that I, Warrex J. MEap, a
citizen of the United States, residing at
Madison, in the county of Dane and State
of Wisconsin, have invented certain new and
useful Improvements in Geologists’ Calcu-
lating Devices, of which the following is a
specification.

My invention relates to a logarithmic cal-
culating device for use of geologists.

As is well known, in making chemical
analyses of rocks it is impossible to deter-
mine directly the mineral constituents of
the rocks. Chemical analyses ordinarily
give the composition of the rock in terms of
oxids; that is, the composition of the rock as
determined by chemical analysis is certain
percentages of different metallic and non-
metallic oxids, which include the essential
constituents of the rock but, of course, do
not indicate the minerals entering into the
rock, as the same oxids are found in many
of the several minerals found in the same
rock. To determine the mineral constituents
from the chemical analysis requires an ex-
tremely extended and laborious numerical
computation, involving reduction of the
oxids to their molecular ratics, combining
these ratios properly and then reconverting
the molecular ratios of the mineral combina-
tions to terms of percentage weight.

It is the object of my invention to provide
means for making the above calculations
without the need of numerical computation,
in- which, given the analysis of a rock in
terms of its oxids, the geologist can readily
and with reasonable accuracy, by a process
of elimination, obtain the percentages of the
mineral constituents of the rock. The re-
verse operation can, of course, be made with
equal facility. That is, if the percentages
of minerals entering into a rock are known
the true percentages of the oxids in each of
said minerals can be read from the calcula-

9 tor and by combining the same the total per-

centages of all of the oxids in the rock may
be obtained. To accomplish these results I
provide logarithmic scales, one of which
shall be a complete circular scale numbered
from 10 to 100 in the usual manner, the
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other scales each applying to a distinct min-
eral having pointed thereon lines indicating
on the scale logarithmically the true per-
centage of the different oxids composing the
mineral, these lines being designated on the
scale by the symbol of the oxid and no
figure. There will be in the latter or mineral
scales as many of said scales as there are
minerals of common or usual occurrence and
it is practical and within the scope of my in-
vention to include in a single calculating de-
vice practically all of the known distinctive
minerals, although for general purposes
scales covering those of more common occur-
rence will be sufficient. The two sets of
scales are made relatively movable, that is,
the complete numbered scale will be on one
disk and all of the mineral scales concen-
trically positioned on another disk either
within or without the numbered scale. Or
straight sliding scales may be employed, one
moving within the other. The radial line
passing through an arrow marking its po-
sition- on the mineral scales indicates the
point of beginning and ending of said scales.
The complete numbered scale is made to
occupy a position in which the number 100,
‘or its beginning and ending point, will fall
in this line and the percentage position of
the oxids for each mineral will be indicated
on the mineral scale by the radial line pass-
ing through the corresponding number on
the numbered logarithmic scale. The points
for the oxids of the different mineral scales
are thus determined from the numbered
scale when its beginning and ending point
is positioned in the radial line correspond-
ing to the beginning and ending point of
the mineral scale and indicated by the afore-
said arrow. If then the scales be relatively
rotated or moved until the percentage of a
given oxid found in a chemical analysis on
the numbered scale comes in the radial line
indicating the position of the said oxid on
the mineral scale, the aforesaid beginning
line or arrow will point to the figure repre-
senting the per cent. of the mineral in the
substance of which the analysis was made.
In the drawings, representing a form of
embodiment of my invention, Figure 1 is a
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view of a caleulating device con-
structed in accordance with the principles
of my in'\mnmon Fig. 2 is a partial sec-
tional view taken through the radialx
Fig. 3 is a fra 9mmtary view showing the
numbered scale outside of the mineral seales
and special means for holding one scale disk
for relative votation with 1eqmct to the
other. Fig. 4 is a partial section through
the marker of the structure shown in Fig. 2.

plan

np Lnr

A

.'J

Fig. 5 is a section on line 5—35 of Fig. 3.
Flg. 6 is a section on-line 6—6 of Fig. 5.
ig. 77is a plan and ¥Fig. 8 a transverse sec- -

ton of a 1onom dinally extended right line
geale Lmood"“w my invention: Fig. 9 is a
Alagra ,«;h' 1‘"0 the manner i which,
from the percentages of oxids found by
chemical analysis of a given rock, the min-
eral coustituents of said rock may- be ob-
tained.

The secale comprises primarily o disk 10
on which the completely numbered ]ofza-
rithmic scale appears and a disk 11 on w111
a series of concentric mineral scales are in-
dicated. The disk 10, as shown in Fig. 1, is
centered at the cénters of the scales on diske
11 and the scale on the disk 10 runs to the

am

circular edge thereof and is positioned in-
side of the inner scale on disk 11. 'The ar-

row marked “Per cent. mineral” on the
disk having the mineral scales falls in the
radial Line Conespondmo to the beginning
and ending of such scales.  Thach *nmeml
seale is marked with the name and 'svmbol
of its oxid constituents ‘md also with figur
representing the specific gravity of uh‘lt
mineral, as albite,

2,0,.A1,0,.6810,., G. 2.62-2.65,

almandite, ete. The mineral scales have
markings only for the oxid constituents
thereof and these markings are found in the
following manner: The nuwbered scale is
positioned with the point 100 at the arrow.
The percentages of oxids in the mineral are
then vead on the numbered scale and radial
lines pretracted from stch number across
the space bounded: by two concentuc circles
compr}qm@ the par ticular mineral scale,
each of said lines being designated by the
symbol of the oxid for which it stands

Thus, take the mineral dolomite composed
of caleiom and magresium carbonates, the
pure mineral contains 21.7 per cent. of mag-
nesium oxid, 80.4 per cent. of calcium oxid
and 47.9 per cent. of carbon dioxid. With
the numbered scale having the point 100 at
the arrow, the radial line passing through
the mark indicated by 21.7 on the num-
bered scale is protracted across the annular

‘space between the two circles forming the

dolomite scale and marked MgQ, as indi-
cated at 12,the radial line extending through
the point on the numbered scale marked 80.4

.18 similarly protracted and marked CaQO, as

1,171,741

indicated at 13, and the radial line passing
through the point 47.9 on the numbered scale
is marked (/“n cn the dolomite scale as in-
dicated at 14. By the same procedure each
of the munﬁd mineral scales is produced,
which thus provide markings indicating po-
sitions on the seale corre snondma to the
percentage composition of the oxids form-

ing the mineral if read radially to the num-
bblcd logarithmic scals when the same is
positioned with the mark 100 at the arrow

repr g
the mineral scales:

Upon the cenimﬂ v pivoted member 15 by
means of which disks 10 and 11 are secured
tooednu9 s pivote d 2 marker arm 18, which
in practice may ba composed of a single
stuo of celluloid or other transparent ma-

erial doubled npon iteel? as indicated at
1’? and having the free ends secured between
washers ‘to the pivot pest 15, as. plainly
shown at 18 in Tig. 2. Upon bll“ inside
member 19 of the merker arm a radial line
20 is marked.” The marker arm is freely
rotatable inﬂen'nde*l;}lv of either of" the
disks and can be positioned so that the ra-
dial 11119 20 thereon will fall upon any of
the short radial indicetions of the oxids
on the various mineral seales. In or rder to
carry the maLLcr arm accurately around
so as to indicate for any particular mineral
scale, T secure to the outer arm 16 a slide 21
of aluminum or any other opaque material,
said slide ben,g adapted to be positioned on
the ling marking the outside circular bound-
ary of any mineral s sale, in which position
as the arm 16 is carried over the disk 11 the
markings on the particular mineral scale
employed for a given caleulation will be ac-
curately indicated just inside of the inner
edge of slide 21. ’

In Figs. 8 to 6, inclusive, in place of the
washers shown at 18 in Fig. 2 a special
clamping member 22 is cnmloyed which
may be of a single piece of metal bent as
indicated 1n Fig. C or a pair of such pieces
united at the ed%s but which compr 1ses an
arched portion 23 carrving the inner face
of said member away from the DJMlC of the
adjacent’ disk to allow for clearance
thumb pieces 24 f(maﬂcl, 28 18 clearly indi-

cated in Figs. 3 and 8, by striking up and

turning over a pmtlon of the metal of the
top disk.  The transpavent marker arm 16
will have its ends positioned in the holder
%, as clearly shown in Fig. 4, and by means
of said holder the operative 7701‘51011 of the
arm or that Dortmn 7HCIU(11I1.,,, he radial
line 20 will be held in the plane of the
seales while the thumb pieces 2% can be used
to rotate one disk on the other or hold the
disks so nrovided stationary while the other
digk 1s relatively rotated.

In the construction shown in 1*105 3 and

aa

4 the mineral scales arve formed on the up-
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per disk 25, the numbered seale being on a

-disk 26 of sufliciently larger dimmeter than

disk 25 so that said numbered scale may be
positioned with the markings extending ra-

‘dially inward to a cirele falling outside of

the outermost mineral scale. In practice
this form of my invention will be the pre-
ferred. form as it will enable the mineral
scales to be drawn in closer to the center
and will give suficient extent to the num-
hered scale -so that the divisions may be
made comparatively small.

It will be noted that in forming the min-

eral scales, in certain instances the true per-

5 centage of an oxid constituent will be less

than 10, as, for example, in epidote the true
percentage of H,O 1s 1.89. As there are
no figures on the logarithmic scale between
zero and 10 it is necessary, in order to read
from the scale, to find a position on the min-
eral scale for the particular oxid opposite

to the number on the complete scale cor-
responding to the true percentage with the

dectmal point advanced one, or, in the case
cited, to the mark numbered 18.9. In order
to indicate on the-scale that the decimal
point has been advanced one so that in read-
ing percentages the operator may be ap-
prised of that fact and point back properly
for obtaining the true reading, I have in
such cases inserted before the mark indi-
cating the oxid the true percentage (less
than 10). of the given oxid. '

In the form of my invention shown in

5 Figs. 7 and 8 T use right line scales instead

of circular scales, as in the other forms.
For this purpose I provide a straight block
27 having a numbered logarithmic scale 28
of usual form along one margin thereof
and extending to the edge of a cavity 29
provided in the face of the block 27. The
mineral scales are formed upon slides 30
formed with central tongues 31 for registrv
in corresponding grooves in the side walls
of the cavity 29. The slides 30 have mineral
scales upon each side thereof, there being in
the example given .eight of said scales on
each face of the slide. The sets of scaleson the
different faces of the slides are interchange-
able so that where two such slides are em-
ployed, as indicated in Fig. 8, the one not
in use being positioned in a pocket in bleck
27, thirty-two mineral scales are available.
Mounted to slide upon the top of block 27
and scale slide 30 positioned therein is a
member 32 provided with a transvarent face
33 having a right line 34 marked thereon

~and extending at right angles to the edge

of the scale 28. A pointer arrow 35 is piv-
oted to the member 32 so as to be capable
of swinging and indicating whichever one
of the mineral scales is being used. An ar-
row 36 falling in the line which is at the
beginning of the mineral scales points to-
ward the logarithmic scale. It is obvious

that the principle of operation of the right

line caleulating device .above described. is
similar to that of the circular scale, except
that the circular arrangement permits a
larger number of minerals to be grouped in
a readily accessible form, is more compact
and somewhat more convenient in use.

In operation, take for example the show-
ing in Fig. 1, suppose a certaln analysis to
show 13 per cent. of calcium oxid present in
connection with the mineral delomite. By

- setting the slide 21 on the outer circle and

the line 20 of the arm 16 on the radial line

“for Ca0 of the dolomite secale, and then rela-

tively petating the numbered scale so as to
bring the mark numbered 13 beneath the
line 20, it will be seen that the arrow “Per
cent. mineral” points to the number on the
scale corresponding to 42.7, which indicates
that in the particular rock analyzed 42.7 per
cent. of the rock is composed of the mineral
dolomite. On' the other hand, if the per-
centage of dolomite in a given rock or com-
pound were known to be 42.7, by setting the
numbered scale so that the arrow would
point to the mark 42.7 and then rotating
the arm 16 so as to bring the radial line over
the mark indicating CaQ, the number 13 will
be read, when over the mark MgO the num-
ber 92.3 will be read, or having in mind the
proper position of the decimal point and
pointing back one, the number 9.2, while by
carrying the line 20 over the CO, mark the
number 20.5 will be read, thus showing that
a compound having 42.7 per cent. of dolo-
mite has of the oxid constituents of dolomite
9.2 per cent., of MgO, 13 per cent. of CaO
and 20.5 per cent. of CO.,. :
The method of using my calculating de-
vice ‘in calculating mineral constituents of
recks from chemical analyses showing the
total content of oxids is 1llustrated in the
diagram in Fig. 9. Supposing an analysis
of an iron bearing rock to show 77.35 per
cent. of ferric oxid (Fe,0,), 5.85 per cent.
aluminum oxid (Al,O,), 9.15 per cent. silica
(810,), and 17.65 per cent. water (H,O),
the geologist knowing that kaolin is the only
mineral which in such a group of oxids
could contain the aluminum oxid places the
slide 21 on the arm 16 so as to come opposite
to the kaolin scale circle and carries the arm
about until the radial line thereon falls
above the short line marked Al,Q,, then
rotates the mineral scale until the mark cor-
responding to 58.5, that is, 5.85, falls beneath
the radial line, then reading from the arrow
marked “Per cent. mineral” the number
14.85 is read from the numbered scale which
1s the amount of the mineral kaolin present
in the particular rock analyzed. The word
“Kaolin” followed by the percentage of the
mineral 14.85 is written at the right of the
diagram, as indicated in Fig. 7. Since
kaglin also cgmtains silica and water the
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radial line is carried over the mark desig-

nated Si0, in the kaolin scale and, with the
numbered scale still set so that.the arrow

indicates 14.85 as the per cent. mineral, 6.9
is read -therefrom, which indicates the
amount of silica present in the kaolin. In
the same way, reading from the scale, 2.08
ig found to be the percentage of water in the
kaolin. These figures are entered below the
original figures in-the columns designatec
SlO, and *,O respectively, and subtmcted
therefrom leaving 2.25 per cent. of silica,
8.57 per cent..of w vater. Since the Ie,0, has
not been applied its percentage of 77.35
may be brought into the same borizontal
line with the remainders of silica and water.
Of the remaining oxids silica does mnot
occur in any mineral compound in: which
the other oxids of the analysis are:found; so
it follows that the remaining 2.25 per cent.
of silica must exist in the rock as quartz,
which accordingly is set down in the column
at the left. There 1e now left 77.35 per cent.
of Fe,0, and 557 per cent of w :1@01
Limonite is the oﬂlv compound containing
ferric oxid and water. Hence, 5.57 per cent.
of water must have existed in the mineral
limonite. By setting the:slide 21 above the
mineral scale of limonite and carrying the
same around until the radial line falls over
the mark designated ‘H,O then rotating the
numbered chlu until the mark indicated by
55.7, or 5.57, comes under the radial line, it
will be noted that the arrow indicating the
per cent. mineral points to the mark on the
numbered scale corresponding to 8823,
which is the amount of the mineral limonite
present in the rock. The word limonite to-
gether with the percentage 3825 is written
in the column at. the left of the diagram.
By the use of the pointer: with reference to
the limonite scale it is shown that 88.25 per

‘cent. of limonite contains 32.5 per cent; of

Fe,Q,, which leaves a total of 44.85 per cent.
of the ferric oxid. As this is an oxid with
nothing else to combine therewith, 1t must
be in the form of the mineral hematite, so
that the particular rock analyzed is found
to have contained 14.75 per cent. of kaolin,
2.25 per cent. of quartz, 38.25 per cent. of
limonite and 44.85 per cent. of hematite. By
using the rule in the above manner the geolo-
gist who has some familiarity Wlth the
probable minerals exigting in any given rock

-can from the chemical umlysgs of the rock

obtain the percentages of the minerals to be
found therein.

I claim: :

1. A geologist’s calculating device com-

prising two velatively movable members,

one formed with a completely numbered

ogarithmic scale, the other comprising an
c\tended plane surface adjacent said scale
line, said surface being ruled with a mul-
tiplicity of parallel lines? the - spaces be-

1,171,741

tween each adjacent pair of parallel lines
having therein the designation of a definite
mineral compound, snid extended surface
having marked thereon an indicator at the
beginning of all of said parallel spaces and
extending perpendicularly across the same
and pomtmg perpendicularly to the scale
edge, each of said spaces being ruled across
with lines. perpendicular to said seale ‘edge
and so- posttioned relative to said indicator
and ‘the scale as to indicate the logarithmic

“percentage positions with reference to-the

scale of the different oxid constituents of
said minerals and being designated in said

spaces by the cheémical symbols of said ¢

oxids, and a member movable uniformly
along said scale and said spaces having an
indicating line extending transversely across
the same.

9. A geologist’s calculating device com-
prising two concentric disks pivotally con-
nected for relative movement, one hwmo
marked thereon a complete crmular 100-
arithmic scale, the other comprising an ex-
tended plane surface limited in one diree-
tion by the line of said scale, said surface
being ruled with a multiplicity of concentric
elreles, the spaces between - each adjacent
pair of circles having therein the debwnw
tion of a definite mineral compound, Said
extended surface having marked thereon an
indicator representing the be ginning of all
said concentric spaces and e\uendmd ra-
dially acress the same and pointing mdmﬂy
to the scale edge, each of said concentric
spaces being ruled across with radial lines
80 positioned relative to said indicator and
the scale as to indicate the logarithmic per-
centage positions with reference to the scale
of the different oxid constituents of said
minerals and being designated in said spaces
by the chemical symbols of said oxids, and
an arm mounted for independent rotation
about the common center of and having a
radial line extending across said scale and
said concentric spaces.

3. A geologist’s caleulating device com-
prising two concentric disks prOt«LH:Y con-

nected for relative movement, one having
marked thereon a complete eu'cuhr log- +

arvithmic scale, the other comprising an ex-
tended plane surface limited in one direc-

tion by the line of said scale, said surface.

being ruled with a multiplicity of concentric
mrcles. the spaces between each adjacent pair
of circles having therein the designation of
a definite mineral compound, said extended
surface having marked thereon an indicator
representing the beginning of all said con-
centric spaces and extending radially across
the same and pointing radially to the scale
edge, each of said concentric spaces being
ruled across with radial lines so positioned
relative to said indicator and the scale as to
indicate the logarithmie percentage posi-
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tions with reference to the scale of the dif- arm to be positioned at the margin of any
ferent oxid constituents of said minerals selected concentric space. 19
and being designated in said spaces by the In testimony whereof I affix my signature
chemical symbols of said oxids, an arm in presence of two witnesses.

5 mounted for independent rotation about the WARREN J. MEAD.
commeon center of and having a radial line ‘Witnesses :
extending across said scale and said concen- F. E. WiLuiams,
tric spaces, and a marker slidable along said V. C. Fixcu.

Copies of this patent may be. obtained for five cents each, by addressing the “Commissioner of Patents,
Washington, D. C.” i



